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ABSTRACT

The present work includes a scientific study of the structure,

petrology and the chromlte deposits of the Pauni-Bhivapur area comprised

largely of the Pre-Cambrian rocks of the Sakoli series. Interrelations

of different rock units of the area, covering over 160 sq.kra. 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

on the regional stratigraohy of the Sakoli rocks has boen included with

a view to facilitate correlation. Field data of different structural

elements were used for the geometrical analysis of fold systems, with

the help of selective and synoptic fl and J3> diagrams. This, in turn,

has made it possible to infer the tectonic history of the area.

Qualitative and quantitative petromineralogic studies of different

rock units consisting of igneous,metamorohic and sedimentary types

have been carried out and their petrography is discussed in detail.

The data obtained from the mechanical analyses of sandstones of the

younger sedimentaries as well as of their heavy mineral content have

been used for the study of environmental conditions of deoosition.

The genetic aspects of the various rock tyVes, particularly the

amphibolites, the granites and pegmatites and the iron ores have been

deciphered from their field relations, mineral paragenesis and their

grade of metamorphism. A brief review of the various ideas on the

genesis of granites is presented.

The distribution, shape and size of the Pauni ultrabasics have

been studied. The petrographic studies of various mineral assemblages



(ii) /
comprising the ultrabasics havebeen 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 localisation 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

samoles of the area were determined by chemical and spectrographs

analyses respectively. The interrelationship of various elements in

the chromites 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. Various 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^production, reserves, grade, utilization

and future orospects of the chromite deposits is given . Conclusions

based on t'->e above studies have been summarised in the last chapter.
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CHAPTER -I

I NT R0.2L0CTI0N

1.1. LOCATION OF THE AREA

The area under investigation covers over 160 sq.K.m. around

Pauni (20°47': 70°39') and Bhiwaour (20'49' : 79°32') towns in Bhanda

ra and Kagpur districts of Maharashtra state. It falls under the

Survey of India tooosheet No.55 P/9 within latitude 20°31' to 20=42'

and longitude 79°45' to 79°52'. About four-fifth of the area lies

under Bhandara 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 j

metalled roads. Bhiwapur town is 15 Km. southwest of Pauni. The area

is also connected by a narrow gauge rail 'ay line (Nagpur-Chandraour-

S.E.Rly.). Pauni Road (8 Km. southwest of Pauni) and Bhiwapur are the

two railway stations (Map.l.)

1.2. PHYSIOGRAPHY AND DRAINAGE

In general the area represents a matured topography. A

large part of the area is low lying plains with a mantle of alluvium

or. soil. The area south of Pauni forms an undulating topography

(Map. 1.).

To the northwest of Pauni, the Gaidongari hills, elongated

in NNE-SSW direction forms the most prominent topographical unit and

extend in length for over 6.5 Km. with an average width of 2 Km. The
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maximum height attained by these hills is 400 m. from sea level,

and about 130 n. fror the plains. The eastern flank of the hills runs

in an unusual straight 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 major folds(Map 1 & 2). These hills are composed

mainly of meta-argillites, slates and conglomeratic slates. Generally

the hills are residual in nature produced by differential weathering

of hard and soft rocks, k separate elongated and discontinuous hill

east of Gaidongari (20c4£' : 79",34') and Mahalgaon (20?49' :79°33' )

is formed of quartzites. The va'ley in between this hill and the major

hills, and the adjoining lower grounds is composed of slaty shales

and banded slaty shales and soft schists. A small elongated hill lying

southeast of Thutanbori (20'"51' :79°34' ) extends in NE-SW direction, and

the hill north of Parsori (20°50«:79°33') extends in NW-SE direction.

These hills are composed of comparatively softer rocks such as mica-

chlorite schists.

North of Bhiwapur two hills trend along WNW-ESE for about

5 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

ment of the hill range is generally parallel to the strike of the

rock units. The ridges and the higher elevations are occupied by hard

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

phy|lites. There are several small hillocks representing as offsets
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and bifurcations of the main hills. The elongation of many of the hills

exhibits parallelism with foliation of the rocks.

It would be evident later that the physiography of the

present area is ouch governed by the structure in particular and

lithology in general.

The Wainganga is an important perennial river of the area.

It is a tributary 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 flowing only during rainy seasons. A small

seasonal stream, Donrich, south of Pauni, flows from west to east.

There are two seasonal nullahs(streams) traversing the plains north of

Pauni; (i) Upashya nala starting from the southern slopes of Gaidon

gari ranges,joins the Wainganga two Km. south of Khatsi(20°50':79°37').

Numerous 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 joins the Wainganga about 1 Kin.north of

Pauni.

1.3. CLIMATE AND VEGETATION

Like other parts of central India, the area has a hot and humid

climate with an average rainfall of 120 cm. The rainy months are July

to Seotember. The temperature during summer (May - June) ranges

between 27° C and 42° C and lowest temperature during winter(December-

January)jgoes down to 6r'C.
* nala equivalent to nullah
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The hills and their slopes are thickly forested, with wild

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

Dichamalis, Sal (Shorea robusta), Mahua (Bassia latifolia).Tenthu

(Diospyros peregrina), Dhaura (T arerstroemia) and Amla (Emblica offici

nalis).

1.4. PREVIOUS WORK

From the geological point of view the southern part of Bhan-

dara district is one of the neglected Pre-Cambrian terrains of India.

Although many workers have made contributions to the geological know

ledge of the northern part of Bhandara presumably due to the known

occurrences of manganese, kyanite and sillimanite deposits, very few

attempted any detailed geological investigations in the southern region.

It was only after the discovery of the occurrence of chromite 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 Bhatta-

charU,(in Fermor, 1934), In the General report of the Geological Survey

of India for 1933, the work of Bhattacharji is summarised in the follow

ing lines " This area lies partly in the Nagpur and partly in the Bhan

dara district, and is occupied by alluvium (of the '.'ainganga river)

Vindhyans, Dh;;rwariar rocks of both Sausar and Sakoii types and the

gneisslc comolex. The Vindhyans form small exposures by the Wainganga

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

sandstones, with an overlying conglomerates, and a coarse gritty basal

s-ndstone resting on steeply dipoing gneisses and sc'ists. 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

Mr. 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,

hornblende-schists, talc-schists, talc-chlorite-schists, chlorite-

albite-zoisite schists, tremolite-chlorite schists and pegmatites. The

same author in another brief paper (1960) 'on the petrography and

origin of the chromite bearing rocks 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;hism 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 chrcmite grains and the association of the ore with

vari us deuteric minerals such as talc, tremolite,chlorite and serpen-

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

Pauni. According to him the country rocks around Pauni is granite,

intruded by pegmatite and also by a number of ulcrabasic dykes,

which contain chromite grains and bodies with conspicuous, gerpentini-

zaticn in the mineralised zones. Sinha and Srivastavadn Roy, 1962 b)

carried out survey of the chromite deposits near Pauni. However, the

text of the report is unpublished.
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Sahasrabudhe, (in Roy 1962c) mapped an area of about 160

square Km. included in t-posheet 55 P/9 in the Umrer and Bhandara

Tehsils. Conglomerates, sandstones,quartzites,greywackes,phyllites

shales, etc. of the Sakoli series (Arohaeans) have been mapped for

the first time as separate units. However, the geological map or the

text of the investigations of Sahasrabudhe has not been published

so far.

During the course of this investigation, the present worker

has published part of his work on the following topics:

1. Geology and the associated chromlte deposits of ?auni area, Bhan

dara district (Abstract-1966).

2. Hydrothermal alterations in the ultrabasics of Pauni area,Bhandnaa

jf*_district (Abstract-1966)

3. On the occurrence of Vermiculites at Pauni, Bhandneadistrict(1966)

4. Genesis of the chromite deoosits of Pauni,Bhandara district

(Abstract-1967).

5. Iron.ore deposits around Bhiwapur,Nagpur-Bhandara districts,

Maharashtra (Abstract-1967).

6. On the localisation and structure of the chromite deposits 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
,,r . (fig.* )three ma.or structural trends meet in the Bhandara region, which is

known as the 'Bhandara Triangle'. Krishnan (I960) has expressed the



-:7:-

hope that detailed structural and Btratigraphic work in the region

would throw much light on the tectonic history of the Peninsular

shield. In view of the above structural importance coupled with the

occurrence of newly discovered chromite deposits, the present area

called attention for detailed investigation. With these objectives in

view Br. K.K.Singh initiated the worker into the present investiga

tions. As no systematic geological work has been done in the area

previously it was hoped that the work undertaken would bring out valuable

informations regarding structure, petrography as well as economic

asnects of the chromite deposits and associated rocks.

Field investigations

A total period of over 8 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 reconnaissance survey of the chromite deposi

ts and the geology around Pauni was carried out during this period.

Detailed geological work extending for five months was done from

December 1%4 to April 1965. A month, 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 mapping of the area on

1: 10560 scale map.

2. Survey (Brunton Compass) and geological mapping of the quarries

on 1:300 scale -wap .
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3. Preparation >f diagrammatic plans, sections and sketches of various

important geological features.

4. Collection of systematic and representative samples of all types

of rock units, especially of the ultrabasics and of the chromite ores. .

5. Study of the working and methods of exploitation and collection of

economic data of various quarries.

Laboratory investigations

All the laboratory investigations except the chemical analysis

of chromite ore were carried out at the Department of Geology and

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

Geochemical laboratories, Patna University.

The Laboratory investigations are enumerated below:

1. Preparation of Bibliography and perusal of uptodate literature

on relevant subjects. (0 /

2. Petrograohic studies: (a) Study of the physical characters of samples;

(b) Study of rock and ore sections under the penological microscope.

3. Ore-microscopic studies: (a) Study of polished sections of chromite

and iron ores of the area gander reflected light.; (b) extermination
of paragenesis of ore minerals.

4. Sedimentary petrograohic 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 (iii) Deter

mination of trace elements (iv) Calculation of mineral formulae
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ore with those of other ores in India.

6. Structural analysis (megafabric) of the Pre-Cambrian rocks with the

help of selective and synoptic "iTpole and B pole diagrammes of

various S planes in the different sectors and sub-areas,their

interrelation and their critical comparison with the data from

adjacent areas. Based on the above analysis discussion on the

tectonic evolution of the area.

7. Classification of the chromite bodies and ores based on their

structure, association,physical characters, and assay values.

8. Calculation of ore reserves with the help of the data available

and from records of the quarries.

Discussions

Based on the findings of the above field and laboratory

studies, tMs thesis was prepared which broadly covers the following

aspects:

vl Geological set up and stratigraohic correlation of the country

rocks and the inttrusives.

2 Structure of the area.

3 Petrography of the various rocks.

4 Genesis and metamorphic history of the country rocks.

5 Occurrence, origin and mode of emplacement of the ultrabasic

rocks. Their petrography and hydrothermal changes.

6. Occurrence,mineragraphy and genesis of the chromite deposits.

7. Geochemistry of the chromites.

8. Economic aspects of the chromite deposits.Its minirg,exploitation

and reserves.
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TABLE- 1

GEOLOGICAL SUCCESSION OF PAUNI BHIWAPUR AREA

YOUNGER SEDIMENTARIES

< > 3000 m)

GAIDONGARI FORMATION

O5000 .m.)

bhiwapur formation

( > 3000 "«m.)

PARSORI FORMATION

OlOOO ra.)

PAUNI FORMATION

O5000 m.)

Alluvium

Laterite

Shales,sandstones and conglomerates

Erosional and tectonic unconformity

Metabasics

Conglomeratic slates.variegated slates,
slates, meta-argillites,slaty shales
and quartzites

Tectonic unconformity

Phyliites,quartz-phyllites and associated
iron ore bands

Tectonic unconformity

Chloritoid-chlorite-muscovite schists

Tectonic unconformity

Granites and pegmatites

Recent

Pleistocene

or later.

Gondwana?

Q

U

O

CO

w

.-< «C

K

^ O

Metabasics (Amphibolites) "> <*

Altered ultrabasics containing chromite ore m <

Igneous unconformity

Chlorite schists and the associated grune-
rite-quartz-magnetite rocks
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An orderly sequence of the various rock formations of the area

could not be properly established due to the structural complexity.

However a tentative geological succession of the rock formations of the

area is 6ho*'n in Table-1.

In the following pages an account of the field characters of the

various rock types of different formations and their interrelations

has been given,

2.2.PAUNI FORMATION

2.2-1. CHLORITE SCHISTS

The chlorite schists occupying the lower grounds for-n the main

country rocks around Pauni.At places few bands of quartz-grunerite-

nagnetite rocks 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 NW-SE to EhE-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 page67 Pauni sector). The schists are generally very soft

ard weather easily,hence most of the schist bearing area is

covered with soil. Good exposures of the chlorite schists are observed

along the Upashya nullah and the Khadan nullah. Towards west and north-

west,this Formation is serrated from the Gaidongari Formation.by the

Nimgaon-Korambi fault fi,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 materials. Hence t^eir

original composition and texture have been much obliterated. The altered

products range from migmatites (lit-par -lit injected quartzo-felspathic

material along the foliation planes of the schists)to gneisses. These

rocks can be grouped under arterites or injection gneisses ^f.

Sederholm (1923). Pure chlorite schists unaffected by migmatitisation,

are observed onjy at few places eg. at the base of the Younger Sodi-

mentaries along the Wainganga river.

^uartz-grunerite-maenetite rocks

Few bands,consisting of quartz, grunerite and iron ore minerals in

various proportions occur at some places, interlayered with the chlorite

scMsts. Good outcrops are observed on the right bank and in the bed

of the Wainganga near Itgaon (20°57':79°38'>in between Khatsi and

Itgaon,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

outcrop seen at Diwanghat near Pauni is 2 m. in width with a N-S strike.

Another exposure observed in a tributary of Upashya nullah trendsNV-SE.

Here, a handed quartz-grunerite-magnetite body of about 5 m. thick is

associated 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 ultrabasic intrusives occur as parallel .discontinuous h^&>-

in the chlorite schists of the Pauni Formation. 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 about 2 Km. Strikewise extension has been esta

blished 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 rocks. The field 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 Bauni For

mation. Good exposures of the amphibolites are observed along the right

bank of the Wainganga river, along the Upashya nullah and the Kh»dan

nullah (Hap 1).

The amphibolites occur as sills of lenticular 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 ampbi-oolites strike NE-SW around Upashya nullah,while along the

bank of Wainganga river their strike varies fror;; NNW-SSE to ESE-WNW.

Generally the individual bodies vary in width from 1 m. to 5 m.

However few bodies have a width fcfto 20m. for exam.le, the amphibolite

exoosed on the river bed near Korambi village (20°5O':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 exposed along the bank of the Wainganga,in nullahs, and quarry

cutting*, their lateral continuity could not be properly established.

Nevertheless, from the nature of occurrence of smaller bodies, it has

been concluded that they pinch out within short distances(Fig.6,8).
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PLATE No.IV

Fig.No.2 Section. Ptygraatic folds of quartz-felspathic veins In the
country rocks. Location- near Diwan Ghat-?auni.

Fig.No.3 Section. Quartz-felspathic veins along the foliation planes of
>hibolites. Location - near Khadan nullah north of Quarry 2.

Fig.No.4 Section. Lenses of granites and pegmatites in the amphibolites.
Location- Wainganga river bank -Pauni, near the Electric Tower.

?ig.No.5 Plan. Displacement of pegmatite bands in amphibolites along a minor
fault. Location - Wainganga river bank, Itgaon.

Fig.No.6 Section. Lenses of granites, amphibolites and ultrabasics in the
country rocks. On the right side, the country rocks are folded.
Location - Khadan nullah, north of Quarry 2.

Fig.No.7 Closely spaced faults affecting the chlorite schists and intrusives.
Location - Wainganga river bank, Itgaon.

Fig.No.8 Lenses of amphibolites showing en echlon arrangement. Location -
Upashya null ah.
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the intrusives is WSW-ENE. The width, of the belt as exposed in the

Wainganga river is for about 2 Km. Strikewise extension has been esta

blished 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 rocks. The field 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 ?auni For

mation. Good exposures of the amphibolites are observed along the right

bank of the Wainganga river, along the Upashya mil1ah and the Khadan

nullah (Mao 1).

The amphibolites occur as sills of lenticular 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 ampbi-bolites strike NE-SW around Upashya nullah.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 example, the amphibolite

exposed 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 exposed along the bank of the Wainganga,in nullahs, and quarry

cuttings, their lateral continuity could not be properly established.
<b

Neverthless, from the nature of occurrence of smaller bodies, it has

been concluded that they pinch out within short distance! (Fig.6,8).
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Contact effects

The contacts of the amphibolites with the raigmatitised chlorite

schists are rather sharpsfig, 8 )» However, narrow zones of hybrid rocks

are a coamon 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 aclinolite rich zones. At places along these contacts, thin bands

of crossfibre asbestos are observed.

At several places thin veins and bands of pegmatites are seen in

the amphibolites along and across their cleavage planes (fig. 3,104)

(Further numer ius minute veins of quartz criss-cross the amphibolites.

Some of the amphibolites of Pauni area show partial raigmatitisation,

having lit-par -lit injections of quartzo-felspathic matter along their

foliation planes.

Weathering;

The amphibolites are weathered in some of the pits and nullah

cuttings giving rise to light green to yellowish green clayey products.

Locally ,fe^ of the smaller bodies have been limonitized to various

degree? giving a brownish yellow colour to the rock. Unaltered patches

of green amphibolites are seen in these limonitized bodies.

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 numerous lenticular bodies and sill like sheets of granites and



-: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

pegmatites and a few felspar rich bodies are exposed in the area. Some

of the fine grained varieties shew gneissose structure. Numerous exposures

of the acid rocks are found along the Wainganga river bank near ?auni

and along the Upashya and Khadan nullahs.

The lenticular acid bodies vary in width from 0.5 to 5 m.and in

length from one metre to over &0 m. Small veins, bands and pockets of

pegmatite bodies are also noted, showing both parallel and transgressive

relation with the associated rocks. In some of the chromite quarries

pegmatites 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. Some 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 Wainganga river some of the pegmatites forming

discontinuous bands and lenses conform with the fold pattern of the host

rocks (Map-5)

Thin quartz veins(l-25 cm.)traverse the pegmatites and granites

along their joint planes and fractures.

Contact effects

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. 86). The contact

of pegmatites and ultrabasics at several places shows irregular b4nd3

and veins consisting dominantly of tourmaline with subordinate 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 pegmatite bodies have been

kaolinised to various degrees. The alteration appears to be localised

along the weak planes and to a small depth, probably controlled by the

meteoric water. At some places along the bank of the Wainganga the

felspars in the pegmatites have been completely replaced by epidote,

forming epidosites, with epidote and quartz as the only mineral consti

tuents. Epidote veins traversing the pegmatites along weak planes have

been noted at few places.

Age of the intrusives

As noted earlier, the granites and pegmatites cut across the

ultrabasic and basic intrusives. It is quite evident that these

acid bodies are younger In age to both ultrabasics and the amphibolites,

Further, structural analysis of this part of the area (discussed

later in page 69) has revealed that the peigmatites are of syntectonic

origin.

2.3. PARSORI FORMATION

In the north of the area, the less metamorphosed Gaidongari

Formation e0 lies into juxtaposition with the more metamorphosed Parsori

formation. All along this boundary numerous quartz veins and reefs are



-:17:-

observed. At several places the rocks near the contacts are sheared

and accordingly the boundary represents a fault named as-Pular-

Parsori-Umri fault (f2). The area under investigation covers only the

southern part of this Formation. The Parsori Formation is represented

in the area by chloritoid-chlorite-muscovite schists. The schists are

mainly exposed in the Tutanbori-Parsori hill ranges, h?ving a semi

circular pattern. The schists trend NS-SW between Tutanbori and fori

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 WNW-ES3

dipping 55° (average) towards north.

2.4 BHIWAPUR FORMATION

2.4-1. PHYLLITES

in the Bhiwapur Formation phyllites form two distinct horizons

separated by quartz-phyllite beds. Good exposures of the phyllites are

observed along Maru river, in the hills near Pohungaon,(20°47':79°33')

the hills west of Dongargaon (20°47':79°32•) and on the plains around

Bhiwapur railway station. On the lower grounds the phyllites are often

covered with a mantle of soil.

Foliation showing variable trends is fairly well developed in the

phyllites. They generally strike between E-W and WNW-ESE. One of the

horizons of the phyllite makes a U shaped outcrop in between two tanks

no-'thwest of 3hiwapur (Map 1 & 2), Here the foliation varies between

ENE-WSW 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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places (refer page 46) they also exhibit minor and micro folds(fig.52,53).

Two to three sets of lineations represented by the puckering and micro-

corrugation of the folia are common. The phyllites exposed in the hills

near Dongargaon show well developed slip cleavages and lineation:-(fig.49).

2.4-2. QUARTZTPHYLLITES

The quartz-phyllites of Bhiwapur Formation represent metamorphosed

senipelftea. These grade with the phyllites. Within the quartz-phyllites

there are gradational sub-groups. Broadly these may be classified into

three groups: ^ure (normal) quartz phyllites; garnet _^ quartz phyllites-

and biotite-quartz phyllites. Due to gradations it is difficult; to

demarcate distinct boundaries for these rocks. The quartz phyllites

exposed on the hill's (1.5 Km. northwest of the Bhiwapur railway station;

are hard and massive. In some exposures on the hill, the quartz-

phyllites exhibit well developed lineation due to the elongation of

uniformly distributed clusters of biotite (fig.54). The massive type

occurs as intercalated bands or lenses within the lineated type. The

lineation of the biotite clusters is very much pronounced in the hill

no-th of Bhiwapur. At other places the biotite in the quartz-phyllites

is observed as round or oval soecks or spots.

The hard and massive garnet-quartz-ohyllites show pink or pinkish

brown garnets, with coarser quartz grains. The rock has more appearance

like quartzites. Prominent horizons of this tyoe occur in the Pahungaon

hill ranges and the hillock north of Jogikhera (20°46' :79°33'). Some

iron-ore bodies are associated with the garnet quartz ohyllites. The

quartz-phyllite outcrops trend between E-w and WNW-ESE. The foliations

rangel^ in strike from N-W in the west to N-S and NNW-3SE 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

Formation, Outcrops and exposures of these bodies are found in the hill

ranges near Pahungaon near Jogikhera and south of Tambakhana(20o47': 79°

79°32') near Dongargaon (Ma? 2). Old Working* are seen in the hill

near Pahungaon. Relicts of slags of iron ore are often found strewn

near the pits.

Iron-ore bodies occur associated with the garnet-quartz-pkyllites

in detached outcrops as bands of 1-2.5 m. wide and 20 to 70 m.length.

The trend of the ore bodies roughly confotrs to the strike of foliation

of the quartz-phyllites, which varies from WNW-ESE to NNvJ-SSE dipping

50° - 60= towards north. Across the strike these bodies show a sharp

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 blocks of these

rocks are scattered on the hill slopes.

2.5 GAIDONGARI FORMATION

2.5-1. QUARTZITES

Discontinuous hill ranges from Nimgaon (20^47':79°35') to 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 INW-S3E, then
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veer about 90° with a strike along NE-SW and an average dip of 30°

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') is formed of these quartzites. From this hillock about a

kilometre to 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 developed in the quartzites. At several

places 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

form two distinct horizons in the south,southwest, and west of Gaidon

gari hill ranges. In the south the two horizons are separated by

quartzites. However, near Khapri they merge together into a single

unit. Near Nimgaon, the slaty shale horizons abut against the Pauni

Formation as a result of the Niragaon-Korambi fault, f,(Map 2)„ Start

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 these 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 in the Maru river.

The quartzlte<*Shale boundary runs roughly parallel to the 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 is covered

with thick soil. In the north, as mentioned earlier, the contact of

Parsori Formation and the slaty shales of the Gaidongari Formation from

north of Khapri to Urari, shows a disturbed tectonic discontinuity,with

numerous quartz veins,

In the hillock west of Nimgaon, large number of quartz 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 are 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 eastern 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 limb has been sliced by the Nimgaon-Korambi fault, f. bringing

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-argillites are quite distinct, whereas the contact planes with

the slates are gradational. Bands and lenses of siltstone and mud-

stone occur within the argillites. The meta-argillites form U shaped

^'utcrops,with a narrow nose north of Nimgaon, and a wide nose, east

of Khapri. In the west of Gaidongari hilis, 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

NNW and NE with varying dips.

Meta preywacke - Along the western limb of the meta-argillit^ near,

their contacts with the slaty shales, thin beds of meta-greywacke

(uoto 5 m. thick) have been observed. At times these beds pinch out

along their strike and reappear after a short distance.

2.5-4. SLATES.VARIEGATED SLATES AND CONGLOMERATIC SLATES

The folded limbs of the meta-argillites enclose within it a

heterogeneous rock assemblage forming an oval shaped outcrop(Map 2),

This is mainly represented by slates,variegated slates and conglome

ratic slates. The two limbs of the meta-argillites grade into slates

towards the centre. The slates gradually pass into a centre zone of

variegated (pebbly) slates. Apart from the angular to subrounded quartz

fragments, elliptical and oval shaped fragments of slates and phyllites

of different colours, give a variegated appearance to these rocks. The

variegated slates enclose a thick horizon of conglomeratic slates

around KhanHurk(20^50':79°55'), which are composed of pebbles,cobbles
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and boulders in a slaty groundmass. Some of the boulders are as big as

50 cm. in their diameter.

The Kulegote hill running north-south is 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 occurs within the slates. Near the

contacts of the hematite-quartzites the slates are also ferruginous

forming a 2-3m 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

earlier for meta-argillites. The variegated slates and conglomeratic

slates together form an oval shaped outcrop in the top of the Gaidongari

hill with U shaped edges (Map 2). The general trend of foliation is

ENE -WSW with nn 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

Makhabardl(20°50':79"32') a sill like outcrop of amphibolite, 10 to

13 m. thick, is exposed in the slaty shales. A similar occurrence is

noticed in a valley between the Parsori and Gaidongari hill ranges.

High temperature contact effects are absent in the slaty shales

adjacent to the amphibolites. The amphibolites of Gaidongari Forma

tion were formed much later compared to the intrusive?, of Pauni

Formation.
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2.6. YOUNGER SEDIMENTARY FORMATION

Gently dipping 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

Formation, The northern contact of the formation, outcrops about a

kilometre south of the bridge across the Wainganga at Pauni. The south

ward extension of the sedimentaries although delimited by the southern

boundary of the present area, coversthe Bedurli reserved forest and

continues beyond Kanhgargaon (20°42":79^40') in Toposheet No.55 P/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 along the Donrich nullah,right

bank of Wainganga 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-SSE towards west. They dip gently (8-20°) towards

south. Local changes In the disposition of the rocks have been caused

by minor flexures,bucklings and dislocations. The northern contact

appears to be fault, f. running in the NNE-SSK direction, roughly para

llel to the Korambi-Nimgaon fault, f.. 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 the various rock units,along the

Donrich nullah. Many other local faults (strike between NIE-3SW and S-W)
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have affected the conglomerates,sandstones and shales(fig. 87 )»

The basal part of this formation consists of few alternating thin

horizons of granule conglomerates and pebble 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 Wainganga river. The phenoclasts vary

from 2 to 10 cm. in diameter. Both grnule conglomerates and pebble-

cobble conglomerates occur in the basal zone of the Sedimentary

Formation (Fig,89 ). A granule conglomerate layer appears to be the base of

sedimentaries, as it directly overlies the chlorite schists of the

Pauni Formation as observed along the Wainganga river,near Krdurli

(20o46,:79o40'). 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

among these have also been observed.

2.6-2. SANDSTONES

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 Sandstones(Lower Gondwana) of the type

areas. Locally(highly coherent and tough sandstones have developed.

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

are used locally for building stones.
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Shallow water features like current bedding, ripple marks,mud

cracks etc. are preserved in the sandstones. Some of the joint and

fracture planes of the sandstones are filled with secondary yellowish

white calcareous matter,

2.6-3. SHALES

Shales are exiosed 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 leeses(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 spaced at rough

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 minor drag effects.

2.7. REGIONAL STRATIGRAPHY AND CORRELATION

The Pauni-Bhiwapur area forms the south western part of the

•Sakoli synclinorium' (Sarkar, 1957 FIr.IO).:' and consists mainly of

rock formations 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 Nagpur district and northern part of Chanda district with a general

strike of NE-SW(Fig.lO,UXDue to the triangular pattern in the structural
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trends and the disposition of the outcrops, the area occupied by the ,

Sakoli Series has been known as -Bhandara Triangle' (Bhattacharya in

Fermor 1934). Systematic geological mapping of the Sakoli belt was

started by 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 carried .ut geological mapping of the Pauni region.

According to Chatterjee(in Fermor 1931), the geological succession

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

follows:

TABLE - 2

GEOLOGIC SUCCESSION OF CENTRAL BHANDARA

w
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en

Quartz-dolerite
Garnet-muscovite-granite,
garnet tourmaline muscovite: granites and pegmatites

Eruptive unconformity

Crushed albite-microcline quartzite

Phyllite and slate
Heamatite and sericite quartzite
Garnetiferous phyllites and chlorite-muscovite
schists occasionally carrying chloritoid and
graphite; jaspillite; epidote-chlorite schist;
and felspathic chlorite hornblende schist.

SAUSAR SERIES

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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T A 3 L E - 23

GEOLOGIC SEQUENCE IN NORTH EAST BHANDARA

Chandipahar
Formati,on
(1800 m.)

Kharrapahar
Formation

(900 m.)

Rampur For
mation

(1500 m.)

Gangajhiri
Formation

(1500 m)

Alluvium

UNCONFORMITY.

Quartz veins

-INTRUSIVE UNCONFORMITY

Granite gneiss

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

INTRUSIVE UNCONFORMITY.

Graphite phyllite;chlorite phyllite; and chlorite-
muscovite-quartz schist.

Chlorite phyl'ite; chlorite muscovite-quartz-schist;
ferruginous phyllite ; and banded hematite-quartzite

Garnetiferous phyllite; chlorite-muscovite-quartz-schist
muscovite-quartz; schist,ehlorite-biotite-garnet-quartz
schist, Hornblende schist (metabasic lava)

Tremolite-silliminite-biotite-staurolite-albite-quartz
schist and tremolite-ky nit,-biotite-staurolite-quartz
schist with psammitic bands;muscovite-biotite-staurolite-
quartz schists; muscovite-biotite schist;silicifled
graphite phyllite.

Base not seen (oblltered by granitisation)

The present area forms the southern most part of the BhandaraTriangle

(fi~.9). The geological succession of the various rock formation

of this area was not fully investigated earlier. 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 stratigraohic succession

for the whole 'Bhandara Triangle1 is yet to be established. Hence any

attempt to correlate the rock units of the present area with that of the

northern part, will be far from success. A complete picture of the

Sakoli Series will emerge only after the detailed investigation of the

central region,

Bhattacharji (op. cit#) and Sahasrabudhe (op. citj who worked in

the southern part of Bhandara have attributed Vindhayn age to the

Younrer Sedimentaries whereas Dr. B.N.Sinha (personal communication)

eefsrs v-hem to Gondwana age. On the basis of the field and laboratory

investigations the present worker finds it difficult to correlate

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 similarity '

features. The petrography of the rock formation -conglomerates,

sandstones and shales whas much similarity with the lower Gondwanas.

Hence the present worker tentatively correlates the Younger

Sedimentaries with the Lower Gondwanas.
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C H A P T E R - HI

STRUCTURE

3.1. INTRODUCTION

Geometric analyses of the different structural elements especially

the foliation planes, observed in the various rock formations, have

helped considerably to unravel the complicated geologic and tectonic

history of the area. As the structural and 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 difficult to draw the structural iner-

pretations on regional basis. Further as the area under investigation

is 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 information regarding 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

conclusions. Nevertheless, it has been possible to reach at some plau

sible inferences on the tectonic history of the area which might be of

some help to future studies on the structural interpretations of the

adjoining areas.

3.2. METHODS AND PRINCIPLES OF STRUCTURAL STUDIES

Principles of Structural analysis -Structural analysis involves two

philosophically distinct procedures. First is the study and description

of arock body in its present state -astudy as free as possible from

inference and extrapolation,except to the extent imposed by limitations

end poor exposures in the field. Then comes genetic interpretation of
the descriptive data, an attempt to reconstruct the structural
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evolution of the body in question. (Sander 1948;McIntyre,1951;Weiss 1954,

1958;Turner and Weiss, 1963,' Ramsay 1964 and 1967). Structural analysis

of an area comprises mainly three phases of investigations in order of

their decreasing certainty regarding the concepts on which they are

ba 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 a property analogous

to the symmetry and structure of a crystal. Identical reproducible data,

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, translations etc., based on the data of geometric analysis.

This can be made in two ways.

(i) The movement picture of the deformation is brought on the

experimental assumption that the nature of the geometric 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 noncrystalline body. Here symmetric principles play a key role.

(ii) The present state of the deformed body is compared with an

assumed parent state;and 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 responsible 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. Interpretation of the

same geometric data by different geologists even in the light of the

same experimentally confirmed theories of flow and deformation may

be 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(S-) and axial

plane cleavages (S ). In the field all the axial plane cleavages

representing different fold movements were plotted as S planes as

they are rarely preserved together on a mesoscopic scale. Data on the

mesoscopic and macroscopic 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 homogeniety (Map 4)-

*These maos have been reduced to smaller scale (1:3168G) from the
large scale field maps.
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Structural data collected from the field were analysed for each of

the sectors. The poles of the planar structures, mainly S2 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 (ft -pole diagrams).

Following the method used by Weiss (op. cit*) and Turner and

Weiss(op, cit.) o poles of the three sectors(VI,IV,V) of the Bhiwapur

block and three sectors(VII,VIII,X) 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 ^ - diagrams.

No attempt was made to prepare the fB diagrams of the sectors of the

Pauni block because of its structural complexity. It has been proved

that idiagrams are unreliable in areas of inhomogeneous folding where

they give a false impression of structural geometry(Ramsay,1964),

The synoptic diagrams of %S 3 and B poles were prepared for

each block from their selective diagrams. The above method of structural

analysis when compared with the field diagrams , maps and sections

ha^ 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 Sakoli group of rocks are exposed in a large triangular

outcrop covering the southeastern Nagpur district, southern half of

Bhandara district, and northern part of Chanda district upto the

vicinity of Wairagarh with a general NE-SW strike (Fig.9 ). It was
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thought earlier that the Sakolis belong to the higher horizon;; of the

more metamorphosed 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.

Bhattachar U (in Hero,nlG36) has drawn attention to the Sakoli

group 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 veins, the foliations,and the intrusives

are disposed in three general directions i.e.(l) N-3,(2) WNW-ESE and

(3) 2NE-W3W. The rocks of Bhandara 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 Bhattacharji concluded that the

pressures which induced the orographic axes in the Eastern Ghats,the

Satpuras and the Godavaris have affected the rocks in Bhandara even to

their microscopic texture. Bhattachar ]i '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 orogneic 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

(1961) describes the prevalence of Satoura trend (ENE-WSW) in the

Negpirr-Bhandara region. According to him in the exposed patches of
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Pre-Cambrian belt connecting Jabalpur-Nagpur-Bhandara-Chindwara-Balghat-

Ranchi-Fazaribagh- Monghyr and Gangpur-Singhbhum- the general strike

pf 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 ENS. It would appear therefore that two (or more)folding

movements have been superimposed on each other, the trends being the

same or slightly different. The Sakoli sub-belt is considered to be the

southernmost part of the maior Satpura belt(Holmes 1955). Both the

workers have concluded that the Sakoli orogenic cycle may be correlated

with the Satpura cycle.

According to Sarkar(1957,58) the major structure of the Sakoli

group of rocks in the northern region is a synclinorium plunging at

75° due southwest. The sub-vertical flanks of the synclinorium widen

put 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 pattern, represented by the trend

lines of the Sakoli orogenic cycle. According to Srivastava(1964),the

northern nose of the synclinorium is exposed in the north-east of

Bhandara and shows complicated folding,producing compressed synclines

and anticlines. The incompetent core of the synclinorium showsdishar-

moious cross folding near the nose.

From the detailed structural and stratigraphic study of Northern

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

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

diastrophiso and by crossfolds.These diastrophic periods have been
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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 metamorphiem and (first) granitisation. Ir the NE part of

Bhandara district, towards SE of Gondia the orogenic trend lines vary

between 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 orogenic 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

oocks, it is evident that the Godavari orogenic cycle is earlier than

the Sakoli cycle. In other words the Godavari cycle is earlier to the

Satpura cycle. On the basis of the geochronological studies of some rock

samples of the Pre-Cambrian of Penninsular India, Sarkar et.al.(1964,1067)

consider the Sakolis(1935 m.y.) and Nandgaon(1200 m.y.) orogenies to be

earlier to the Ara-vali-Satpura orogenies (864-993 m.y.). Further, the

Khairagarh 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

gical data provided by few rock samples of the Pre-Carabrians.

Recent work by Sengupta(1965) on the northest.ern Bhandara shows

that the Sakoli group of rocks passed through two successive stages of

folding. The first phase F involved isoclinal folding on the bedding

S and the development of mineral foliation S£ (axial plane type). Later

folding F involving small scale warping of both Sj. and S2 develpped

strain slip cleavages Sy S2 with an average strike of N30° is usually

cut across by S striking between N 50c and N 70°.

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

gation is over 100 Kms. south of the above areas, and falls in the south

western part of the Sakoli synclinorium, separated by a large unmapped

region, it is rather difficult to correlate the same. Based on the

detailed structural analysis (re!!er pp.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 F and F producing complex fold patterns. The

Pauni block of the present area shows imprints of ^he three episodeo

of folding where as the Bhiwapur and Gaidongari blocks were affected

by the later two deformations only. Although the d general trend of

F (NF-SW) could be correlated with the regional trend of Sakoli

synclinorium, the other two fold trends F2(NNW-SSE) and F (ENE-WSW)

in the Bhiwa>ur and Gaidongari blocks(lithologically equivalent to the
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Sakolis) 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 F2

and F, fold movements represent successive phases of the same orogeny;

while the F, representsan earlier orogeny.
1

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 S

(foliation-schistosity and axial plane cleavages) and S-(sl*o cleavage

planes). During the course of the structural study emphasis has been

given on the orientation of S planes. 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 (S^) - The primary bedding and compositional layers

in the country rocks form the bedding planes(S. ). Wherever alternating

deposition of argillaceous and arenaceous sediments have taken place

with marked differences bedding is quite pronounced. The different

rock boundaries and their general outcrop pattern in the map indicate

the general trend and attitude of S These are the most dominant

structural features in the Younger Sedimentary Formation south of

Pauni described earlier (oage24).
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In the Bhiwapur block, the contacts of the two lithe logical units,

phyllites and quartz-phyllite layers,and compositional variations in

the quartz-phyllites(presence or absence of garnet or biotite)suggest

the trend of S-. The dominant trend of the bedding is along WNW-ESE

with an average dip of 20° - 30° towards both north and south. In

the Gaidongari block, the lithological boundaries of quartzites and

slaty shales give conspicuousS... 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.

The two prominent strike directions of S in this block are NNW-SSE,

and NE-SW with an average dip of 25° towards north and south. In the

Pauni block S]L is not discernible, as the country rocks are dominantly

of a single lithologic unit-chlorite-quartz-schist,except fo- the

sporadic occurrences of grunerite-quartz-magnetite layers.

2. Foliations S2 (Axial plane cleavages and schistosity) -S is

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 S, planes are

visible in the incompetent rocks the 3^lanes are parallel to the axial

plane of folds and hence these have been designated as -axial plane

cleavages'. Folding of the S2 planes is discernbile on macroscopic,

mesoscopic and microscopic scales in the phyllites of Bhiwapur For

mation suggesting refolding. Apart from the intersection of the
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S^ and S2 at the closures, the intersections are also observed along

the limbs of the folds at several places in Bhiwapur and Gaidongari.

The S2 planes exhibit varying trends and fanning within small areas

particularly In the Pauni block. Such a behaviour of the S suggests

cross-folding of the formations and development.of axial plane cleava

ges along with the folds of different deformational episodes. The wide

variation in the trend of S2 of the Pauni block is due to the three fold

movements suffered by the block.

In the Bhiwapur block two major trends of xh foliations are

prevalent (1) E-W to ENE-WSW with an average dip of 60° towards north

and (ii) 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 fti} NNW-SSE

dipping 50° towards east. In the Pauni block, the foliations generally

show variations between NNE-SSW and E-W with average dip of 60">

towards both south and north. However, the most predominating trend

is along NE-SW. In several localities of this block the S2 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 (S3) -Sharp refolding of S2 on aminor scale
(microfolds) tends to produce shear fractures which have been decignated

by several names e.g.'slip cleavage •-false cleavage',<strain

slip cleavage' and -herring bone structure•(Bagdley,1961). It first

appears as discontinue*planar zones of crenulate mica layers which

define the foliation S^ With intense folding the crenulate

become long lenticular slices of tightly folded and aopressed
zones

mica
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layers bounded by surfaces along which a perceptible amoj..»t of slip

has occurred. Similar features have been called microlithons by

de Sitter(1956). 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(1963) describe these

slip cleavages as follows:" The surfaces of slip are not discrete

fractures but rather laminar domar'nsof 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

incipient S^ planes developed by the above process. MegascopIcally

these slip surfaces are not very much perceptible. Under the micro

scope the development of S plane with a definite sign of slip move

ment along them can be observed ( fig.131). However, recrystallization

of chlorite or mica has not taken place along these planes. These

slip cleavages appear to be parallel to the axial planes of the micro-

folds. Some concentration of iron oxide is observed along these planes.

Slip cleavages of a different origin have been noticed in the

Phyllites adjoining the Dongargaon-Pahungaon fault.f ,and in the

chloritoid-chlorite-muscovite schists in the proximity of the Parsori-

Umri fault, fj. They have developed on the megascooic scale and are

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

zones, and they cut across the S£ planes at acute angles. All the
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field evidences indicate that the slip cleavages are related to the

major fault movements.

3.5-2. JOINTS AND SHEAR PLANES

Several sets of joints and shear planes have been noted in the

various rock units of the area. Detailed information of the joints

has been collected from the Pauni block where proper opportunities

were available to study them in three dimensions in the chromite

quarries and along the Wainganga river. In the <?auni block several sets

of ioints and shear planes are observed in the granites,pegmatites,

ultrabasics and the chromlte bodies. Since the area has been affected

by at least three stages of deformations, complex sets of joints and

shear planes have developed in the region. Generally 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 ioints (b) dip joints (e) bedding joints and (c) oblique

joints. The orientation diagrams prepared for the separate rock units,

show several maxima with a circular girdle (fig.E-16generally 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 rotational movements.

Average joint set patterns were calculated for some of the rock

tyoes 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 not iced.However, detailed work
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T A B L E - 3

ICS OF ORIENTATION DIAlGRAMS OF JOINT' PLANES

Fig.No. Rock type No. of Contour values Maxima Bearing StriKe and dip of average joint planes

poles (percentage) plunge corresponding to Maxima

Strike Amount of Dip Dip direction

13 Chromitite 87 0.5-1.5-

2.5-3.5

37

20

52 140-320

126 34-214

42 230

41 304

-5.5 10 180 92-272 80 2

80 228 134 -314 10 44

4 310 38 -216 86 128

16 330 60-240 74 134

12 Ultrabasics 32 0.5-12-

2.4-3.6

30

26

308 38-218

338 70-250

60 128

64 160

-4.8 26 10 100-280 65 ISO

39 130 40-220 50 310

38 155 64-244 52 334

14 Granites and - 96
'egmatites

0.5-1

-2-3

-5

32

37

9

70 162-342

110 16-196

103 8-188

50 252

54 286
84 278

30 132 40-220 60 310

31 29 120-300 60 210

20 11 9S-278 70 188

3 332 60-240 88 150

4S 254 160-340 52 70

16 Quartz 67 0.5-1.5- 60 197 110-290 30 20

jJhyllites 3-4.5-6 70 41 130-310 1C 220

(Bhiwapur)

15 Quartzite and 47
Meta-argiHIte
(Gaidongari)

0.2-4

-6

60

61

52 140-320

285 16-196

40 230

28 106
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on the joints of these block could not be done. The joint patterns of
quartz phyllites of Bhiwapur block and of quartzites and meta-argilllte
of southern part of the Gaidongari block have been summarised in

Table 3.

3.5-3. FAULTS

The Pauni-Bhiwapur area has been affected by four major faults

which form the boundaries of the five different stratigraphic units

viz. the Pauni Formation, the Parsori Formation, the Bhiwapur Formation,

the Gaidongari Formation and the Younger Sedimentaries.

The Korambi-Nimgaon fault tl trends NNE-SSW 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 litholQgical units of the Gaidongari Formation,

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

(iii)sudden changes in the metaraorpMsm and lithology of the two
Formations and

(iv) occurrence of quartz veins along the faulted boundary.

The Parsori- Urri fault f„ is of semi-circular pattern forming the

boundary between the Parsori Formation and the Gaidongari Formation.

When followed from the east it has HE-SW trend,and gently curves

towards 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 metamorohism-the low grade Gaidon
gari Formation in contact with the high grade Parsori Formation,



-:44:-

(iii) all along the boundary prolific occurrence of nuart7 veins,which
have been reported to be mineralised by copoer sulphides
(Sahasrabudhe in Roy 1962 a) towards west of the area near

Pular.

The Pahungaon-Dongargaon fault f trending WNW-ESE is an

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 general 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

generally NNW-SSE direction.

The Pauni fault f, , forms a bourdary fault between the Pauni

Formation and the Younger Sedimentaries. There are strong evidences

to Indicate this fauit, along the Wainganga river. The gently dipoing

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

faults in the area under investigation.

Several minor faults are noticed in the Pauni Formation near the

Wainganga river bank. These faults have affected all the later igneous

rocks of the area.A fault in the quarry(GCS) trends in the NNE-SSW

direction 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 NW-SE in a radiating pattern (fig,7O0.

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 Formation about one and

a half kilometre NW of the railway station few closely spaced faults

were observed . These generally trend in E-W to NW-SE direction. The

faults have also displaced some of the quartz veins.

3.6. LINEATIONS

Except for the Bhiwapur Formation linear structures (on mesos

copic scale)are not common in the area. In the Bhiwapur Formation

the following types of lineations.mostly developed on the S 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 plunges are common,while

in certain horizons a third set is noted. Thoy are all due to flexural

slip folding on a small scale on the foliation surfaces. The orienta

tion of the spindles of chlorite with quartz and magnetite inclusions

and certain elongated quartz grains is orobably governed by these

puckers (under the microscope). The average trends of the puckers are

as follows: (i) HI to NNW with plunges between 40 to 703; (ii) NE toWNE

with plunges 30 - 80°; (lii) 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 «!«.„>.
fold axes noted at many places is. between NE and ENE,

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

lineation, marked by streaks consisting clusters of biotite on the

foliations,are well preserved. Thin rods of quartz also exhibit linea-
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 axes.

in the Pauni area the shear planes in the ultrabasic and chromite
bodies show slickensided surfaces. This is considered as a-iineation
as it Is not related to any fold axis.

3.7. FOLDS

Fro„ the orientation of bedding pianes(S]) and the foliation
Planes «,, and fron the nature rf ^ ^^^^ ^ ^^
" is CL„ that the roek factions of the area have hear subjected to
several stages of deformations P±vina - •. ,ns giving u8e to comply: foU patter..s. The
folds vary from macroscooic mesosenn.^ ♦-„ *ic,mesoscopic to microscopic dimensions. The
macroscopic folds as revealed from the liM.nl • .rrom the lithologxcal and structural maps
are exposed in the U-shaped snH v n„ , ,snaped and V.-shaped closures formed by the 3
surfaces.

Based on the Seo„etrie analysis of the Splanes(des„ibed later,
1» ». different roeh formations and a„ply supportGd by tn£ '
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patterns it has been concluded that the area has been folded in three

stages. The first stage fold F,, trending NE-SW, has been superimpo

sed by cross folds F trending NW-SE, and F between ENE-WSW 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 (Mart. 5).

In the Bhiwaour block four major axial traces related to fold F„

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

F3 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 F

have an average trend of ENE-WSW. Though parallel they are disconti

nuous. Due to lack of sufficient data, it was not possible to give

a genetic nomenclature to the F „ and F_ folds of this blo-k.
2 j

Several minor folds of both mesoscooic and microscopic dimen

sion have been developed in the phyllites of the Bhiwapur Formation;

their axial traces being generally parallel to that of F^. The phylli

tes show well developed kink or chevron folds at some >laces(fig. 51),

In the Gaidongari block a synform and an antiform of F 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 south, their

axial traces trend NNW to N, which in the north gradually veers

towards east due to the superimposition of the Later fold F .

The youngest fold F is represented by a major synform having

an axial trace along ENE-WSW roughly passing through Thana in the
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northeast and Mahalgaon towards west. As a result of the cross folding

of two synforms of F£and F- in'he Gaddongari Formation, a 'depression1

has formed where the younger variegated slates and associated conglo

meratic slates are lithologically bounded from all the sides by the

older slates and meta-argillites. Similarly couth of Khapri,where the

F_ synform crosses the F antiform a 'col' or 'saddle' structure of the

quartzites has developed (Map 2 ). Folds on mesoscopic and microscopic

scale have not been observed in tMs block.

As mentioned elsewhere, in the Pauni block due to the absence of

key horizons and the obliteration of the earlier structure and lithology

by igneous activities and hydrothermal alterations,ilt has rot been

possible 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 F 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 major fold F

(Map 5 ). In the quarry No.l the mesoscopic folds observed In the

country rocks have axial traces roughly between NE-SW and ENE-WSW, with

their olunge towards north or northwest which show parallelism with

the major folds F^ In the same quarry few folded chromite b.nds

(fie.61) have axial trace in the MW-SSE direction,parallel to Fo
folds. A third set of minor folds has axial traces in the NNE-SSW

direction.
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3.8. STRUCTURAL ANALYSIS

For the convenience of structural analysis,the three structural

blocks(Pauni,Bhiwapur and Gaidongari) have been treated separately.

These three block combined were divided into 13 sectors-, the

Bhiwapur block into 6 sectors, the Gaidongari block into 4 sectors,

and the Pauni block into 3 sectors. As the Pauni Formation suffered

severe deformations,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

confined to three linear tracts covering the nullahs,river bank and

the quarry pits ( Map 2,4). This restricted occurrence of the outcrops,

the complexity of the folds on mesoscopic scale and the absence of

any key horizon in the lithology,made it difficult to rnrfcfj systema

tic structural study in the Pauni block.||Consequentlyl3 7TS„ pole

diagrams were prepared along with thejs-S, synoptic diagrams of the

three structural blocks. In addition 6pS2 pole diagrams of the

Gaidongari and the Bhiwapur blocks were prepared. The character^

sties of all these diagrams are summarised in the tables (4,5 &6).

The following pages give an account of some of the salient struct

ural features of the different sectors, followed by the synoptic

features of the. three blocks.

3.8-1. 3HIWA-?UR BLOCK

~Ctor "-I " Sector I covers the small semi-circular hills north

of ^hivapur railway station and the adjoining plains.?oth phyllites



PLATE No.XI

BHIWAPUR BLOCK

Orientation diagrams(contoured)

Fig.No.17 S2 poles - Sector I

Fig.No.18 S poles - Sector II

Fig.No.19 S poles - Sector III

Fig.No.20 S poles - Sector IV

Fig.No.21 S poles - Sector V

Fig.No.22 S2 poles - Sector VI

Fig.No.23 S2 poles (563) Sector VI

Fig.No.24 S2 poles (497)-3ector V

Fig.No.25 S2 poles (327) -Sector VI

Fig.No.26 Synoptic diagram of the submaxima - Bhiwapur block

Fig.No.27 Synoptic diagram of S poles - Bhiwapur block

Fig.No.28 Synoptic diagram of maxima -Bhiwapur block

For details of S_ diagrams see Table 4
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and quartz-phyllites are exposed in this sector;their gradational

contact forms a V. shaped closure with its apex pointing towards WNW

indicating a major plunging antiform fold. The primary bedding S

is not well preserved. However, the S] noted at few places varies

between M 290~ to N 330° with an average din of 30^. The foliation

planes S2 ,s^ow two general trends,N 335°and N300"with an average

dip of 60^ towards north. These are related to F2 folds with certain

amount of rotation caused by later F3 folds. Towards southwestern

and northern corners of the sector, the foliations trend N 653E which

appears to be related to the axial planes of F, folds. The S planes
i 2

generally 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 th. P folds

overturned towards south and was cross folded bv F
y 3

In the Tl-S2 diagram(fig. 17 )a well developed maximum (20%).

falls in the southwest quadrant. This maximum along with a sub-m.ximum

to its north in the same Quadrant forms an incomplete girdle.Two

great circles S.a and 32b corresponding to the maximum and sub-

maximum represent average axial planes of the F2 folds. The elongated
maximum and sub-maximum, the incomplete girdle and the map pattern
clearly indicate regional rotation of F£ folds. The intersection
point p of the great circles S a qnri ~ i „ • .jB circles &2a and .>J. coincides with pole B

of there - circle. B plunges 52^ rtit« M&/.oP untoes ^ duo N 44 representing the orientation
of the cross-Folds OvoT-aii <-u ^ i joxas. Overall the rold axis is perpendicular to the
average axial planes in this sector.
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Sector-II. Sector II is situated to the east of Maru riv . and south

of sector IV. It is mostly formed of phyllites with a small outcrop

of quartz phyllites in the southeastern comer. The primary bedding

planes Sj are not well preserved. The general gradational contact

of the rock units generally trends inNNW to NW on the northern part,

while in the southern part it forms a broad closure whose apex points
towards north.

The foliation planes S2 s^ow variable trends in this sector.

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

southwest they show clockwise rotation towards N300°,M 25°,and

N65" in the southeastern corner. The 32 planes vary in dip fror. 45-
to 80° towards north,east-north -east, east and northwest, afew

southerly dips are also observed. Although the genera! trend of the

foliations is related to ?2 folds but due to superimposition of

later fold ?y these have suffered rotation of about 180°.

In there -S2 digram (fig.!8)an elongated well developed maximum

and two small maxima occur in the southwestern quadrant. Aconspicuous

sub-maximum has developed in the north-western quadrant/'They toge
ther form an incomplete wide girdle.The inclined great circles

S2"H»32'L2'32'V S2b15 S^,corresponding to the maxima and submaxiaa
reoresent the average axial planes of F£ and F3 folds and their
limiting positions in this sector.

The p obtained from the intersections of the great circles
of S2 and the corresponding 3-diagram having several maxima and
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sub-maxima with an inclined girdle indicate divergently plunging fold

axis. The wide distribution of maxima and submaxima are partly due

to complexity of folding and partly due to irregular distribution of

structural data observed in this sector. The complexity of fold pattern

is x due to superimposition of the cross folds F on the earlier

F2 folds.

SeQt°r 'TTT- Sector HI represents a triangular area south of sector V

and west of the Maru river. This sector consists of the -uartz-phyliites,
the iron ore bands and the phyllites. Primary bedding planes S are

not well preserved. The trend of the lithological units in the rocks

has been regarded as S% which varies between E-W to ESE-WKW. In the

mafor part of the sector the average strike of foliation (S )varies

between N20^ to N50«W. At certain localities in the centre of the

sector aN-3 trend is also present. In the southern end of the sector

an E-W trend of foliation is observed locally. The S,, planes show a
variable din of 50* to 80* mainly towards north. It is quite evident

from the general maP pattern that the S2 planes cut across the

quartz-phyllite boundaries with acute angles.-urther the 32 planes
in the northern and central part of the sector also show cross-cutting
relations.This may be due to the Superposition of oblique cross
folds F2 and F-.

In the* S2 diagram (fig. 19 )tvo pronounced ^^ and ^^^

in the southwestern quadrant form agirdle. Three great circles
<S2*1-S2a2, S.b,) corresponding to the two maxima and asub-maxim.
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represent average axial planes of F2 while the S b represents the

average axial plane of F^ The incomplete girdle and elongated

maxima suggest regional rotation of the F2 folds overturning

towards south. The pole of the rrcircle B falls in the centre of a

triangle formed by the intersection of the various great circles.

Its plunge ,49= due N ll\represents the average plunge of the cross-

folds in this sector with limiting positions between N 300* - N45*

Sector -IV. Sector IV represents the area south of sector VI and

east of the Maru river. It is largely comprised of quartz-phyllites.

The primary bedding S± is not well preserved as in the earlier

sectors, and the general trend of the outcrop pattern and the gra

dational contacts have been considered as S.These generally

strike in NNW.ESE direction. The prevalent foliation trend 32 lies
between N310* to N360°, with 40* -60* diPs towards east. The 3,

cuts ex across the S,_ at an acute angle at several places. When

traced from west to east the S2 changes from NW-SE,NNW-SSE,and

finally to ENE-WSW, in an anti-clockwise direction. The predomi

nant foliation trend has been influenced by the axial trace of F.

folds, trending FNW-33E with some fanning and rotational influence
of F^ folds.

The ^3 diagrar.(fig.20 )shows amaximum in the southwest

quadrant flanked by two elongated sub-maxima on either side, with
atendency to for, two incomplete girdles. Consequently the two
inclined rt circles^ and*, passing through the maximum suggest

'2

L2
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regional rotation of the F2 folds which appear to be overturned

towards west. Three great circles S^ ,S2b and S2b2 corresponding

to the maximum and submaxima represent the average axial planes of

the F2 folds in this sector and the limiting positions of their rotation,

The ooles B ]_and B2 of the incomplete girdles(^and TC2circles)coincide

with the intersection points S£a with S^^ol) *-nd with S2b9 (»-)

respectively. Thus the axes of the folds plunge divergently in 44° due

110° and 45° due N 180*. This is further apparent from the corresponding

jjjdiagram(fig. 23 )showing a girdle with two pronounced maxima and

several submaxima.

Sector V. Sector V consists of the phyllites exposed near Dongargaon

forming smal' hill ranges. The Maru river forms the eastern boundary

of the sector. As primary bedding planes are not observable in the

phyllites, the general trend of the formation may be taken as S

which strikes 5-W ( ±10*). In the northern half of the sector, the

the foliation plane Strikes N290* with an average dip of 50? towards

north. In the southern part, the S2 planes strike between N 65* and

N 90* dipoing 50* - 60* both towards south and north. The two trends

form aVshaped closure.An axis of F3 fold trending fn N29no wlth
bend pointing towards east passes through Dongargaon hill. Another

trace of F3 fold trending N 100* occupy the centre of the sector.

Minor folds, microfolds and slip cleavages(fig.SO^develooed on the

S2 planes are observed at several places in the sector.
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Theft S2 polo diagram (fig. 2l)shows one pronounced m-ximum in

in the south-western quadrant with a sub-maximum in the south-eastern

quadrant forming an incomplete girdle (^-circle). Two great circles

(refrrred to as S2a and S2b in fig. 21 )corresponding to the maximum

and submaximum represent the average axial planes of F£ folds on the

northern and F3 folds on the southern part of this sector. The elon

gated maximum and the incomplete girdle suggest regional rotation of

F2 folds due to cross-folding by superimposed F3 folds. The fold axis
3 (pole of recirele) plunges 50* due N 19*E. Bdoes not exactly coin=

cide with £,the intersection point of S2a and 3^. From the dispo
sition of the maximum and sub-maximum and B It is evident that

overall the fold axis is perpendicular to the average axial plane

which is overturned towards south.

9r'Ct~'nr VI- Sector VI represents the area south of the fault f
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 ln the previous sector, the
bedding planes Sx are not noticeable. The general trend of the

formations is WNW-ESE. The foliation planes strike N20*W in the

northwest, but when traced towards southeast, these show anticlock-
wise rotation towards N 80*E Th-. S „k„ „ ubo 6. me ^ planes have an average dip of
50- toWards north> Twq ^^^ ^ ^ ^ ^^^ tnoMlig N80„ hnvo

been deciphered towards the southeastern part of the sector.

There-Sciagram (fig.22) shows two nronounced maxima(177).
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These maxima along with a submaximum in the same southwestern qmadrant

form an incomplete girdle. Two great circles S ^ anj q k corresponding

to one of the maxima and submaxima represent the average axial traces

of the F2 folds on the northwest part of the sector. The great circle

S2a1 corresponding to the other maximum,represents 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 F folds due to the superimoosinr F folds.
* • ° 3

In general the folds are overturned towards south.

The intersection point of the great circles £,coincides with

B (F3) which plunges 48° due N 10*E. It represents the overall orien

tation of the F3 axis of the large scale flexure on F fold axial

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

axial plane is nearly perpendicular to the trend of the FQ fold axis.

Synoptic character of bhiwapur block

The synoptic rc-S2 diagrams(fig. 27)of the whole area shows a

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

quadrant with an incomplete wide gridle. The inclined great circle(S b )

corresoonding to the maximum gives the orientation of the average

axial planes(N 120* -N 300° dipoing 52* towards .north)of fold

F2A F3< The inclined great circle (S2b) corresponding to the sub-
maximum represents subsidiary average position of the axial plane

of the F2 fold (N152*-N 332* dipping 58* towards north) in certain

sectors. The pole of theTC.circle represents the fold axis B.



-:57:-

The intersection point 3of S a and S2p nearly coincides with B,

thus suggesting that the average ^ axis or axis of cross folds(F2 F3)

plunges about 50° due N 16-. For the purpose of comparative study

maxima and sub-maxima of TC S^diagrams of all the six sectors were

drawn separately on projection diegramj(fig.26>2o)From the corres

ponding Ttcircle passing through the maxima B was determined, which

plunges 50* due N 18*. This almost tal lies with the. B derived in the

synoptic diagram. The B derived from the corresponding sub-maxima

It circle plunges 49* due N 41*. The average axis of the cross-folds

is >eroendicular to the axial plane of the folds.

From a 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) TheBhiwapur

block was affected by two stages of folding F2 and F . (2) F2 folds

are dominating in this block. Their axial planes vary between N 300*

N 335* dipping 52* towards north. The fold axes plunge divergently

between N 40<HI-12Q0. The folds are generally overturned towards south.

The rotation and complexity of the F folds are due to the superimpo-

sition of the later F folds. The average F axial trace as obtained

by ..^ connecting the F3 fold hinges generally trend N 70*-N 280*,

with t-eir axial planes dipping 52* towards north. (3) Lack of

oarallelisro of F^ and S^rends and regional considerations auggest

that the resultant of the two folds is geometrically of non-plane

non-cylindrical type. The discordant relation between the axial plane

and the fold axes suggests that largely the folds are reclined types
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on the local scale , (4) The orientation of F fold axis hig been

controlled by the pre-existing form surface of F folds. These F

axes cannot be unrolled to horizontal for structural analysis because

they were developed on altready inclined form surface and so were

initially tilted(Cf Weiss,1954). (5) The imprint of the F 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 WcKague (1964) have reported a similar occurr

ence from the GUnarm series, Haines .Brook area,Pennsylvania. Mere,

the more competent and brittle,impure quartzitesHave preserved the

S1,S2orientations whereas, 33 dominates in the less competent,less

homogeneous mica schist. It can be noted from the map 4 chat the

major axial traces of F^olds show a rotation towards the F trends.

3.8-2. GAIDONGARI 3LOCK

Sector_VU. Sector VII COVGrs the ,,Tea on ^ ^^ ^ Qf ^

Gaidongari hi lis(Map 1,4) from Nimgaon to about 1/2 Km. south of Khaori.
Slaty shales.quartzites and argillites are the main rock types
exposed in this sector. In the northern end of the sector the quartzite
horizon forms aU-shaped closure approximately pointing towards west
indicating aplunging fold, ft abruptly pinches out towards north and
•outh of the closure. *rimary bedding S± is observed in the quartzites
and banded slaty shales. It generally strikes in N20*E to N20* W

dipping both towards east and west. The foliation or cleavage planes
S2 observed both in the quartzites and slaty shales trend between



PLATE No.XII

GAIDONGARI BLOCK

Orientation diagrams (contoured)

Fig.29 S poles of Sector VII

Fig.30 S poles (709) - Sector VII

Fig.31 S poles - Sector VIII

Fig.32 S„ poles (616) - Sector VIII
2

Fig.33 S2 poles - Sector X

Fig.34 S2 poles - Sector IX

Fig.35 S2 poles*- Sector IX

Fig.36 Synoptic diagram - S« poles of Gaidongari block

Fig.37 Synoptic diagram of the submaxima ( 32) - Gaidongari block

Fig.38 Synootic diagram of the maxima - Gaidongari block

For details of S diagrams refer Table 5
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GAIDONGARI BLOCK

Orientation diagrams (contoured)

Fig.29 S poles of Sector VII

Fig.30 S2 poles (709) - Sector VII

Fig.31 S2 poles - Sector VIII

Fig.32 S2 poles (616) - Sector VIII

Fig.33 S2 poles - Sector X

Fig.34 S2 poles - Sector IX

Fig.35 S2 polesl-^ector IX

Fig.36 Synoptic diagram - S2 poles of Gaidongari block

Fig.37 Synoptic diagram of the submaxima ( S2) -Gaidongari block
Fig.38 Synoptic diagram of the maxima - Gaidongari block

For details of S diagrams refer Table 5
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on the local scale , (4) The orientation of F fold axis has been

controlled by the pre-existing form surface of F folds. These F

axes cannot be unrolled to horizontal for structural analysis because

they were developed on altready inclined form surface and so were

initially tilted(Cf Weiss,1954). (5) The imprint of the F2 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 McKague (1964) have reported a similar occurr

ence from the Glenarm series, Nair.es . Brook area,Pennsylvania. Here,

the more competent and brittle,impure quartzites have Preserved the

S fS2orientations whereas,Sjdominates in the less competent,less

homogeneous mica schist. It can be noted from the map 4 that the

major axial traces of F2folds show a rotation towards the F„ trends.

3.8-2. GAIDONGARI 3L0CK

Sector VII. Sector VII covers the area on the western side of the

Gaidongari hi lis(Map 1,4) from Nimgaon to about 1/2 Km. south of Khapri.

Slaty shales,quartzites and argillites are the main rock types

exposed in this sector. In the northern end of the sector the quartzite

horizon for-s a U-shaped closure approximately pointing towards west

indicating a plunging fold. I't abruptly pinches out towards north and

south of the closure. Primary bedding S- is observed in the quartzites

and banded slaty shales. It generally strikes in N 20*E to M 20* W

dipping both towards east and west. The foliation or cleavage planes

S2 observed both in the quartzites and slaty shales trend between
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N355° to N325' ,with an average dip of 50* towards ear.::. The latter
trend is more cons,icuous towards the eastern part of the sector. Near

the closure of the quartzites S, cuts across S^ The nature of out
crop pattern and the general trend of Sj and S2 confirm an antiform

of F2 fold system. The axis passes through the quartzite in N340^,
taking aturn towards northeast near the closure. An axis of F

(synform)cross-folds trending east-west crosses the closure. The
crossing of the antiform of F£ by the synform of F^ has produced a
'col' or saddle structure (iao 2)

TC -S2 diagram presents two pronounced elongated maxima(16%> in
the southwestern oiiodr->nt- =™urn quoarant formng an incipient girdle (It-circle).

The corresponding great circle S^ represents the average axial
Pla«. of F, folds overtired towards wast.while ^a, gives the
average axial plane due to regional rot-nt-, ™ ilegionai rotation and cross folds F

which are overturned towards south. The intersection point pof the
two great circles^ and S2a2) coincides with the fold axis B<F,).
Bhas a plunge of 47" due of 47" due N68- (Fig.29);.

i^£jail This sector covers th. area north of the fau.t f which
separates the Gaidonoir-? t?.-,-™.,.-- *aidongari Formation from the Parsori Formation, Chlo
rite muscovite schists are th- ch,,f ™ u ,-re th. chief rock types exoosed in the Sector

Though these schists ror, ase.arate ,ithological and strati?r,-,hic '
unit Urn the Caidongari Formation hut due to their atrccteral Kinship
•"- ^e latter.they have^grouged within the gaidongari hloch
'or structural analysis. The pri»rv hoddin, plM,(^, „ ^
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schists are quite rare; the general trend of the formations has been

considered as S^ It varies from NE-SW in the east to WNW-ESE in the

west. In the eastern part of the sector the foliation planes S show

a general trend in E-W with an average dip of 50* towards north. A

few southerly dips are also noted, put when traced towards west the

S2 gradually shows a clockwise rotation towards N 300\ The S planes

cut across the S± towards east,but they become, sub-parallel in the

west.

TheT6-S2 diagram (fig. 31 )shows a pronounced maximum in the

south and a sub-maximum towards the southwestern quadrant. They

together form an incipient girdle (W-S^.The elongated maximum and

the incomplete girdle Indicate regional rotation of earlier folds F

due to cross-folding fy The intersection point? of the great circle

S2a and 32b representing average S^olanes corresponding ^o the maxi

mum (30%) and sub-maximum (12.5?), coincides with the fold axis L(F )

The fold axis plunges 50* due N348*. The folds are generally overturned

towards south. The overall trend of fold is nearly perpendicular

to the average strike of axial planes.

SeCt°r IX- SeCtOT IX covers the southern part of the Gaidongari hill
in between Sector VII and fault ty Major part of the sector consists

of meta-argillites and slates. In the north variegated slates are

exposed. These units form areshaped closure with its hinge pointing
towards south, suggesting aplunging fold. The primary bedding S is
observed at few places in the meta-argillites and slates and shows
variable trends with low dips. Generally two trends,one aNNW and
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the other NNE to *. parallel to the limbs of the closure are common,
The nature of outcrop pattern confirms asynform of ?2 fold in

this sector with its axial trace trending roughly N-3. The predomi
nant foliation planes S2 trend roughly along E-W with an average
din of 55* towards north; subordinate trends are observed in the
ENS-WSW With fll'nc r,f CAO r r •> .dip. of 50 - 65 towards north^ cuts across S at
various angles. In ceneral M%a o *~nmgeneral the o2 follows the trends of F3 folds In
this sector.

in there -32 diagram (33) a pronounced maximum (17?) occurs
in the southern sector. The maximum along with two sub-maxima(10-13?)
forms an imperfect girdledT-circle). The great circle •,. correspond
ing to the maximum represents the average axial plane of the ^ cross-
folds. The great circle S^, corresponding to the maximum give! the
average axial plane of F fnVAa •>**P ane ot F2 folds after regional rotation due to cross
folding. Other great n'rr'ac c u a n ,g circ.es S2b2and S2 b3rePresent the intermediate
positions. The intersection aaint ** m.ection point of the great circles S^.S band
S2b3 coincide with the fold axis BF,. Bhas aplunge of ^ due •̂
This is further corroborated by the corresponding Sdiagram^-)
with a pronounced maximum.

S^UL Sector Xi„c,udes the „„„_ ^ ^ ^ ^^ ^
The sector comprises of slaty
•lata, and congi™. ,,„. Tha ^^ ^ ^ ^^
«• .lata. far. an oval shaped closure, Part of which lies in S5ctor
"• The ,x Pl0„es „ith MrUbu trcnds m oftM ^^ ^^
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slates and phyllites. These generally vary from N 55° to N 110* with

bath northerly and southerly dips at low angles. In this sector the

closure of the beds is due to the intersection of two maior synform

fold axes of F and F forming a 'depression' (map TLtk*)m The axial

trace of F2 synform trends in NNE-SSW direction. The change of the

trend from N-S (as observed in sector IX) to NNE-SSW is due to the

effect of the F_ cross folds. The axial trace of younger fold F

(synform) trends in ENE-WSW direction. The most common strike of the

foliation olanes S2 in the sector is ENE-WSW with an average dip of

60° towards north. In the northern part of the sector the foliations

dip largely towards South. Throughout this sector S2 planes intersect

the 3- planes at various angles.

The"ir-S2 diagram (fir..33) contains a well developed maximum

(22^) in the southeastern quadrant forming a wide incipient girdle.

k sub-maximum is developed in the northwestern quadrant. The S a

and S2b great circles corresponding to the maximum and submaximum

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

average fold axis B (as obtained from the pole of the *|f circle)

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 F, developed on F2.
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SYNOPTIC CHARACTERISTICS OF THE GAIDONGARI SLOCK

The synoptic7t -S diagram (fig. 36)of the Gaidongari block shows

a well formed maximum (157) towards south. Two sub-maxima(107 and 4")

are developed in the southeastern and southwestern quadrants resoecti-

vely. A third sub-maximum (67.) is noticed in the northwest quadrant.

In general the n-diagram has a tendency to form a cleft girdle. The

inclined great circle(S2a) corresponding to the maximum -.ives the

orientation of the average axial plane of fold F- trending E-W

and dipping 40* due N. The inclined great circles Sjb.and 32b2

corresponding to the submaxima represent subsidiary mean position

of axial planes of the F3 fold. The f?,reat circle S^- corresponds

to the sub-maximum representing the average axial plane of F folds

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

the average fold axis of Pt The intersection point 9of the great

circles S2a, 3^ and S^ coincides with 1 suggesting that the avera

ge 3 axis of the cross folds plunges about 42* due N 33*.

The fold axis B derived from the circle formed by the maxima

of the four sectors combined (fig.38) has a plunge of 46* due N30*.

Similarly; the fold axis 3from the submaxima of all the sectors(fig. 37)

gives a plunge of 46* due N24\ The characteristics of the various '

diagrams have been mentioned in the Table.5.

The following conclusions are drawn from asystematic compart-

'. 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 two stages of folding

termed F and F folds,- the same fold movements which have affected

the Bhiwapur block. (2) F folds were superimposed on the earlier

formed F folds. The F0 folds are more pronounced towards north and

northeast of the area while F is more conspicuous towards south and

southwest. The average axial plane of F3 varies between N 60* to 90*

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

are overturned towards south. The F fold axis generally plunges 50°

to 60* between N 35° to K 340\ The avera: e axial .'lane of ?0 varies

between N 320* to N 30-° dipping almost 80° towards north. There is

general lack of parallslismof S and S and they intersect at acute

angles. (3) Two major fold axes,an antiform and a synform of F2 folds,

and a ma^or synformal axis of F^ fold superimposed on the F2 folds

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

the blocks a well developed'depression' is noted. A 'cole or saddle'

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

of F and the synform of F folds. (4) At places the orientation

of the F- fold axis has been vartly controlled by the pre-existing

form surfaces of F^olds. (5) The forces responsible for the F folds

were stronger in the Gaidongari Formation in the north and their

effects gradually decreased towards south. (6) The resultant fold

structure of the two folds is geometrically non-plane non-cyUndrt'c/ .

tyje.

3.8-3. PAUNI BLOCK

Sector XI. Sector XI covers a linear tract along the richt bank



PLATE No,XIII

PAUNI BLOCK

Orientation diagrams (contoured)

Fig.No.39 -S2 poles - Sector XI

Fig.No.40 -S, poles - Sector XII

Fig.No.41 -32 poles - Sector XIII

Fig.No.42 Synoptic diagram S2 poles of Pauni block

Fig.No.43 Synoptic diagram of submaxima ( -S ) of the three sectors
in Pauni block

Fig,No.44 Synoptic diagram of maxima ( -S2) of the 13 sectors of
Pauni Bhiwapur area

See Table 6 for other details
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of the. Wainganga river, including part of its bed(map4 )extending

from the confluence of Upashya nul'ah in the north to just south of

?auni town. In this sector numerous exposures of granites,pegmatites

amphibolites and ultrabasic bodies are associated with the chlorite

schists. Primary bedding planes (S^ could not be deciphered in this

sector. The foliations(S^) are well developed in the chlorite schists,

less common in the ultrabasics and amphibolites and r&rely observed

in the granites. In the northern part the general trend of the foli

ations varies from NNE-SSW to ENE-WSW with an average dip of 65°

towards north. At many places foliation trends vary towards NW-SS

and N-S directions with high dips towards northeast and east. Locally

several other trends of foliation are observed. This diversity of foli

ation which is also noted in other sectors of this block, is partly

due to the three stages of deformation(referred to as F, F and F )
1' 2 3

and tartly effected by the different stages of igneous intrusions.

This has oroduced complex type of folds. The detailed plandfep 5)
of an outcrop of the sector shows the complexity of the fold styles
(polyclonal and disharmonious tyoes) with diverse trends in fold

axes and axial planes. nased on the attitude of the foliation i.e.

their convergent trends and opposite dips amajor synform with axial
trend ENE-WSW has been predicted.

The n-32 diagram(fig.39)includes amaximufcUO%) in the south

eastern quadrant. This.together with several submaxima shows an

incomplete cleft girdle suggesting acomplex fold pattern in this
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sector. For convenience of Interpretation two K-circles^ and <n?)
Passing through the maxima and submaxima have been draw .The poles
of these circles T^and.^ ,3^ have plunges 49= in N248^ and 38*in
N129* respectively. The intersection points (S>of the Rreat
circles S a and S„b Sb Sk' c i, j « .

2 2D1'°2D2' J2b3' S2b4 and D2b5 corresponding to the
maximum and submaxima show divergent plunges(amounts ranges from
0to 50*). The details of the nand Bare summarised in the Table6.

!•*£*!£. lector Ul comprises alinear tract along the Ooashya
nullah extending for about 3Km. from the Wainanga river to the
foot of Gaidongari hills. The chief rock type is the chlorite-
nuart2 schists with numerous bodies of amphibolites,granite3 and
pegmatites. A few ultrabasic bodies are ... • ,ooaies are also observed in this

-tor. ,s in the Sector XT follations ^ „, ^ ^^ f.

trend of foliation is in NE-SW direct*m, „-,u
aircctlon with an average dip of

60* (varying between 30° to an-\ *-
L° 8° }townrds •outh.altho^h northerly dips

are not uncommon. Variation ar, .-- j•nation in trends of the foliation between Ngo
to N80" is observod M many ?elMt

The «.s2 dlagra.^.40,.^. . ^^ ^ ^^^
»• th. * q„adrant and a„„ developed .ub-^^a,*, ,„ the SE
.-rant. Xhc elongation of the MiM ,„d ^^ ^ fa ~ ^
—olete Ricdle „.„„,.,, .,, ^ ^^ ^
inclined incipient oiHUo^o _,_«P^ent girdles(Tt2and7T3circles). The nature of -»,
„_ , . c "murG ot the maxima
-nd submaxima confirms *•*.«conrirms the presence of at ie,st r„„

least two system of folds
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(F and F ) intersecting each of-h^r tuL 3 Ui"' eacn ocner. The corresponding great

circles S2a, S^, S^, represent the mean position of -xial planes
of the folds. The variations are partly due to rotation of the fold
-is by cross-folds and partly due to emplacement of igneous intra-
Sivec as in the Sector XI.

s^torjun. Soctor XUI ri.?rescnts r nctanguln ma sMh oj

sector XI, coveri„E m0st of the chro.ite ,Mrrie.. In this sector the
chief roc. tvnes i„clude the ^^.^ ^ ^^^^^
^Posits, the a^hiholites, the 8ranites and aegmtiteS,a„d the chlo
rite schists. The aliment of the three isolated Wl trends
ENE-WSW which nt-nKaKI..probably represents the axial trace cf a«J0r synfo™

ved in the chrome parries. The aredo.i„,„t trend of foliation is
E»W with an average dip of 50* due south Thaue south, ihere is wide range of
variation in the trends and dio of t-h* f ,•01P of the foliation in this sector.

The corresponding^, diagram (fiP ,, >fi,2 8 ««• irig. Al )shows a maximum(7%)
with several submaxima forming aclef* • i, -™g a cleft girdle indicating the
complexity in the fold Pattern B« aPattern. Based on the elongation of the maxi
mum and a sub-maximuma, three .circle* ,B „ Tccirc.es Bl %2^ 3haVe ^ ^^
«x, ^ and B corresponding to these circlo \

G^ Clrcles have plunges 50- in N 192 ,
40* in N272* and 62* in N Ho* r

»HO respectively. The intersection
Points of the great circles S9 Sb Bk .

' 2'82bl»82b2» S2b3 corresponding
°thG maXlmUm Gnd ^bmaxima show divergent ,1aiVer«ent Plunges. This further
-nfirms the complexity of feW

yies ln this sector,which is
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as mentioned earlier mainly due to the three stages of deformation

Fp F2','nci F3 and Partly due to various stages of igneous activities.

The details of diagrams are summarised in Table 6 .

Synoptic character of the Pauni block

The synoptic ft-s2 diagram(fig. 42) of the Pauni block shows an

elongated maximum(6%) in the northeast quadrant. There are several

sub-maxima (4% and 3%) with a tendency to form a cleft girdle. The

inclined great circle S2a and S^ dipping 66* in N 136° and dipping

64* in N 308* respectively corresponding to the maximum and one

of the submaxima represent the orientation of average axial plane of

the earliest folds F^ The great circles S^ and S^ corresponding
to the other sub-maxima probably represent the average position of

the axial planes of F folds.

The inclined great circle S2'o4 (dipping 62* in N166)

Corresponding to the submaximum represents the average axial plane

position of the superimposed F fold.

The pole F^ of the TC-1 circle represents the fold axis F .The

intersection point 0of the great circles S^ and Sfr coincides
with Blt suggesting that the average axis of the cross-folds

oluntfges 61* due N171°. The pole B^) of the7U2 circle has a
plunge of 50* due N 53*.

From the two it- circles formed by the submaxima of the three

sectors combined, two fold axes were determined for comparison with

the earlier findings. The former has aplunge of 40* due N261* and
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the latter plunges 60° due N 113" (for details refer Table6 and fig.43)

From a comparative study of selective and synoptic diagrams and

the tectonic map of the Pauni block, the following conclusions have

been drawn; (1) The Pauni formations were affected by three stages of

folding ?l, F and F3 folds. (2) The imyrint of F fold (N 30-50*)

is dominant in this block, while the effects of the younger folds F

and F , especially of the former,are loss conspicuous.(3) There is

great diversity in the trends and dip of the foliations S and the

corresponding fold axes,which are mainly controlled and conditioned

by the various stages of folding and igneous intrusions. This has

produced complex styles of folds of non-plane non-cylindrical,dis-

harmonic and polyclinal types (Map 5 ). (4) The ultrabasics are

associated tith the first phase of F fold movement. In the Pauni

region, the ultrabasic intrusives have been mainly controlled by the

axis of a major synform having, a trend between NE-SW to ENE-WSW. (5) The

acid intrusives (granites and pegmatites) were empLaced during the last

stage of the Fj fold movements and the basic intrusives followed in

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

3.9. TECrONIC HISTORY

On the basis of the detailed field investigations of the

different structural elements, their interrelationships and their

geometric analysis with the help of selective and synoptic *-S and 8

diagrams of the different sectors, the following conclusions

regarding the tectonic evolution of the area have been drawn:
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1. Development of the Pauni basin(may be part of a geosyncline) with

deposition of the rocks of the Pauni Formation,mainly ferruginous

clays and occasionally fine sands.

2. Development of the first stage fold movement (F,) generally tren

ding NE-SW by stress couples probably acting along NW-SE. Due to

lack of any prominent competent layers,rarity of primary bedding

planas S, , complexity of deformation produced by later fold movenents

(F2 and F )?and modification and mobilisation of the S planes due to

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

their horizontal position, and to decipher their kinematic history

3. During the early phase of the F 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-WSW, In the

later ohase of the same fold movements acidic intrusions (granites

and pegmatites) and permeation of the country rocks by quartzo-

felspathic solution (migmatitisation) took place along the weak

zones of the country rocks. In between these two phases basic

rocks (now represented by amphibolites) were intruded mostly as

concordant bodies,

4. Formation of independent basins of Bhiwapur and Gaidongari regions

and deposition of mainly politic to semi-pelitic sediments with

occasional layers and lenses of psammitic and ferruginous sediments.

Most probably another basin (Parsori) was formed with similar

deposition north of Gaidongari with its southern fringe lying

within the area studied.



5. Development of F folds along N-S to NNW-SSE by stress couples

probably acting in directions between N-W 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 artd a synform in the Gaidongari region and

a series of alternating synforms and antiforms in the Bhiwapur

region. These folds are generally overturned towards south and south

west. Their average axial planes dip 50°-60° towards north and

north-east with their axes plunging at 40* to 60* towards east.

6. Development of F folds superimposed on the earlier folds with

their trends generally lying in between E-W to ENE-WSW by vertical

stress couples acting in the north-south directions. This fold

movement was more active in the Gaidongari region, than in the

Bhiwapur region. ihe cumulative effect of different fold moverents

caused the formation of complex folds in Pauni,Bhiwapur and Gaidon

gari areas. The deformation F caused the formation of a maior

synform (Khapri-Thana synform) in the Gaidongari region and a

series of en echelon folds in the Bhiwapur area, generally plunging

towards north. The crossing of the Khapri-Thana synform (F ) with

the Gaidongari synform (F2) gave rise to a 'depression'. A 'col'

or 'saddle structure' has developed near Khapri where the F

synform crosses the antiform. Folds like non-plane nor-cylindrical,

polyclinal and disharmonious types are not uncommon

The axial planes of earlier folds heave considerably been deflected

and rotated from their original dispositi6n due to the later

F3 folds.
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7. The orientation of the F- folds was controlled and conditioned by

the pre-existing orientation of S planes, relative competency of

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

8. In the later phase F deformations gave rise to three major faults

(f1,f2 and f3) forming the tectonic boundaries of the Pauni, the

Parsori. the Gaidongari and the Bhiwapur Formations.

9. Though the general trends of F2 and F are nearly normal to each

other, their variable intensity within a small region suggests that

these movements might represent successive phases of a single oro

genic cycle. Detailed structural analysis of the adjoining areas,

particularly towards west and north,may corroborate the above con

clusions. Further, such a study would help in correlating the

tectonic history of the present area with that of the 'Sakoli

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

10. Finally, at a much later period(probably during Gondwanas) develop

ment of a small basin in the southeastern region of ?auni took place,

with the deposition of sands, grits, pebbles and mud and silt. Their

gentle deformation (uplifting, tilting and some dislocation),with

the concurrent development of a major fault (f ) on the northern

borders was the last episode of tectonic history of the present

area.
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CHAPTER-IV

PETROGRAPHY

This chapter deals in some detail the petrography of various rock

ty->es of different formations met in the area. The description of the

rocVs has bean followed in the order from the oldest formation i.e.Pauni

Formation to the youngest,i.e. the Younger Sedimentaries. Their field

description and major classification have been dealt in Chapter II. Here

the megascopic and microscopic characters of the individual rock units

have been discussed,the latter includes the texture,structure,minera

logy and their nodal analyses wherever possible. The petrominerelogical

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

Table 7.

4.1. PAUNI FORMATION

4.1-1. CHLOF.ITE-Sq-:iSTS(LARGELY ^IGl-iATXTIdEP)

Megascopic Characters. The chlorite schists which are largely

raigaatitised present a striped appearenCe having dull oH.ve green to

brownish green layers of flaky chlorites and minor amounts of biotite,

alternating with continuous or discontinuous layers of white quartzo-

felsoathic material. The schistose character is well preserved in most

of the- specimens. Generally these rocks are soft due to weathering and

the layers are easily separable. The felspathic material is altered in

most of the samples. Some specimens show a gneisslc character with

alternating bands of lighter and darker ahadas^These gneissose rocks are

harder than the schistose variety. The pure chlorite schists are quite

rare and afew samples collected at the base of the Younger Sedimen

taries,are dark green in colour,well foliated and soft. These are
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largely comprised of the flaky green chlorites with quartz grains along

the planes of foliation.

Microscopic features

Mineralogy and texture. Thin. sections of the chlorite schists under

the microscope show well developed schistose textures. In .~-.fr•••,-«--• ••-,• , a

schists, the fechistosity is obliterated due to quartzo-felspathic veins

and in such rocks gneissose texture predominates. The mineral constituents

are chlorite,quartz.felspars and biotite. The schists next to amphibo

lite bodies contain hornblende and in some sections of the scMsts

(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 grains

and particles of iron ores are often noted as inclusions in chlorite.

Quartz and felspars together form ler.ticles within layers of chlorite

and they also form veinlets generally parallel to foliations. These

minerals appear to be of extraneous origin.

Chlorite. It occurs either as flakes moulded around quartz and fels

par grains or as clusters of flakes. It is pale green to yellowish

green in colour and weakly pleochroic with absorption:X=pale green;

Y • pale green; 7. - pale yellowish green. It has parallel extinction

and low order polarisation colours.

FelSpa^' ™S iE * ConaaOT constituent in the mlgaatitloed schists.Both
soda and potash felspars are found. As most of the grains are largely

altered it is difficult to make out the amounts of potash felspars and

plc*gioclase. The plagioclase is of oligoclase composit ion(An,,Ab ,)
io 74 *
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In potash felspars orthociase predominates over raicrociine. The fels

par grains show granulation and strain effects. Generally the felspars

(particularly the olagioclaSe) are highly sericitised but twinning is

still preserved in many sections. Gome of the grains are clouded due

to krolinisation.

suartz. Quartz occurs as aggregates of smaller grains and as bigger

individual grains. The latter shows cataclastic effects like granulation

and cracks and is often associated with felspar. Undulose extinction

is quite common. Smaller grains occur either as inclusions in chlori

te orir. th(i interstitial spaces of chlorite Elakes.

Biotite. It is found in some sections as small flakes.It is light brown

with strong pleochroism from light to dark shades. Some of the flakes

show alteration to chlorite.

Fornblende. A few elongated orismatic grains of green hornblende are

observed in some sections. It is strongly pleochroic fro~i light yellow

ish green to green. Extinction varies upto 13° (C/vZ),

Grunerite. It occurs in elongated prismatic crystals arranged in a

linear direction parallel to the foliation planes of chlorite. It is

neutral to light greenish yellow,faintly pleochroic. Extinction

varies upto 15° (C/\Z). It is generally altered to chlorite and limonite.

Vei_ns. Thin veins cutting across these rocks contain either calcite

or prehnite or both in combination. Calcite occurs as colourless

sub-hedral grains showing parting and high order oolarir,. t-o. colours.

Prehnite occurs as aggregates of small laths and needles showing one

direction cleavages and parallel extinction. It has variable birefring

ence in different grains with abnormal interference colours.
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4.1-2. QUARTZ-GAUy.PRITE-MAGKSIITE ROCKS

Megascopic characters.. The magnetite bearing rocks are formed cf

alternate parallel bands of quartz,ore-minerals and altered(limonitised)
(Fig.103)

grunerite_/_Jhe width of the bands varies from 1 mm. to 15 mm. Quartz

bands are of white,dark grey or greenish grey colours while limonitised

grunerite hands give yellowish brown or brownish yellow colour. In some

rocks of this group.different shades of grey quartz form, layers. Iron

ore minerals are disseminated in then in linear pattern without forming

any definite bands, "rown amphiboles form thin layers.In massive variety

iron ores and grunerite are found in the interstices of quartz grains.

The quartz rich variety is green,greenish grey,dark grey or greyish

black in colour. Greer or yel'owish brown amphiboles(grunertte) is found

in the interstitial spaces of quartz or sometimes as thin layers.Ore

mine-als are not observed in the hand Specimens. Grunerite rich rocks

are yellowish brown or brownish yellow in colour and appear to contain

some amount of limonite apart from iron ore minerais(magnetite .and

hematite).

"icroscopic features. Following mineral assemblages have been recog

nised from nicroscooic studies: (1) Quartz-magretite-grunerite banded

rocks. (2) Quartz-grunerite rock-massive type.(3) Grunerite-raagnetite

rock with, minor amount of quartz.

All these rock types contain various amount of limonice as a

secondary Product. The texture is generally granulose.and in the banded

type coarse banding is often observed.
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(1) Quartz-magnetite-grunerite rock.

Quartz: Quartz grains vary in size from 0.1 mm. to 1 writ, and form a

mass of interlocking grains. Few of the grains are clouded by concen

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 coated with yellow to yellowish brown

semi transluscent films of iron oxide.

Grunerite: In most rocks grunerite banes have been limonitised.Unaltered

types.exhibit typical characteristics of the amphibole. It is neutral

to pale green or pale yellowish green in colour and is feebly pleochro

ic in coloured variety. It occurs as clusters cf small prismatic grains

which show parallel or sub-parallel,linear orientation (fig.129).Both

Slmole and multiple twinning are observed in the prismatic sections,

the latter being more common.The twin lamellae are closely spaced.

Extinction angle varies betweenlO* - 15°(CAZ). In several sections,

grunerite is replaced by fine quartz and iinonite along the cleavages,

fractures and grain boundaries. \

Iron ore minerals: They occur as elongated plates,lenticies,streaks and

anhedral grains of various dimensions. In some sections the long dimen

sions of the ores are oriented parallel or sub-parallel to each other.

';any of these grains show rugged borders. Some of them contain small

inclusions of quartz.

In polished sections under reflected light,magnetite,hematite and

goethite are observed.Magnetite is the only primary ore mineral present.

It has largely been altered to or replaced by hematite as a result of
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martitisation.Gocthite is a supergene mineral replacing the earlier ores

and the silicates.

Magnetite:It is found as a relict mineral in patches,whfch are enveloped

by hematite.Magnetite grains with various degree of alteration are present.

Snail idiomorphic grains as octahedra and dodecahedra showing reolace-

ment by hematite along the cleavages and peripheries of the grains are

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

ilematite: It occurs as xenomorphic linear grains and elongated plates

with, rugged borders. Octahedral cleavages of the original magnetite

are retained by many grains. Several pseudotsorphs of hematite(martite)

are seen as small idiomorphic grains. Some of the bigger hematite grains

form a fine mass containing soma well develooed rectangular plates of

the same mineral,along the relict crystallographic directions(of

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

anssotrooism,

goethite: It occurs as vein fillings and as irregular patches.lt has

partially replaced some magnetite and' hematite and completely replaced

some nrunerite(fig.l28 5. It is white with a grey tint,and weakly

anisotropic.It apppaars to have formed much later during oxidation

of the rock.

On the basis of the above features, the pangenesis of the iron

ore minerals can be summarised as below:

-- Time
Magnetite

Hematite

(Martite)
Goethite
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(2) Quartz grunerite rock. In this rock grunerite occurs as aggregates

of short prisms and tabular grains in random orientation or in irregu

lar bands.Clusters of grunerite contain quartz in their interstitial spaces,

Bigger grains contain inclusions of quartz. Irregular grains of iron ore

occur in the interstitial spaces of grunerite.

(3) Grunerite rich rocks. In this variety grunerite forms more than

85 to 907 of the rock.Long and short prisms and tabular grains of various

sizes form aggregates in random orientation.Platy types show inclusions

of quartz, uiartz grains upto 0.5 mm. in diameter occupy the interstitial

spaces of grunerite aggregates.Iron-ore(magnetite-hematite) is present

mostly as xenoraorpMc grains.

4.1-3. AMPHIBOLITES

"egascoiic characters. The amphibolites are of greenish black,dark

green,dull green and light green colours with* u> Kite specks. Both

foliated and non-foliated types with intermediate varieties occur in

the area. Foliated variety forms the dominant group. In this type green

ampMboles are either platy having parallel arrangement ana closely

Spaced foliations,or show linear orientation with broad foliations.

The latter also shows linear arrangement of light coloured minerals as

soecks,streaks and lenticies. One croup of the foliated rocks is of

striped or banded nature due to alternate segregation of light coloured,
and dark coloured minerals.

The non-foliated type is mostly fine to medium grained with

felsic material interlocked with mafic minerals without any preferred

orientation. Some specimens are medium to coarse grained,dark preen

coloured with randomly oriented constituents.This variety is very hard
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and massive. Felsic minerals are either absent or present in very minor

amount.

Microscopic characters

Classification: Based on the mineralogical composition and modal

analyses(Table8-1l)the amphibolites of Pauni area have been classified

into the following four groups:

(1) formal, a-ohibolites (2) Quartz free amphibolites (?) Plagioclase

amphibolites (4) Homblendites,

The predominant group among these is the normal amphibolites in

which hornblende percentage varies from 45 to 702 and that of plagio

clase from 25-40?. Quartz is invariably present in this group(l -5%).

Chlorite is present in varying amounts defending on the degree of alter

ation suffered by the hornblende.Ilmenite.sphenn,epidote and apatite

form the minor constituents(Table 8 ). The second group is ruartz free

amphibolites ir which hornblende is 60 -85? and plagioclase 10 -407.

Ilmenlte.aphene epidote etc. form the minor constituents(Table 9 ).

Plagioclase amohibolites form the third group which are represented

in the field by striped,banded or gneissose varieties.In these the amount

of olagioclase exceeds that of hornblende. Plagioclase is generally over
50- of the tatalcomposition while hornblende varies from 30-40%.Quartz
is present in small amounts (Table. 10). The last group is represented
by homblendites which are rather of r33trtcted occurrence in the area
found in the quarries of Modern Plastics Ltd. Claim. In these hornblende
exeeds 50% (Table 11).

It was found that the recent classification of amphibolites by
Cannon(1963) could not ba applied to the rocks of the area under

10515 4-
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Modal analysis of ""^"' amphibolites

grain Hoxlnbi- Andesine Quartz Chlo- Sphe- Ilmeni- Jit Apa- Total
S?-No- size in ende rite ne te dote tite %

2.10 100
6 3.46 100

100

3.97 100
2.96 100

0.42 ?c.97

2.59 • IOC
50 99.90

1/158 1-2 62.35 28.45 4.9 2.2

1/104 0.2-0.5 59.50 24.9 3.2 6.4 3.

1/891 1-2 61.50 36.00 2.5 m **

1/174 0.5-1 50.70 32.60 4.22 8.57

1/807 0.3-0.8 53.47 35.60 5.26 2.26

NL158 1-2 46.96 37.42 1.82 13.35

1/579 0.30 69.50 26.21 1.7

1/851 0.5-15 65.00 31.10 1.30 2.

Location of the soecimens: 1/158 Khadan nullah. 1/104 Korambi

A4IMn^^^
1/851 Quarry -Modern Blastics claim.

M odal analy

T A B L, E -9

free amobi bolitessis of ouartz-

So.Mo, grain size Lornblende Andesine Chlorite linenite Sphene Tot.al

in mm.

1/802 1-2 84 .03 14.,35 1,,65 -
100.,03

1/114 0. 1 -0.3 59 .45 33.,95 3. 5 3,•1 + - 100,,00

1/814 0.65-2 84 .45 10,,82 2, 57 2,,16 -
100,,00

1/113 1-2.5 32 .68 40,.00 22. 54 -
2.52 98,.74

1/826 0.5-1 58.00 30,-07
++

1.93 100,,oc

1/816 0.20

+ includii g

65

apat:

.32

ite

29,,36 2.,17 3 .15 100 ,00

++ including sphene

Location: 1/802 Pauni-Pimgaon Road. 1/114 Khadan nullah behind auarry 2(SCS)
1/814 iver bank,south of Pauni bridge. 1/113 Upashya nullah
1/826 ^it 2 Quarry 2 (SCS). 1/816 Pit 3 .Quarry (GCS)
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> Modal analysis of o lacioclase amDhibolites.

So.No. Grain in hornble \ndes- Chlori- Quartz Ilmenite Sphene Total

size i

m.m.

.n nde ine te

1/1220 l-2;8 33.46 56.78 2.06 2.06 3.06 2.06 99.48

1/565 2.00 45.07 52.63 0.68 1.62 - 100

1/413 1-2 42.85 45.15 7;63 -
4.37 - 100

1/751 0.2-1 31.5 54.17 11.58 1.35 1.35 - 100.05

1/154 0:5-1 39.5 52.69 5.9 1.00 0.8 - 99.87

Location: 1/1220 Pauni-Korambi roa'i,north of Quarry (GCS)
1/565 Kh .d -.n nullah. 1/413 Maru river (Gaidongari Format ion). 1/751 Quarry 1
Pit No.6; 1/154 Painganga river bed south of Khatsi.

TABLE -11

Modal analysis of hornblendites

Sp.No. rrain size Horn- Chlori- Chlori- Sphene Ilmeni-Quartz Ande- Total
in ram. blende tised te te sine

hornble-

, nde ,
Ml ••_•' III" •__-•_• I • -III • • -.-._»-••• .— .- •l-l-..-_—_l I I ••• llll I l-lllll I •-_-———. •- —-• ———•—. •••-II—IH l-lll I I II l» I — -•• I

1/102 0.5-1.5 63.64 23*59 9.32 3.45

1/125 1-2 67.15 23.80+

0.5-2 79.25 19,

+ including chlorites

1/62 0.5-2 79.25 19.44+

- -
100

3.5 4.65 0.9 100

0.8 0.72 100.21

1/102 Khadan nullah adjacent to Quarry (GCS).1/125 Piver bank north of
quarry (G.C.j.), 1/62 Pit 3,Quarry (G.C._.)
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Investigation. The present worker feels that Cannon's classification is

Inadequate to cover the amphibolites of different localities.having vary

ing mineral assemblages. Cannon envisages the normal amphibolites to have

an approximately equal amount of plagioclase and quartz and further pro

poses that the difference between quartz and plagioclase should not e„ceed

10%. ?ro^the Tables <8-_)it could be seen that in the amphibolites

under discussion, the amount of quartz and plagioclase,is nev.^r equal

and further their difference varies between 25 to 35%.

Microscopic features

(1) Normal amphibolites

T3XtUrc: ThG nor^al amphibolites exhibit nematoblastic texture,
-rismatic grains of hornblende of various length are arranged in H*ra-

llel or subparallel orientations. Smaller grains are randomly oriented

and criss-cross each other. In certain sections asort of Interlocking
Chain texture has formed -here the layers formed by linearly oriented

«ine~als are connected together by shorter .rains disposed obliquely and
the interstitial portion is occupied by plagioclase quartz ard other

minerals.In certain sections oorphyroblasts of hornblende(tabular habit'
show sieve structure.

-neral°^: H0Tmal ^hibolites are mainly composed of hornblende,
plagioclase (andesine),quartz and chlorite,with sphene,!lmeoite,aoatitc
and epidote as accessories (Table. 8).

I^rnMende: It forms the most abundant constituent (45 -70%) 3nd
occurs in various forms and sizes as mentioned in the texture. The

grains are mostly prismatic and tabular,subhedral to anhedral tfic l5S).The
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gra'n size varies from 0.3 to 2.0 mm. It exhibits different shades of

green colour and is strongly pleochroic -itb the absorption. X=green,

pale vellow and greenish yellow; I =oale green, greenish yellow and

yellowish green; Z =dark green and green( Z>Y >X). Rarely some of the

prismatic sect ens show simole twirmin? with the twin plane parallel

to the cleavages. Extinction angle varies from 10° to 20° ln prismatic

sections,and is symmetrical in basal sections. The hornblende grains

s-ow inclusions of quartz,plagioclase and sohene. Some grains exhibit
oleochroic haloes. These are probably due to inclusions of allanite.
Partial or complete chloritization has taken ?lace in some of the .rains.
Futures are common across the cleavages. Prown or red staining is seen
in the weak planes due to iron oxide.

________^____e ^62An38): This is the next nlneral .„ ab,indance

(25 -377). Andesine occurs as subhedrai to anhedral grains and laths
(0.5 to 2m..),generally in the interstitial Bpaces of hornblende.In
some sections hornblende projects into andesine. The characteristic

polysynthetic twinning has been obscured in many sections due to alter-
ations, Sericitisation to various de*rp*>s ,v nwB-nous a..groes is observed in Several grains,

while saussuritization has taken el,ce in amuch lesser degree with
snail flakes ~nd grains of chloritefistacite and zoisito ,3 alteration
products. Inclusions of nUartz *n*tlr* .~a _ _.3uarr.z,apatite,and sphene ,are quite common in
the plagioclase.

••••uartz: Xt d°es not exceed more th-n fi? {n *-u _-nan e>, m these rocks,and generally
occurs as small anhedral erains <n m, • _ai grains in the interstitial spaces or hornblende.
Small grains of quartz occur as inclusion. «„ -u u

.nciusi ns in the hornblende. Both

sharp end undulatory extinctions are noted.
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Quartz of secondary oriain is. also observed al ng with other

secondary mine-als like chlorite,Sericite and epidote. It also occurs

as vein mineral along with epidote.

Chlorite: Small flakes and fibrous aggregates of chlorite present

in the a-a>hibolites,are formed due to the alteration of horrblende. It

is rlpidolite variety having green or yellowish green colour. It is

distinctly pleochroic with absorption as X= green or yellowish green,

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

straight extinction and exhibits low order polarisation colours.

Small oale green flakes and radiating fibrous aggregates of chlorit.

occur in veins associated with epidote group of minerals. It is penninite

variety of chlorite. It is pleochroic. X =» pale green, Y- pale green,

Z=oale green to pale yellow green (X =Y>Z). It shows straight extin

ction and anomalous blue polarisation colours.

Ilmenite. It occurs as anhedral and skeletal grains showing

pale sink or greyish white with aoink tint under reflected light in

nolished sections. It is anisotropic. Some grains show lamellar twinning.

Pasal sections are isotropic.Some of the ilmenite grains contain thin

parallel streaks of hematite as exsolution intergrowths.Sphene forms
rims around some of the grains.

_____ene. It occurs as disseminations end aggregates of granules in

the interstitial spaces of hornblende and plagioclase and also as inclu

sions in them. As noted earlier, it forms rims around ilmenite grains
It is brown or greyish brown in colour and is pleochroic. Relief is

well marked. Polarisation colours are masked by its body colour.
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Md^pte. It generally occurs in veins, in which pistacite is the

dominant constituent with subordinate amount of zoisite,chlorite and

quartz. In some sections, oistacite also occurs as disseminated gr-ins

^d granules in the plagioclase.lt is leWon yellow in colour *nd exhibits
high order polarisation colours.

Apatite. Small Jrismatic and elliptical grains of apatite form
inclusions in other miner-s.It shows high rclicf ard fl„t ^ ^^
sation colours in prismatic sections.

£iehnite, Few white to greyish wMte(4 to Smm. in width) veins
observed in some of the amphibolites consists predominantly of prehnite.
It occurs as abates of small laths and radiating needles. Cleavages
are well developed in one direction and the laths show parallel extin-

Ction.Lamellar twinning is observed in so.e laths.It shows high relief
and variable birefringence (upto 2nd order) in different grains.

(2) .."artz-free amoM ho1it-«c

_______ The aaphlboUte. of tH. group .ho. both grMoblwtic
and ~n.atobla.tac texturM. In t„e foraer jhort ^ ^^ rtsM ^

horpble.de crL.-crc «ch o_,er..ith th. inter.utial space copied
by alagtoda... Fc„ long ?rlsms and eabuUr ^ s|w porphyroMMtic
texture. %py of the hornblende crystal, are l„f n t ,

•yj- ab ere interlocked at rieht

angle, to Mch otter. Ner,,t,M ,stlc texture „ not „,, devcloDodl„
thes. rocks. H„re, though ehe |B-1_1|tal prlsn>_ iack profem(j ^
cation, their clusters nod aggregates ,ho« , definjo - hct-, e -» o-ij_>w aer_nite tendency for

parallel alignment.

___J___J__d____y_. These amphibolites .-re cornn«_._,H c i. _.,cs are composed of hornblende,andesine
chlorite,ii^ite sphene.apatite,*nd epidote (Table 9). Al

s these minerals
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have been described in detail in the first group,only their certain

important characteristics are mentioned below.

Hornblende. Generally the hornblende occurs aa short and stuipy

orisms(0.2 to 0.5 mm.).Porphyroblasts of big tabular grains (1.5 to 2.5~: )

are common and are riddled with auartz inclusions (sieve structure).Many

hornblende grains show rugged and corroded borders against plagioclase.

Andesjne *AkggAn ^). Andesine occurs -ai-ly as anhedral and rarely

as subhedral grains occupying the interstitial spaces of hornblende.Sert-

citisation is often noted along the twin planes. Sausuritization is obser

ved ir few sections with chlorite,eoidote and calcite as alteration

products. In some sections plagioclase is clouded due to secondary

alterations.

ChloriteP'ipidolite). It is pale green to yellowish green in colour

and occurs as osaudomorphs after hornblende. Pew flakes and fibrous

aggreg?tes are also present.

Among the accessories, iP-e-ite, occurs as anhedral grains with

ragged borders(0.2 to 0.4 mm.) and as as skjetal crystals. Sphene

occurs as granules and clusters of granules disseminated in the ground-

mass and forming rins around ilmenite grains. Apatite is observed as

elongated and round grains projecting into hornblende. Veins consisting

of eoidote minerals (pistacite and zoisite) and ouartz cut across

the ^th.er constituent minerals.

(3) Plagioclase amphibolites

Texture, Plagioclase amphibolites show both nematoblastic and

banded textures. Segregations of hornblende s-ow a tendency to form

bands alternating with light coloured minerals like ,uartZ and olagioclas,
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_ Orientation of hornblende within the bands is at random.

iJineralogj/. The amphibolites consist of andesine,hornblende,chlo

rite,quartz,,ilmenite and sphene( Table 10 ).

_h?_rj_bl____de. hornblende forms prismatic grains of various sizes.In

some sections hornblende grains show irregular forms Kith corroded

borders. So e of the tabular grains show schiller structure due to a

regular arrangement of minute inclusions of opaoue grains (magnetite)
and sohene along the cleavage planes.

-______i_ir^Ab62An38>. Aggregates of anhedral grains of andesine are

observed in the interstitial spaces of hornblende and show a linear
disposition. Some grains exhfrbit zoning.

..ofrtz. Primary quartz forms anhedral grains associat dwith the pla

gioclase.Pew snail inclusions are found in the hornblende.

2l2I±ta. Green coloured chlorite (ripidoiite) ls after horntlenda

forming the bulk of the chlorites. It occurs as fiakes and shreds of
Ught green colour.Pgg^js found in vclpG ,330ciatGd ^ ^.^
group of minerals.

Hoenite,Sphere and apatite occur as accessory ninsrals having
-.liar character as described in the eartier grou.s. Thin veins o^
epidote are observed in some sections.

(4) Hornblendites

_______ure. Th.se rocks are predominantly of non-foliated massive
tyoe. Long prismatic,tabular and platy erains aw ,_.„h ,*«**•> grains are randomly oriented

Criss-crOSSinc aae>h a*-U-v „i_8 ^Ch 1th<jr sh^7inS granoblastic texture, Dig tabular
grains contain inclusion- nf a-,-iielusion, of smaller grains of hornblende in different
orientations.Manv r>rinmj»n^ ,-,-„,• „any >risroatic grams project into tabular grains.
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.lipneraloBy. This rock is predominantly composed of hornblende with

.Iteration, product.cBlorite. Quartz, andesine,ilmenite and sphene occu.
in Small amounts (Table 11 ).

r.ornip^nde. Tabular grains of hornblende exhibit sieve structure with

inclusions of quartz. S« of the .rtsms show simple twinning.Schiller
structure is exhibited by certain bigger grains.

SUorite. Chlorite is represented by rioidolite variety as fLakes,fU reus
aggregates and irregular Patches ,generaPy after hornblende. It is

light green and pleochroic with straight extinction and low oolarisatio*
colours.

Among the accessor*_>_ ^,u,„accessories, sphene occurs as granules and aggregates
of granules dispersed in the biaaq tc ,io *in cnc mass, It also forms rims around some

grains. Ilmenite occurs as small irregular grains and skeletal patches.
Quartz is found as small interstitial grains and as inclusions of
hornblende. Secondary auartz forms constituent of veins.

4.1-4._GRANITES ANJ ISGPaTITES

On the basis of their megascopic and microscopic characters
the granites and oepraatit-oa (,„„„ _. ,pegmatites have been broadly grouped as:

«i) grenites and gneissose granites (ii, Mtites and oegnatitic
Rranite, (iii) felsoar rich rocks

(i) grsrf-s *nd gneisso.^ g,ar-^^

Ll.ORasco.jif; characters Tk_>_„ „,.-^-____J__i- ihese are equigranular having greyish

-It. and gre, colours. «„ to coar.e foUatio, has developed in
— or the roc*s. ;„,,«, Q„d Ee..ear. show e,ongatlon ^ ^^
orientation. The gneis.ie character appear, to ha»e developed due to '
dynamic effects.



TABLE - 12
"

•fodal analv sis of the granites, ar-d the Rneisj;ose Granites

3p.No. Quartz K. Pel sparsJ Oligoclase Chlorite Garnet Mica Total

1/146 47.12 38.92 9.12 4.83 - 99.99

1/1211 51.54 39.34 6.06 3.04 99.98

1/176 51.20 33.23 5.39 3.40 1.51 5.23 99.^6

1/824 43.12 42.46 12.00 2.34+ - 99.92

1/37 46.15 36.51 15.84 1.5 — —, 100

+ including mica

Location: 1/146 Pauni-Khaori road. 1/1211 near Upashya nullah-^auni
Korambi road junction. 1/176 Near Oiwanghat- 'auni. 1/824 Upashya nullah
1/37 Khadan nullah.

TABLE - 13

Modal analv

-*

sis of th<2 pegmatites and the pep,matitj.c
gran:ites Sub-grouo A

So.No. Quartz. Potash Oligoclase Chlorite Garnet Total
felspars

1/508 34.82 54.14 7.62 3.32 __

99.90

1/1053 38.71 50.00 3.1 7.95 0,04 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
1/8P5 22.12 66.17 3.06 8.00 99.35

• «*

+ includes mica

Location: 1/508 Pauni-Mahadeva temple road. -/1055*First Tributary of
uo« lay la nala west of Wainganga river. 1/1061 Upashay nullah. 1/ij.o Khadan
mil'ah. 1/883 Quarry 2.SCS.
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'icroscooic features

Texture. The normal granites show hypidiomorohic texture. Sub

hedral grains of felspars are randomly oriented.Their intersoaces are

occupied by quartz,chlorite and ^ica. In the gneissose types the

mineral constituents show a terdency for elongation 4wd preferred ori

entation. Some snail grains of potash felsoars exhi.it graphic inter-

growth with quartz. Similarly oligoclase shows myrmekitic intergrowth

with quartz.

•Mineralogy. The essential minerals forming the granites are quartz

( 45 to 507),potash felspars (407) and oligoclase (5-157),. The average

grain size of the minerals is 1-1.5 mm. .The accessory minerals

include chlorite muscovite,biotite,rutile and rarely garnet (Table 12)

^otash felsoars. Among the potash felspars,orthoclase is the

predominant constituent. Microcline is in subordinate amount or even

absent in some specimens. Orthoclase forms sub-hedral to anhedral

grains,having rugged and corroded borders. One set of cleavage(OOl)

is well developed the other set (010) is less perfect. Twinning on

carlsbad lav; is observed in some grains. Bigger grains of orthoclase

contain inclusions of quartz and occasionally of oligoclase, Graohic

intergrowth with quartz is found in some crystals, alteration of

the felsoar is noted in several crystals,some of these, are clouded

due to kaolinisation while others are sericitised along the cleavage

planes.

Oligoclase (Ab An ). Oligoclase occurs as subhedral toanhedral

grains and laths occupying the interstitial spaces of potash felspars.

Some grains show rugged and corroded borders against quartz,Mutual
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interference daring the ^th of the cry.t.H ,. observed ,„ „__
sections. IwinnIng on alblte ^ ^^ ^ ^ ^ ^^^^
are bunt in .f.„ cryst,ls. ,.!ymekltlc 1Mergro„th ^ ^^ ^
often eoted. ,„ of the plagiocU„ g„tM ^ ^^.^ ^
the claav^eand fracture planes.

;I 3__r__. It occurs „ whedraI gtajM ^^ 5rMiBUt ^ ^
occucing the interstitial space, of fe.spars.Host of the grains shoK
undulose extinction "Wrm «,,. • _.lun* iuarts grains have, oonetrit »r1 t-fc,- u<- penecratea r.he earlier crysta
llised felspar orafnc Tt- »t =grain.. it also occurs flfi inclusiong £. ^ ^.^

_-fc_o__ite. It occurs as small flakes filns and ,1|w
-rums and fibrous aggregates.lt

is oleochroic in pale green or well™t- «= t,-_.i_n or yellow f*r.->en to nolo „„ii . ,
8 een co Pale yellow with the

«-T>Z). It shows strait extinction. It « seCondar ,y ln origln
and formed after biotite and garnet.

Among the other accessories bint-itnes biotite occurs as small flakes in
green and brown colours «•»*-», cf

^ u,urs Wich Stronp nlonrhm-l^ vfB pn-ochroios. Muscovite is <VUnd

- -soars, .tile

/brown and yellowish brown colours. Garnet U of
arnct is of very restricted occurr

ence and has been observed in a few . <-•
fe" 8eCtlona on'y. ^ exhibits oalebrown colour „lth pink ^ ^

ftc,2to3tn Th T^ Pram size varies
-3^... The crystals are riddled with numerous inclusions

of quartz (fi« iti) A,^ig-135). along the fractures 3f thn
f.. 5f tbe gamet,flakes and

««-l due to th. alteration of the former.
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(2) Pegmatites and pegmatitic granites

Megascopic characters.

These are very coarse grained and inequigranular rocks. Felspar

is the dominant constituent .Felspars upto 5 cm. are common. Both pink

and white felspars are present. Ouartz,apart from occurring as intersfcifc"**
grains in felspars ,is also found as small inclusions in the bigger

felsoar grains. Clusters of chlorite and biotite give a spotted appear-

ence to the rock. Some specimens show incipient foliation.

Microscopic features

Based on the modal analysis (Table 13,14)tbese rocks are divided

into two subgrou>s A and 3. In subgroup A the average percentages of

esse-tial constituents are as: quartz 35' potash felspars 55- end pfa-

gioclase 5-8', . In sub-group B the average percentages of the consti

tuents are as: quartz 30, .potash felspars 50' and plagioclase 10,.

Texture. Most of the mineral constituents are subhedral to

anhedral and are of variable grain sizes. The minerals in general

show cataclastic effects. The plagioclase exhibits bent,dislocated

and microfaulted lamellae and cleavages.Thin quartz-felspathic •veins

traverse the rocks along the microfaults and fractures. Intergrowth of

quartz with orthoclase is common. In few sections intergrowth between

quartz and microcline is seen. Plagioclase s'-ows myrm.kitic intergrowth
with quartz.

Mineralogy. The essential mineral constituents of this group are

potash felspars(orthaclase,r.£crocline and perthite), oligoclase and

quartz. The accessories are chlorite,rnuscovite,apatite,biotite,garnet
eoidote,hornblende and rutile.



TABLE £14

i-.odal analysis of the pegmatites and oe-matite granites

jy-__-_E.ro---_.__i_'

S->.Ko. Quartz Potash Oligoclase Chlorite hornblende Total
felsoars and mica

1/35 31.76 53.61 13.49 1.47 -
100.23

1/90 20.37 65.22 1?.81 -
0.58 99.98

1/868 26.61 50.14 14.15 -
9.10 100.00

1/869 10.05 64.11 21.0 1.05 3.76 99.97

1/137 38.5 49.28 12.21 -
-

99.99

1/721 29. 33 55.78 13.27 1.6 99.98

Location: 1/35 Wainganga river bed near electric tower. 1/90 Wainganga
river bank (right bank south of ?auni bridge). 1/868 G.C.3. Ppjarry
1/869 G.C.3. QAarry. 1/137 Upashya nullah. 1/721 Quarry l.G.C.S.
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Potash felspars. Orthoclase occurs as subhedral to anhedral grains

having corroded and rugged borders. Apart from containing inclusions

of snail grains of quartz,some of the orthoclase grains exhibit

cuneiform intergrowth with it. Twinning on carlsbud law is often

noted. Sericitisation and kaolinisation have taken place to various

degrees along the cleavage planes and grain boundaries. Microcline is

formed of medium to coarse subhedral grains showing cross-hatched

twinning. It contains inclusions of quartz and orthoclase. 'any coarse

grains of perthites (albite lamallae in orthoclase) are commonly

observed in t'in sections.

Oligoclase (Ah.gAn^), Oligoclase occurs as subhedral grains,

Paths and anhedral grains with rugged borders. Most of the grains have

been sericitised to various degrees. Zoning is observed in afew cry

stals. Few grains of oligoclase have been broken or dislocated «_«__ to

thrusting or projection of auartz grains into them. Some of the bigger
grains contain inclusions of quartz,muscovite end chlorite.

J___artz. It occurs as anhedral grains and aggregates of smaller

grains occupying the interstitial spaces of fel spars.^any quartz grains

project in to the felspars. ..uartz shows much cataclastic effects

*itta internal grami1ation,wavy extinction and mortar structure. Some

nt the bigger grains of quartz are girdled by much finer grained margi
nal aggregates. Quartz also forms around the borders of felsoars,as
linear anhedral grains.

2llortte. Chlorite is acommon secondary mineral present in these

rocks. It occurs as flakes,fibrous aggregates,shreds and stringers along
the boundaries of feisic grains.It shows absorption as:X =green,Y =green
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- = pale yellow green. (X = Y>Z). The flakes exhibit anomalous blue

polarisation colours.

It is also present in veins associated with quartz cutting

across otver minerals. In some sections the vein chlorite shows eollo-

form texture.

Biotite. It occurs as small irregular flakes of greenish yellow or

oale green colours with a red tint. It is stroigly ileochroic in hone-

brown or greenish red with absorpti-n X = pale green,Y = reddish brown

and 7= reddish brown ( X< Y = Z). Alteration to chlorite is common-in

several flakes. It shows strong birefringence and straight extinction

Muscovite. It is found as small flakes of various sizes upto 0.: a., in

the interstitial spaces of felsic minerals and also as inclusions in

the felspars. Its strong birefringence and straight extinction pre

salient characters.

Epjjdote. It forms irregular grains and small granules with oale green

or lemon yellow colour with much pleochroism. Its high relief and biref

ringence make it distinct from other minerals.

Hornblende. It is observed as prismatic and irregular grains with

corroded borders.lt is pleochroic as X=greenish yellow, Y-yellowish

green and Z-dark green (X<Y<Z). Inclusions of quartz and felspar

are often netted. It appears to have been derived from the amphibolites

into which the pegmatites are intruded

Other accessories include aoatite,rutile and garnet. Apatite is

found as small ebtfedral grains with hexagonal and rectangular outlines.

Rutile occurs as reddish brown semi-opaque grains and needles and
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shows orange colour under reflected light.It has extreme birefringence.

Garnet is observed in few sections only. It is light-brown with a pink

tint and is isotropic. The grains are between 2 to 4 me'., and are highly

fractured. The fractures have been pushed apart by quartz.Muscovite and

chlorite flakes are seen along the fractures and around the borders of

the grains.

(3) Felspar rich rocks

Megascopic characters.

These are medium to coarse grained,white and grayish white coloured

r^cks. It is predominantly composed of white felspars. Megascopicaily

quartz grains are not observed.

Microscopic features.

It is a coarse grained granular rock and mainly composed of potash

felspar(70-80%) and oligoclase (10-207-) constituting more than 90% of

the rock(fig.iao). Quartz is either absent or present only In minor

amount s.

Felsoars. Orthoclase forms the bulk of the felspars,It is partially

sericitised. Some grains of microcline are also observed. Pew perthite

grains are always present in which blebs of oligoclase are seen

across the cleavages of orthoclase.Oligoclase forms subhedral grains,

associated with orthoclase.

Quartz. Oval shaped inclusions of quartz are noticed in oligoclase

and orthoclase. Secondary quartz is present as a constituent of veins.

.Chlorite. It occurs as small flakes,scales,shreds and stringers in the

interstitial spaces of felsic minerals. It is light green and faintly

pleochroic and exhibits anomalous polarisation colours. It also
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occurs as patches and veinlike stringers within the felspars.

Paidote. It is mainly found in veins where it occurs as irregular grains

with pale greenish yellow or lemon yellow colours.Around some grains of

epidote rims of zoisite are seen.

£*"-,#nit a. It occurs as veins cutting across other minerals. It is

found in crystal aggregates developed across the veins.It shows

characteristic sheaf like pattern and bowtice structure and abnormal

interference colours under crossed nicols. .

4.2 PARSORI FORIiATIOt;

4.2-1. CULPRITS-MUSCOVITE SCH 1ST

MegascoTic characters. The chlorite-muscovite schists are medium

to fine grained.well foliated and soft rocks. These rocks present a

sootted aopearence due to oatches of different colours. They exhibit

various shades of colours such as bronzy brown with shades of grey and

qreenish grey,brownish pink with patches of greenish grey,greyish white

with shades of brown and pink and grey and greyish green on alternating

layers. Pine to coarse muscovite forns the lighter shade.while fine to

coarse chlorite forms the darker shades. Elliptical and rod like quartz

aggregates are aligned along the planes of foliation.In some specimens

dark brown to black grains of iron ores are observed along the foliations.

As mentioned earJier corrugations and slip cleavages are observed in some
specimens.

"icrosco ic features

Texture. Thin section across the foliations shows bands and

layers of flaky and fibrous chlorite and muscovite enveloping irregular
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bands and lenticular patches of aggregate of quartz grains chlorite

and sericite occur as small flakes and interstitial material in and

around the quartz aggregates. In the corrugated varieties mica-chlorite

layers show spindle forms due to the development of slip cleavages.

Elliptical,and elongated patches of phyllite porphyioelasts occur in a

coarse crystalline matrix of chlorite and muscovite. In general the

rock represents a porphyroclastLc-sch-'stose texture.

Porphyroclasts. Most of the sections contain high amount of

pornhyroclasts (3-5 mm. in lengt' and 1-2 mm in width) of BericiteS

phyl'ite or of chlorite-sericite ^hyllite. These are formed of a fine

mesh of chlorite,sericite,quartz and ooaque minera's. The orientation of

many of these porphyroclasts is incongruous with the enveloping chloritc-

muscovite layers.

Chlorite. It is a major constituent of the schists. It is pale

green with yellow tint and low first order , interference colours.

Fibrous aggregates of chlorite in linear pattern are separated by irre

gular bands and lenticular patches of quartz-grain aggregate.

Muscovite. It occurs as flaky aggregates in lenticular and

linear patches enveloped by chlorite. It is white in colour and shows

higher order interference colours.

.Chloritold. It is of restricted occurrence in varieties having

good amount of phyllite porphyroclasts. In sone Sections chloritoid grains

are strictly confined to the phyllite oatches,while in other sections

it was found scattered throughout the rocks. It occurs as small stumpy

rectangular grains,aggregate of orisms and as anhedral grains. It
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exhibits fairly high relief and straight extinction. It is light green,

iwarkedly pleochroic with absorption,X = olive or grass green:

Y = pale green or greyish green: Z = yellowish green, 'rismatic sections

show multiple twinning. Polarisation colour is masked by the body colour,

Some of the. grains contain inclusion of quartz,

Biotite. k few biotite flakes occur as porphyroblasts oriented

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

pleochroic and show strong birefringence.

4.3. BHIWAPUR FORMATION

4.3-1. PHYLLITPS

Megascopic character. These phyllites are nermal sericite-

chlorite phyllite and show a wide range of variation in their colour

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

sericitic and ferruginous matter. They exhibit various shades of

light greenish grey,pink and brownish pink with pa.tches of different

colours. Certain bands within the phyllites show a spotted appearance

due to the oresence of magnetite crystals. Most of the shades mentioned

above 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 developed foliations.

Some specimens show closely spaced Laminations. Elongated quartz are

often enclosed within the laminae. In few specimens the laminations

are folded on microscopic scale (fig.133). As described earlier in

.Chapter IIL 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 Phyllites

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

1/274 0.65-0.2 17.11 80.24 2.65 100.00

1/234 0.65-0.15 18.00 78.54 3.46 100.00

(0.3-0.5)

1/201 0.05-0.65 18.52 79.76 1.72 100.00

1/296 0.05*0.1 14.15 83.22 2.63 100.00

1/203 0.1 11.1 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 15.72 77.72 6.56 100.00

1/221 0.1-0.2 24.11 72.04 3.85 100.00

(.5-1)

1/268 0.1-0.15 18.71 80.66 0.54 99.91
(0.4)

* size of bigger grains in bracket

Location: 1/274 Exoosure near Bhiwapur-Dongargaon road north of nullah.
1/234 Exposure near the railway track -Bhiwapur. i/201 Pahungaon.
1/296 Dongargaon Hills. 1/203 Hills north west of Nishti. 1/252 Jogikhera
hills. 1/229 Kotalpar. 1/221 Maru river. 1/268 Exposure near Tambakhana.
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veins ( 5 -10 mm.) consisting of magnetite and chlorite with some

quartz cut across the phyllites.

Microscopic features

Texture. The phyllites exhibit well developed schistose texture.

Sericite and chlorite in combination or independently,majority of them

showing preferred orientation, form binds or layers. Quartz grains

are arranged within these layers with a parallel disposition. Some

interlayered bands and lenses consisting mostly of bigger grains of

quartz(0.1- 0.2 ram.) show an undulating pattern (fig. 46). The folia

wrap around porphyroblasts of ouartz,chlorite and magnetite (fig.45 ).

In some specimens the folia have developed microfolds and flexures

(fig.52) wherein segregation of auartz grains is observed in the

crests and troughs. At certain places microfolds show displacements

along number of closely spaced parallel or sub-parallel planes along

the fold axes, forming slip cleavages(FIg.50,13DAl'™g such slip elea-

Vages granules of iron oxide have been dragged. Pew thin bands

containing chlorite and quartz exhibit comolex patterns of microfolds.

Mineralogy. The cMef constituents are quartz, sericite, ch lorite, iron

ore and rarely chloritoid. Tourmaline,eoidote,apatite,rutile and

zircon form minor accessories (Table 15).

Groundmass. The groundmass consists of slightly elongated quartz

grains (0.05 -0.1 mm.) along with sericite and chlorite showing preferred

orientation. Granules and small laths of hematite are interspersed in

the mass. The matrix generally contains ?orphyroblasts of chlorite,

quartz and magnetite. Few patches in the matrix containing sericite,

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



PLATE No.XIV

Sketches (not to scale). Phyllite? and quartz-phyllites
under the microscope.

Fig.No.45 Microfolds in phyllite. Spindle like chlorite in the pressure shadow
of a quartz-magnetite porphyroblast.

Fig.No.46 Phyllite. Zic-zag pattern of quartz rich layer in a fine chlorite-
sericite-quartz groundmass showing simple flextures.

Fig.No.47 Quartz-phyllite-Biotite and iron oxides in the pressure shadows of
quartz-porphyroblasts.

Fig.No.48 Quartz-phyllites. Alternating layers of quartz and phyllosilicates
with porphyroblasts of quartz.

Fig.No.49 Slip cleavages in phyllites. Displacement of layers along closely
& 50 spaced planes parallel to the axes of microfolds.

Fig.No.51 Chevron folds in phyllites (Megascopic)

Fig.No.52 Mlcrofold styles in phyllites.
& 53

Fig.No.54 Quartz-phyllites. Linear arrangement of clusters of biotite.



PLATE No.XIV

Fig.No.45 Fig.No.46

Fig.No.47 Fig.No.48

Fig.No.49 Fig.No.50 Fig.No.51

Fig.No.53 Fig.No.54

Fig.No.52
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fragments which at times show discordance with the sericite-chlortte

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 contain iron and

sericite particles.Undulose extinction la cocmpn, Sericite is colour

less and distinguished from chlorite by its higher order polarisation

colour. Chlorite is pleochroic from pale green to dark green and

exhibits low order oolarisiaticr colours.The.ehlorite and sericite

together constitute 72 to 87 percent of the rock.

Porphyroblasts. Porphyroblasts of rounded and lenticular patches

(2 -5 ram), knots and clusters of chlorite and magnetite,independently

or in close combination, are often observed in all the phyllites,

";uartz is sometimes associated with these porphyroblasts. The long

diameter of the porohyroblasts at times shows discordnace with the

fabric of the matrix. It is observed that the chlorite-sericite laminae

enveloping these porphyroblasts have been pushed apart taring their

growth. The chlorite occurs as flaky or fibrous aggregates and as

spindles form (fig. 45 ) showing pale yellowish green 1o green colours.

It shows faint pleochroism and weak birefringence.

Some of the phyllites contain many idiomorphic grains of magne

tite (0.1 - 1 mm.) which have undergone various degree of alteration

to hematite. Spindles of chlorite flakes occur in the pressure shadows

of these magnetite crystals.

Chloritoid. It is observed only in a few sections. It occurs

as long prisms and plates, generally parallel to the foliation planes,
(fig.132).



-:99:-

Accessory minerals. Small irismatic grains of tourmaline show

two distinct colours: (i) exhibiting pale blue to greenish blue

pleochroism and (ii) greenish yellow to green. Apatite occurs as small

prismatic grains with round edges showing low first order oolarisation

colours and parallel extinction. Small epidote grains show neutral to

light yellow colour.pleochroism and second order polarisation colours.

Few snail euhedral crystals of zircons are observed in the matrix. It

is generally colourless and has high relief and birefringence.

4.3-2. <UARTZ PHYLLITES *

Based on the megascopic and microscopic features the quartz

phy^ites have been classified into two sub-units: (i) biotite-quartz

phyllites (ii) garnet-quartz-phyllites.

Biotite-quartz phyllites.

Megascopic character. These rocks show greyish w^ite,greenish

grey, and ash grey colours. Dark green or greenish black elongated

clusters of biotite exhibit preferred orientation giving well developed

lineaticns (fig. 54 ). In varieties where lin ation is poorly developed

biotite clusters show round patches. Cue to the higher amount of

micaceous minerals foliations have developed.

Microscopic features

Texture. The rock shows typical schistose texture. The flaky

minerals sericite-muscovite form layers arranged in more or less

* In phyllites, if the amount of quartz exceeds the amount of

phyllosilicates (sericite + some chlorite + biotite) the rock is

called a quartz phyllite (Pinkler,1965).



T A B L E -16

Modal analysis of biotite quartz phyllite

So.No. Grain size of Quartz** Chlorite Biotite + Total
quartz in mm. * sericite some iron ore

1/277 0.08-0.1 47.65 49.47 2.76 99.88

(0.5-0,7)
1/263 0.08-0.1 36.56 47.92 15.50 99.88

(1)

1/219 0.1 (3) 51.35 39.89 8.74 99.86
1/256 0.05 -0.08 47.01 46.66 6.33 100

(2 -2.5)

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

Location: 1/277 Pills to the .W of Bhiwapur railway station.1/263 Pills N
ofBhiwaour railway station. 1/217 Exposure near Maru river. 1/256 Hills
near Jogikhera Tank.

T A B L E - 17

Modal analysis of garnet-quartz phyllite

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

1/228 0.03-0.8

(2-3)

mm.

2-3 58.71 12.82 1.29 27.16 99.98

1/24? 0.05-0.12 1.5 44.78 4.15 11.19 39.85 99.77
1/314 0.3-0.35 2.25 32.19 17.12 3.14 47.54 99.99
1/272 0.08-0.12 1.2 50.08 4.81 16.68 28.41 99.98
1/247 0.05-0.07 2.3 58.45 1.78 14.3? 25.43 99.99

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

Location: 1/228 Exposure near Bhiwapur-Dor.gargaon road south of the nullah.
1/243 Hill north of the small tank. 1/314 Hills to the HE of Jogikhera tank
1/272 Hills south of Pahungaon, 1/247 Hills east of Maru river.
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parallel bands. The folia at places are undulatory with lenticular

wrapping around porphyroblasts of single or composite quartz grains.

All these constituents show a tendency for preferred orientation. Some

sections show two fabrics of the porphyroblasts.(i) auartz grains

(0.2 -0.4 mm.) with some interstitial sericite, are interlayered with

or form lenses in finer grained quartz oar sericite mesh,(ii) porphyro
blasts as lenticles of quartz and clusters of biotite are common in

the foliated groundmass (fig.474T).

rineralogy. The chief mineral constituents are quartz,sericite-

muscovite. biotite and iron ore. Epidote, tourmaline,zircon and

apatite occur as accessories (Table 16).

Groundmass. The groundmass of th: biotite-quartz phyllites

consists of quartz grains with sericite-muscovite along the grain

boundaries and interstitial spaces. Sericite also occurs as long

fibrous layers at intervals. This is conspicuous in the corrugated

tv.es 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(greenish

brown to derk brown) are disseminated in the rock. Quart* grains vary
in size from 0.05 to 0.2 mn,. In some of the sections 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.

i2l2^roblasts. Clusters of biotite flakes occur as parallel
lenticles and str.aks (2-5 mm.) in the groundmass (fig.47,54> In some
sections biotite clusters are observed as round patches. Individual
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flakes vary from 0.2 - 0.4 mm. in length and are pleochroic from greenish

brown or brownish yellow to dark brown. Small grains of quartz and

epidote 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 Ienticles and streaks of

biotite clusters show thickening around the crests and troughs. These

are also observed in the pressure shadows of some of the quartz-porphy-

roblasts (fig.47).

Ovoids and ienticles of quartz,varying in size from 0,5-7.0 mm.

are present in most of the sections (fig.4748)Jhey occur either as

single grain or as aggregates of smaller grains (0.3 -0.5mm.).The long

direction of the Ienticles is parallel to the foliation. The larger

grains show strain effects with undulose extinction.

Accessory minerals. . Pew small irregular grains of epidote

are dispersed in the matrix. It is pale lemon yellow ir colour and

pleochroic with second order polarisation colours. Tourmaline occurs

as small orisraatic grains. It is markedly pleochroic from pale green

to greenish blue colours. Apatite occurs in colourless prisms with

irregular edges. It chows high relief and gives parallel extinction;

basal sections are isotropic. Pew colourless 'lozenge' shaped

zircon grains are observed under high magnification.

Garnet-ouartz-phyllites

Megascopic character. These are greenish grey and green

coloured,hard,coarse grained rocks with ooorly developed foliations.

These rocks are spotted with round grains of pink or brown coloured

porphyroblasts of garnet.
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Microscopic features

Texture. It also Shows typical schistose texture with porphyro

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,

garnet,biotite and iron ores. Tourmaline,epidote and zircon are present

as accessories (Table 17 ).

Groundmass. It consists of quartz grains (0.03-0.3 mm.) with

interstitial and intergranular sericite-muscovite. Some rocks contain

minor amounts of felspars generally associated with quartz grains.

Opaque iron ore (magnetite-hematite) is seen as anhedral grains and

specks in the matrix.

Porphyroblasts. Garnet. Garnet porphyroblasts (1-3 mm.)

are not fully developed and form as open meShwork (fig. 134 )without

regular faces (xenoblasts) enclosing many quartz grains shewing sieve

structure. It is neutral to pale Pinkish yellow in colour and exhibits

weak anisotropism. Some of the garnet grains have been partly limoni

tised. Clusters of biotite flakes are sometimes observed around the

pcrpv-.yroblastt».

3iotite. Clusters of biotite flakes in lenticular or irregular

patches contain fine grains of quartz,eoidote and hematite. It is

strongly pleochroic from pale greenish brown to dark honeybrown. It

;~as been noted that the amount of biotite increases with corresponding
decrease in garnet (Table 17 ).



-:103:-

Quartz. Ovoids and elliptical patches (1-3.5 mm.) of quartz are

present as independent grains end as composite grains. They show wavy

extinction.

Accessory minerals. The characteristics of tourmaline,epidote

and zircon are Same as mentioned earlier for biotite-ouartz phyllites.

4.3-3. IRON OPE BODIES

'"egascooic characters. ;^egascooically the iron ores can be broadly

grouped into two types (i) massive and (ii) banded. The massive tyoe

shows metal1ic to sub-metallic lustre with brownish black and deep brown

colours. Granular character is apparent when closely observed. Gangue

minerals like garnet,altered grunerite,and quartz occur ir patches,streaks

and specks. Thin quartz veins (3-5 mm.) traverse the ore along the weak

planes. Sometimes the ore shows closely spaced (3-5mm. )curviplanar

fractures. Along the weak planes and exposed surfaces supergene alter

ations have given rise to various colloform structures.

The banded type forms alternate bands of • . iron ore with

bands of altered amphibole minerals and/or quartz >nd garnet in

various proportions. These bands are irregular and at times merge

with each other. The amphibole rich bands and patches are common near

the contacts of iron ore bodies. These are coffee brown,pinkish brown

and chocolate brown due to various degree of limonitisaticn. Irregu

lar patches and specks of ore minerals are disseminated in them. At

some places the rocks at the contacts of the iron rich bands consist

predominantly of garnet with minor amounts of quartz and iron ore

minerals. In these rocks quartz occurs as patches and Ienticles in

the groundmass with an imperfect parallel orientation.Dark brown



-:104:-

coloured ore minerals form irregular patches in the ground raass giving

a spotted appearence.

Qicroscopic Features. In thin sections the iron ore bearing rocks consist

mainly of opaque minerals (iron ores),garnet,grunerite and quartz with

biotite and actinolite as minor accessories. The texture is coarsely
granoblastic.

Garnet'- Xt is neutral to pale yellowish brown or brownish yellow

colour. It is generally isotropic but in some sections weak isotropism

is also noted. Mortar texture is exhibited by soee garnet grains with

undisturbed patches sorrounded by granulated rims.Larger grains of

garnet contain numerous inclusions of quartz(poikiloblastic or dUblastic

structure). Sometimes it forms an open mesh work bounded by irregular

faces in which quartz grains make u? more thank* half the volume of the

grains(xenoblastic structure). In large porphyroblasts several parallel

to sub,parallel even fractures, appearing like cleavages, are observed.

Some of these fractures show microfolds(Fig. 136). Minor cracks „d •Upp«C.
have developed across the folds. In some of the sections the garnet has

been limonitised in which crack and fractures a-fUled with dark

brown limorite. Some of the fractures prc filled with secondary quartz

Showing strain effects. Incipient alteration of garnet to chlorite is
rarely observed.

Orunerite. Fresh grunerite has been observed only in afew

sections. It forms prisms of neutral colour, with one set of cleavage;
basal sections show two sets of rhombic cleavages. Its relief is high
and has maximum extinction 15° (CAZ). it is generally altered and
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has been replaced by limonite, and quartz. Pseudomorphs of limonite and

quartz after the amphibole showing typical forms and cleavages,are quite
common. Tabular and Prismatic limonitised grains are Partly replaced by

quartz along the cleavages. Patches of garnets and small magnetite crysta
ls are found as inclusions.

Quartz^ Three types of quartz are associated with the iron ores:

(i) metamorphic, (ii) secondary (a) pseudomorphs and (b) vein. The

metamorpbic quartz occurs as coarse grains (3 -5mm.) and as aggregates

of smaller grains closely interlocked together in the interstitial

•paces of other minerals. They show both sharp ,nd undulating extinction.

Inclusions of dust and iron ore particles are quite common. Replacement

quartz occurs as pseudomorohs aftct grunerite. Vein quartz forms
as vein fillings and shows strain effects.

Biotite^ v'inute flakes of biotite are associated with quartz.

It is pale brown in colour and strongly pleochroic from light brown
to dark brown.

ACtin°lite- Slender nGGd1^ of pale green actinolite are seen
in quartz grains either in parallel fnm nr u4*t. „, •„1 Uiuei rorm or with criss-cross pattern.

Iron ore minerals.

In tMn sections the iron ore minerals show corroded and crenu-
lated borders. Embayed Portions are filled with quartz.Some small
idioblastic grains (0.5-2.0 mm.) exhibit ccorrosion effects at some f
Inclusions of quartz and garnet are present in larger grains. Af
grains show linear streaks of quartz arranged in an elliptical pattern

In polished sections the following ore minerals are identified
under reflected light :magnetite,hematite, goethito-le,ldocroeite

aces

ew



Magnetite is greyish white with faint pinkish tinge and has moderate

reflectivity. It occurs as hypautomorphic to idiomorphic grains which

are isotropic. Hematite is white in colour,anisotropic and exhibits

high reflectivity. It occurs as pssudomorohs after magnetite(martite).

GoetMte-lopidpcracite 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 is found to replace

magnetite (martitization). In general the ore shows relict texture

with irregular patches of magnetite in a matrix of hematite. Under high

magnification some of the polished sections exhibit replacement cry

stal tograpMc and oriented intergrowth texture shown by hematite

lamellae occurring along the octahedral planes of magnetite(fig.142).

Hematite has replaced along the borders, the cleavage planes and

fractures of the magnetite, ''ell developed octahedm of magnetite occur

sporadically (fig.140 ). Partial to complete replacement forming

pseudomorohs of hematite after magnetite crystals are often observed.

Goethite along with lepidocrocite is found replacing both

magnetite andhematite. In some specimens. they exhibit typical collo-

form texture(fig. 141). Goethite. has filled and replaced mainly along

the fractures and borders.of. nagnetite and hematite and also of

quartz and silicate gangue (described earlier as limonite).

Prom the above discussion it is quite evident that magnetite

was formed during the metamorphism of the country rocks. Hematite

occurring as martite was formed later due to oxidation of magnetite.
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Goethite and lepidocrocite are of supergene origin. The paragene-iis of

the ore minerals can be tabulated as:

MINERALS TimG,
MAGNETITE

HEMATITE

GOPT'TTE

AND LEPIDOCROCITE
i

4.4. GAIDONGARI FORMATION

4.4-1. QUARTZITES

Meg"Sco-'ic character. The quartzites are very fine grained,highly

indurated and compact and occur in light brownish grey,pinkish grey,

reddish brown and rarely greenish grey shades. They are generally massive

but a few samples show ooorly developed foliations.

Microscopic features.

Texture. The quartzites exhibit granoblastic texture in which

quartz grains are closely interlocked together. Some of the thin sections

show shear planes in different directions with the development of

elongated quartz grains around them. Along these planes granulation

and recrystallisation of quartz grains are ofter observed. Some of

the shear planes show concentration of chlorite and iron oxide.

Mineralogy. The chief 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

hornblende are often observed as minor accessories(Table 18).



TABLE -18

Modal analysis of the quartzites

:-».Ko. Grair size

in mm, *
>uartz

1/349 0.2 (0.8-1.4) 86.27

1/351 0.3-0.5 (1) 79.46

1/385 0.3 (0.8-1.2) 79.41
* size of bigger grairs in bracket

Chlorite Tota.L

hematite

13.73 100.00

20.53 99.99

20.58 99.99

Location: 1/349 South of Gaidongari tank near the village. 1/351 North
west of Nimgaon. 1/385 East of Mahalgaon.

i A •19

Modal analysis of the meta-arRillite;

No. Grain size

in mm. *

Quartz Chlorite +3ericite+

very fine quartz

1/387 0.05-0.1 38.11 54.52

1/359 0.03-0.5 26.75 69.11

1/335 0.25-0.5(1) 25.45 69.67
1/372 0.3-0.7(0.9) 29.09 65.84

1/366 0.2-0.3(0.8) 29.24 67. ^6

1/406 0.2-0.4 64.09 35.90

1/356 0.3(0.65) 45.46 50.96

•k size of the bigger grains in bracket

Iron Total

oxide

7.36 99.99

4.12 99.98

4.87 99.99

5.05 99.98

3.32 100.02

- 99.99

2.44 98.86

Location: 1/387 Fill slope east of Khapri. 1/406 Hill slopes NE of Khapri
1/335 SH of Gaidongari hill range. 1/372 South of Gaidongari hill range.
l/359Sautheast Gaidongari hill range 1/366 E part of Gaidongari hill near
Pauni-Khapri road. 1/356 Pill slopes-Eastern art of Gaidongari hills.

T A 3 L S - 20

Modal analysis of the meta-greywackta

So.No. Grain size of

quartz in mm.

luartz. ock fragraents Sericite*

chlorite+

iron oxide

Total

1/391

1/395

0.^-0.7

0.15-0.2

13.42

19.58

23.67

25.47

62.90

54.04

99.99

99.99

Location' 1/391 S.w", Part Pill slopes -Gaidongari hil range.
1/395 II.'r. part Hill slopes, Gaidongari hill range.
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P.uartz. 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 diameter from 0.5 -1.0 mm. are observed. The bigger grains

show internal granulation and undulose extinction. 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 dispersed in the rock as fibrous aggre

gates andelusters of flakes. Minor amount of small sericite shreds

is found along the grain boundaries and interstitial spaces of quartz.

Accessory minerals. Small sub-rounded grains of eiidote are of

jpala yeHow colour, faintly pleochroic and have fairly high relief.

It shows second order polarisation colours. Zircon occurs in small

euhedral grains with high relief and dark borders. Few small prisms

of green hornblende with irregular borders are observed in the

groundmass.

4.4-2. SLATY SHALES AND BANDED SLATY SHALES

Sggascgaic, character. The slaty shales are grey to ash grey in

colour and exhibit adull sheen.They show high decree of fissility with

closely spaced laminations.Careful examination shows bands having
different shades of grey and ash grey with slight difference in their

grain size. .The banded shty shales exhibit distinct alternate bands

of light and dark shades varying in thickness from 1mm. to 6mm. Black
and greyish black form the darker bands,wbile pinkish red,brownish red,
brownish grey and ash grey form the lighter bands. Dark coloured bands

are very fine grained while the lighter coloured bands are comparatively
coarser. Some of the bands are discontinuous showing a lenticular form.
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In a few specimens,particularly those collected from the contact of

Pauni Formation,minor faults with displacement of 2 to 3 mm. are often

observed. These miniature faults strike at right angles to the bands with

a dip of about 70°. Pending and buckling of the bands are also noticed.

Slaty cleavage is generally well developed.

Microscopic characters. In the banded vari:ties the thin sections

show light and dark coloured layers due to the compositional variation.

Light co'oured bands are composed predominantly of quartz (0.05 mm.)

rarely with small amounts of felsoars, and subordinate amount of

chlorite, sericite and ferruginous matter. Park 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 along the grain

boundaries. Granules of iron-ore (limonite and hematite) are seen

in linear aggregations. Within the darker layers,the irregular bands

consisting exclusively of aggregates of chlorite flakes occur. The

chlorites are pleochroic in greenish yellow to brownish yellow and show

first order interference colours.

The slaty shales show discontinuous bands and lenticular patches

in afine mesh of quartz,chlorite-sericite and iron oxide. The proportion
of auartz and chlorite-sericite varies considerably in different

samoles. Imperfect development of quartz rich and chlorite-sericite

rich layers are often observed. Some slaty shales show fracture fillings
with quartz.chlorite and iron oxide either independently or mixed

together. The fillings are observed both along and across the
bedding planes.
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4.4-3. META-ARGILLITES

Megasco.ic characters. The meta-argillites are softer and less

indurated as compared to the quartzites. These are generally fine

grained in the south and comparatively coarser towards the north, of

the area. The argillites present awide range of colour variation

e.g. browrish yellow,Pale violet,brownish pink, greyish ye How,greyish

brown,brownish green,greenish grey and buff colours. The different

shades in the argillites are chiefly due to the variations in the

mineral composition particularly iron oxide.A few specimens show foliation
planes.

Microscopic features.

Texture and Mineralogy, m thin section,the meta-argillites

show auniform composition,with fine grained quartz We raatrix consi-

sting of sericite-chlorite,fine quartz(0.02 mm.) and varying amount

of iron oxide. Small amount of rock fragments is often present. From

the modal analysis(Table 19) it is evident that the amount of chlorite-
sericite matrix far exceeds that of quartz grains.Certain variecies

differ from this normal type due to local variation. 3uch types shm
either an abnormal rise in the amount of rock fragments or quartz
grains with acorresponding decrease in the amount of chlorite-sericite.
Many of the thin sections show reaction of the matrix with the bigger
quartz grains. Some samples collected near Thana contain uoto 87. of

felspars, which was conspicuously absent in other types.

3E9&&. It is sub-angular to sub-rounded varying in size between
0.05-0.2 mm. Some bigger grains betWeen ^ mm# ^ ^^^
the finer grains. Elongated grains show some degree of preferred
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orientation with strain effects. Majority of the smaller grains is

nearly free of inclusions. Some of the longer quartz grains contain

very fine particles of opaque minerals,

Sericite-chlorjte. They occur as fine mesh in the interstitial

spaces and around the grain boundaries of quartz. Fibrous aggregates

of chlorite show pale green to green colours. Small colourless flakes

of sericite ara intimately irterspersed with chlorite.

Muscovite. Long slender flakes and aggregates of small flakes

of muscovite are c-ncentrated along the bedding, planes. These flakes

form small flexures. It is colourless and shows high order polarisation

colours.

Hematite. It occurs as opaque anhedral grains and stringers

and Ienticles along the grain boundaries of quartz. In some sections

iron oxide particles are 0 concentrated in thin layers showing
microfolds.

Rock fragments. The meta-argillites occurring, near the slate

boundary contain fairly good amount of rock fragments. They are

sub-angular to sub-rounded in shape and vary in size from .5 to 5mm.

These are 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 ,staurolite and

rutile are the common accessories. Tourmaline ,the most common among the
accessories .occurs as small prismatic grains with marked ploochroism

from pale yellow to greenish blue. Epidote is round*fco subrounded,
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having pale green or greenish yellow colour with bright second order

polarisation colours. Zircon occurs as sub-angular to sub-rounded

grains which are colourless to pale yellow or brown. Few sub-angular

grains of staurolite present are identified by their pale yellcw

to bronze yellow pleochroism and first order polarisation colours,

Rutile-is present as small euhedral deep red grains.

4.4 -4. METaGREYMACKE

vepascopic character. It consists of angular tcgjiubrauwlecl

grains of quartz,small fragments of si'iceous 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 (u>to 1 en.)

and shapes in a matrix of white and greyish white colours. Small

scattered vitreous,quartz fragments are evident to the naked eye.

TMs is a very unassorted rock.

Microscopic features.

Matrix. The matrix consists of fine sericite £1akes with subordi

nate amount of chlorite. Minute granules of iron oxide are ofter disoetsed

in the matrix. There is an incipient development of parallel thin

layering in the matrix. Randomly oriented big angular grains of vein

quartz and rock fragments are embedded in the matrix. Several long

slender muscovite flakes are often observed.

Rock fragments. The fragments are composed of vein quarts, seri--

cite-ahyllite(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 fragments .

exhibit effects of reaction with the sericite matrix. The fine and irre

gular folia of sericite-chlorite fro* the sorrounding matrix penetrate

the boundaries of the quartz fragments(fig.139). The contact between the

quartz fragments 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 quaTt* ,fragments sericite

has reacted with quartz along the fractures to various degrees forming
a network. The relict quartz grains in the sericite matrix show optical
continuity.

Accessory minerals. The chief accessory minerals are tourmaline,

zircon,eoidote,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

(Chapter II) the slates of the Gaidongari Formation are associated with
hematite-quartzite and quartz veins at afew places. Their petrography
has been discussed together. Slates occur in awide variety of colours
viz, violet,pinkish brown, dark ash grey,greenish grey,brownish grey
with oink tint,and dark-grey. Individual grains cannot be observed with
the naked eye. Minor amount of rock fragments is often Present. Close
examination of the rocks show adull sheen.Foliation is well developed
in most of the rock types. The slates occurring at the contacts of
hematite quartzites are highly ferruginous and of black colour. They are
hard and well foliated.
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Microscopic features. Under the microscope the typical slates

show a homogeneous character in the size of their constituents and

texture. 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 sericite predominates

over chlorite. Slender flakes of muscovite are also present in the

matrix. In the types grading into the adjoining variegated slates there

is much variation in the grain size. Rock fragments of vein quartz,

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 asub-metallic lustre. Few thin fracture
filling veins(5-10 mm.) of hematite having fibrous nature and metallic
instre, are observed in these rocks. The fibres are perpendicular to

the walls of the veins. Many thin quartz veins(0.2-1.5 cm.) containing
hematite matter traverse the quartzites. Joint olanes of these hematite
quartzite show, slickensided surfaces. Some angular to subangular
quartz pebbles are noted in these rocks.

Microscopic features, m thin sections it shows sub-rounded
to round qUartz grains varylng ^ QA ^ ^ ^^^J^^^ ^
fine grained quartzites,phyllites and shales in hematitac matrix.
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A few detrital opaque iron ores are also observed. Grain boundaries

and interstitial spaces are occupied by hematite as a cementing matter,

which appears to have replaced the sericite. The relict patches ef

sericite are still observed.

In polished 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 forms the bulk of the rock exhibits the typical

cement texture. It occurs as fine laths.plates and fibres. Due to

recrystallisation big plates of hematite have formed. The plates have

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 aresult of pla-
.stic movements during recrystallization. Some of the fibrous hematite

show several small soherulitic structures (fig.l38). Goethite is observed
in minor amounts replacing hematite.

4.4-5 C. QUARTZ VEINS

Some milky white thick quartz veins (2 -3m.) traversing the
adjacent slates contain platy crystals of hematite along their weak

planes. These crystals are 1to 4mm. thick and upto 4cm. in length.
They are silver grey in colour with metalUc lustre and well develooed
rhombohedral cleavages. The he^tlte associated with the quartz veins show,
well developed polysynthetic twinning in polished sections.



-:116:«

4.4-6. VARIEGATED SLATES

^^C^^Chayacteg. As mentioned earlier the slates gradually
passes into variegated slates with the increase of rock fragments.

These are different from the slates due to their heterogeneous character.

The variegated aopearence of these slates is due to the lenticular

pieces of rock fragments of various shades,representing shales,slates,
ohyllites and quartzites and vein quartz. The fragments are of different
sizes varying from few mm. to as much as 8cm. in their long direction

(figffiO,101*Angular to subrounded quartz grains upto 2cm. are observed

in the matrix. The slates are well foliated due to parallel orienta

tion of the foliated rock fragments and the groundmass. These show

different shades of pinkish brovn,ash grey.greenish grey and slaty grey
colours. On close examination these rocks show adull sheen.

Microscopic features.

In thin sections rock fragments of various dimensions are

observed in amatrix of chlorite-sericite.flne quartz grains and iron
oxide granules. Generally the constituents exhibit aparallel orien
tation. At times bigger quartz grains are randomly oriented. The

-ount of iron oxide(chiefly hematite) is variable. Sometimes the

matrix shows parallel bands having raarked variations in the iron oxide
content.

^c^Jr^rnents. Fragments of vein quartz,sericite quartzite,
-ricite phyllite,foliated quartzite,chlorite quartzites, shales and
chlorite schists are often observed in these rocks. Quartz and
quartzite fragment, arc ^angular t0 sub-rounded. Fragments of
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ohyllites and shales are elliptical or augen shaped and show linear

alignment (fig.137). Reaction between rock fragments and chlorite-seri

cite matter is 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 plepchroic from pale yellow

to dark green.

Accessory minerals. Tourmaline,epidote,magnetite and apatite

are the common accessory minerals showing typical 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 phyllites. The matrix is foliated and the folia are distor

ted near the larger ohenoclasts. The folia bend down beneath 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

(Pig.102 ). A few boulders and pebbles of banded-hematite jaspar and

hematite quartzites have also been noted.

Some thin sections of quartzite phenoclasts and polished

sections of iron ores have been studied. .

-, texture
uuprite quartzite. It shows granoblastic /with wide spread granula

tion of many auartz grains. Mortar texture is observed with the bigger
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grains of quartz girdled by smaller grains. Average size of quartz

grains is between 0.5 -0.8 mm.Undulating extinction is conspicuous.

Fibrous and flaky green chlorites are seen in the interspaces of quartz
grains.

Ferruginous quartzites. It also exhibits granoblastic texture

with grains slightly interlocked. Quartz grains vary in size from

0.2 to 1 mm, Brown iron oxide with subordinate amount of chlorite

occupy the grain boundaries and interstitial spaces. Fragments 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 goe.

thite. Magnetite forms big anhedral grains with rugged borders,
forming bands in quartz gangue. The magnetite has been partly altered

to hematite. Several small Id^oaorphfcgrains of magnetite are dis- '
nersed in the gangue. Goethite showing colloform 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 seen in the hematite and the latter often oreserves the octa
hedral cleavages 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 YOUPGER SEDIMENTARIES

The conglomerate consists of sub-rounded to rounded pebbles.

cobbles,and few boulders in a matrix of ferruginous sandy clays. Among

these phenoclasts cobbles form the largest constituent. Granule size

rounded fragments are observed in some specimens. The phenoclasts are h

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 II. The matrix shows various shades of brown and grey

Sandsize particles 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

pinkish 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 rpecimens due to presence

of fine particles of mica (sericite). Some specimens contain thin lenses

of siltstone and sandstones with sharp contacts. Under 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 sections thin layers

of coarser materials of silt size are banded with finer material.
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4.5-3. SANDSTONES

The 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 i%: visible to the naked eye. Most of the

sandstones are soft and can be disaggregated easily. Some of the sand

stones are hard and highly indurated. The detrital grains (mainly of

quartz and felspars) arc 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 occupy the grain boundaries and act

as cementing material. Some of the thin sections contain many smaller

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 common accessories are garnet,

tourmaline,sphene.homblenda,zircon, iron ore,muscovite and biotite.

Quartz. Three varieties of quartz have been observed: (i) strained

variety showing undulose extinction (ii) quartz showing sharp extinction

(ill) quartz containing small inclusions of chlorite,biotite and felspar,
having bot> sharp and undulose extinction. The first variety appears to

have bean derived from quartz veins while the second and third from,

Igneous and metamorphic sources respectively.

Felspars. Felspars are comparatively smaller in size. Most of

the felspars are microcline and perthite. Minor amount of plagioclase
felspars fS.also noted. Many of the felspar' grains exhibit incident
sericitisation.
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Modal analysis of sandstones of the younger sedieentaries

p. do. Grain size

In mm. *

Quartz Felspars Rock frag
ments

Patrix Total

1/1302 0. 70 (2) 74.3 6.8 8.4 10.0 100

1/1508 0.50(1.7) 79.0 4.8 2.1 14.1 100

1/1314 0.45(1.0) 59.4 22.5 4.2 13.9 100

1/1323 0.50 (1.5) 73.8 8.10 7.3 10.8 IPC

1/1317 0.50(1.5) 57.5 19.4 1.8 17.3 100

1/1519 0.2 (2) 55.6 22.0 5.05 17.35 100

1/1327 1.2(1.7) 79.0 4.7 5.0 11.3 100

1/1330 0.5 78.5 10.8 .5.9 4.8 too

1/1320 0.55(2) 69.1 15.5 3.7 11.7 100

size of bigger grains in brackets

Location: 1/1317 Near the Junction of Pauni road and DQnrich nullah
1/1319 The hills west of Dhanori. 1/1320,1/1327 & 1/1330 "ills and nul'ahs
south-west of Dhanori. 1/1302,1/1308,1/1314 & 171324 Donrich Nullah.



-: 121 :-

Rock fragments. The rock fragments 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 grained),phyllite and

quartz-chlorite schists. These are sub-angular to subrounded.

Accessory minerals. The accessory minerals identified in t"in

section are chlorite,muscovite,biotite,tourmaline,zircon and epidote. Some

of theso conspicuoua mineralJ have been described later in heavy minerals.

Mechanical analysis of sandstones

In order to study the environmental conditions of deposition and

to correlate them with the sandstone formations from elsewhere In India,

three samples each from two distinct horizons A( lower part 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 sandstone beds on the left

bank of the Wainganga river approximately one kilometre south of Pauni

bridge and \\ Km. north of Kodurli. Specimens 1,5 and 8 belong to the

bottom.middle and top portions respectively, of this horizon. The horizon

Brepresents sandstone beds of about 13 metres thick exposed about 2 Km.

northwest of Dhanori. Specimens 9,14 and 18 represent the lower,middle and
upper portions respectively of this horizon.

The samples were thoroughly disaggregated by gentle crushing

and the different mesh size fragments were separated by sieving 50 fcms.
each of the disaggregated material. Table 22 shows the details of the

sieved samples with the weight percentages and cumulative percentages.
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The cumulative weight percentage of the samples were plotted on a

probability paper aeainst their respective grain size(in phi units ;.PM.

units have been used as the abscissa,and the cumulative weight percentage
of the samples as the ordinate (fig. 55).

Interpretation of the cumulative 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 Aand B. The method followed for the interpretation of

the above statistical parameters of grain size is that of Folk(1957k

The horizons Aand 3, are in general, coarse grained and poorly
sorted. The skewness and Kurtosis values indicate steady conditions

of deposition. The coarseness of grains and their poor sorting,therefore,
indicate avery near prowenance for these sediments.

The horizon A is finer and better sorted than the horizon B. This

indicates that the sediments of the former ^undergone more trans
portation in comparison to the latter, assuming that the medium of

deposition has not, Played much role in the sorting of the sediments.
This is further Indicated by nearly 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
towwKdds the top while in horizon Bthe grain size gradually increases
towards the top. In view of the ^ ^ ^ ^ ^ ^^ ^
sorting lm?roVes with the trans?ort> ifc becomes ^arent fr^ ^^ ^

that horizon Aand Bhave somewhat different provenances. This conclu
sion has been corroborated by tne heavy mineral studies of the same
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specimens.

Heavy Minerals

Keavy minerals of the sandstone 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 garnet. Horizon 3-

kyanite,sillimanite,garnet,staurolite,dumorterite,tourmaline,zircon,

sphene,rutile,corrundum,chlorite and hornblende.

Horizon A.

Zircon- The zircon grains are generally brown and occur as

euhadral prismatic crystals. Few spherical grains are also found:

High relief, marked dark borders and high polarisation colours are

distinct characters

TourraaKne.lt is the most common heavy mineral present in

the various samples. The grains are generally sub-rounded to rounded,

though, euhedral prismatic crystals and anhedral grains are not

uncommon. Two coloured varieties of tourmaline are recognised, (i)light

to dark brown,sub.rounded elongated grains (ii) lirht to dark green

rounded grains. Strong pleochroism and straight extinction and masking

of the polarisation colours by the body colours are characteristic

properties.

Rutile. It is cherry red in colour and occurs in prismatic

grains with rounded edges.

Sphene. It occurs as sub-angular to sub-rounded grains of small

size with several fractures. The brawn body colour masks the interference
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colours. It is distinctly pleochroic.

Dumortierite. Only few grains have been observed. Marked pleo-

chroism from blue to deep blue colours Is observed. Tha j?,ra|»s are sub-

angular,prismatic and elongated with concheldal fractutfed Surfaces.

Garnet. Very few grains of garnets have been observed. The grains

are su^rrounded, pink In colour and isotropic.

Horizon-B.

Kyanite. It is colourless and prismatic to elongated grains with

semi-rounded edges. Cross fractures and inclined extinction ate chara

cteristic.

Silliwianite. It occurs as platy and elongated colourless grains

having rounded edges, Au.j shows straight extinction and second order

colour.

Corrundum. It occurs as sub-angular,colourless grains having

many inclusions and exhibits very high refractive index.

Staurolite. The grains are angular to sub-rounded and fractured.

Varieties having lemon yellow,greenish yellow,olive green and reddish

brown colour are common. They are markedly pleochroic. The reddish

brown variety gives the maximum absorption.

Gjvrnet. The grains are generally angular to subrounded,riddled

with quartz and magnetite inclusions. The surface is irregular due to

conchoidal fractures. It is colourless and isotropic*.

Hornblende. It . occurs as sub-hedral grains with marked striations

across their cleavages. It is pleochroic in green to brownish green.
Extinction uoto 20^ is noted.
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Tourmaline. It occurs as sub-rounded pink to greenish blue

colours with abraded secondary overgrowth having light blue colour.

The grains are pleochroic and the polarisation colours are generally

marked by body colour.

Zircon,sphere,dumorterite 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 narked variation in the characters and distribution of henvy

minerals. Horizon A is characterized by a heavy mineral suite probably

derived from acid igneous rocks. Horizon B is marked by a different

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

earlier.
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CHAPTER-V

PETROGEMESIS AND iiSTAMORPHISM

5.1. INTRODUCTION

An attempt has been made in the following pages to investigate

the genetic aspects of the various rock types described in the

©receding chapter,based mainly on their field relations,mineral pan

genesis and grade of metamorphism. The chemical aspect involved in

the formation of minerals,has been discussed wherever possible, in

the light of the knowledge from the available literature on identical

rock and mineral associations of other districts. In the absence of

chemical data of the rock types 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

and to elicit inferences therein. During the discussions emphasis

has br.en given on the origin of amphibolites,granites and the iron

ore bodies.while the genesis of the ultrabasics and the chromite

deposits have been dealt in Chapter VI & 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,which form seoarate
a

structural and metamorohic domains. The depositional conditions of

•the Younger Sedieentaries have already been mentioned in Chapter IV
along with the petrography.
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5.2. PAUNI FORMATION

As mentioned earlier the Pauni Formation chiefly consists of

chlorite-schists with few thin layers of mapnetite-quartz-grunerite

rocks and with intrusives of ultrabasic,basic(amohibolites) and acid

rocks (granite and pegmatites).

5.2-1. CHLORITE SCHISTS AND QUARTZ-MAGMETITE-GRUNERITE ROCKS

The composition of the country rocks indicates that origirally

the sediments were deposited mainly as ferruginous clays with few

iron rich siliceous bands. Presence of chlorite indicates that clays

were rich in iron-oxide and alumina and poor in alkalies. During the

regional metamorphism in the greenschist facies the clays were converted

into chlorite schists. Locally few ferruginous silica rich layers gave

rise to quartz-magnetite.grunerite assemblage. Stress environment is

generally considered to be conducive to the development of grunerite.

The formation of grunerite in regionally metamorphosed iron rich

siliceous sediments has been discussed by many authors(Gruner 1922,

Tilley I935,Ty'.er 1949).Grunerite is believed to have been developed
either from siderite or from greenalite,which were formed during

diagenesis of the sediments. The following eouations represent the

trend of formation of grunerite.

7 Fe C0-+ Si0o + H„0
) {0H>2Fe7Si8°22+ 7 C02

Siderite Grunerite

7 Fe33i203(ori)4+10 Si8022__> 3(0H) Fe Si.0„+ U « 0.
Gracnnlite ' *

Grunerite

HarkerU932Considers tl.pt 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

rocks of West Manquette,Forth Michigan are considered by James(1955)

to have derived from both carbonate and silicate facies of primary

iron formation. The change from lower grade silicates to grunerite is

* simply 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 grunerite was derived from the lower grade silicate

i.e. greenalite. Pure iron rich and silica rich portions were trans

formed to magnetite and quartz.

5.2-2. AMPHIBOLITES

Metamorphic rocks composed principally of hornblende and

plagioclase are grouped as amphibolites. Genetically amphibolites are

grouped into two divisions (1) ortho-amphibolites and(2) para-araphi-

bolites. The former is metamorphosed derivatives of dolerites,

gabbros,basalts and basic tuffs,while the latter generally results

from the metamorphism of calcareous or dolomitic sediments. In many

regions both para-and ortho»amphibolites occur together which have

posed many problems for their proper grouping. The problem is compli

cated because of the identical mineralogical composition and general

absence of relict minerals and textures. In ortho-amphibolites,the

initial cross-cutting relationship between the dikes and country 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;r'ilcox and

Poldervaaetl958;"Talker 1960,-Ev.vuip and Ie-?ke,1960;Leake 1964).
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Yodar and Tilley(1956)) during their experimental Invsstigatiors

on the basalt-water system have found that basaltic magma with high

water content would crystallize directly to amphibolites or hornble

ndites. Filcox and PoldervaaYfc'l?58) have raised the question,whether

some of the amphibolites and hornbierdites described in the literature

as being of metamorphic origin were not really of primary magmatic

origin. This view has added a new significance to the amphibolite

problem. However, this has yet to be corroborated with proper field

andlaboratory evidences.

Table 24 gives a broad d outline to distinguish between para

and ortho-amphibolites. The salient features of the Pauni amphibolites

are also given for comparison, On 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 originally as sills of b-'.sic composition into the country

rocks undergoing regional metaracrphism. During the regional rneta-

rrorpbisnathe pyroxenes were completely converted into hornblende. The

silica released during the process formed interstitial quartz. The

original labradori':o was changed into andesine. The calcium left in

this process was consumed in the formation of sphene and epidote. From

the mineralogical evidences it is assumed that the original basic

rocks did not undergo the preliminary stage of conversion to albite-

actinolite or albite-hornblende assemblage of the greenschist facies,

but were directly transformed into the hornblende-andesine assemblape

of the almandine-amphibolite ficies; whereas the country rocks of the

area belong to the greenschist facies. The anomalous mt frxmorphism of
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the basic rocks is probably due to the varying water content and their

difference from the country rocks in susceptibility to the same inten

sity of stresses. The chlorite observed in the amphibolites appears

mostly as secondary alteration product after hornblende.

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 along the margins of

amphibolites may be due entirely to crushing and only incipient recy-

stallization during metamorphism (Poldervgart 1953). The amphibolites

of northeastern part of Edward area, Adirondack mountains, New Yrok

showing such fine graJLped- margins, give the appearance of relict

chilled zones (Engel and Engel,1962). However, it has been doubted if

such margins are really chilled zones. In the absence of positive

evidences of crushing effects in the amphibolites of the oresent

area, it has been assumed that they most probably represent the

relict chilled margins.

5.-2-3. GRANITES.PEGMATITES MiJ MIGMATITES

GSNE.IAL CONSIDERATIONS

Since the middle of the last centuary, the origin of granites

has been one of the most debated and disputed problems of geology.

It still continues to be so, inspite of the great strides made in the

fields of petrology and petrochemistry. The granite controversy has

arisen due to the fact that rocks of similar composition have

been observed in different settings varying in shape,size,structure ,

association, and distribution in space ar.H time. Hence different
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schools of thought have been established around this problem. Some of

the renowned geologists like J.J.Sederholm,C.S.r'egmann,?.Eskola,

N.L.BowonHhH.Read,E.?.aguin and A, P.Buddington, devoted many years of

fruitful research on the problem of granites. Accordingly vast amount

of literature has accummulated on this problem. Though it is beyond the

realm of this work to go deep 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 understand the genetic, aspect of the

granites and allied rocks of the present area.

Broadly, there are two different lines of approach to the origin

of granites, one followed by the 'raagmatists' and the other by the

«tranatomists'. The magmatists consider that granites are of igneous

origin, as a result of consolidation of a magma or a fluid rock sub

stance, intruding into the country rocks. According to the 'tranofor-

mists' granites are formed by a process 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 opinion with regard to the source

of the grarite magma. Similarly the transformists disagree on the

process of granitisation. In many granite districts, there is an

intimate association of granites ,pegmatites and migmatites. Hence

the problem of granites is interlinked with that of pegmatites and

migmatites.

Origin 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 sediments giving rise to a magma of

granitic composition (palingenesis of Sederholm). Similarly,

granite, magma is produced by differential fusion of mixed

rocks in the continental basements(anatexis of Eskola).

(c) 3y 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 diffeientiation 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-

ctic magma, that on :consolidation gives igneous rocks.

Bowen (1948) strongly supports 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 uppermost

differentiate produced by repeated gravitation and tectonic(fi?ter

pressing) separation of series of crystals fr6m a continuously

changing mother liquor.Turner and Verhoogen<1961) accepts the hypothesis

that most large bodies of granite rocks have formed from a granitic

magma. They think it probable that largely liquid and granodioritic

magmas formed by almost complete fusion of deep seated rocks, or
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squeezed upwards from deep zoi.es of partial fusion have repeatedly

invaded the upper crust on large scale. In addition to the above

extensive magmas, these authors envisage the existence of small bodies

of granite magmas derived from the differentiation of basaltic magmas.

According to WInkler(1965) granites ,like the granitic portions of mig

matites, have crystallised from anatectic magmas. He Agrees 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 field and laboratory evidences are often called

in supoort of granites of magmatic origin.

1. The acid bodies show intrusive characters and discordance with the

regional trend of the country rocks. They inject apophyses into the

earlier rocks and enclose angular to sub-angular shaped fragments of

the surrounding rocks.

2. It shows several evidences of magjttatic stoping.

3. It shows contact metamorphism on the country rocks without any
gradation.

4. In bigger bodies there is progressive increase in grain size from the

outer cooling surface towards the core of the mass.

5. It generally exhibits flow structures and typical joint Pattern

causad by the mass flowage of the magma.

6. Gradational features in the mineral composition within the granites,
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 felspar is microcli
me



(or orthoclase) with little or without microperthitic intergrowth. Further,

the plagioclase present commonly exhibits zoning.

8. Included minerals represent those of the earlier crystallization from

the magma. They show sharp boundaries with the host.

9. Monoliths and xenocrysts may show reaction effects.

10. Presence of unusual accessory minerals.

11. Oeuteric alteration or autometamorphism exhibited by the minerals may

be considered as the end phase of magmatic crystallisation.

Views against magmatic origin. The most important argument opposed to

the magmatic origin of the granites 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 question.

It is logically explained that only a small quantity of granite

car. be formed by the fractional crystallisation of a basaltic magma.

Daly(1932) has remarked thus,"a stupendous quantity of basalt would

have to crystallize in order to make a batholith of granite:'.. The

transfomists agree that small bodies of granite can form by the above

processes but vehemently oppose the idea that bigger bodies of batho-

lithic dimension result from this process.

Granitisation

Grout (1948) defines granitisation as follows !i It is a group

of processes by which solid rock(without enough liquidity at any time

to make it mobile or rheomorphic) is made more like granite than it

was before, in minerals, in texture and structure or both."
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The ear'Ier advocates of granitisation considered that metasomatic

replacement took place in a pervasive fluid medium variously designated,

as 'emanations' 'ichor' or 'juice'. In these metasomatic

processes only small part of the mass would be liquid in a disseminated

or pervasive state. The above process has been termed as 'wet' gra

nitisation by Bowen (1948). Later, the idea of solid diffusion ('dry

granitisation) was advanced, wherein the migration of Ions through

crystals, devoid of a pervasive liquid, caused granitisation.

'Met' granitisation

According to the differntial anatexis(selective fusion) theory of

Sskola(1933) quartwfelspathic portions of silicate rocks in dee? zones

melt, and the intergranular liquid produced would be injected along the

shear ?lanes of the rocks, migrating over great distances. The mobi

lised material by metasomatic replacement gives rise to great masses
of granite of batholithic dimensions.

Reap" (1948) visualises granitisation as aPlutonic problem closely lin
ked up with migmtitisatioit and anamorphism. The formation of a

series of met amorphic zones is attributed to changing physico-chemical

controls caused largely by the permeation of metasomatising solutions.

Read opines that only by this process can original sedimentary textures

and structures be preserved. Goodspeed(1948) explains the following
mechanisms for the formation of granite masses during t*e climax

of progressive metamorphismj (a) gradual permeation of activating
solution,(b) recurring fracturing permitting solutions to act Progre
ssively upon the wall rocks, (c) crystalloblastic growth from cent,

:res
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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 granites is closely

related to regional metamorphiam of geosynclinal sediments. During

regional metamorphism potassium and water are released from the sedi

ments creating hydrothermal solutions,which transport the material

necessary for the formation of granite composition. Marmo considers

that "if the regional metamorphism is technically simp'e, granodiori-

tisation of sediments with localgranitisation phenomenon will probably

result. If, on the other hand, the regional metamorphism is accompanied

by strong tectonic features, the places of lower free energy will cer

tainly attract the hydrothermally removed materials and they will be

accumulated there forming aplitic, pegmatitic or granitic veins, dykes

or large bodies, often appearing as the metasome of migmatites".

Among the Indian workers Sharma(1953).Bagchi (1957) and

Jhingran (1958) have cited several field and laboratory evidences

in support of granitisation processes. Sharma 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, pegmatites and migmatites of Rftnchl Plateau,
Bihar, has concluded that these acid rocks have formed due to syn
tectonic granitisation of the pelltic ,.nd semlpelitic schists by

the permeation of the granitic fluids. He has further correlated

the granitisation with the Satpura orogenic cycle. According to
Jhingran (op,cit.) the extensive Bundeikhand granites and gneisses



-:137:

have originated as a result of intrusion of magmas formed by anatexis

and palingenesis, followed by metasomatism of the country rocks.

Solid diffusion ('Dry' granitisation)

Solid diffusion was advanced as a hypothesis in opposition to

transport by a pervasive liquid (ichor) by ?errin and Roubault(1937).

They rejected the medium of liquids or fluids entirely. Many workers

like R->-mberg(1944),3ugge(1945),Backlund(1946), and Reynolds (1947) have

discussed in detail the merits of solid diffusion to produce granites

of batholithic dimensions. Romberg cites an activity grandient for the

migration of ions while Bugge suggests a gradient of chemical potential.

Certain nuclei! in the earth's crust with concentration of tempera

ture or pressure are envisaged. From thse centres of activity or

potential,migration of ions take place towards areas of normal pressure

and temperature conditions. Migration' of ions causes replacement

leading to the formation of granges. Durt i, the migration the rocks

are immersed in a molecular and ionic system of particles through the

interstices of the minerals themselves altering the rocks metasomati-

cally into granites. Reynolds(op. citf) concludes thatduring the complex

series of ionic migration, there is a balanced addition and subtra

ction of the materials, as a result of which while the rocks approach

the composition of granite, others receive additions including Fe,
and Mg expelled from them and become more basic. Migration of ions is

supposed to take place through space in the crystal lattice from one

lattice Point to another within the crystal mesh,and the boundaries

of theclosely packed crystal grains, Backlund(op.cltj states that
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"granitisation is amigration of ions within solids by way of structural

faults,deformations and crystal discontinuities and by means of poten

tial differences of lattice energies, the result being remodelling
and substitution".

Migmatitisation. As migmatitisation is generally related and coeval

with the formation of granites the following three mechanisms are

accepted in its evolution on the basis of the foregoing discussions;

(1) Injection of magma along the planes of weakness, the resulting

migmatitites are termed as arterite or injection gneiss.

(2) Metasomatism of the country rocks by the permeation of 'ichor'

or granite juice.

(3) Differential fusion of host rocks yielding granitic liquides

which segregate into thin bands, discontinuous streaks and

veins.

Evidences in support_of_grAni^isJItion. The following evidences are

gene-ally cited in favour of granitisation.

1. In many granite districts sections across the strike 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 orientation of skialiths in conformity with the country
rocks.

4. The strike and diP of foliations of the granitesCgneisses) are in

continuity of the identical directions with foliations in the

surrounding metamorphic 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 country rocks are

Identical mineralogically and chemically with the. phenocrysts of the
granite bodies.

7. The ptygmatic folds are proof of deformational movements, during
granitisation when the environment was at amaximum state of hmobili-
sation,

8. The granitic material may grade from one point to another from the
pegmatitic facies to the aplitic facies or to real granite.

9. Mhere 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 rra,,tl ,Jrtonjaocoss. Bower. (1948) notes that the heat
supply to keep the wtMomMl.trg solutions fluid as they pemeate
"lies „f reLatWy rold recks „ust be enorneus and It eannot be avai-
Ubl. at the source of the solutions. further the eonversien of the
lo» 6rade Minerals of the ,eosy„cli„al sediments to hiE„ grade Mnerals
of granite requires very laree heat energy. The ichor is incapahle of
producing the rehired e„erEy. Hardin, the solid diffusion process,
its advocates have not give„ any satisfactory emanation regardi,* '
the nature of „igration of ^ ,„„,_ Tn ^ rf ^^^^
all the atocs ef the various constituents of the rocks arc equaHy
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affected. Few questions on this arise,which of the ions would migrate
and which would be left behind ?Uhat happens to the Fe,Mg,Al ions

which are removed from the reolaced sediments? The -basic front' idea
of Reynolds is not supported universally by field evidences.

The granites,pegmatites and mjgaatjtea of tfae ^

The acid bodies of the area show the following field and labora
tory evidences in support of amagmatic origin:

(1) The granites,pegmatites and the quartzofelsoathic veins forming
migmatites are interrelated in their field features and minera-
logical composition.

(2) Majority of the acid bodies shows concordant relation with the
chlorite-schist country rocks. Some of them exhibit discordant
relation with the ultrabasic and basic intrusives.

(3) They show sharp contacts with metamor .hie effects.on the
intruded rocks particularly on the ultrabasics.

") They generally have lenticular form and pinch and swell structure.
(5) Individual bodies exhibit uniform texture.

(6) Z,nlng of plagioclaseColigoclase) mineral.^Corroefc-n effects
on the felspars are often observed in thin sections.

The genetic relationship of the granites,Pegmatites and the migma
tites is dearly apparent in the field, v/here large number of acid
booies occur at Close distances, the quartzofelspathic veins are fairly
tnick and continuous. Away from these bodies or where the lenses are
- wider intervals, the metasome is thinner and discontinuous. Further
^e mineralogical chapters of the quart, felsPathic veins and bigger
acid bodies are quite identical.
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The cross-cutting relations shownby the granites and pegmatites

on the hard ultrabasics (including chromite bodies) and amphibolites

clearly indicate that they forced their way into the host rocks. The

contacts of the acid bodies with the ultrabasics are rather sharp with

contact metaraorphic effects. Further these evidences contradict the

idea that they were formed by granitisation(or metasomatic replacement),

The chlorite-schists of the Pauni Formation have been migmatitised

to varying degrees. It is clearly deciphered that a melt of quartzo-

felspathic composition penetrated or injected along the foliation

planes of the Chlorite schists to form migmatites (injection gneisses

or arterites). The quartzoTfelspathic material(metasome of the migma

tites) form discontinuous streaks and Ienticles in the folia of the

schists. Probably during the initial deformational movements, the

nelt 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

granites and pegmatites of varying dimensions.

It is assumed that the magma or melt was formed in the deeper

parts of the earths crust and they migrated upwards during the later

phase of first fold movements and entered the weaker planes of the

chlorite schists and earlier intrusives to form granites.pegmatites

and migmatites. Hence it has been concluded that the acid bodies

of the Pauni Formatioi are co-magmatic in origin.
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5.3. PARSORI FORMATION

The area investigated contains only ?art of the Parsori Formation.

represented by chloritoid-chlorite-muscovite-schists showing spotted
and cataclastic 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 (Barker op. cit.). In the present area the Eh

chloritoid muscovite-chlorite-schists occupyW *one indicating
that chloritoid has developed as aresult 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> ~f
Pande and Mahajan(l967). The texture,structure and the mineral
composition of the schists clearly indicate that these rocks have

undergone two stages of metamorpbism; the first is of low grade
regional type (greenschist facies) and the second is presumably
due to dislocation metamorohism( directional stresses dominant)
developed during the faulting f£. Further work on this formation
towards north and northwest may prove the above concept.

5.4 3HIWAPUR FORMATION

The Bhiwapur Formation consists of the phyllites.quartz-
Phyllites (garnet and biotite bearing) and iron ore bodies. These
rocks were originally deposited as oolitic to semi-pelitic sediments,
with linear lenses of siliceous iron rich sediments. On regional
metamorphism, these 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-phyllites and the garnet-quartz-

phyllites is of primary natureC There is lack of evidence to show

that the chlorite is an alteration product of biotite and garnet). Ir

garnet bearing rocks the stability relation of garnet with chlorite

is explained as follows (Atherton,1954).

Shlorite1 + Quartz -> Garret + Chlorite. +H 0

Chlorite2 is magnesium rich compared to chlorite

Almandlne is the typical garnet of the garnetiferous schists

resulting from the regional metamorphism of argillaceous sediments.

The standard reactions suggested(Tilley,1926;Farker,1932) for the
development of garnet are:

(i) Chlorite +Muscovite +Quartz _* Garnet +Water with
some ores also taking part.

(ii) Biotite + Quartz p Almandine + K.felsoar.

The biotite,garnet and some quartz of the quartz-phyllites

occur in the matrix generally as porphyroblasts. Biotite flakes

form xenomorphic clots with minor amounts of quartz,epidote and

muscovite. It appears that they formed around several nuclei!. The

linear feature of many of these clots of biotitesuggest that they
are syntectonic in origin and grew parallel to the direction of

movement (fig. 54 ). It is apparent that the Porphyroblasts have

developed and grown into their present size from smaller constituents
during ^crystallisation. Similarly the coarser quartz grains
observed in thin laycrs and lenses have recrystallized along structural
Planes.
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It has been observed that the phyllites adjacent to the quartz-

phyl'ites are free from biotite and garnet. This can be explained due

to the differences in chemical composition of the Sediments, According

to \therton(1964) biotite forms in more quartzose rocks and is absent

in the more aluminous and quartz-poor rocks.Biotite develops in the

greenschist facies if the rock is deficient in alumina and fairly rich

in potash where the rock composition does not allow chlorite as the

only ehase. The simultaneous development of chlorite.biotite and

garnet within the same rock unit indicates that the chemical varia

tion in the sediments is sufficient to produce different assemblages

at the same pressure temperature conditions.

The phyllites are formed of chlorite.sericite (muscovite)

and quartz. There has been general recrystallization due to the stresses

developed during folding. Recrystal lization and re-arrange-pent of

quartz.chlorite etc. in the microfolds were controlled and conditioned

by minor folds. Corrugation and microfolds (fig.52,53)observed in

some of the phyllites and the development of slip cleavages (fi,g.49,50),

indicate different phases of deformations suffered by these rocks.

Porphyroblasts of magnetite and chlorite occur independently

or together. Sometimes quartz is associated with them. These porphy

roblasts appear to have been formed by the recrystalIisation of

detrital matter during metamorphism.

Pressure-shadovra. In the quartz phyllites,biotite sometimes occurs

in the pressure-shadows of quartz-porphyroblasts. Similarly chlorite

occupies the pressure shadows of magnetite porphyroblasts in the
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phyllites. The pressure-shadows are generally V-shaped with apices

pointing in the direction of foliation. Pabst(1931) considers pressure-

shadows to be the result of extension in the host rock in the plane

of schistosity which tended to pull the matrix from the sides of the

porphyroblasts, 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 pjfo*-

phyroblasts do not exhibit any sign of rotation. It appears that in

these rocks, after the development of porphyroblasts, the superincum

bent pressure created stress free zones around their fringes in the

direction of foliation producing pressure shadows,where neo-crysta-

1lization of biotite and chlorite took place(Fig.47).

5.4-1. THE IRON-ORE BODIES

The origin of iron formations associated with metasediments has

been a disputed problem. There are two views on the genesis of

magnetite of the metasediments (i) it is either a primary precipitate

or x has formed by diagenetic reduction of ferric hydroxide and

(ii) it is the result of metamorphism and oxidation of earlier

ferrous iron minerals.

Many workers have supported a primary origin for the magnetite,

particularly with regard to the Iron-formations of Lake-Superior

region (Castano and Garrels,1959;Krumebin and Carrels,1952;

Huber 1958,1959;James,1951,1*54), According to these workers the

Eh(oxid tion reduction potential ) and pH (hydrogen ion concentra

tion) of the sedimentary environment govern the type of iron
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minerals precipitated. As the iron rich sediments are considered to

have been deposited in restricted basing where hematite cannot be

stable due to the prevalence of reducing conditions magnetite forms

by the settling of ferric oxide from the sediments.

The formation of magnetite as a product of regional or thermal"

metamorphism has been supported by Gill (1927),Goodwin(1951) and

Laberge(1964), They conclude that magnetite is not a primary mineral,

and it has developed by the oxidation of pre-existing ferrous Iron

minerals mainly greenalite and siderice. Magnetite also forms by the

reduction of hematite during regional metamorphism. In open basins

the iron hydroxides in the sediments, on dehydration become

hematite,which convert into magnetite ore during the regional meta-

morpMsm. The banded magnetite-quartz rocks, associated with the

?re-Canbrian rocks of Madras and Bihar are the products of regional

raetamorprism of the original banded ferruginous sediments

(Krisbnan,1955). The magnetite in the iron-ores of Bailadila range-

Bastar district are considered to have formed during the regional
metamorphism (Chatterjee,1962 ).

The eabsence of appreciable amount of magnetite in sediments

that have undergone only diagenesis in many areas, and its occurrence
in considerable amount in the metamorphosed equivalents,strongly
support the metamorphic theory. La Berge Cop. cit^ ls of the opinion

that large amount of magnetite forms in the iron rich sediments

by low grade metamorphism in the chlorite and biotite zones.



147:.

The magnetite In the iron ores of Bbiwaour is intimately

associated with garnet, grunerite and quartz. While discussing the

regional metamorp- ism of iron rich sediments Marker (1932) has cited

similar examples for the iron ore deposits of Tumaberg, Sweden where

some of the associated rocks are entirely composed of grunerite and

garnet and similarly in parts of Lake Superior regions,grunerite and

garnet are closely associated with magnetite. In the Banded Iron

Formations at broken Hill, Australia*, the iron ore bodies are

associated with garnet quartzites (Richards,1966) and garnet forms

an important constituent of the gangue.
., . , The quartz-phyllites enclosing
the iron-ore lenses are garnetiferous. Further, the quartz phyllites

and Phyllites contain porphyroblasts of magnetite crystals. From the

mineralogical 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

Bhiwapur were formed by the regional metamorphism of linear lenticular

layers of iron rich sediments. It is difficult to conclude regarding
the nature of the original minerals(ferrous silicate or hematite)

from which the magnetite was derived. The association of the magnetite
with the undoubted metamorphic mineral assemblages (garnet and

gruneriteHeads to the inevitable conclusion that the magnetite formed
during the regional metaaorphlsm of the Bhiwapur Formation.

The hematite in the iron ores of Bhiwapur is aproduct of

alteration of nagnetitefMartitisation). The goethite and iepido-
crocite are of supergene origin.
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5.5. GAIDONGARI FORMATION

The Gaidongari Formation consists of slaty shales and banded

slaty shales.quartzites,meta argillites meta-greywacke,slates,

variegated slates and conglomeratic slates. These rocks represent

the originally deposited mudstones, si ltstor.es, claysand sandstones and

paraconglomerates,which have undergone very low grade regional meta

morphism of the green-schist facies. Metamorphism has not exceeded

beyond the development 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 predominantly argillaceous character of the rocks

and the absnnce of shallow water sedimentary structures. In the early

period of sedimentation, the deposition of the sediments was steady

and the tectonic conditions were stable. However, in the later part,

the tectonic environment was unstable causing rapid erosion,trans

portation and deposition. This is evidenced by the occurrence of

greywacke and para-conglomerate horizns and the large amount of

rock fragments contained in the rocks or the upper part of the

Gaidongari Formation. The oara-conglomerates(tilloid) are normally

a product of turbidity currents caused by sub-aqueous mudstreams

and slurries (Pettijohn 1957).
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CHAP | E R-VI

THE ULTRABASICS

(•

6.1. INTRODUCTION

As in other chromlte occurrences in the world the chromite

deposits of Pauni are genetically and structurally associated with

the intrusive igneous rocks grouped as the ultrabasics(ultramafics).

The chief characteristics of ultrabasics are low silica content and

high percentage of magnesium. They are extremely rich in basic magne

sium-iron silicate minerals like olivine and pyroxene. Fresh ultra-

basics were not encountered during the course of the present study in

the area upto a depth of 25 m. from the surface. The ultrabasic rocks

have been completely altered due to hydrothermal processes,and except

for the chromite,no primary mineral is preserved in these rocks. Fur

ther due to the mineralogical changes and the defomations suffered

by these rocks, the primary textures and structures have been mostly obi
terated. "«. Hence, it was not possible to determine properly the

textural and Paragenetic relations the chromite grains have had with
the magmatic silicates.

As the rock types representing the ultrabasics are derivatives

of the hydrothermal metamorphism,their nomenclature does not foil
the classifications adopted for unaltered ultrabasics. Several a
Mages consisting of the following minerals represent the alter

ultrabasics:serpentine(antigorite and chrysotile), talc.tremolite,
actinolite,anthophyllite,cUor^

rite),chromite, phlogopite,vermiculite,auartz and chalcedony. I„
the field "it is very difficult to recognize the rock types except to

ow

seem

ed
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identify them as talc rich,amphibole rich,chlorite rich and chertified,

ultrabasics and chromitites.

6.2. DISTRIBUTION,SHAPE AND SIZE

The majority of the ultrabasic bodies lie in the area between

the Pauni-Belgatta-Khapri road and the Khadan nullah(Map 2). North of

this nullah few exposures of the ultrabasics have been observed in

the Upashya nullah. The ultrabasics occur as intrusives oonfined in

the chlorite schists of the Pauni Formation. The general trend of these

intrusives is USW-ENE. The width of the belt as exposed along the

Wainganga river is for about 2 Kms. Strike wise extension has been

established over 2 Km. towards southwest from the Wainganga 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 ra.thick soil cover. Generally patches of greenish

white to greenish yellow or greyish brown soil suggest proximity of

ultrabasic exo-sures. Along the Wainganga river the ultrabasics

have been limonitised and the altered rocks show brownish yellow,

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 bodies occurring

as disconnected parallel lenses of various dimensions. Although

essentially concordant,these sill like bodies commonly transgress
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the country rocks and pinch and swell in short distances. The bodies

are usually of small dimensions; the lenses rang0 in length from

50 m. toj^over 1000m. and vary in width between 3to 15 m. They occur

in a swarm consisting 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 occupies a synform axis of amajor fold

trending roughly NS-SW direction. Concentration of major lenses

lies along the alignment connecting Nimgaon to the southwest and

Nilkanteswar temple on the right bank of Wainganga river. These

ultrabasic masses have been subjected to deformations like folding,

faulting and shearing (FIgs.90«*cau8ing repetition,disappearance and

crushing. As mentioned earlier(p. 42 ) the ultrabasic rocks show

several sets of joints and at places they have been subjected to

intense shearing. These shear planes are often very smooth with a

soapy feel,but occasionally striations 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 and streaks or coating of black or brownish
yellow colour.

6.2-1. CONTACT. EFFECTS

Though the ultrabasic bodies exhibit adistinct intrusive rela
tion with the country rocks, it is noteworthy that marked contact

effect, on the country rocks are lacking. Whatsoever the contact
effects, the ultrabasics might have produced, have been destroyed
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due to intensive hydrothermal changes and the later basic and acid

intrusives. Along some of the contacts between the acid and the

ultrabasic rocks thin irregular bands of tourmaline-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 asbestos are observed.

6.3. MEGASCOPIC CHARACTERS

Rocks Predominantly composed of talc is comparatively soft and

give awaxy feel. Increasing amount of amphibole minerals makes the

rock rough and harder. Chlorite rich rocks show closely spaced
foliations.

Talc rich rocks exhibit various shades of green,grey and

white colours. Small aggregates of flaky chlorites give dark green
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
Prismatic and needle like minerals. Anthophylllte rocks of minor

occurrence contain hard fibrous needles and show brownish,reddish
brown and greenish prey colours rht~~tt. * ,£ y colours. Chlorite rich rocks Containing

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 occursin small flakes having earthy brown

to greenish brown .colour. The flakes evsily crumble to powder

under pressure. The individual flakes show bronzy brown colour with

cheen under lipht. 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 patches. Disseminated chromite

grains in variable amount give specks of black colour to the rock

and show a spotted appearance. Veins of cryrtocrystalline silica and

quartz cut across these rocks. Banded types represent 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 fibrous 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

direction ) 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 irregular bands of chrysotile asbestosfe

(0.5-1 cm. thick) occur in the ultrabasic rocks near their contacts

with some of the amphibolites. Some regular bands upto 4 cm. thick

have developed near such contacts. Theyare crossfibre type - the

fibres being perpendicular to the long direction of the bands and

stringers (Fig.122). They are white in colour and flexible.

6.4. MICROSCOPIC FEATURES

Mineralogy

As mentioned earlier the ultrabasic rocks of Pauni represent

various assemblages consisting of secondary minerals like talc,

chlorite,tremolite etc. derived from the magmatic silicate minerals

due to hydrothermal alterations. On the basis of the variations in

the amount of the constituent minerals, the following mineral assem

blages have been recognized as different rock types:talc-schist,

tremolite-schist,chlorite,schist,actinolite-schist,talc-tremolite
schist,tremolite-talc-chlorite-serpentine schist. ,tremolite-talc-

Phlogopite schist,tremolite-actinolite schist,talc-chlorite-anthophy-
Hite schist. Some of these rock" tyoes contain chromite as an
important accessory mineral. Sphene,epidote and apatite may be
present as minor accessories.

As the chro„ite deposits f0r„ oart of the ultrabasies these
' along.wUK .their.gangua have been grouped as .rock anits known as

<*romltites. Aeoordin, to Johannsen(1951, chro.itites are composed
of about 95Z chromlte and „„ t.OT B gajigua Kotcv^ t(B ^
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chromitite has been used in this work far rocks having as low as

30 - 40% by volume of chromite,with a prefix of predominant gangue

minerals. On the basis of the predominant gangue minerals they form

few distinct assemblages. The following chromitite assemblages have

been recognized: talc-chromitite ,tremolite-chromitite,chlorite-chromi-

tite.talc-chlorite-chromitite,talc-chlorite-serjentine-chromitite,

chlorite-phlogopite chromitite and chert-(chalcedony)chromitite.0re

deposits with less th-<n 5% gangue have been referred as normal chro-

mitites.

In some of the chromitite sections pseudomorphs of talc-tremo-

lite after olivine have been preserved within the chromite grains

(fig.149 ). Their border with the enclosing silicates ia 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 rocks, suggest that they are mainly derived

from pyroxene minerals. Few psaudomorphs of the primary silicates

are preserved,presumably due to breaking or pulling apart of fract

ured oarts which destoryed the original shape of the primary'

silicates.

A brief account of the various minerals constituting the

different assemblages are given below:

Talc. It occurs in the ground mass as aggregates of fine shreds,

scales,flakes and fibres. Minute ^articles in aggregates give a

mesh like appearance. Prisms and plates are seen randomly oriented

in the groundmass. The talc is generally colourless. Rarely it
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gives pale green colour. The colouied Varieties are pleochroic as

X = pale green or pale yellow, Y * pale yellowish green

Z = 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 tremolite-actinolite

mainly.along the cleavages,. Bigger plates of talc contain relict

patches of tremolites (fig.143). Talc in its turn is replaced by

chlorites .(fig. 145).

Tremolite - Actinolite. Tremolite is colourless to oale green, ^asal

sections show greenish yellowish green shades. ?rismatic grains of

various sizes are randomly oriented,crisscrossing each other (fig.144).

Extinction angles vary upto 22°; few prisms show simple twinning.

Fractures and cracks have developed across the cleavages. Many tremo

lite ps^udomcTpha after pyroxenes are often observed. Schiller

structure is exhibited by many tabular and prismatic grains. Granules

and specks of opaque mineral (magnetite) are oriented parallel to

the cleavages and sometimes oblique to them. In some sections it

appears that the magnetite is a released product during the altera-

tion.whlle in other sections,particularly where the iron oxides

are also oriented across the cleavages, the Schiller structure seems

to have been inherited from primary ..yroxenes.

Pale olive grcen.prismatic,and columnar aggregates of actino

lite are randomly oriented in some sections. These are pleochroic
as X-oale olive green,Z=oale green. Their extinction angle

Lc



-:157:

varies upto 25°. Some of the prisms show closely spaced cross-fractures

Cleavages and fr-ctures generally show fillings of iron oxide. Many

bigger grains exhibit schiller structure. In some of the sections

srall idiomorphic grains of magnetite are associated with the

actinolites. These actinolites also contain small granules of sphene.

Anthophyllite. In some sections it forms long columnar aggregates and

prisms. These are at places cf fibrous nature. Generally it is colour

less, but some sections show shades of pale green and pale brown

colours. Extinction is parallel. Cracks and fractures are filled with

iron oxide. Anthophyllite is generally replaced by talc<

Chl°rlteS- Writes are com on constituents in most of the assem

blages. They appear to be the last mineral to form amongst the

silicates. They also occur in veins cutting across the chromitites.

Chlorites occur in the following form:laths,flakes,scaly and fibrous
aggregates. Generally, the flake, are seen as clusters and the fibres

radiate. In many chromitites and other ultrabasic assemblages clusters
of chlorite flakes are observed around ragged or corroded chromite
grains(fi8.147). They 8how different ^^ rf ^ ^ ^^ ^

Chlorite sections are colourless. The coloured varieties are faintly
to moderately pleochroic. The absorption scheme is as: X=pale
green and greenish white, Y = pale orOPP z.„oii,. ,u» paie 6reen, Z-yellowish green and cream

colour. Some of the colourl^n #1.1, „ tcoiourtess flakes show yellow tint due to

vapos ,f• chlorite. Penninite is the predo.ln.nt member of the
chloritas. It shoM6 parallel extinction and Muish gray to
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anomalous blue polarisation colours. Clinochlore observed in many

sections has an extinction angle upto 8° and generally exhibits low

first order interference colours. Bent flakes of chlorite display wavy

extinction.

The chrome bearing variety-kammeiierite is easily identified

megascopically from its pale violet colour 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 perm-

inita and they appear to be chrome bearing variety of the same.

Serpentine - Serpentine (antigorite) occurs as a mesh formed of

aggregates of fine fibres in random orientation. It is difficult to

discern the individual part. It is colourless and shows low first

order interference colours. In few assemblages it is isotropic or

shows feeble anisotropism. Chrysotile occurs as fibrolamellar

aggregates in some sections. Bending of the cleavages and wavy

extinctions are observed in them.

Though, on the basis of mineral oaragenesis serpentine

apoears to be the first hydrothermal mineral to form; it is of very

limited distribution in space. Assemblages with serpentine as a

predominant constituent are of minor occurrence and in many rock types

serpentine has been largely replaced by later hydrothermal minerals.

?M°S°nite '?hlo8fVite has been identified in some chromitites and

in a few other assemblages. The flakes are colourless to pale preen

or pale yellow and rarely pale brown colour. The coloured varieties are

Pleochroic: X-colourless, Y*pale green, Z=oale yellow to pale
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bronze yellow. It shows an inclined extinction of 4-7*. r:ent flakes

show wavy extinction. The interference colour is of high first order.

Multiple twinning is observed in many flakes. Bigger flakes show criss

crossing bents or kinks across their cleavages(fig.146). Fractures

and cleavages contain some fine dust of iron oxide.

Chromite - In many assemblages small grains of chromite with corroded

borders are observed enveloped by silicate minerals. Many of these

are relict fragments of the original grains,and partly preserved

idiomorphic outlines could be reconstructed (fig.148). The chromite

grains are black or brownish black with a red tint. Rarely grains

show two or three sets of cleavages or partings filled with secondary

silicates at angles between 70-80*.Some chlorite flakes contain small

irregular relict grains of chromite. The detailed features of chromi

tites have been discussed later(ref,;r 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 grains 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 present in them or to coating of iron oxide which has obscured

their optical characters. Certain unaffected portions show pale yellow

tint with a bluish grey interference colour. All the lath shaped

fragments exhibit parallel extinction.
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A sample of the mineral was treated in a furnace to a temperature

above 800°C and the characteristic exfoliation phenomenon was noticed.

The exfoliated fhakes were found to be much lighter in weight compa

red to that of original material. During this treatment.development

of golden, bronzy,and silvery lustre on the flakes was observed,

which is an outstanding characteristic of vermiculities(Nair and

Singh,1966).

Chalcedony (Chert) - Thin sections of chertified ultrabasic show

colloform structure or a mosaic texture consisting of smaller quartz

grains having islands of talc, tremolite,chlorite etc.'In partially

chertified rocks veins of chalcedony have filled in the fractures

and weak planes of chromite and the silicate minerals. Some of the

chromite fragments heave rims of chalcedony.Colloform and spherulitic

textures are common.From the crocs cutting relations of the veins,

two ohases of chertification are di'iCurniblo.The, earlier one is more

crystallinc compared to the later phase.

In the chertified chromitites the unusual association of

chrorrtte and quartz is seen. The -ractures 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.

6*5' HYDROTHERMAL AT,TSRATIONS IN TK£ ULTRAB^TG mnrs

The ferro-magnesian minerals like olivine and pyroxenes forming
the main constituents of dunites and Pertdotites.become unstable in
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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,productng hydrous minerals of

low temperature origin,like serpentines,talc, atnphiboles and chlorites,

Alterations also take place as a result of autometasomatism or

autohydration in the late magmatic stage. If the hydrothermal solutions

carry enough CO2 .Vcarbonate minerals like dolomite and magnesite aaw_ .

are also formed.

As mentioned earlier the ultrabasic rocks of Pauni have been

completely altered due to hydrothermal activities. On the basis of

field and laboratory, evidences these processes can be broadly classi

fied into the following types in the order of their paragenetic

succession:

I. First stage (hydrothermal) (i) seroentinization,(ii) amphiboli-

zation, (ill) steatitization, (iv) phlogopitization, (v) chloritization,

and (vi) chertificationtTable 26),

II. Second stage (supergene) (i) vermiculitization and (ii) lateri-

tization.

Though seroentinization was the first of the hydrothermal changes

to take Place, the low percentage of serpentine minerals occurring

in the various assemblages,suggests that either this process was not

extensive or that most of the serpentine rich rocks were affected

by later processes. Steatitization,amphibolization and chloriti

zation have caused widespread changes, 'hlogopitization has taken

place on a very minor scale. Chertification is alocalised
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phenomenon. The above mentioned processes took place during hydro-

thermal stage. Vermiculitization and later!tization took place

much later 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 araphiboles.chlorite and talc are well developed

and serpentine is developed only in minor amounts (Fisher 1929).

Similarly the chromiferous ultrabasic rocks of Ratnagiri district,

Maharashtra are represented by a suite of hydrothermal mineral

assemblages, as actinolite?t?ewolite-schist,talc-tremolite schist,

serpentine-talc-tremolite schist etc.(Konala, 1966). In the follow

ing oages an account of the physical,chemical and mineralogica!

changes involved in different processes of alterations is giver.

6.5-1. SERPEKTINIZATION

Field and laboratory evidences indicate that serpentiniza-

tion is the first hydrothermal change to take place in the ultra-

basic rocks of Pauni. Pure serpentinites are rare in the area presu

mably due to subsequent processes of alterations. The restricted

occurrence of serpentine rich rocks may be also due to that

seroentinization was not very widespread and affected only certain

parts of the ultrabasic bodies.

Two stages of seroentinization have been established. The

first stage is represented by the massive type mainly aotigorite
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having replaced the magmatic silicate minerals. The second stage,
mainly represented by the chrysotile,was probably connected with the

later deformational activities since they were formed in veins and

bands along weak planes.

The process of seroentinization of ultrabasics has been amuch

debated topic. That seroentinization is a deep seated Phenomenon

has been proved erroneous by recent workers. Graham(1917) and

Benson(19l£) regarded it as alate magmatic Profess. Hess (1932,38)

thinks that serpentinization is either late .magmatic or deuteric .

(autometasomatic)process and peridotite magmas are hydrous magnesian
melts possibly approaching serpentine in composition. Haapalrfl936>
and Schurenberg(1954) support the view of Hess that seroertini,

zation is due to autometaraorphism.Eowen and.rUttle(1947) have

proved that seroentines cannot be formed at temperatures above

50°*C -^ thnt fo™tion of serpentine by the action of water on
forsterite can occur only below 40C-C. They deduced that serpenti
nes cannot be formed by the intrusion pf amagma of serpentine

composition at comparatively low temperatures. Hess (1946) has

Inter accepted the views of Bowen and Tuttle with certain reserva-
tions.

It was also concluded that the serpentines are unlikely to
occur through the transformation of nn„,„o.-c on ot olivine and pyroxene crystals

by their acqueous mother linuor Cautometamorphism).
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Mg23iO^ + MgSiO, + 2H20 -4Mg3Si20w(CH)4
forsterite fertJtatitte serpentine

Bowen and Tuttle (op. cit.) funrther suggest that olivine and'

pyroxenes are introduced in the crystalline state(mush form) without

water and are subsequently serpentinized below 550C by water vapour

acquired through contact wth wet country rocks. If the rock contains

only olivine then water vapour will yield serpentine and brucite

below 40o°C.

2 Mg2Si04 +3 K20 _^-g3Si2O5(0H)2 + Mg (GH)^
forsterite serpentine brucite

If CO were present to remove excess magnesia as soluble

carbonate then serpentine could still be formed upto 500 C.Another

reaction by which seroentinization of olivine could occur involve

the addition of silica.

3 Mg2Si04+Si02+4 H20 _^2 MgjSijOyOH)^
forsterite serpentine

but this would involve consisderable increase in volume for which

there is not much substantial evidence,

Turner and Verhoogen (1960) accepted as a working hypothesis

the duel concept of intrusion of peridotite magma in a largely

crystalline condition,with simultaneous or subsequent seroenti

nization of its constituent minerals through the activity of acqueous

solution of vapours derived for the greater part from the surrounding

rocks.
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One o^ the chief problems in serpentinization is the question of

volume changes. Calculations by Graham(1917) indicate an increase of

40 - 647 in dunites and 34 to 387 in peridotites.Hess argued that if

the ultrabasic magma had a serpentine composition-,on emplacement

there would have been 5% decrease, but as his basic hypothesis was

proved erroneous by Bowen and Tuttle,other alternatives have since

been sought. 0lsen(1963) and Grubb(1962) believe that serpentiniza-

tion is largely determined by former stresses in each ultrabasic body.

In areas where folding,faulting and fracturing are at an optimum,

intensive serpentinization and corresponding 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 carbonate

composition, these having diffused in from the surrounding ultrabasic

mass. On solidifying these formed serpentine and magnesitc veins-

(alternatively under higher stress/temperature conditions,chrysotile

veins and replacement veins were formed). Recently it has been proved

that serpentinization does not involve any change in volume(Thayer 1966)

In some circumstances peridotites reheated by extraneous solu

tions may be serpentinised during the cooling cycle,as for example

when talc occurs as ?seudo,torj»h3 a£ter enstatlteO>eer,et.al. 1962).

6MgSi03+3 H2OWg3Si205rOH)4 +Mg3SI40lo(0H )£
e-nstatite _> terpentine talc

Seroentinization can take place chemically by the following
reactions as well:
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Mg SiO^Mg Si0?+2H20 > Mg3Si20 (OH)
forsterite enstatite serpentina

2Mg2Si04+ 2H20+C02 ^Mg3Si2C5(OH)4 +Mg C03
forsterite serpentine siagnesite

The process of seroentinization requires large amount of water.

Th« source of water has been a subject of controversy. Three main

sources have been suggested(enson 19l8jTurner and Verhoogen 1960).

(1) Water derived from the ultrabasic magma itself.during the last
stage of its consolidation.

(2) water of magmatic nature derived from other intrusives(mainly
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 serpentinization may occur during the last magmatic

stages by auto-hydration especially in the dunite or pyroxenite.

Granite intrusives no doubt cause seroentinization and other hydro-

thermal alterations on varying scale. As mentioned earlier.peridotites

under some circumstances reheated by extraneous solutions may be ser

pentinized during the coolir.g cycle. S^me workers Ou Reitz l935,Keep

l929,Bowen and Tuttie 1949) have attributed serpentinization to the

extraneously introduced magmatic water derived from nearly intrusive
granites.

According to most of the modern authors -Betekhtin(1962),

Den Ted(1959),Nerbert(1959),Kaaden(1960),P.oss et al (1954) and \
Borchert(I958,l960), the mass seroentinization must be ascribed to I
secondary tectonics and th:, infiltration of extra magmatic water.
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This water may originate in the wet geosynclinal sediments.

The degree of serpentinization of an ultrabasic province is

controlled by(a) the amount of water availableCb) the permeability of

the rocks and (c) degree of fracturing and fissuring. Peridotite.

bodies of the same mineral composition may be more serpentinized in

certain oarts than others,and the reason for this,is probably the varying

amount of fissuring and difference in grain size and texture. Seroen

tinization,as a hydrothermal processes controlled by the zones of

weakness and fractures etc. among which is also the zones with largest

mechanical anisotroo^.contacts between massive, ores and peridotites
I-a

anisotrop^i

or dunites.

In the Great Dyke of Southern Rhodesia,serpentinization is

observed to be a comparatively late process in the history of the

dyke. It commenced probably after the consolidation of the dyke and is

still in progress where conditions are favourable such as sufficient

water suppiy.high rock permeability,and planes of movement which act

as venues for water circulntlondJorst,I960). Here the process of

seroentinization is a surface phenomenon progressing downwards.

Serpentinization extends to greater depths only along fault planes.

In the Nausahi ultrabasic belt of Orissa,serpentinization does

not proceed very far to the depth.Which has been proved by drilling.
*resh dunites and Peridotites were touched at depths of 20 to ^^"^
22 a. The absence of serpentinization in deeper zones has cast

some doubts on the contention that serpentinization is adeop seated
phenomenon.
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In the Matherson ultrabasic belt N.Ontario, two different

phases of serpentinization has been noticed, an initial relatively

'minor phase of autometasomatism assisted by acqueous solutions derived

from the country rocks during emplacement,and a second intense stage

of hydrothermal alterations connected with the later igneous activity

(Grubb 1962). The chief serpentinizing solutions were acqueous solutions

with dissolved CO^ which moved up along fault planes effecting intense

carbonatization,serpentinization and eventual steatitization in the

ultrabasics. The source of serpentinizing solutions is considered to

be deeo seated.

In the Pauni ultrabasics C02 does not seem to have played any

part in the reactions which resulted in serpentinization,as carbonate

rocks have rot been observed in the altered varieties. According to

the drilling reports of the Orissa Cements Ltd.(1961).unaltered

ultrabasic rocks were encountered in the deeper parts. This evidence

rules out the probability of automatasomatism or silica rich, acqueous

solutions derived from geosynclinal sediments as causes of serpentini

zation. As evidences of mass serpentinization are lacking in these

ultrabasics,it is presumed that the serpentine minerals were formed

as a result of the reaction of silica rich solutions provided by the

granites and pegmatites with the ultrabasics.

6.5-2. AMPHIBOLIZATION

The hydrothermal alteration of more calcium rich ultrabasic

rocks, as well as.the effects of calcium rich solutions on normal

ultrabasic rocks.results in the formation of tremolite and chlorite
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instead of serocntine,if sufficient aluminium is available(Turner

and Verhoogen.1960). In the Pauni area,the absence of carbonate minera

ls in the altered ultrabasics,suggests that the tremolite rich rocks

have been derived from the primary ultrabasics rich in CaO.

The development of tremolite-actinolite in the ultrabasics,as

secondary minerals,has been reported from many areas. The ultrabasic

rocks of Unst.Shetlands islands,have been altered into tremolite

actInolitE*tremolite-talc,and tremolite-carbonate-antigorite schists.

However, Read(1934) considers these assemblages to be products of

low grade regional metamorphism. Formation of tremolite,by the hydro-

thermal alteration of olivine and pyroxenes of the ultrabasics,has

been reported from Norway and North Carolina (Fisher.- 1929),

Macdonald(1941) has described zones of talc- .actinolite,and of

actinolite,around .nodules of serpentine enclosed in mica schists,

adjacent to quartz diorites in the Sierra Nevada region. The talc

and actinolite are considered to have formed by the metasomatism of

the serpentines.

In the present area,the formation of anthopyllites appears to

be related to the pegmatite intrusives as the rocks rich in anthophylliu

occur quite near the pegmatite bodies. Similar occurrences have been

reported elsewhere. Thus in Yancy County^.Carolina the action of

pegmatitic liquid on dunites has produced azoned reaction .equenci

from unaltered cores of granular olivine through talc,arithophyllite
to phlogopite rock (Kuip and orobst,1954). A similar occurrence of

:e
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anthopyllites associated with serpentine has been described from

Hafafit,Egypt(Amin and Afia 1954).The formation anthophyllites in

rocks of bronzitic composition;in the Sukker-toppen dirstrict,West

Greenland is related to the intrusion of pegmatites during the retro

grade xh transformation of ultrabasic rocks associated with a period

of active deformation (Sorensen 1952). In the ultrabasic rocks of

Eastern Sierra Leone anthophyllites, though post date serpentine,

have been found to replace olivine (Dunham et.nl. 1958).

Since it appears from the petrographica1 evidences that talc

formed at the expense of anthophyllite and not vice-versa,it is

reasonable to conclude that higher temperature prevailed during

pegmatitic stage. Talc can form upto 800°C at pressures of 30,000
2

lb/in . Although in the experimental studies of Bowen and Tuttle

(1949) anthophyllite. appears in the hydrous phase as apassing phe

nomenon,they envisage the possibility of its formation as a primary

mineral. In the peridotites of Manpur.Singhbhum district.India

anthophyllites of primary origin have been reported where the alter

ation of anthophyllites has giver rise to serpentine,talc and
chlorite.

6,5 -3. STEATITIZATION

Talc is the predominant product of hydrothermal alterations of

the ultrabasics in the present area. Talcose rocks are found at

several places having varying amount of chlorite and tremolite. In

these rocks serpentine is either absent or Present only in minor

quantities. Field and microscopic evidences indicate that talc
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has formed either directly replacing the primary silicate minerals or

developed after the formation of earlier serpentine and amphibole

minerals.

Steatitization is commonly but not .always associated with

serpentinization. Steatitization of ultrabasic rocks has been defined

by Hess(193?) "as that process of hydrothermal alteration of an ultra-

basic which in its final stages results in the formation of talcose

rocks'' In some circumstances peridotites reheated by extraneous

solutions may be altered during the,cooling cycle,as for example when

talc occurs aspseudomorphs after enstatitc along with serpentine

(Deer et al,l962).

jnstatite ^rpentfne 4 3 ta"lc° 2

Turner (1948) has shown that formation of talc rich bodies may

arise by silicificntion.carbonation or by the addition of CaO. The

conversion of serpentine to talc by the addition of silica and the

removal of magnesia without change in volume may be illustrated by
the following equations:

<OH)4Mg3Sl205+ SiO, _^ (0H)2Mg3Si40lo+ Mg0 +H.0
terpentine ,.alc

Another equation:

I 3MglSi03+Si02+ 2H20 ___^ (QH)2Mg3Si40
blnstatite talc

In the Matheson ultrabasic belt of N.Ontario secondary
steatitization with carbonatization form adistinct keeled envelop
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to most serpentinite bodies (Grubb 1962) The, „wti, ihese zones grade from pure
talc to talc-chlovft-~ t-~Chlorite to magnesite rocks.Along sheared or fractured
zanes where movement of solution «.- isolution was less restricted the resulting
intensive carbonatization of n,ization of the serpentinite reduced the CO and
increased the Si0o contents so m..» ,2 contents so that when temporarily blocked either
by impervious dikes or country rocks or regions of hil.

regions of higher compression

these new siliceous solutions reacted with th
eaccea with the enclosing serpentinite

to form talc and lesser chlorite.

Mg3Si 0 (OH). + 4 SIO + w n
„ ; 4 2 h2° —^Mg Si 0.n(0H)o +20o
Serpentinite J 4 10 2 u2

Talc

In the ultrabasic rocks -,f *urocks of the eastern Sierra Leone talc
occurs separately and *«• n«.„„jyand a. pseudomorphs after anthophyllites

<*— -a. i^,nnmw „„ dMcribed taic pssud_phs

district.He h^s sh-wn n.

l0" °€ thC »-°»tea,ourln„ the formtlon ^ ^^^
«- ^ .eSfiIt area *. illle. rIc„ ^^

Pegnatitic intrusives >**., •« usee, to have played an inoortant rolc ln
Ringing about large scale steatitization.

6.5-4. PHL0G0i>iTi2ATTnw_

*r?Ue ls f""Md b* •——u «p,,«m of peridotlt
associated with th« «..* , Peridotite

witn the introductior of VP t.iot F,p,xl and Co.(Deer et a] iq,,,
In the Day Book dunites of V™ 2 ' 962>'

of Yancy county,the development Qf .hi
is related to pegmatite in, • PMogopite

8 ^ ^^^esdCulp and Brobat 1954) Fere th
reaction between th* „ y^.Here,the

n tho Pegmatitic fluid ^nd th* „,• •nd the olivine of the dunite
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produced an impure talc zone next tn mJ i„•next to the unaltered olivine,anthophy-
Hite asbestos npxt to i-u^ •- 1 , ^n.xt to the talc and ferr -us phlogopite adjacent to

the desilicated pegmatite Tn m* t> • ,Pg -cite. In the Pauni ultrabasics such zoning of
the altered minerals hie; „„* K

lb nas not been observed Tho aMn^ c
YW' ltle Phlogopite occurs as

i*-. «-«««. ln s„c of tho MsOTMigM ^^ wth ^

- *»«,. ». *wite appear. to hwa been dettved ^ ^
talc.prab.bl, due t0 the ,ddlt.on +2

• , Al and r from the

pegmatitic fluids.

6-5-5. CHLORITIZATION

Chlorite minerals are present ir. ,
" PreSGnt ±n VaryinC counts in most of the

rock types,suggesting tint -uiA.i.a-8 that Chloritization has taken place wide
considerable scale The n-flH ,

e' ltlG Predominait-'

ly on

variety is penninite with subordi
nate amount of clinochlore Th* ^ •ore. The chromium bearing variety Wrerite
-urs mainly as8ocl,ted ^ ^

* *ieia ">nd laboratory
evidences indicate t-hnh „m .that chlorite was the Last mineral to fmineral to form among the
secondary silicates, it is antr

i- q*t. reasonable to assume that the forma-
"- of chlorit, h3a serv£d fco

Che Al2°3 and F^0 released
during ^ formation of earlier minerals.

In the ultrabasic rocks nfTr)-ks of Twin sister mountains,Washington
occurrence of chlorite has been exol*. hk-plained by reorganisation of Serpen.
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tine famed in threugh golt,g £ractures f> ^ ^ ^ ^ ^

action af silica rich ad.erbed water ar water va?aars;5aadette-lP64).
The canversien af the serpeaUne ta chiorite threugh r.orgeM.ati
be acee„Plished t, a„ly asiight i„creaM ln thG ^^ ^
of the soraentiae. This caa.d reseit fro, .Ught t^erature increase,
-11 change. „ thepA^of the e»vire«.„t. or ,;evoIy from ^
extended duration of peolnoiV i-«. ^ ,geologic time during which such reorganisation
might be accomplished.

The greatest amount of alteration r»f m, i* ,.aeration of the ultrabasics, associated
with the chromite deposits of North C*rnUn i. uRorcn Carolina,has been caused by
chloritization. The chromff*.chromite masses are invariably associatoa with
penninite and talc.Some chromite Br»<«.cnromite grams are completely enclosed in
penninite.

1" *e hranaite peridotite at Nu„yle,,,Ster„ aestraUe.ehiarita
— «• ~« - the reeha aHected by hpdratheraai activity

particularly those ^-.r,i- • . 'y t.ose containing serpentine. Here chlori •
. . c chl°rite is considered
to be derived entirely frorT1 the re

tlon or aluminous minerals with
serpentine,or as a ree„u „< ...-^It of the introduction of alumina along veins
mto Serpentinites<E7»,ir.Bton:l96*) Tr rt.i•«63>. In this area chlorite was also
formed by the hydrothermal alteration pf neration of pyroxene and probably oliVirG,

In the present area chroma h
c^^-beanng chlorite (Kammererite)

denotes that small luanMn . * ,iuantities of chromium were dissolved in the
hydrothermal solutions. However, the quantltJ ,
chT¥m< , ^anti,ieS of Such redissoived
chromium ordinarily seem to h

y seem to be rather small CnrraCn ^
corresponding to the

on may
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reearptian ef chromite grains contemporaneously „tll the formaUo„
af se.er.al reaction mi„e„l3. ^ phenoMnoB>however ^ ^ ^
any great quantitative importance.

6.5-6. CHSRTlFICaTIOK

The silicate mineral assemblages „ad the chramitir.es ef the
Peuni ultrabasics have been chertified at certain places. Pield and •
laboratory evidences shew that the chertifieetien was th, last af
the hydrothermal alteration proceMe. I.ptoccses. 4t probably took place in

successive ahases as evidenced by the cuttin,°y tne cutting across relation, of the
silica veins and their diff,r„rf .£'' ,different stages of crystallization as observed«" thin sections. Thl, .„,„ „ch ^^^^ ^ ^

'" relGS6ed °r°dUCt °f '""« »*«*•»«, alterations, (2) resi.
dual Pegmatitic lipids and (3,,fron the country ^

6.6-1. VERMICULITIZATIOH

Sassett(l96l) has summarised thprised the occurrence of vermiculites in
ultramafic rocks, and concluded t,vtt^y
close • • '^ GXcl'lsiv^y to be inclose association with pegmatites,or if in €ract

ir in fractures away from the
pagmatites these ~r0

se are apparently genetically related toactivitv n \ related to Pegmatitic
activity. However RnS«rf- *«^

» "jcbcc Indicator mot. . ,
— C-tcS that evidences are such that

a supergene alteration from biotit,
be th lte °r PhI°8°Ptt« now appears to
oe the most f-io-fKif-asible explanation for the genesis of
n„r. genesis of vermiculites
During vermiculitization .Ifcaii.. ,r

-1 -lies are removed and ,uch hydration
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takes place.

Problems associated with vermiculites have been investigated

by Barshad(l948) who concluded that they were essentially micas with

the Kreplaced by Mg or Ca. Ke recognized four types:(i) vermiculite

as an alteration product of chlorite during the hydrothermal stage.

(ii) vcrmiculite-biotite mixture (iii) vermiculite-chlorite mixture

and (iv) biotite-chlorite mixtures. By utilizing the base exchange
capacity he could convert three of these types i* ta biotite. The

vermiculite-chlorite mixtures, however,while otherwise similar.were
not so in this respect.

C-audette(l964) ndvnrnfoe t-u~<- .-i.yimnt advocates that the vermiculites associated with

the dunites of Twin Sister Mountains,Washington seems to have been
formed as aresult of secondary alteration of chlorite or serpentine
by sub-aerial weathering or-ifpccoo tu„ ,.mg processes. The processes of alteration is

summarised below:

(Mg Fe) 810 ♦ SiO ♦ «B 0 6„g Si0 ,4R
(ollvine) I Unstitita)2
(F^MB>5Si4010(«)8 «83SiA>)2 Mg3(0H),
(serpentine) j ,J\ ._ / 3 6

4- (chlorite)

("g.Fe) Si40lo(0F) Mg3(0H)6 /
(chlorite) "V *

Weathering

(Mg,Fe)33i4010(0H)2-(Mg>
vermiculites

"unha. et ,i twn h,vo re;,ortsd that tho vemJculltMin the
Chromiferous u.traha.ic rochs of ..«.„ Sierra been, is closed in
* ~f~ Pits.associ.ated with the Pegmatites ,d^ to ^ever 40 m.
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below the laterite horizoe.lt is absent in deeper levels. Vermiculites

of this area are ascribed to surface Weathering of phlogopite and

biotite. The Day Hook Vermiculite deposits,Yancy County in F.Carolina

cur in altered dunites intruded by pegmatites(Kulp and Brobst, 1954).

ogopite formed by

oc

These-are considered to be aweathered Product of phlogopite formed
hydrothermal changes.

According to Elkington (1963) the occurrence of vermiculite

in the altered ^ronzite oeridotite at Hunyle.W^ustralia.near two

pegmatites indicates that hydrothermal action was involved in its

genesis. An alternate view given by him is that the hydrothermal action

gave rise to chlorite which on weathering was converted to vermiculite.

The vermiculite deposits of Hafafit,Egypt occurring near the

contacts of pegmatite and serpentinites are considered to be of hydro-
thermal origin by Amin and Afia(1954).Similarly for the v.rmiculite
occurrences at Phalabarwa,Africa,Gevers(1949) envisa.es the .ossibility
of a hydrothermal origin for the ninemi n, . ,.gin tor cne mineral. The vermiculites associted

with the ultrabasic racks tr versed by pegmatite, at *»ekira.Tanganyika
have also been attributed to ahydrothemal origin (miism nnd.
Sker1,1940).

The vermiculites of the present area show similar mode of
occurrence and association as in the above mentioned areas. The
ultrabasic rocks have been intruded bv - 1arn

U CQ Dy a Llr8c number of pegmatites

end granite.;and vasculites are generally associated K,r ehe
weathered contacts. Prom the nature af occurrences and association
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it appears that the vermiculites of Pauni area are the products of

suoergene alteration of some chlorite rich portions of the hydrother

mally altered ultrabasics.

6.6-2. LATSRITIZATIOI'

In the present area, the ultrabasics have been lateritiaed

at places. It is ofsupergene alteration and is confined to the

zone of oxidation.All the silicate minerals have been converted into

limonite during this process.

6.7. GENESIS OF THE ULTRABASICS

Two main categories of ultrabasic rocks are recognized by

geologists: (1) Stratiform ultrabasic complexes or Bushveld type

(Daly 192C .Ball 1932 .Peoples and Holland ,1940) (2) Alpine-type
of ultrabasic intrusion of the primary oeridotite suite occurring
along orogenic belts(Benson,1926;Hess 1937,1938;Thayer, 1960).

A third group,intermediate between the above two,known as

pseudostratiform-al^ine type complexes,has been recognized recently
(Smith,1958jThayer,i960).

Based mainly on the criteria suggested by Thayer(1960) the

ultrabasic rocks of Pauni area have been compared with the alpine
type and stratiform type In fable 25. It is quite evident from

this comparison that the ultrabasic rocks of the present area show

much similarity to that of alpine type in respect of mode of occurre

nce, shape and size,structure ,ni C03Mpn hydrothermal altcrati
ion.
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6.7-1. STRATIFORM TYPE

Wager and Deer (1939),Cameron and Bmerson(1960),He«s(I960)

Jackson (1961),and ..any others have described stratiform ultrabasic

complexes which have been formed by crystallization differentiation

of amagma of basic composition. Other workers believethat many of the
stratiform complexes were formed due to multiple inactions of magmas
drawn at intervals from aconcealed reservoir. Differentiation in

Place can account for some of the large scale oscillations observed
in the stratified iopolith of the Bushveld igneous complex

(Lombard,1934).Simiiarly in the Great dyke of S.Rhodesia,Worst(i958)
believes that the magma of the dyke was emplaced in many surges of
inflows. The v?rinHnn" «« <i_ ,Variations in the rock types of the Union Ray Complex,
Alaska.have been explained by Ruckmlc and Noble(l959) as due to
intrusion of successive gabbroic,Pyrcxenic and dunitic magmas.

According to Kennedy(1955) « hpc,lHp „yK^u, a basaltic magma,crystallizing under

different conditions such as variation in the partial pressure of
oxygen.cauld be made to follow differeet trends in the differentiation
giving igneous., complexes.

•6.7-2. ALPINE TY'^E

»- Senesi. of alplne type of ^^^^^^^
earlier the Pauni ultrabasics belone to thi. ,ceiong to this category) ls a debatabl
problem. In this reoavA n, .b regard, there are thr

e

ee main schools of thought
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(i) Ultrabasic intrusions as magma.

(ii) Emplacement of peridotite material in the form of crystal mush.

(iii) Intrusion or even extrusion of basaltic material and their

differentiation.
(I) Ultrabasic intrusions as magma

It was first advocated by Duroac(1920) and supported by Benson

(1926). Later Hess (1938,1948,1955) elaborated the theory. Re believed

that the ultrabasic bodies were formed by mastic intrusions

(hydrous peridotite magma-serpentine magma).He has described parallel
belts of serpentine intrusion which are concentrically zoned and are
freeof chromite. l«ikinson(195i) in his study of alpine tyoe of

serpentinites of Queens land,has supported hess and has produced eviden

ces in favour of the fluidity of the ultrabasic magma. Watson(l951) has
proposed the intrusion of peridotite magma in the Mashfcel, Islands
complex. The concept has also been supported by Little(1949)

Heissleitner, (i957), Wijkerslooth(1954) Schnddt(1954 and
Noble and Taylor (1960).

The lack of contact metan,orPhis„ around the alpine typ, of
ultrabasic rocks,seems incompatible with any hypothesis ir.volvino
intrusion of largely liquid „.agn,a.Rapid cooling „so cannot eXpli„
this phenomenon because penological evidences show over«h.l,i„g,y
that coaling conditions were slow. Ibis is expressed by the grain
.!» of chromite and the .iUcate.,*hich is in 6eneral much coarser
than that of the layered co„,e«. showing bigh te^erature c,»ta-t
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near the contacts of alpine type ultrabasic rocks.

An alternative suggestion has been given by Turner and Verhoogen

(I960) for the absence of contact metamorphism which might reflect

inward flow of water from the country rock into the hot intrusion of

ultrabasic magma.

(II) 3"'->^emant of ^e.rlohptlte.material in the for, of crystal m,ch

On the basis of observations on experimental studies of the

mineral assemblages akin to ultrabasic minerals.Powen and Tuttle

(1949) concluded that the ultrabasics can intrude only in asolid

state,since amagma of peridotite composition cannot exist below 1000°C,
atemoerature certainly not in accord with observations of «gwr-

pMsm at the ultrabasic contacts. The system MgO-SiO^O has been
studied by them at pressures well above,2,000 atm and at temperatures
upto l,000°C but no lieuid was forced at any composition,indicating '
that the flu>:ing of water is unable to effect melting of any raixture
of magnesium silicates upto 1,000'c and that there is no likelihood
of anatural magma. nOWen and ^^ ^ ^ ^ ^ ^ ^^
from the conclusion that ultrihiQ-,v.c c 1 •tnac ultrabasics (alpine type) can be intruded
only in a solid state.

Koee, ot.al.(l,54, came to the conclusion that diverse approa
ches ta the enoMet, ef the origin of dunlte „„, rel^d^^
to present convincing evidence that the rocks were formed by the
intrusion of alargely mush like material and that this Serial was
•ado uo essentially of olivine. The relationship indicates that
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the peridotite substratum is the source of such unusual material.Put

they also state that some dunites and related rocks show relationships

with basaltic rocks and evidently had a different genetic history,as

for instance,in the case of Stillwater Complex.

The concept 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 a few percent of the total peridotite

mass. The energy sot free by crystallization would then be very small

and in that case the borders of the emplaced mass would be rapidly

cooled into the temperature stability ranges of serpentine and any

significant inflow of water from the country rock would Inhibit or

prevent contact metamorphism(Thayer,1960). The concept has been

further supported by Flint et. al.(1948),Wells et. al. (1949) and
Stell (1^58).

The structural and textural features of chromite deposits are In

favour of this concept. Chromite bodies were brought up in solid con

ditions along with the silicate crystal nnish. Intrusion in semi-solid

condition is evidenced by extreme deformation by folding,rupture and
shearing inside the body and shearing and thrusting along the borders as
far example tteSinghbhum ultrabasics(Singh, 1966 ). Similar evidences
have also been noted in the present area (Table 25).
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(III) Intrusion or even oxtrusion of basaltic material and tbeir
differentiation.

This concept envisages intrusion or even extrusion of basaltic

material originating below the Mohoroviucic discontinuity and

differentiation in laccolithic bodies. They are similar to the layered

complexes where gravitation fractional crystallization took place

in situ with an eventual effusive character of ophiolite magmas.

Supporters of this concept are Bailey and McCallien(1963)Kundig
(1954) and Borchert (1960,1961) and Challis and Launc'er Uj66).

If the original magma was basaltic a large portion of acidic

compoaents should be associated with the ultrabasic differentiates

as is observed in the stratiform complexes. This is not so in th« case of

alpine types. In the case of extrusion of basaltic magma,cooling would
be too quick to allow any differentiation.Moreover,the structural ar.r

textural features of the ultrabasics along with the chromlte ore
bodies do not support this concept.

There are other concepts which however,have not gained much support
such as(a) Emplacement of solid peridotite material from the perido
tite substratum. Emplacement of the rocks took place in crystalline
state without any fluid .edlum.Deformations took place in depth by
metamorphic processes and flowage(RoSs 1959,1961:Rost 1959).

(b) Intrusion of basaltic magma forming stratiform complexes in deoth.
In amuch later geological epoch they Evolved in alpine tectonic
movements (HeIke,1962;Donath 1962).
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(c) Ultramafic complexes were formed as the effect of a local beasifi-

cation and rheomorphic mobilisation of rocks in the basement complex of
Y rising front of acidification and anatexis. This is supported by
Van remmelen (I960). He believes that it is also possible that tensi-

onal rifting ie the geosyncUnal area promoted the ascent of basic

to ultrabasic magma from deeper levels in the substratum.

(d) The formation of ultrabasic rocks by metasomatism has been

advocated by French workers. ?errin,Reubau3t and Ariens(1953) and

Avias (in Sorensen I967)have interpreted the concordant peridotites
of New Caledonia as products of metasomatic transformation of basaltic
lavas. The ultrabasic rocks are considered by Avias to have been
formed by progressive concentration of Mfe.Fe.M and Cr Possibly as
a result of high stress Si Al r. ~a mBn ^rLSa. &i,Al,Ca and Na were expelled to the

adiacent rocks.

(o) Ultrabasic recks as aproduct of metamar.hic differ.ntiation
possiblv caused by tectonic over pressure,has been advocated by
several workers like BarthC1947),Rnmberg<M52),Sorensen(1953>1967,
'•ikkola(1955,,nenni„gt„„(1956, and 0e„(l,62,. Pennington from a
stud, „f ecuilihrlum conditions of serpentine minora! assemblages
ha. opined that the ultrabasic rocks arc the residual product „£
extre-e metamor ,hic differentiation under High pressure and strong
•hearing stress. According eo feltB Bnd 0on(In ,<,„„„„„,„
the Peridotites from Caledanides of „.Norway.w. f„rmed under
•Pecial Phvsieo-cbemical conditions In „nes of ^ ^^
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the formation of minerals with mrffi m«i
lth 8fflal1 mo1 volumes such as forsterite

and enstatite,is favoured.

The above views o„ metasomatic and Amorphic origin of ultra-
B^sic rocks have gained acceptance only „lth regard to local occurrence.
in particular environments, evidences in BU?port o£ ^.^ ^
metamarphic origin for the ultrab„lca q£ ^ ^^ ^ ^ ^_
rely lacking.

These are intermediate in ohnr-^.-^ m character between the stratiform and
alpine tyPe complexes discussed earlier. Thayer(1960) re , •.".ye \ijp(,; regards the Bay

-«..- and camaguev complexes as e^les of these as thcy Wlrtl.
—- «• «—tion of gabbro and oeridotite.hut have all _̂
^—' characteristics of the ,lplM tyPes.3„itb<195»,

rr"" th° ^ *"— -----«. tvPe due to the
following reasons:

"(1) although) lavered bfero
,u erlle PerWotite.in many places
they are not conformable and there is no
em11 „ CryPtic 1^eri^;(2) gabbroicchill rocks are lacking but th

fa Luc the country rock- ch™,*y cocks show moderate thermal
metamorphism; (3) tw0 ... , ncrmai

•C33 the ultrabasic rocks exceed the gabbros in ,
(a\ n gaooros m volume:
l-O flowage phenomena are aro«*« . ,wH , ^ prominent in places;(5) the plutons are
-dge-shaped instead of lopollthlc in ^

6.8 THE PAUNI ULTRABASICS

On the basi. of above discussions and the field and
laboratory evidences, the following conclusions have been drawn
for the genesis and emplacement of the Pauni ultrabasics.
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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 adeep seated primary

oeridotite magma 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 stages of hydrothermal alterations).

(iii) The differentiates intruded the country rocks in asemi-solid

condition- as evidenced by folding,, rupture and shearing inside the

body. Lack of contact effects supports that the bodies intruded at a
low temperature.

(iv) The bodies were emplaced during the earlier stages of first fold
movements (Fy3 and the localisation was controlled by the axis of a

major fold (The major ultrabasic zone occupies 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 been respon
sible for the Present shape,form,size and composition of the Pauni '
ultrabasics.
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C H A-P T E R - vii

£__! R 0 M I T E PEP 0 S I T S

/._. INTRODUCTION

Chronica has aunique position in the wide range of ore minerals
heeauso of its occurrence as the only kind of Ore mineral of chromium
and further the ore in its turn is restricted genetical.v to the ultra-
basic rocks. „ tha Paunl area ^^ ^ ^ concentrated ^

form deposits ln 8everal small ultrabasic bodies. The degree of concen
tration of chromite grains varies widely ,rofl fc„ dlssenlnateQ pralns
as accessor, constituents to massive ore co^osed almost entirely of
chronite. Bodies foming rich concentration of chro„,ite have been
termed as chro^tites.being one of the rock units „g ultrabasics.
7'2' HgALISATION OF ORE BQDIgg

The chromlte deposits r>f o- ,posits of ,auni occur in the ultrabasic zone

1,tn' ' "" "°rth"e8t °f * '«• *-*«.«. bodies.proved and
—ited so far. are concentrated in abelt at three places.about
300 .. apart fro. each other. Xhls chronica belt trends „ {rom
—eswar temole en the bank of the »ai„gang, in east to Ni„8aon
"—— ,.mes,hicUI;alMctMsstriif
Map 2). The chromite belt MMm)

occupies roughly the central part of the
area covered by the ultrabasic bodies Pi •„
this cb k GVldenCeS lndlCate «»atthis chrome bearing horizon lles alon_. ,. ,
fold of rt, "^ °f am10r S^formtold of the country rocks t™, a

• T°"ardS "°"h ^ •<»'•. 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 lenses.

As all the primary silicate minerals have been altered In the

u.trabasics,it is not possible to associate the chromite bodies with

any particular rock types. However, it has been observed that the chro

mite deposits are dominantly associated with the steatitised ultra-
basics.

It has been found thac Che ore bodies are Invariably assoeiaCed
with Che isolated ultrabasic lenses and broadly contort, wich Che de
position of Che parent rocks. Though the enpl.cenenc of Che ultrabasic
bodies has been controlled by the naior fold aais there does not apoear
to he any structural control i„ che localisation of chromite bodies
Sone defomations of the chromite bodies like splicci„8,disseninaCion
Pinchin, and minor discordance wich Che parcne racks appear Co be due
to flcg. of „g„ during cheir emplacement. Further,the, were defer-
- ^ .hearing, faults.and folds and later intrusives after their
-™. At ,iacer period Che hydrochemal alcereCions have affecCed
the entire ultrabasic mass, and thus rt, i«thus the alteration does not bear any rel
ationship wltn the l.calisaticnof the chromite deposits. Hence it has
been concluded that the chromite deposits ar »

deposits are of pre-tectonic and ore- .
hydrothermal changes.

Broadly, the chromite bodies of p ,
, M- " °f PaUn! area «n be classified o*
lenticular lutnrla ti,bands. These can be further subdivided as (i) banded
including the schIierGn and gneisslc banH A•gneisslc banded types,(ii) lenticular



PLATE No.XVI

Field Diagrams

Fig.No.56 Section - Discontinuous chromite lenses in the ultrabasics.
Lenses of the ultrabasics are observed in the chlorite-schists.
Location - Pit 3, Quarry 2.

Fig.No.57 Section - Small chromlte lenses in the ultrabasics.Location -
Pit 3, Quarry 4 (Modern Plastic's claim).

Fig.No.58 Plan - Chromite lens showing bifurcating, enclosing talc tremolite
schist. Location - Pit 2 , Quarry 3.

Fig.No.59 Chromite lenses showing pinching out character. A folded chromite
layer in the upper portion. Location - Pit 2, Quarry 3.

Fig.No.60 Plan - Several thin chromite bands and stringers adjacent to a
chromite lens. Location - Pit 3, Quarry GCS(Modem Plastic's claim)

Fig.No.61 Section - Thin folded bands of chromite and associated ultra-
basics. Location - Pit 6, Quarry 1.

Fig.No.62 Section - Fault displacing the ultrabasics, chromite body and
other associated rocks. Location - Pit 3, Quarry GCS(Modern Plastic's
claip).

Fig.,'o.63 Plan - Pinch and swell structure of a chromite lens -Location-
Pit 5, Quarry 4(Modern Plastic's claim).

Fig.No.64 Section - Stringers of chromite In the ultrabasics. Location
Pit 1, Quarry 3.

Fig.No.65 Section - Chromite lenses extending ihto the residual soil cover.
Location - Pit 3, Quarry GCS (Modern Plastic's claim).

Fig.No.66 Section - Pegmatites intruding the chromite bodies. Location-
Pit 6,Quarry 1.
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types and (iii) disseminated types .The ore bedi ,s generally

— as 2.. Minor occurrences of pockecs.pods and serines are also
^und. ,», chese cyoes of deposics CoeeCher W, under che sre„P d~s.
crihed as .podlform type' by Thayer (1,63,1,64,. ?odltorm chro»ite
deoosits are defined as fundamentally lenticular concentration, of
diromite ran6i„c from massive to disseminated type. Puncher chis Cyne
of choice ore bodies is charaeceriscic of Che alpine-tyPe ofulcra-
boa.es. l„ che Pauni area Che massive lencicular type is mosbcommon
and importanc from economic peine of view.

*e ore bodies are irregularly disposed along boch tnelr strike ^
«. - show oinch and swell scruccure. irregular fdlding and disolace-
— due Co faulti„8 at che ore bodies are often observed «P,,s 61.62,
Repetition of the chromite bodies due t-„ r ,h-due Co folding and fauleing has taken
place at close intervale tk,-, u a.tervals. The bodies have been subjected to OUch shear-
ing stresses Four t-™ c*

"' rour to five rajiior set<- nf •->• ....or seta of joints are noticed in the

•**• -ing of secondary silicaCe minerals „ke talc or silvery grey
micaceous chlor-ft-oc norites. The., planes generally show sCriaCions indi=nCi„g
movemencs alo„B chem .Many of the.e ,„,„,, "

- da closely spaced at

5to 10 cm. intervals. Small pieces of or iPieces of ore in geometrical shapes as
rectangular and pyramidal M~,i

6 1S easily sparable along the ioim- ,
**-*- *- not involve Mascin \ ' """of the or. kr,. lasting or heavy tools. In some
oi- cne ore bodies "shoor ~i

ies shear planes are curviolan*r <: ,, L.rvipianar. Small blocks separated
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BLOCK DIAGRAMS

Fie No.67 Discontinuous lenticular bodies of chromite. These lenses areTig.No.ft/ ^raUei tQ ^ encloslng ultrabasics. Location-Pit 1.Quarry 2.

ffig.Mo.68 Chromite lens showing variable thickness. An 'island' of ultra-
basics seen in the chromite body. Location -Pit 2, Quarry 3.

Fig.No.69 Abrupt pinching of achromlte lens. Location- Pit 6,Quarry 1.

Fig No.70 Vertical and oblique sections of achromite body intruded by
pegmatites. Location- Pit 6, Quarry I.

Fie No.71 Cylindrical chromite body. Location- Pit 5, Quarry 4.
8* (Modern Plastic's claim)

**—
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from such bodies give semirounded to rounded surface devoid of angular

edges. Less commonly spheroidal pieces with a coating of silicates

occur,which have been termed as "chromite balls"(fig.lll).

Some of the ore bodies bifurcate or split and after some distance

again ioin, enclosing pockets or lenses of gangue minerals (fifS.58,60),

Although bounded sharply on the sides,deposits grade out laterally into
(figs.69,96)

stringers or may end abruptly/.Some ore bodies may grade from missive

high grade ore on one side to low grade disseminated type on the other-

side. However, no consistent pattern on top and bottom or on hanging

wall and foot wall is seen,

Chromite lenses occur In the ultrabasics as disconnected bodies

similar to the occurrence of its parent rock in the chlorite-schists.

Wherever the lenses are less disturbed technically, the long axis of

one lens may indicate the presence of another lens along the strike

direction. The distance between the lenses may vary. The lenses,

though oinch out after some distances along their strike, are some

times connected by trails of small concentrations of chromlte grains.

Some of the chromite bodies gradually merge with the enclosing ultra-
basics.

7.4. TYPE OF ORE

The following types of chromite are found in the area:

(i) Massive granular type (non-banded);(ii) Banded (including

schlieren banded) type; (iii) Disseminated tyoe: (iv) Miscellaneous

tyoes including float ore, lateritised ore and chertified ore.



TABLE •2 7

MODAL ANALYSIS OF CHROME ORE SAMPLE

Serial Mo. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Specimen No. 1/621

83.65

16.35

1/614

80.21

12.95

1/610

87.13

12.87

1/670

84.54

15.46

1/620

86.62

13.38

1/606 1/586 1/591 1/540 1/13 1/59 1/11 1/15 1/615

Chromlte %

Gangue %,
90.75

9.25

86.09

13.91

82.48

17.52

92.39

7.61

91.21

8.79

88.78

11.12

88.56

11.44

89.06

10.04

84.4{

15.52

Gangue mineral s CHL.

TA.

CHL.

TA.

TA.

SERP.
QUA.

CHL. TA.

SERP.
SERP.

TA.

TA.

SERP.

TA.

SERP.
SERP

TAL.
TA

CHL.

SERP 1A TA

CHL.

Serial No. 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Specimen No. 1/2

97.08

2.92

1/533

86.25

13.75

1/604

88.62

11.38

1/581 1/569 1/121 1/53 1/6 1/85 1/699 1/86 1/668 1/561 1/59S

Chromite 7

Gangue %
90.66

9.34

74.77

25.23

76.78

23.22

60.69

39.31

51.31

42.69

72.48
27.52

54.42

45.58

68.21

31.79

69.96

30.04

75.04

24.96

68.42

31.51

Gangue miner
als

CHL. CT!L.

TAL.

TA.

QUA.
TA.

SERP.

TRE.

TA.

TRE.

CHL.

CHL.
T A
Ail,

CHL.

TA.

TA.

CHL.

TA.

TRE.

TA.

CHL.

TA.

SERP.
CHL. TA.

CHL.

Serial No. 29 30 31 32 33 34 35 36 37 38 39 40 41

Specimen No. 1/52 1/8 1/59 1/76 1/7 1/62 1/58 1/652 1/495 1/54 1/608 1/61 1/12

Chromite %

Gangue 7
73.96

26.04
51.27

48.73

77.59

22.41

59.44

40.56

67,36
32.64

75.77

24.23

50.19

49.81
75.69

24.31
53

47.

50.32

49.68

49.70

50.30
31.25

68.75

71.33

28.67

Gangue
minerals

TRE. TA.

CHL.

TA.

CHL.

TA.

CHL.
CHL,
TRE.

TA. TA.

QUA.

TA.

CHL.

TA.

CHL.

CHL. TA. TA. TRE.

TA.

CHL. - Chlorites TA - Talc SERP - Serpentine TRE - Tremolite QUA , 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:

(i) Talc-chrowitite(ii) Chlorite-chromitite.(iii) Tremolite-chromitite.

(Iv) Seroentine-chromitite.(v) Talc-chiorite-chromitite. (vi) Talc-

tremoiite-chromitite. (viii Talc-serpentine-chromitite. (viii)Tremolite-

Chlorlte-Chromltite. (ix) Chlorite-ohlogoiite-chromitite (x) Chert

(chalcedony) chromitite.

Table 27shows the modal analyses of some of the representative

ore samples with their respective percentages of chromite and gangue

minerals. The character of gangue minerals associated with the ores

has already been described in chapter VI,

Mas^ve or. granular tv?e -Close aggregates of chromite grains with

minor interstitial gangue has given rise to massive ore. There are

several grades of ore depending upon the ratio of the ore-mineral and

the gar;.-ue.Generally the amount of ganguev.d.cs between 15 to 25%

(Table.;). Massive ore with less than 3percent gangue (by volume)

has been occasionally found in the quarries. The ore generally shows

adull black or dull greyish black colour. Some ores with minor gangue
exhibit ashinin, black or pitch black colour. The specific gravity

of the massive ores varies between 3.3 to 4.25. Megascooically the

chromite ores are fine to medium grained. A, mentioned in alater Part
of this chapter the original coarse grains aooear to be smaller due

to fracturing and fracture filling by the gangue minerals. Few small

ore bodies give acompact 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 planes. Some of the ores are soft and easily

disintegrate due to the higher amount of weathered gangue minerals.

In thin sections, the ore shows fractured fragments of anhedral

ard polygonal chromite grains (fig.1,156). The fractured fragments together

show 'pull apart' texture (refer pagel96). The interspace between the

fractures has been pushed aside and filled with siHcates. The opposite

walls are mutual and match well if joined together (fig.154). Many frag

ments of the chromites show embayed borders and effect? of resorption

(fi-'.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 reflected light in thin section

the grains exhibit grey colour with a red tint and sub-metallic lusture.

Dull black patches are often observed.

Banded type - Banded tyoe of ore is of restricted occurrence. It

includes the normal banded types with continuous layers,lenticular banded

and schlieren banded types. In the normal banded types the bands of

segregated chromite are separated by silicate bands with disseminated

chromite or ^barren silicate layers. The banding is planar and
rhythmic (fig./_). Generally the chromite bands are between 0.5 to 2cm.

thick. Less commonly it reaches upto 5cm. These chromite bands contain

20 to 30 percent gangue by volume. The alternating silicate bands vary
from 0.2 to 2cm. in thickness. In few of these banded types the alter
nate chromite layers or silicate 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 transitional and ill-marked (Fig,119). They are generally

persistent for short distances and at times are contorted/!lt is diffi

cult to separate the individual bands. The percentage of gangue minerals

is quite high (30-40%). The schlieren banded type is of minor occurrence

in the present area, and is generally found associated with normal

banded tyoes.

Many closely spaced Ienticles and streaks of chromite are found in

the ultrabasics as irapersistent bands ( fig.121).Small parallel to

sub-parallel Ienticles containing 40-50% chromite grains, arc observed

in the silicate mass. Many of these Ienticles show contortions. Their

thickness varies from 0.5 to 2.0 cm. and laterally the individual lenti-
cles range between 5 to 10 cm.

In thin section the hands of chromite consist of fract

ured fragments with corroded and embayed borders enclosed in the secon

dary silicates. The fragments show incipient fractures. In the ordi

nary light chromite grains show dull black colour with areddish tint.
The gangue minerals around the chromite grains exhibit ayellowish
brown staining. Under reflected light in thin section the chromite
grains are greyish black with sub metallic lustre.

(iii) ^sse^in^^t^e. The chromite grains are disseminated in the
ultrabasics in various proportions from afew scattered grains to as
-ch as 30 percent. In some specimens th, chromite grains form incipient
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parallel banding. This type of ore grades into schlieren and normal
banded types.

In thin section the chromite is generally fine grained (0.5 -1 mm!

and many of them exhibit euhedral outlines (fig.Kg). Due to resorption
their borders are ragged.As compared to other types,fracturing of the
individual grains is much less in this ty?e of ores. This is presumably
iue 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 fLnkps ff,-,. i/-»\ ,,_,.1U ri<iKes (tig.147).Other proporties are

similar to the chromite already described in massive ores.
(iv) Miscellaneous types

(a) Certified on, ,.„,.„ oros „, ^^ ^^^^^ ^
qusrrv Mo.l and 2 (S.C. ShuM... clal„,. ^^^ ^ ^ ^
*«. is less than 50, i„ thGSe oros. SoM of ^ ^^ ^ ^
several cavities containinp rrvUxm^lh'nifc crypt crystalline silica (chalcedony) on
the walls.

Ih thin sectlans, separated frarn,ents of ,,„ron,ite gr.lM are
observed in . grottnd «, foraGd nost[y of ^.^^^ ^
»-h reliet tale and fe„ „*. o£ chlorlte. 3oBe q£ ^ ^^ ^
ti»s of ehalcedooy sho„in3 e„ll„fom tcxture. ..^ hos ^^ _
or vholl, the silicate minerals occupy the Stores of chroMto
I. ordinary lighf. the chro.ite fronts are dark „PMUe and nnder
-Heated llght bro„nlsb ^ ^ ^ ^ ^ ^ ^ ^^
exhibit orange red or reddish y.Uo» eolour.
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(b) Float and latoritised ore - This type 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 study has shown that while the gangue minerals

were limonitised the chromite grains remained unaffected.

7.5. TEXTURE 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 polished sections under reflected

light.

7.5-1. PRIMARY TEXTURES

Primary textures in most of the Pauni chromite ores have been

completely obliterated. Many of the crystal fragments show embayed bor

ders with the interstitial silicates (fig.158 ). Some of the fragments

exhibit corroded or ragged outlines while many others retain sharp

outlines. In a few unfractured or less fractured ores the original

polygonal outlines are still well preserved, showing hypautomorp'h.ic

granular texture. Primary banded texture is also noted in some ores,

Jome chromite grains show exsolution intergrowth with hematite*fig. 159)

Hypautomorphic granular texture Coarse grained.polygonal hypau-

tomorohic and subrounded chromite are clustered together with thin

films of silicates along their interspaces. The grain boundaries are

mutual (fig.156).
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Blllded^ejcture is observed in thinly banded ores. Thin bands of

chromite grains are separated by silicates. The contacts between sill,
-ates and chromites are irregular.showing corrosion and embayments byc

silicates.

mSr*tlm ***-* - »• «« ores chromite Erairs shew aaral.el streaks
and I*.,,. „ heBatM. along octahedral pUnes WBcuMed ut>r ^
oage 99).

7.5-2. SECONDARY TEXTURES

°ull apart tejcturg

The massive ore consists of fractured f«i.r,,ccurea fragments of original

»»W~1 to anhedral .rains af chr„„ite, «,. chra„,.e 8„lM „ these
ores are angular to gubangul„ ^^ ^ ^ ^^ ^

«-*—. .— to have been fOT,„ed by pulling the chroDlu ^
apart it is referred .as pulI a?art texture(Tha^ ^ ^ ^

of the fracture have been Pushed aside and the intersPaees have been
filled with secondary Sillcates(fio l-*> Tin^es(fib.l54). The opposite walls are mutual
and match well if joined together *or aim<,

gecner. .or similar texture Fisher(1929)
hns given the name mitred strurfnr-. a

LU structure,and related it m'm t-u t. aLQa 1C Wlth the hydrothermal
changes in the gangue mireraIs>

Cat.aclasm and r^^-i „n

The microscopic examination reveals that tb
eai^ that the ores show in common

^o facts: cataclasm and resorption. The cracks ^ »
flSSUreS °ri«inatedfilled with secondary silicates. IVo different

stages of resorption are distinguish. ^e fi„t sfc f
thr f lrSt 8tae£ is related to
Cne formation of the orrc a •

and th / SM8MtlC "^'^«= -rrasion,and the second resorption is r.1.. j . ,.
related to h.drothenaal changes .accompanied
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by the crystallization of new minerals. Although tho first resorption

is not uncommon in the Pauni ores,the second type is more remarkable

and ubiquitous. Generally the second resorotion has obscured the fea- ,

tures of the first resorption.

Nearly all the grains have been separated into fragments due to

cataclasm and fracture filling (fig. 15 2). As the chromite grains are

highly fractured and the "ractures have been filled by silica and

silicates,it is difficult to delimit the boundary of the original grains.

In many ores smaller fragments are close together.separated from each

other by thin film of silicates. In such cases it is difficult to

infer whether these are fractured fragments 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.

Cataclagtic texture Is the most prevalent texture exhibited by the

chrome ores of Pauni. Many of the massive ores which have been sub

jected to intense stresses s/.ow cataclastic or brecciated texture

(fig.153). This reoresents an aggregate of several small angular frag

ments separated by the gangue minerals. In the disseminated ores the

grains are less fractured than in massive o>-eS.

Fracture patterns

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 pull-apart texture. Later,due to post-
emplace,ent tectonic activities the chromite was subjected to
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different degree of fracturing. Variations from unfractured or less fra

ctured ores to highly, brecciated or mylonitised ore are observed1/0"15
"hotomicrograohs 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 displacement

-r by cross-fracturing (fig.151). Curved patterns.warping and bending of
the fractures are common. These patterns of fracture have probably
resulted due to rotational movements during deformations (fig.152).

Irregular fractures are more common than regular fractures i.e.

they are not parallel or straight and continuous. Triangular pit. are'
observed along certain fractures. However, they are not as
systematic or distinct as often noted in galena.

Two ma^or sets of fractures are observed in less disturbed ores,
while one set is prominent and have affected all the grains,the other
set cross or oblique fractur s.is impersistent and extends for short
distances(fig. 151).

Fracturing of eh. lndivIdual f;rai„s ^ ^ ^^^^

and conditioned by the shape and the siae of the chrome grains and
Parti, by the sh.ape.si.e and a.ount of the ga„gue rai„erals around the
cnro.it. grains. P„„e seller unfractured or less fractured grains are
tnund associated with the highly fractured grains. Xhe farmer „ight
^ the original (pri„ery, seller grains-.while the Latter representing
the surrounding coarser grains suffered ,„,uch fra.turinc The

j-i.,i<_Lurinp. ihe amount

°< mm. Present affecting the brittleness and toughnos, of the ore
M, Ualso 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 gangue 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 portions probably represent
^icrofault planes or shear zones. Mitra(1967) has mentioned similar
observations in the chromlte ores of Sukinda.Orissa.
7.6. OTHER ORE MINERALS

Hematite

See of th, chrcite grains .„„ tMn paraliel streaks of hematite
-Men is white in colour and of bigh reflectivity „ith strong .aniso-
t roo ism (f i p ls<5) tus „ig. 5P>. Thas appears to have developed along the octahedral
Ccavage Pl,„es of ehr^ite. The streaks or la.ellae of hematite are
confined to certain grains and •,-» *

b -us ana arc of variable length Th- u„ ,,
e"oin' *ne lamellae are

seen mostlv in onn Ai *•„„*. i ,direct-on; less commonly ln two directions and
rarely along three directions. The acute «. ,

6 acute angles subtended by different
exsolution lamellacof hematite show wide variat^n h*

1 " variation between 22" to 90°.

In some of the ores ,rwn
„ „ rlD8erS and Patches °* ^ondary hematite
have developed along the streaks of tha •

ol the primary hematite. They have
grown on either side partly replacing rt, u. A placing the chromite (figJL59). Ra ,d
borders and their irro. i1 irrecaular width strongly Su„0,st fc. .. ..

*> * &u8h-st that these are of
replacement origin.



:200:

, - „£ the exsolutlon laneUa. probabl, took alace
The replacement ot tne t»

, ,i «# tVrn chromite isTh-a hpmatite lamellae ot Cne cmduring the hydrother„al stage. Th.
considered to be of high texture origin and the

lw thi. ore is alo» te.erature variety .remite-hemattte
replacing t avid

exseiuticn intergrow* has been observed an the
Vagda ,atnagiri district,Haharashtra(Cakra,arv and Cuha l«l>.

Minor counts of seconder, magnetite.pvrite and goethite are
n,<„„r,ls in chromite ores. These are con-associated vith the gangue minerals in

sidered seconds because of their close association *«, the secon-
d,ry minerals. The, are distinct!, observable under Mgh magnification.
tiafflslite- occurs as saecks.irregular grains and streaks along th.
cleavages of some of the gangue minerals.
PVrltel. observed as several tiny idiomorphic grains,specks,and
granules in individual and aggregate forms, in the gangue minerals.
G[,etcita is observed in .a f« ore sections. It occurs as fracture
filling, in the silicates and as rims and veins along the contacts of
chromlte and the gangue minerals. It appears to he of suaerpene origin.
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CHAPTER- VIII

CHEMISTRY OF THE CHROMITES

8.1. INTRODUCTION

The chemical composition including the major and the trace

elements of Pauni chromites was investigated for the following

objectives:(i) to determine whether these chromites exhibit the

characteristics of true spinels over a wide range of composition;

(ii) to find out whether there is any marked variation in their

constituents in different orebodies and in different types of ores;

(iii) to examine the effects of hydrothermal changes in the ore

bodies.

The chemistry of chromite is often not well understood,

especially with regard to the variations of FeO.Fe^ and the ratio
of RO to R203. Based on studies of the chemical constituents of

chromite and their structure many workers have given different views

on these variations. The present investigator felt it imperative to
pool these views together and present the chemistry of chromite in a

proper perspective. Further, this would help in the correct inter-

pretation of the chemical data of the chromite from the Pauni area
and to correlate these with the genetic history of the deposits.

8.2. CHEMISTRY OF CHROMITE

Chromium occurs as aconcentrated constituent in abundance
in the ultrabasic m^Vc o,,„u j

CkS SUCh aS ^"".peridotltes.and pyroxenites.
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concentration of chromium in Igneous rocks decrease, arogresslvelv
the basic, ry Qf the host decreases Tn ,u .decreases. In the ultrabasic and basic

"•I- «. hulk of the chromium along „lth _ ^^^
magnesium fonn. rhr™-<-** chromite and other chrome spinels. In other
rock ty^es,chromium occurs m , «iB

"S Smin°r Con"ituent of magnetites,,nd
silicates like uvarovlte(chrome-garnet) <*« a,. . garnet), chrome diopside, tawamanite
vcnrome-eoidotp 1 f,,„u„.._• ote). fncbsite and «ripo.it.<chro«..lca.,(fcMBar„It.
- ^W.-ta-^u.,. other .1UMtei uk3
."*lb°,-W"— - - - ~ Cities of chroma J
excess of 1,000 pp.,

Chromite belongs •„ *•*.
" t0 the Spinel group and llke most of ltl

members is an 4m•n asomorahous „i«ure of da!fer„t oxide ,„, mQ -,
'"" varvm, chemical reposition. *-.C19U) ,.,,,,.
-civsed the ,tructur . •"««««- K*ik..<UI3>structure of spi„el (M „ „
consists of lavers „f structure

Packi„g.„lth t,ttahed
oecanedral positions between .1. ,oxygen *>«„;. „2a et"^n "•" large

cation, occupy tetrahcdral sites and -,3+
-CUP, octahedral sites, there are stt h,

t"r"hed"1—' " octahedral

-ens thc a3* .ons «tfe.« and
dimension of th . " ^ "d«.changes the

'" °r the unit cell t-v,

above - ' refrSCtiVe index *** the colour Th
Ĝ —s represent the chemical co

sPinel itself Th, „ composition of the chrome
eit. The chrome Spinels may V ,v

heretical end members. * ™ssed in terms of the
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Spinel -MgO Al^; Picrochromite -Mgo! Cr^ ;Magnesia
ferrite MgO.Fe^; Hercyalte-FeO.Al^; Chromite Fe0 ,Cr^,
Magnetite - Fe0.Feo0 .

8.2-1. CHROMITE FORMULAE

The theoretical formula of chromite is ^e Cr^ with Cr 0
Percentage 67.9. However, ln nature> such â ^_ ^
^sher «*9) has pointed out that oure chromite with FeO.Cr 0
composition occurs onlv j„ t ,jnly ln ^teorites. Generally tn the chromite
composition tho fr,*-»-„ i• ferrous iron gets replaced in part by magnesium and
the chromium, by aluminium and ferric iron v

rernc lron.Bence the composition of
chromite is expressed by the formula (Mg Fe) (Al F r,n

5,ee) (Al, Fe, Cr) 0 The.
wide range in the ch-m.^-,1 .

a cnemical composition of chromit--, <--nromite, due to variation
in ratios of FeO to Mtt0 and Cro0 to Al (1

2J3 to Al2°3 ™d ?e 0 can be adequately
shown on atriangular diagram devised by WDJ„ ,

by '.D.Johnston and described
wy Stevens(1944) 1tax,^c u>• Stevens has used asimPle dia,ram ^ PeQ
<Mg, Fe) 0Cr 0 and (Mg Fe) 0/lfl *3'
,, _ ~ U2°3 °ccupyinc the three corners of
the triangle (fiP. 79) Rv . . .

l8.72>. By joining the apices of m,- ,- •,., apices of the triangle with

fields. The finia • ,n~ tleld m which Cr 0. fq ,-u
field of h 23 Baj°r constitu-t is therisld of chromite anrl t-Uc u

haS hCGn 'divided into two fields vi7
those of ferric chromite and alu„. u

im alumina chromite leoonn„

second major constituent Th ,u 'ICuent. The other four fields „r., chr .
n^f-^4- , cnromlum ma->-
netite,chromium spinel .l«*<
.a neCite»and ferrian spinel 1W
the composition of „,, . ' *'' x-us"o, of chromite may be arbitrarilv

itrarily expressed as asolid
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solution of six end members, Mg Al 0/, Mg Cr20,, MgFe Q. Fe Cr„0, ,

Fe A1204 and Fe FeJ °4-

8.2*2 MINO" CONSTITUENTS

Manganese, nickel.titanium and vanadium are the important minor

constituents in chromite. MnO and NiO fit in the RO of the chromite

whereas V^ and Ti02 come in the ^0 . Stevens(op. cit.) \ait(1946)

Baskind (in de Met and Van Niekerk 1952) and Vander «alt(194l) do

not consider titanium to be oresent in the lattice of chromite

crystal. Stevens substitutes an equal amount of ferrous oxide from

the total,assuming the titanium to be present as ilmenite. De T'et

and Van Nickerk(1952) consider that titanium admittedly plays a

minor part in the lattice, as trivalent or octahedrally coordinated

constituent. The amount of titanium is generally more in iron rich

chromites. Vanadium is generally not very highly concentrated and

does not exeed 0.17- in chromites(GeJ.d^chjtfdt .1937). Vanadium occurs

in direct proportion to the amount of Fe+++ and inverse proportion

to that of chromium (de Wet 1952). Most chromites contain from a

few hundredth to a few tenth* percent MnO. NiO is avery persistent

constituent of chromites of commercial ore ranging from 0.1 to
0.5 oercent.

8.2-3. RO !Rfl

The ratio of RO/R^ (R0=Fe" Mg«: B^-Cr- Al'- Fe'") is one
or very near to the same. It differs from unity if the chromite is )
oxidized or the ferric ox-M-a •? B j„C °Xi"e is incorrectly reported (;iaskind,op cit).
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The abnormal ratio may also be due to secondary iron oxides contained

in the samples,or defect structures in spinel or even due to solid

solution of oxides within spinels, laskind has called attention to

the difficulties in interpreting the composition of naturally

occurring chrome Spinels in terms of their difference in physical

properties reflecting their chemical composition. In this regard he

has produced some evidences by means of infra-red photographs of

chrome-grain sections. It is perfectly feasible to expect chromite

crystals,separating as a solid solution 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 to de Wet and Van Kiekerk( cp. clip the excess of

trivalent ions need not be due to foreign matter in the chromite,but

is likely to be due to defect structures. They point out that the

excess of ferric oxide reported by Stevens in some sarmles may be

due to defect spinles.witht-Fe^ as end member. They caution about
the representation of chrome spinel composition in terms of simple

end members.

According to Jackson(l%3) oxidation or reduction of iron

in chromite destroys the charge balance of the mineral and cannot be
accomplished without large gains or losses in other m.jor cations
by diffusion or without the generation of another oxide phase.
Alteration of chromite has been described by anumber of autho
and is evidenced in the following three ways:

lors
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(i) Fxsolution of ae( (R^) phase(Sijkarslooth,1942)

(ii) Presence of a secondary spinel phase (Miller,1953)

(iii) Development of y(defect) structures in chromite (Rait,1946),

From a study of several chromite analyses 7isher (1929) has

indicated that the ratio of 1:1 between bivalent and trivalent oxides

is not the general rule in chromite. Based on this ratio.Fisher has

classified chromites as follows:

Ratio of R„ 0 to R- 0

(*molol amounts)

Low ratio - 1:0>53

"Sub-normal" (less than 1:0.90) 1:0774

"Normal"(Between i:0.90) 1: 0.998 and 1:1.00

"AbnormarHGreater than 1:1.00) 1:1.34

Higher ratio 1-3 69

According to Fisher, chromite is not adefinite mineral and

cannot be regarded as amember of adefinite isomorphous series,
although the three,four five or six soinellids which make uP chro-
mite are interrelated.

i

8'2-4- gi.?°"I?E COMPOSITION IN PEP..TIQM T0 pA.,|,,)T snrva

In the crystallisation of basaltic «» the minerals to
cr,stalliZe first are rich in miw.luB ,„, low „ ,„„ ^^ |§
Pcnerall, regarded as an early crystal,iaation product. »ith the
continued crystal.ia„tien the maR„a „ec„es richer in iron and poorer
in chromium and magnesium.
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Thayer (1946) has discussed in detail the various (actors that

might influence the chemical composition of chromites. According to
him the composition of chromite formed in aperidotite magma may be
expected to .reflect the overall composition of the magma,and the

ratio M80 to FeO should be related to the composition of olivine and

orthopyroxene. High magnesia chromite should result in aforsterite
dunite. Thayer further points out that FeO/Fe^ ratio in chromite Is a
(unction of the state of the iron in magma. Since only small amounts
of Fe203 are readily taken into olivine and enstatlte structure and
the total chromite in the Mg„a is in minor amounts,slight variations
in Fe,03co„te„t of the »e„ «U be greatly magnified in FeO/Fe^
ratio in chromite. It is apparent fr™ this suggestion that chromites3
**, i„ Po203 content were formed under oxidizing conditions. Thayer
has also pointed out that the chromites rich in Cr^ occur in
feldspar free peridotite low in alMlna, ^^ ^^^
variations In chromite repositions are due to differences ,„ ~~
»agmatic conditions during the crystallization of chromite The
lateral variation in chemical composition of the Stiller co.oleX
reflects apersistent oxy,e„ partial pressure gradient across the
intrusion. The iron end „e„bers of the spinel solid solution series
have the lowest melting points and should tlKro.„ , .

nouio increase in chromite with

ti- as heat is extracted fro., the crystallizi„g system.

-aver „*», has made some distinctions in chemical features
-'" -Pine type and stratiform ty,e chromite deposits <cf.Tablo25)
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The salient features of the alpine type chromite deposits are

FeT:Mgl about 1:2, Cr:Fe about 2:1 to 4:1 Cr^ranges about 15-657.

In the stratiform type chromites FeO:MgOere about l:l;Cr:Fe about

1.5:l;Cr203average ranges 38-50%. 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 beer, reported.

8.3. CHEMICAL ANALYSIS OF THE PAUI I CHROHITE

Thirteen chromite samples of Pauni area representing different

ore bodies and different types of ores(Table29 )were chemically

analysed. Further, their important trace-elements were determined by

spectrograph methods. The locations of these samples have been shown

in Map t

With reference to the Table29 the location and characters of

the analysed chromite samples are given below:

(1) Pine grained disseminated type; limonitised gangue. Gangue more
than 607. Collected from Pit SC3 Quarry 1. (Sp.Ko.1/55).

(2) Fine grained disseminated type ,gangue over 50V,chlorite and •
serpentine; collected from Pit No.6. SCS Quarry 1.(Sp.No.1/560)

(3) Coarse grained;gangue 35%,mostly talc; collected from an
isolated chromite occurrence near the Upashya nullah about
lh Km.north of the main chromite belt (Sp.No.1/561);

C«) Fine grained chertified ore;chromite 60%. Collected fro. Pit No.3
3CS Quarry KSp.No. 1/58).
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(5) Very coarse grained; chromite over 95%,with serpentine chlorite-

gangue. Collected from Fit No.l SCS Quarry No.2 (Sp.1/2).

(6) Coarse grained; chromite over 807. Talc forms the predominant

gangue. Collected from Pit No.6 SCS quarry Noll (Sp.No.1/498).

(7) Coarse grained; chromite over 85%. Talc forms the predominant

gangue mineral. Collected from pit No.3 GCS Quarry(Sp.No.1/585).

(8) Coarse grained; chromite over 85%. Taic represents bulk of the

gangue. Collected from ?it.No.4 GCS Quarry Sp.No. 1/613.

(9) Corase grained; chromite over 707. Chlorite is the predominant

constituent of the gangue. Collected from pit No.5. SCS Quarry

2. (Sp.No.1/586).

(lO)Coarse grained,chromite over 857. Chlorite is the predominant

gangue. Collected from Pit No.2 SCS Quarry 3(Sp.No.1/605).

(ll)Coarse grained; chromite over 807. Talc forms the predominant

constituent.Collected fror about 300 metres north of SCS Quarry
(So.No.1/86).

(12) Coarse grained Pilicified o:e,chrowi te ova: 65%.Co'lectod froa

Fit No.l SCS Quarry 1(Sp.No.1/443).

(13) Coarse grained; chromite over 75%. Tremolite is the major gangue
mineral. Collected from pit No.3 GCS aUarry (So.No.1/561).

8-3"1' SSPA»AT-0N OF THE CHROMITE FROM GANGUE MIKF.R,.T.S

About akg. each of the sample was crushed in asteel mortar.and
was passed through 120 mesh sieve. The crushed particles were

subjected to repeated panning in water to remove the lighter gangue.
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The powder was heated for sometime in water containing dilute hydro
chloric acid. The oowder was dried and subsequently treated with bromo-

form, mspite of the above treatment, aconsiderable amount of gangue
containing minute fragments of chromite was still present. The concen

trate was repeatedly run through a ^rantz isodynamic separator. The

samples were examined under abinocular microscope to find their
nurity. It was found that th& ^..^ ^ ^ ^ ^ ^^

purification was difficult as specks of gangue remained in the fract
ures of many chromite grains. It was verified with apowerful magnet
that the samples do not contain any magnetite. This final concentrate
was coned and quartered. The samole was further ground in an agate
mortar for final analysis.

8.3-2. SCHEME OF ANALYSTS

The scheme of analysis followed by the present worker is a
combination of the methods of Binnin(1959),.il8rami and Inga„els
U%0),ShaPiro and bannock (1,56) and Goswami (1957) with certain
^ifications, The scheme is as follows: 0.4 gm. chromite samole
(-300 mesM moistened with 3droos of B«, and digested in 25 ml
of 60^ perchloric acid. Filter and wash with * perchloric acid and
reserve the filtrate. Burn the filter oaoer Witn residue , ,,

un residue and weigh.
Hydroflourize the silica and the s<l«„a ana the silica percent determined from loss
in weight. ?Use rest nf t-ua u&<_ rest ot the residue with N* r« a~4 _u

ra2Co and the cake dissolved

°"el"-T'—t ofthearocedureis6iVeni„Tab.e2a.
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SCHEME OF CHROMITE ANALYSIS

Cr203

500 mLfor determination of Cr 0 .Titrate with
K2Cr207 by Fe Ammon.sulphate method using diphe-
nylamine sulphate as indicator.

T
MgO (200 ml.)

CaO precipitated with Na WO. usingNH,cl
g. 4

NH.OH buffer;solution decanted. Volume •
made to 250 ml. 50 ml.of this solution is
titrated against versene using erichrome
black T as indicator.

T
MnO

25 ml solution formed with a mixture of
HN03+ H2S0^ to remove chlorides before
the colour complex is developed. The
density of the colour is measured at 550 (X

'iltrate (one litre)

CaO and MgO

200 ml filtrate.SO passed to
reduce and then R 0-precipitated
and filtered out.

Filtrate made to volume 500 ml.

Fe?03(Total)

After„removing •
interference,Colour complex
is developed using orthc—
phenanthroline,citrate
buffer and hydroxylamine hydro
chloride.Measure the density
at .510, U,

Combined CaO +MgO

Determined by titrating this solution
against erichrome black T as indicator
Ca is determined indirectly from results
obtained for total MgO+CaO and for MgO alone

^ R 0
2 3

100 ml of the solution precioitated 100 ml.R 0 (including some
with Had. Ppt washed and dissolved Cr 0 )precipitated with
in dil H^O^.Yellow colour of ii ammonia.Precipitite filtered,
ion is developed using H2°2* H3~°4 is wash;d,ignited and weighed,
added to eliminate the colour of Ignited precipitate is fused

with Na20 and Cr.07 is deter
mined volumetricafly. Fercenta-

ferric iron. Density of the colours
measured at 430 ^

ge total of iron as Fe 0.,FeO
and TiO (found Subtracted fr

R203 to give. A1203%.
om
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FeO

0.25 gm.chromlte sample digested in acid mixture(H PO,:H2S0,=4:1)

containing known amount of Cerric sulohate at 240^0 for 3 to Z\ hrs.

The Cerric sulphate consumed by the ferrous iron of the sample is

determined against ferrous ammonium sulphate using diphenylamine

sulphonate as indicator. "e0 constituent of the sample is calculated

from the amount of Cerric sulohate found consumed.

Analytical data

The analytical data(maJor elements )of the 13 chromite samples

of the area are given in Table 29 . The trace element data of the

samples is given in Table ?OTable 31 contains data of the complete

analyses of two samples and partial analysis of one sample of Pauni

chrome ores. For purposes of comparison complete analyses and chemical

formulae of chromites of different occurrences of India are given in
Table 3 6.

TABLE-31

ANALYSIS OF CHROME ORES

Constituents l

Cr2°3 40-67 41.71
A12°3 21.63 17.99 6.21
Fe2°3 13.60 13.80 12.17

12.23 12.41 8.43

15.09 16.57
0.40 0,50

MgO
CaO

:i02T 9.05 9.63 9.I6
1.18 1.53

L.0tl.

Total 101.62 1Q] 77

48.31

Samples 1&2-Prospecting Report of M/S S.O.Shukla's chromite Mine
at Pauni (unpublished 1961) No.3. Paithankar,I960.
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A N A L Y 'T I C A L D A T A OF iG H R 0 MITE FRO M S A U N I AREA

Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 13

Cr2°3 50.74 49.34 51.12 44.66 48.72 44.54 42.06 48.78 48.40 50.17 50.2 49.47 51.82

A12°. 23.08 18.13 14.74 22.35 17.06 16.86 2.3.42 19.58 13.56 13.62 15.74 14.01 15.07

Fe2°3 5.74 14.65 - - 2.54 11.44 6.91 6.69 10.41 14.91 12.11 10.19 7.06

PeO 7.51 5.95 22.63 21.31 19.20 21.14 15.10 7.39 14.30 5.44 6.45 18.81 15.16

MgO 9.87 9.73 10.70 10.68 8.60 2.31 11.20 10.24 8.60 11.00 10.92 5.04 8.63

I nO 0.36 0.52 0.48 0.52 0.46 0.74 0.40 0.51 0.60 0.56 0.32 0.92 0.56

Ti02
CaO

1.22 1.21 1.04 1.42 0.89 0.99 0.91 0.85 0.90 0.74 1.05 0.44 0.91

0.08 0.03 - - - - - 0.61 - - 0.62 0.01 0.50

3i02 2.40 2.30 0.70 0.75 2.57 3.64 0.55 2.87 3.25 1.75 (D.63 2.10 1.62

Total 101.00 :LOO.65 101.41 101.69 99.04 100.66 100.55 100.52 99.42 9S.19 98.99 100.89 100.33

Cr 34.71 33.75 34.97 30.59 33.32 30.47 2Z.11 33.37 33.10 34.32 35.70 33.84 35.44

Fe 9.84 14.86 17.58 16.56 16.69 24.42 16.56 12.51 18.39 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

R0/R203 0.5722 0.4975 1.230 1.108 0.9813 0.6448i 0.9064 0.6100 0.6912 0.5826 0.61111 0.7706 0.8196

Sp.Gr. 4.352 5.053 4.579 4.649 4.959 4.279 - 4.159 - - 4.605 - 4.641

Impurity Oxdized Chlo- Talc Silica Serpen Talc Talc Talc Chlorite Chlori Silica Silica Tremolite

gangue rite tine
ue

chlorite

* Iron atoms were not adjusted between RO and R„03 gr°up so as to give an ideal RO/R 0 ratio of 1:1

Analysts: N.G.K.Nair & A.P.Mali
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TAB L E -30

T R A C E E L E M S N T S OF C H ROM I T E FRO M PAUNI

Element
Wave length
used - A°

Concentration in ppm.

Sara pie No.

1 2 3 4 5 6

1400

1750

8 9 10 11 12 13

Ni

Co

3414.765

3453.505

225

210

2100

335

265

145

390

127

210

450

1130

1750

2100

1750

490

390

600

450

900

670

265

145

V 3185.396 88 180 32 54 53 1525 720 1000 390 112 182 60

Cu 3247.540 '10 75 <10 <10 <ao 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 Hkf> U Mr. 7 r» A n.^ o_ a

Analyjrtsts: A.P.Mall & N.G.K.Nalr
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8.4. COMPOSITION OF THE PAUNI CHROMITES

The composition of all the thirteen analysed chromite Samples

can be expressed in terms of molecular ratio(mols or mol fractions)

of R" 0and R£< Og constituents after the method of Thayer(1946)

As all the samples were found to contain some Si02 due to the presence
of gangue impurities like serpentine,tremolite, talc etc.,310., was
deducted with an equivalent amount of MgO in the case of talc and

terpentine and an equivalent percentage of CaO where tremolite is
present.

The oxide percentages divided by their respective molecular
weights give the molecular ratio. The moles of Cr^l 0,Fe.Q
and TiO. ,,ere recalculated to 100, Similarly the mols of M:C,Fe0,Mn0
and CaO were recalculated to 100. The formulae of the 13 chromite
samole. 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 MgO/FeO ratio of the analyses have
been given in Tablc33.

8-5' ^ICAL CHARACTERISTIC ro: THE CHBdMTTRS

"rot, the data given in Table 29 .It is apparent that the
chro-ites of thl. area show eonsiderable variation in reg,rd to
their F.0.F.203 eonstituents. howevet.the average fomuU. of the
-auM *»,«. ean he crossed as CCr^^, .f^^,.
Analv,.., 1end 2rearesent-ng fine grained chro.ites ,,,th the
for„ul,e (Ct56f,l38Pe5, CP^M^M,,^, and |Cr



PLATE No.XVIII

'•ig.No.72 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).

Fig.No.73 Graphical representation of ratio of RO -R^ radicals of the
13 analysed chromites of the area.

Fig.No.74 MgO -FeO ratio of the chromites (analysed) of the area.

Fig.No.75 A1203 -Fe203ratio of the chrosltes.
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(?e29F863Hr3Ti5) S' °W close resemblance.Analysis N->.3(Cr Al )

(F<-53M«43Mn:Tl2) "-nd ]'oA (Cr57A143) i?e52 843Mn TV are sirnilar in
that they are devoid of Fe203.Substitution of chromium by alumina

is eivdent in analysis No.4. In most of the. other analyses substi

tution of chromium by alumina and ferric iron,and magnesia by ferrous

iron is apparent. Samples No.6 and 12 show a low percentage of

magnesium with a corresponding increase ir. the total iron content.

Triangular diagram shown in fig.72is projection normal to the

top of the sainel prism of composition showing variations* in the

mol percentages in the P.^ 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 plotted in

the, diagram and they fall within the segment of aluminium chromites.

The relation between R^and RO radicals of. the chromites have

been plotted in fig. 73 which showsthat the ratio of RO to R0 varies

widely.It exceeds 1.10 ln analyses 3and 4. In the rest of the analyses

it falls short of one ranging from 0.49 to 0.98.

The relations between MgO and FeO radicals have been plotted

in fig.7A .It shows alinear variation within the wide range of 8

to 72 mol percent.However, six of these analyses^ ,4,5,7,9 & 13) fall

within the narrow range of 40 to 50 mol percent. The ratio MaO/FeO
as sbown in Table 33 shows variation between 0.80 to 3.06.

Similarly the relations between Fe^ and M^ radicals have
been .lotted in fig.^.Two main groups of chromites showing linear
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variations are deciphered, Analyses 5,10,11,12 & 13 form one group

and 1 2,4,6 & 8 form another group.

8.5-1. END MEMBERS

The end member system devised by Stevens(1044) to express the

chemical composition of chromites is spinel (MgO.AUO,),magnesia-

chromite (MgO. Cr^),ferro chromite(FeO .Cr203) and magnetite (FeO.

?e203),and is determined as follows:

8.5-2. DETERMINATION OF IONIC CONTENT OF CHROHITE UNIT CELLS.

The unit cells of spinel structure are assumed to contair 8

.R" 0 R'"203). The number of ions- of each constituent present in

the unit cell has been calculated from Tablets, taking the above as
Z

unit cell for chromite. In all the analyses except 4,R0: R 0 ratio

show marked deviation from normal. As mentioned in the introductory

•fart of this chanter, no attempt was made to adjust the Fe atoms

between Fe0 and Fe^so as to give the ratio of RO to R^ equal to
one. The molecular ratios were then recalculated to atoms ?er unit

cell,assuming 8 bivalent and 16 trivalent atoms 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. DETERMINATION OF END MEMBERS

The end member formulae per unit cell are obtained by the
following equations (Stevens 1944).

Spinel • Al/2 ;Magnesio chromite = Mg -Al
~*~%\.

Ferrochromite • (Cr + Al )
2— * "Mg

wSeee^h lltlSllTl +M^nesio:chromite+Ferrochromite)"here each element is given in atoms per unit cell
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T A b L S -35

ATOMS/UNIT CELL IN THE CHROMITES

Unit cell content taken as 8 (RO R,*^' Total R"' * l6 &Total R" = 8

Sample 12 3 4 5 6 7 " 8 9 10 11 12 13

Cr"; 8.956 8.919 11.189 9.162 10.180 8.855 7.871 9.011 10.032 9.479 9,753 9.882 10.235

Alm 6.076 4.561 4.811 6.838 5.314 4.998 6.685 5.358 3.913 3.837 4.093 4.177 4.436

Fcm 0.968 2.520 - - 0.506 2.147 1.444 1.6.31 2.055 2.684 2.1.54 1.941 1.329

Fe" 2.451 2.286 4.260 4.173 4.326 6.896 3.375 2.353 4.538 1.886 1.882 5.165 3.864

Mg" 5.038 5.078 3.473 3.474 3.389 0.569 4.352 4.991 3.013 5.710 5.515 2.466 3.617

Mn" 0.120 0.202 0.093 0.103 0.105 0.244 0.090 0.165 0.191 0.195 0.093 0.256 0.146

Ti" 0.358 0.420 0.156 0.250 0.180 0.291 0.183 0.242 0.258 0.229 0.277 0.109 0.209

Ca" 0.033 6.014 - - - - - 0.249 - - 0.233 0.004 0.165
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Formulae percentages are obtained by multiplying the formulae per
unit cell by 100 by dividing by 8. Table34 contains the formulae
percentages of end members of the chromites of Pauni area. Samples
1,8,10 &H show fairly high amount' of magnesia chromite. Sample
No.6 shows absence of magnasio chromite. Sample 3,4,5,6,7,9,12 *13
contain ahigh amount of ferrocbromite. In samples 3,4,5,6,9,12 &l3
iron is more than the overall *-,-,*- ioverall total magnesium including the metal
in the sainel. Samples 2,7 8 9 10 11 l? x n u,/,ts,y,io,11,12 & 13 show appreciable amount
of magnetite .

8.4-4. TRACE 5L3MENTS

Important trace elements Ni,Co,V, cu and Pb of all the sample
except No.7 were determined by spectrograph methods .Other element
»** *.».*n.M.U,U and Sr are either absent or are present below
the sensitivity level. Table30contains the analytical data of the
trace elements of 12 samoles. The tr.ee -1 om -

G trace" dement cor. tent shows wide
variation in the Pauni chromites. Ni varies from 2invaries trom 210 >pm to 2100 pPm,
Co from 127 odh to ncn ,

r'» in. lo i/ou oar:. and V fram toana v trom 32 ,?m. to 1525 ?piB,Cu
10 p -m. to 190 pan,. and Pb 1Q

° A05° PPn- None of the trace ale~. -«*- ^ shOMS any ietmte and wrauteM reUtjon ^
•* - *. -j* ,^MS. „„„_, thc amount of vni ^ ^ u

' M8h '" """ h—' *»**« ™8a * total lron ,„d
trace .,„.« data of .^^ ^ ^ ^
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8.6. CONCLUSIONS

Based on the foregoing discussions,the following conclusions

have baen drawn: (1) The chromites of Pauni area present a wide

riation in their chemical composition particularly with regard to

203> FeO and Al^. These variations may be attributed partly to the

varying oxidizing con Jit Jons orevalent during the crystallization of

Chromite *nd partly due to the effoct of intense hydrothermal activi

ties. Cr203and MgO show afairly uniform percentage with an average
of 50 and 10 respectively. (2) Following Fisher(1929J} on the basis

of *0,R2P3r«tio the Pauni chromite has been classified as follows:

(i) Low ratio samples No.2. (ii) Sub-normal chromites,sample are
1,6,8,9,10,11,12 &13 (iii) Normal chromites sample No.4,5,& 7.
(iv) Abrnormal chromite samole Mo 3 f^ ti,asmp-e no.i. (3) The average chemical

composition of the Pauni chromites can be expressed by the formula

(Cr59A131Fe10) ^e46Mg49M^Ti3). (4) In the triangular diagram(fig.72 )
the chromites of Pauni area are restricted to anarrow field of
aluminium chromites, like *-he otT^-r Tr-^- t' C "ne othar Indian chromites. (5) Many of the

WWly,ed S"-ra?l0S «*• »• *-** Mpk ferric oxide content which
suggest, that they have formed t„ an oxldl2lng em,lr ,„,,„,. (6) ,„ ^
R203 radical the mo. aercentage of chromium oxide varies fro*
Cr50 to &6,.olu»tw from Al^to Al^.aad ferric oxide from ?^ to
Pe16. in the RO radicals.thc mol perc.Btag.. of vc0 varies fJ
O23to P.w>Md msnesiil fro„ Hg7tQ ^ (7) ^ rat)o ^^

Cr:Fe varies fret, ,.«,, to 3.5:1 and RO to S^from 0.5:1 to 1.2-i
<8> In the „„d .ember composition soinel shows variation from

va

Fe„0
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247n to 42?. In 9 of the 13 samples analysed,the ferrochromite is more

than the magnesio chromite. Normative magnetite is present in appre

ciable amount. However, it is absent in samples 3,4 and 6. (9) Due to

complete 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 samples contain

fairly high content of V,Co and Ni.
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CHAPTER- IX

GENESIS OF THE CHROMITE DEPOSITS

9.1. A REVIEW

Concentration of chromite crystals during the crystallization

of a magma of ultrabasic composition gives rise to chromite deposits.

The quantity of these concentrations will depend upon the amount of

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 regarding 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 Fisher(l929) and Sampson(1931):

(1) Somite 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 Period -definitely later than the

pyrogenic silicates and is associated with the hydrothermal

minerals. This is mostly preceding or contemporaneous with

intense serpentinization.
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The most important point to establish is the quantitative aspect

of the chromite crystallisation during the above three oeriods. While

chromite might occur in minor amounts in any of the three periods,big

concentration forming economic deposits is mainly confined to a

particular period. According to Ross(1931) the following theories of

formation 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 single magma and segregation in situ

of the early products of crystallization.(d) Intrusion as melts of

olivine and chromite that segregated in a parent magma chamber.

(e) Introduction of chromite by hydrothermal solutions.

Several workers have considered chromite as an earlier consti

tuent to crystnllize(Vogt,1921,1926; Hall,1932-Johnston 1946,

Thayer,1963) while others (Sampson,1929,1931 and 1932 Diller 1920,

Ross 1929, 1931,Bateman 1951) have out forward evidences in favour

of its late crystallization and of its formation even in the hydro-

thermal stage. &etekhtin<1937,1940) and Grafeneur(1948) have

advocated that chromite deposits nay be of 'histeromagmatlC" origin
referring to both late magmatic and hydrothermal stages formed by
Infection, of ore rich residual melts 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.^hile Verma(1964)
advocates ahydrothermal origin Cor the chromite deDosits
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of Nausahi,Orissa, Singh(1959) and Mukhsrjoe(1962) consider chromite

deposits in general as segregations during the magmatic period.

a brief account of the nature and genesis of the important Indian

chromite deposits ha^a been'given in Table 37.

The divergence of opinion on the genesis of chromite is mainly

pertaining to the alpine type of deposits. Regarding the stratiform

type of deposits, the problem of injection of a residual magma or a

chromite rich hydrothermal solution does not arise, as the chromite

layers have formed in them due to the in situ differentiation of the

magma. In the alpine type ultrabasics the irregular lenticular type of

orebodies and their general discordant relationship with the parent

tocks and their association with the shear zones and zones of serpen

tinization have posed many questions on their genesis. The disposit'on,

external form, internal structure and the association of the alpine

type of chromite ( podiform type of Thayer 1963) are governed by two

sets of independent factors: (1) movement during the magmatic 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 period

or during the hydrothermal stage. In the 'histeromagmatic' theory

(late magmatic or hydrothermal) chromite is supposed to have injected

as a residual li?,uid or as hydrothermal solutions along pre-existing,

weak planes. The successive stages assumed 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 peridotites 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 together early
in any melt. In these complexes the layered rocks including the chro-

mitites.were formed in situ by fractional crystallization of afluid

magma and settling of the crystals to the floor. The chromite crysta

llized simultaneously with olivine or bronzite and where the magma was
entrapped between the settled grains,clino-pyroxenes and felsoars were

the last .inerals to crystallize. Evidences of mastic liquid appro
aching the composition of chromite are totally lacking in these comple
xes (Cameron and Emerson,1959;Jackson 196l;*or.t 1958). Cameron and
Emerson(l959) cite „any laboratory evidences to suggest that chro
me settling occurred during the magmatic stage of development.
Thayer(1963) raises the significant question, why should chromite be
injected into dunites and peridotites and never into gabbros, a
differentiate of many alpine type of ultrabasics. In electrometallurgy
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lt has been found that melts containing more than 25 or 307 Cr 0„ are

too viscous to handle.It is difficult to conceive how a melt contain

ing 50-607 C^O, attains mobility for injection.
1

i

The temperature of dry fusion of both olivine and chromite is

excessively high. Chromite melts at 2000"C or over (Ross,1931).

Experiments conducted at the Bureau of Standards give temperature of

fusion of chromite as 2180°C. Melts of such excessively high tempera

ture cannot fail to show marked contact metamorahic effects on the

enclosing rocks during their injection. Further under such high

temoerature the rock forming minerals would melt. Such high temperature

contact metamorphic effects are entirely lacking near chromite deposits

In chromite bodies chilled ^orders characteristic of hot intrusive

solutions are 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 below 870°C.

The association of shear zones along the contacts of 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 ultrahasics followed the formation

of chromite. The contact zones of the massive orebodies with the

enclosing dunites and peridotites are zones of largest mechanical

anisotropy. These are extremely favourable sites for shearing and

fracturing to take place as aresult 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 serpentinization, largely confined to the

proxi-ity of many chromite bodies,has been put as an argument in favour

of a hydrothermal origin for the deposits. The present worker believes

that this coincidence is only a a- consequence of preferred serpentini

zation. Serpentinization as a hydrothermal process was controlled by

zones of weakness. It was natural^ that the fracture and the shear

planes formed in and around the chromite bodies,acted as channelways

for the hydrothermal solutions, as consequence of which serpentinization

largely affected the chromite bodies and the enclosing rocks. Further,

during shearing the chromite bodies were subjected to more brecci

ation in contrast to the surrounding wall rocks,and the numerous

fractures thus formed in the former aggravated their serpentinization.

In many chromite districts ore bodies have boen found associated

with both serpentinized and UMerpentinized *ones,Which amply support

the fact that serpentinization was unrelated to the formation of chro

mlte, Singh(1959) has cited such an evidence in support of amag
matic origin for the chromite deposits of Jojohatu(Singhbhum).

Based on the above discussions and from the evidences collected

from the -auni area, the oresent worker finds it difficult to accept
that chromite could form as aresult of the injection of aresidual
Houid or by hyrothermal solution. It can be finally concluded that
chromite deposits form right within the magmatic stage as aproduct
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°f segregation.

9.2. GENESIS OF THE PAUNI CHROMITES

Due to the complete alteration of primary silicates of the chro
mites and other parent ultrabasic rocks and consequent obliteration
o^ the primary textures,it has not been quite possible to establish
the direct paragenetic relationship of the chromite with the pyrogenic
silicates.

aased on th. f0„o„i„e fIeld fe,tures jn,odc of „ccurren(_)etro_
n,ineralo5i=,pararc„etic and chMlcaI studlcs of ^ ^^^^

present the pTlmty dlff.rentlate ^ ^ ^^ ^ ^
magmatic period.

9.2-1, FIELD CHARACTERS

(1) The ore bodies are strl^t-u, c-strictly confined within the numerous linear
detached ultrabasic exposures.

«> Bi^eer depo.it. toralB8 lon? lentlcuUr bQdies m^^
Parallel ta th. strihe af the enclosin, uUrah„tc..mg.„,68)
Miner distant relation of Mny „,„ „ ^ ^ ^

— of the ultMbaslcs cM|ld be atmbMed ^ ^ ^ ^ ^
semi-solid macma durinp th^-ty a ia uull"g cneir emplacement Tv,o -a,-,

enc" xhe occurrence of small«-%«..„-. and pock.t. reprMMt, elther MMr fra ^
•e^etien.. or the. are hrohen off part. durl„R .„,
riowage (fig.57,64).

«> - - handed ore bodieS thin l.,yers of rhro.ite alternate „lth
barren silicate layers or H-ioo .«..«*„«* chro„lte layors in nrhythMc
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order (fg.U5)indicating a primary origin of these ores due to gravi

tational differentiation under magmatic conditions. The periodic

changes of physico-chemical conditions added by the differing power of

crystal nucleation from a supersaturated magma give rise to rhythmic

banding in the ores(Wager 1939). The disappearance of these bands or

their merger with massive ores 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 (Botektip 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 consolidation (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(fig.59,62)It is quite apparent that the localisation

of the chromite i, the ultrabasics was not guided by any Pre-exist-

inP weak zones. The chromite bodies were emplaced simultaneously with
the ultrabasics as -autoliths. in them and a11 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 types. Further .the disseminated ore generally suggests
Simultaneous crystallization of the silicates and chromites.
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(7) The chromite bodies of the present area do not exhibit any chilled

borders or criss-crossing veinlets - the typical features of injected

melts in already consolidated rocks,

9.2-2. MICROSCOPIC FEATURES

As the relationship of the primary silicate minerals and the chro

mlte has been mostly obliterated due to cataciastic effects and

hydrothermal alterations,it is rather difficult to deduce much about

the primary textures. Nevertheless certain characters observed In '

thin sections and polished ores support a magmatic origin of the

chromite.

(1) Generally the chromite shows corrosion and resorption effects,

(fig.158).These have been largely caused by the residual liquids dur

ing the magmatic stage and partly by the later hydrothermal solution.

The effect of the latter was less due to its low temperature. Magma

tic corrosion of chromite indicates that chromite must have concen

trated in earlier differentiate. The predominantly anhedral and

embayed grains of chromite in most of the ores suggest that magma

tic fluid was sufficiently active to corrode the early formed chromi-
te crystals.

(2) Mutual moulding of the borders(mutual boundary textures) between
chromite and pseudomorphs of secondary minerals after olivine and
pyroxene indicates their simultaneous crystallisation^ir,.149).

(3) Exsolution intergrowth of chromite and hematite<fig,159)indicates
unmixing of the solid sdution at ahigh temperature durinR the
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magmatic stage.

(4) Most of the ores show a high degree cataclastic effects like fract

uring and brecciationOH-js. 151-153). These have been partially cr-used

by flowage of the maama (oull-apart texture) and to a large extent

due to later tectonic deformations. The fracturas are occuaied by

secondary silicate minerals like chlorite,serpentine,amphiboles,talc

and chert. Such features have been cited by Fisher (1929) in favour

of magmatic origin of chromite. According to him "fracturing of

chromite grains is more pronounced in the hydrothermally altered

ultrabasic rocks than in the fresh varieties. Incipient fractures

serve as solution channels and the force of crystallization of later

minerals within these channels may split off peripheral portions

of the grains or oass completely through the chromite."

(5) The veins of hydrothermal minerals.cutting across the chromite

ores, do not contain chromite, though they include chrome bearing

chlorites. This indicates that the hydrothermal solution did not

have any bearing on the formation of the chromite. The formation of

hydrothermal minerals took place much after the emplacement of the

ultrabasics and the enclosed chromite bodies.

(6) The disseminated chromit-: grains are smaller in size and are

generally idiomorphic,(fig.l55)while in the massive chromite ores

the grains are coarse and are anhedral to polygonal showing mutual boundary
texture (fijj-s. 1, 156). it is quite ?ossible that th& d.ssemi_

nated crystals formed alittle earlier compared to the massive type.
Many workers have stressed the fact that fine grained euhedral
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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. GEt'ETlC HISTORY OF THE CHROMITE ORES

Based on the above evidences and discussion, the following para-

genetic history of the chromite ores has been concluded.

ti) The Pauni ultrabasics are the products of crystallization

differentiation of aprimary peridotite magma under plutonic condi

tions. The magma differentiated at depth to form different ultrabasic

types including the chromite ore bodies (chromitites).

(2) In the magmatic chamber the chromitites formed as layers or bands
of more or less uniform thickness.

(3) During the initial phases of the first stage (F^ orogenic
movements the primary differentiates of the ultrabasics were split uo

into smaller fractions in asemi-solid condition which were emolaced
into the weaker zones of the country rocks at a low temperature
(below 500°C).

(4) During their upward movement the chromite Layers were disrupted as
aresult of the flowage of the -mush-, and lenticular bodies.with
pinch and swell structures were fnt-mQH n«*ures were formed, bifurcation and splitting of the
ore bodies and development of stringers too'- place durinr, this period

The elongation suffered hy the crystal „ush doe to fle.ag. devolooed
»ri„ary fractures in the chromite ores giving rise to null-apart
texture.
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(5) After their emplacement the ultrabasic differentiates Including
the chromite bodies suffered severe tectonic movements when folding,
faulting,shearing and brecciation took olace. This was accompanied
by intrusion of basic rocks and followed by intrusion of granites and
pegmatites.

«> pnri„f; aDd £oIIowlng these MtlvltUs>lnten>a hydrotherml pro_
cesses caused <• ohliteration of ori.nary teKtures „nd structures
and reatacenent of ori„ary pyrogenic nl„ rals except the chr»lt, hy
secondary minerals Uta .erpentine.t.U.chlorlte,tremolite and ehal-
cedony. ,hue ne„ sultes of Becondary ricks Bero ^ ^^

.deration and fathering gave rise te surficial Wteritic and float
ores.

•« M=e end space reiatianshio of the chroMte „ith tho ^
• Minerals has been Presented in the naragentic Table 26.

Table 37 contains the penetic a-a-rtc nc -u ,o-neuic asaects of the imoortant

chromite occurrences of India, in anutshell.
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CHA.?TER -y

KINIHG AND ECONOMIC ASPECTS OF THE CHROMTTE r.sy,v.TTc

10.1. INTRODUCTION

The occurrence of chromite in the present area was first

noticed in the year 1955. The alluvial cover of the area concealed
the deoosits for along time,and it was from th^float ores the
orasence of chromite was discovered .Subsequently the geological
Survey of India investigated the potentialities of these deoosits
during the year 1956 inrl iqw * ..y UPb and 1959. Later,geophysical survey was carried

out by the same organisation durina the field seasons 1962 to 1964.
tegular exploitation of the deposits started in 1958 an. since then'
the mining activity is in progress.

10.2. MINING METHODS

I" this area the fhroalte ore is „„„ by opori C(„t „lnl„g
•nechods. The irrc.uiar neture * the ore deposits,their structural

rocks .present imitations for underer-und r.ini„.; „thod. even on
.-U scale. Generally pits and trenches are „ade at certain
-ervels.and if a„y oro body ,.^^ ^ ^ ^ ^^
— ^ orahahle stri.e and di, direct,ens. aunrryl„R „^ fcy
shovels,crossbars and oick av« ni .•aPick axe.. Blast in- is not involved as the
rocks are very soft. The oro t.ore is easxly separated in small blocks
due tO cloSelv "ano^-aH i~- - m,ely spaced joints. The removal of the ore and the debris
is 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 quarries. Mining operations

are closed during rainy seasons. The quarry near the bank of Wain

ganga river faces additional water seepage problems. The aits are

generally abandoned after adepth of about 20 m. due to heavy water

flowage and the higher cost of production. When an orebody pinches
out along tt, strike direction excavation is generally stopped.
The present worker has observed that proper benchin, methods are not
followed in the ouarries and the whole mining operation is carried
oat on avery irregular pattern. This is probably due to the lack
of oroper understanding by the miners regarding the nature and

prominent ore bodies in the main chromite bolt have already been
wholly or partially exploited to adeath of 20 to 25 m. frora the
-face. It is quite ?robaMe ^ ^ _ ^ ^ ^ ^
depth in most of the cmnrrinc »nAquarries and a proper mining method may yield
fruitful results.

10-3. PROSPECTING ;,ND EXPLORATION

Exploration and exploitation of the stratiform type of chromite
* not pose any problem because of their occurrence as continuous
layers and their consistent relations wit*, ,.*,

1 ns Wlth the Parent rocks; but
the alpine type chromite deoosits r-.ideposit, raise several hazards for the
geologists and the miners. Greev(1963) says "it is c „

=>~ys> it is considered that

the exploration of chromite ore bodies of ,•
bodies of alptne type ultramafics

is a task with a low possibiHt-v f„P ssibxlity 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 irregular nature of the ore bodies and the
structural deformations like folding and faulting.it is difficult to
anticipate the size.shape and continuity of the ore bodies. Hence

normal mining methods are difficult to a?Ply. Generally by the time
a orooer understanding of the ore body has been formed alarge
P«t of the orebody would be mined. It has to be properly borne in
«ind that several lenticular ore bodies parrallel or subparallel to
each other form ore bearing *ones,simiiar to the occurrence of parent
ultrabasic rocks in the country rocks. Later deformations have caused
further breakin, up of these bodies into smaller ones causing dis
continuity, reappearance and repetition along their strike and dip
directions.Durinp m-fni-io 4f „„ , ,-" mining if an ore body ,inches out either in its
strike or dip direction, excavations should not c „

n U,C! noL cease as continued

work -«ay prove a new ore bodv -ir, t-u-, a,
=- °ay in th-se directions. Sometimes trails

of dis^inated ore or strikers »,,y connect .adjacent ore oodles and
this Wli net as . gulde for the development of the 0uarri,s. Before
extending the aih-imn-nr, .-„ .quarrying, trenches with dee,, ,i» rtould be ,ut a
interv,.. te fol,o„ the continuity of «. parent ,,cks ^ ^^
»—.Tta. the most i^rtant aoint in mi„i„3 and ^^ ,„
the oresent eree. is to recognlM the ore heoring „,„.,. 3uch „*
•«uld contain several ore bodies ,t ciose intervois.

More the more tensive methods lUw pittl„8.tre«hIng ,rd
*«»«„ ere resortee,5eochemicni sell surveys may be carried out
» «- - —- higher chromium content in relation to the chromium

3

O
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background values, presence of ore bodies may be indicated. However

chromite is one of the most unsuitable elements for geochemlcal pros

pecting because of its low solubility. Hydrogeochemical and biog'eo-

chemical prospecting for chromite have been employed with partial

success in the Radusa district. Yugoslavia (Jankovic,1963). Koskirg

(1963) has discussed the geochemlcal prospecting carried out for

chromite in Mindanao,Phiillpines and for the Great Dyke of S.Rhode

sia. However, these have limitations in an area like Pauni.because,

weathering of chromiferous siiiCAtes(chroma-chiorlte) releases more

chromium than the decomposition of chromite ores.

Geophysical exploration may bo carried out to delineate probable

chrome bearing zones. In the geophysical 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 adopted successfully in some chromite districts;

<i> gravimetric methods -Gravimetric methods can be successfully
applied in locating massive chromite bodies if there is much varia

tion in the density of the ore bodies and the surrounding rocks.
L*rge deposits of chromite have been explored successfully by gravity
methods in the Camaguucy district, Cuba (Hammer,et.al.i948;Davis
et,al.l957). In the Golan Mine, E.Turkey,gr.vity survey has led to
large ore bodies (Yungul.1,56). Gravity surveys have proved to be
very useful in Cuttack district,Orissa (3ose and Baner,ee,1966).
At Pauni, due to the hydrothermal alterations, the density of the
Parent ultrabasics has been reduced compared to that of chromite.
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However, this density contrast has been muliified by the presence of

amphibolite bodies in the** proximity, of chromite bodies.

(il) Magnetic prospectine-Ha^tic prospecting will- be useful if the

magnetic susceptibilities of the chromite and the country rocks are

much variable Magnetic -surveys at Zimparalik Mines, Turkey,led

directly to the discovery of buried ore (Ergin,1954). Chromite is

normally feebly magnetic. It has been observed in some areas that

some of the serpentinized periodotites are more magnetic than the

associated chromites, due to the presence of released magnetite

content in the formcr. In such cases chromite gives negative mag-

netic anomalies. The Kemi area, Finland, provides the example of the
above condition (Thayer,1960).

Accordingly ^gnetic surveys combined with gravimetric survevs may
serve useful in chromite prospecting.

(iU) ^^1^^ -Electrical prospecting methods
do not generally apply to chromites because of its chemical inertness
and similarity in conductivity to associated rocks like dunites and
peridotites. However, in areaslike Pauni where the ultrabasics have
been highly altered, there aPPears to be much contrast in the condu
ctivity of chromite and the associated rocks,hence it is quite
oossible that the resistivity method may prove successful .Resisti
vity methods and induced polarisation methods have boon used in
chromite prospecting with success in central and north Sweden
(parasnis,l963).
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Bhanu Murthy and Jagannadham(1966) have carried out geophysical

surveys in the Pauni area and have shown that magnetic and resisti

vity surveys have fairly helped in delineating the zones of ultra-

m-afics from the surrounding rocks.

Drilling -Drilling has proved avery expensive method for the explo

ration of chromite deposits at Pauni due to the smaller dimensions

of the ore bodies and their irregular nature. However, shallow bore

holes will be useful in the alluvium covered terrain in NE and SW of

the main zone, to ascertain the strikewise extension of the ultra-

basics. Inclined bore holes may help to discover ore bearing zones.

Drilling operations were conducted in the Pauni area during

1960-1962 by the Orissa Cements Ltd. on behalf of M/S S.C.Shukla.

In all 49 inclined holes were drilled. The average death of these

bore holes was 17m. and maximum depth reached was 30 m. (fig. 77).

Pitting and trenching. In the zones delineated by the above surveys,
cross trenches and pits are made to confirm the presence of ore

bodies and to assess the extension of the ore bearing zone. Fitting
and trenching have been acommon procedure for prospecting of chro
mite in the preliminary stages before starting aouarry in this area.

10.4. MINES AND PROSPECTS

In Pauni the ore-bearing area consist, of - leased out clairas
owned by M/S S.C.Shukla, Mine Owners and Modern Plastics Ltd.,

»affiH,r(Mfahlira8htA)wkj have been producing chromite by open cast
mining methods. The Modern Plastic Ltd. have been working •
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intermittently whereas M/3 3.C.Shukla have been active in mining

during the Jerlddl959 to 1966. Since 1957 there is a lull in the

chromite production in the area presumably due to the bipher cost of

production and competition from the chromite mines of Orissa. Lately
the Hindustan Steel Ltd., Bhilai, has taken lease of some of the

area lying west of M/3 S.C.Shukla's claim for exploration purposes.

Abrief description of the ore bodies in soma of the pits of the
quarries (fi-.76) as observed hv M,0 ,~ - *ere o..servcu by the pre ent worker is given below:

3.C.SHUKLA'S CLAIM

QUARRY N0.1 -This is located near south-western border of the
exoosed ultrabasic belt, and north of the ?auni-KhaPri read. The

quarry is elliptical.in shape and extends for about 2000m. in length
and 40 m. ln width. In all six pits (No.l to 6) were opened by the
end of 1965. This is the oldest quarry of the area, started durlag
1958 and was exploited continuously 'or „rir-„ *Jjl' zor nearly four years. During
this period about 2000 *-,-.«„ caut ^uoo tons of ore were produced from this quar

with water and ruck. Certain informations have been provided by the
-i*. manager and labourers regarding the ore bodies in these pits.
Sttjia -This pit is over 120 m. in lonoth ,nd ^ ^ ^
and 20m. deep. The disposition of the ui.x< a oz cne main ore body in the

western end of the pit i« NW <!i? a* .is NW-SE dipping 70- due SW and on the
eastern end it is along NNW-33E dinnnn, «o^ •

dipping 80-1 towaris west. From
west to east there is an increase in eh„

CjjC ln thG average width of the

quarry,

up
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rebody from 0.3m. to about 1.2m. The orebody at places has assumed

a tbickness upto 3m. The ore is of massive type with varying amounts

of gangue minerals. Thin lenses of banded an j. Schlieren banded ores

in the southern side of the pit strike SE-NW and dip about 30° towards

southwest.

rit N?<6 "This P'lt lies west-southwest of pit No.l and near to the

Pauni-Khapri road. Three oarallel chromite lenses are observed in

the ,it at intervals of about 1.5m. striking roughly north-south.

The western body dips steeply towards east,while the ether two are

almost vertical. The vertical lenses are about 0.3m. in width while

the former shows athickness between 0.5 to 1.7 m. At one ?lace the
western orebody splits up into two parts and Join again along the

strike, enclosing an ultrabasic pocket(fig. 68 ). Towards nortfatMs '
body with athickness of l.5m. abruptly plrchea Qut upward8 ^ thQ
vertical section (fig.69).

On the western side of the ait several thin parallel bands of
chromite varying between 2.5 to 8cm. in ,*dth and spaced at about
15 cm. intervals, with sharp borders, occur within the ultrabasics.
These bands have been folded^along with the enclsoing ultrabasics
(fig- 61). Another ore body/average tMrknesc <n rt.j— *B« L.itKness m the northeastern

side of 0.3 m. trends ENE-WSW dirmfnr, iro -
cupping 70 towards south. In the

vertical section It oinchos o,,t- «nA-- omch.s out and reappear* after an interval •

of one metre. Most of the larger orebodiea r r<- • '
•' "DOales contain massive ore while

the smaller ones are of disseminated type.
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QUARRY NO.2

It is located to the Nfc of Quarry No.l, between the tank and

the Pauni-Korambi road (-flg 7& The quarry is of rectangular shap

about 150 m. in length and 50 m. in width. It consists of five pit

(No.1-5) and the major orebodies were quarried during the years
1963 and 1964.

— N°--1 "Three Somite bodies have been observed in this pit. The
main body is between 0.7 to 1m. thick. On the western end the ore-

body ESE.WNW with adiP of 65* towards B3Uth-west and at the eastern
end it strikes HNW-SSE dipping towards northeast. These appear to be
the limbs of aplunging anticlinal fold. Two other tin parallel
bodies occur in this pit, having astrike between N-S and NNW.SSE

with steep dips. The main body is of massive type whUe; the s.all.r
ores show banded and disseminated ores.

Pit_No^2 -Two bands of chromlte with 15 to 20 cm. of average thick
ness were exposed in the pit. The trend of the orebody on the eastern
side is ENE-WSW with t rHn n* «^ ..a dip of 55 toward south and the ore on the
western side strikes ESE-WNW dhl...r, fil-o .

dipping 65 towards South. The ore is
of banded nature.

IlOcO -Alaterally pinching orebody with amaximum thickness of
1.5 m. trending north-south is exoosed. The dip is varlable ln
amount from is ° t-,-> mo .. .jo to 70° towards west.

e:

s
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Pit No.4 - A chromite body of average 0.5 m. thick striking ESE,WNW

with a dip of 50° towards south is exposed.

Pit No.5 - The chromite body has an average width of less than one

metre and strike SE-NW 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 about 10,0 m. uortheaat of Quarry No.2 and

on the eastern side of the Pauni-Korambi road (fig.76). The quarry

is of rectangular shape and Is about 150m.long. Exploitation of the

ore bodies was active during 1965 and 1966. It consists of two major

Pits (No. 1 & 2).

?-lt: No-1 • Three thin parallel lenticular bands of chromite are

observed in this pit,which vary in thickness from 5 to 15 cm. They

strike between NE SW and ENE-WSW with a steep dip towards northwest

(fig. 64 ). A fourth lenticular band varying in width from 10 to 20 cm.
trends NE-SE and dios &5° tnrrirAc mp t-uauj aips to cowards «w. The ores contain a fairly high.

amount of gangue and are of disseminated type.

?it No'2 "Several ore bodies have been encountered in this pit,which
are probably limbs of a complexly folded single or two ore bodies.

The average thickness of the ore bodies is between 0.5 to 1*,. The dispo

sition of the three prominent ore bodies(from east to west) is given
below:

1. Strike of the orebody varies between NNE-SSU and ENE-WSW with an
average dip of 50° towards W.
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2. The strike of the second ore body is between N-S and NNE-SSW

dipping 50^ towards west.

3. The ore body trends NNW-SSE with adi? of 60" towards WSW.

The ore in the above bodies is of massive type containing little
gangue and is of high grade.

MODERN PLASTICS CLATM

There is only one quarry with several pits in t>is claim. The

quarry is located adlacent to the left >:ank of the Wainganga river
within the 750- contour lines. Exploitation of the rre in this sect r
started in i960. The quarry is over 500m. long and 40 m. wide.. Pit

No.3 and 5were the main workin;- aits during the present worker's
visits.

uutai - ibo ..i„ orobody GXtonds for over 75 m_ atag tt< ^^

northern end nf i-i,, „.t .the pit i. „.„!„ north.south dtpplns 60 towirds
«.t, and ,. tha Bomhern ond u fi ^ di;|)i^ ^^ ^^
-t„.„st. About , r, „est of th(; min or<body (m ^^ ^^ ^
.*—..».. ,,,ls „ccur>hwln„ . t,,lckness bMresn 3to ^^^
They appear to coalesce in depth to for™ m4 ,aepen to torm single orebody. The large
body consists of massive ore whereas tha^ri

ec'S ^e-strm^ers and tMn bands
form disseminated ore.

?it No. 5 - The strik- «»?«.*..-strike of the orebody ranges between N-S to £N£ uSp
^h an average dio of 50* towards west and northwest. They vary "
from 4 Cm fn fl_"» — .c . co 0-7 m. in their thickn«o« vCGickness, Few lenticular bands



-:242:-

60° - 70° towards SW, The ore contains high amount of gangue.

10.5 BENEFICIATION OF THE CHROMITE ORES
•

The °auni area contains large amount of low grade chromite ores

in the form of disseminated and banded types. Apart from this there

are many chertified ore pockets. In the first few years of mining

such low grade ore was discarded and no attention was paid towards

their beneficiation. However, beneficiation orocesses were started

in 1964. The low grade ores with Cr 0 less than 357c are being upgra

ded to ores above 48 to 507, by means of crushing and jigging. The

low grade lump ore is disintegrated by means of small power crushers.

With the processes of washing,panning and jigging chromite grains are

separated and concentrated. The Indian Bureau of Mines conducted

beneficiation tests from low grade chromites of the area. They found

that the ore containing 45.427- Cr20 could be upgraded to 53.57,

Cr203 with a recovery of 90.57- Cr20,employing gravity method of

concentration.

Experiments have been conducted by the National Metallurgical Labo

ratory on certain low grade chromites having Cr:Fe ratio less than

3:1 to upgrade them for the production of ferro-chrome. It has been

found that by preferential reduction of FeO and its subsequent

le china, by acid the Cr:Fe ratio of 3:1 could be obtained with almost

1-007 recovery (Indian Minerals year Book 1960).

10.6 RESERVES

As the ore bodies are highly irregular in nature,both along their

strike and dio.any estimation of their total reserves in the area
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will be far from correct. It is estimated that the reserves of chromite

in the known ore bearing area are about 480,000 tons down to a depth

of 15 m. Reserves are likely to increase if the .adjoining alluvium

covered areas are properly explored and further increase is expected

if the ore is proved at greater death in the present ore-bearing belt.

The estimation of reserves of podiform chromite deposits Is generally

a matter of speculation,because of their unpredictable structural

pattern. Hence the production capacity cannot be correctly estimated

from the statement of reserves, unless it is based on strongly indi-
cated ores.

10.7. PRODUCTION

TABLE - 38

PRODUCTION Qg CHROMITE 1QSR-TQ6A

Year PAUNI

(QUANTITY
Tonnes)

1958 229
1958 209

1960 1,228
1961 1,289
1962 591

1963 1,006
1964 730

1965 999

1966 1,490

BHANDARA *

VALUE

(te,'ooo)

9

16

107

108

50

246

64

78

122

*.LL INDIA TOTAL

QUANTITY VALUE
(Tonnes) (Rs.'000)

63,957
95,596
100,112
48,785
66,648
65,0^2
33,424
59,68.5
77,656

3,186
5,364

5,733

2,89">
4,259
4,195

2,045
3,723

5,197

*The production, of chromite of Pauni area reoreaonrst-fc., •„- ioutput from Maharashtra State. ~ represents the total

.The Pauni aroa has been constantly producing chromite every
year (cf. table 38) since it started production in 1,58. Th, average
annual production is about 1000 tonnes. The total output in 9years
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(1958 to 1966) was 9771 tonnes. In 1963 the output was very high

i.e. 3,006 tonnes. The production is much subjected to the demand

of the ore from the consumers. 71g. 79,90,ahow graphically a coa^nrative

statistics of chromite production from Paitni with that of the All

India total production. It is well apparent that Pauni follows an

independent course In the chromite production, as the ore is produced

just toweet the daraands of the Orlssa Cements Ltd.,0rissa.

10.8 SPECIFICATIONS.GRADE AND UTILIZaTION

The principal uses of chromite are (i) metallurgical

(ii) refractory and (iii) chemical, Chrome ores are generally classi

fied on the basis of their suitability for the above uses. For meta

llurgical and refractory purposes hard lump ore is required,whereas

for chemical purposes soft lump ore or concentrates can be utilized.-

U) Metallurgical grade -Chrome ore to be used for production of

ferro-chrome should have aCr^content ,not less than 47-48% and

Cr:Fe ratio not less than 3M,MgO ana Ai^should 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 constituents are discarded.High
amount of iron oxide is undesirable for metallurgical purposes,as
iron is reduced to metal with Cr and lowers the grade of ferro-

chromc. High contents of Si02 increase the processing cost,.

In U.S.A. chrome-ores with an average Cr^ content of
46.97 and Cr/Fe nUn r^e a o i .*/-e ratio of 2.8 are being used ftrmetallurgical Purposes.
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(ii) Refractory grade - Low grade 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 respectively as both of these

reduce refractoriness. High alumina is desired and Cr, 0 and Al 0

should preferably exceed 60%.

In the refractory brick production the chrome ore as such is

incorporated in the crude condition and no constituent is removed.

Hence, the relative proportion of the various constituents,their

texture and strength must be considered carefully for the refra

ctory grade.

In U.S.A, chrome ores with an average Cr '"' content of 347 are
2 3

being used for refractory production.

(iii) Chemical grade - Chromite should have a Cr 0 content of 44%;

Cr:Fe ratio of 1.6:1; SiOj less than 87 and MgO should ba as low

as possible,

?or the chemicals only chromium oxide from the ore is

extracted. Si02 should be as low as possible as it increases the

orocessin^ costs. Ores with high iron content is tolerated as it is

eliminated without much extraction cost. In the United States ores

with an average Cr^content of 447 and Cr/Fe ratio of 1.5-1.6 are
being used for chemical purposes.

The Pauni chromite is being used for refractory brick manu

facturing by the Orissa Cements Ltd. Rajnandgaon,Orissa. As che
silica content is fairly hiPh (8-9%) the ore Is blended with ores

from other areas having low amount of silica to meet the required
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specification for refractory purposes. Lately the Hindustan Steel

Ltd. Bhilai is beinc supplied With the beneficiated ore from this

area.

10.9 FUTURE PROSPECTS

The present worker believes that the Pauni area possesses

more potential in chromite reserves,than what has been sssesed• at

present. Proper planning and systematic mining and dressing are

imperative to avail a Steady; rate of production from the area

and to avoid waste of low grade ore.. Many old dumps contain huge

amount of low grade ores which could be easily recovered and upgraded

for commercial use. The abandoned aits c-uld be further worked to

win the ore bodies in deeper parts,using high power pumps to over

come the water problem. If systematic exploration is carried out

along the strike of the belt, towards northeast in the Sindouri area,

more ore bodies may be proved. With planned development and exploi

tation of these deposits, it is hoped that Pauni area will be

regularly supplying refractory chrome ores to the need of the

country for years to come.
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C H A P T E R -XI

CONCLUSIONS

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 formations of the Sakoli Series. On the basis

of the studies 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 stratigraohic
units.

(i) Pauni Formation (the oldest) -comprised of chlorite-schists (largely
migmatitised) and quartz-oagBetita-grunerite rocks with altered ultrabasics

amphibolites,and acid intrusives.

(ii) Parsori Formation (partly exposed in the area) is represented by
the chloritoid-chlorite-muscovite-schists.

(iii) Bhiwapur Formation -consisting of phyllites.quartz-phyllites and
iron ore bands.

(1V) £-aido"Kari Formation comprised of quartzites,slaty shales,meta-
argillites ,slates.variegated slates and conglomeratic slates.

(v> Younger Spdimentarie.s (Younger to above four formations of the
Sakolis) formed of conglomerates.sandstones and shales.

Four major faults have been deciphered in the area which fo

the boundaries of the above stratigraahic units (Map 2).
rra
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The geologic succession established by the present worker is

the first ex 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 area under investigation falls in the southwestern part

of the 'Sakoli Synclinorium' (Fig. 10'). Based on the detailed geometric

analyses of structural elements(largely foliation planes S ) it has

been concluded that In this region the Sakoli group of rocks have

suffered at least three fold movements named as F^F and F producing

comolex 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

three episodes of Folding whereas the Bhiwapur and the Gaidon

gari blockswere affected only by the later two deformations F and F
2 3*

Although the general trend of F^NE -SW) could be correlated with the

regional trend of the-Sakoli Synclinorium'the other two crossfold

trends F^NNW-SSE) and F3 (ENE-WSW) are rather difficult to compare

with t'^ose of the Nandgaon and Khairagarh orogenies as described by

Sarkar(1957,l958 ) 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 igneous activities. Though the general trends

of F2 and F3 ,3r3 nearly normal to each other, their variable inten

sity within a small region suggests that these movements represent

uccessive phases of the same orogenic cycle. The superimoositions
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of F3 fold on F2 has given rise to a'depression' and'saddle'structures

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 types of folds have developed at several

places in the area. The pattern and styles of the folds have been condi,

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 Pauni 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

amphibolites, plagioclase amphibolites and hornblendites. These show

enough evidences for their igneous origin. The granites, pegmatites,and

quartz-felspathic veins forming migmatites,(a co-magaatic suite of

rocks) appear to have formed from a magma or melt of deep seated origin.

During the early phase of the f% movements, emplacement of

Ultrabasics(Including chromite bodies) took place, 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 country rocks by quartzo-felspathic

solutions (migmatitisation) took place along the weak zones. In between

these two ohases 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 1. of low grade regional type, and the second

is presumably due to dislocation metamorphism.

The phyllites, quartz-phyllites and iron ore bodies of the

Bhiwapur Formation were originally deposited as Politic to se»l-?elitic
sediments, with linear lenses of iron rich sediments. On regional meta
morphism, these 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 quartz-Phyllites contain mostly
aartitised magnetite with garnet, grunerite and quartz as gangue minerals
It has been concluded that the magnetite in the iron ores was formed
along with the silicates during the regional metamorpMsm,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 portion., suggesting that in the
early period of sedimentation the deposition was steady and the tect
conditions stable. In the later period the tectonic environment bee
unstable causin. rapid erosion,transportation, and deposition.

Tbe Younger Sedimentaries are formed of gently dlpplng
beds of conglomerates, shales, and sandstones. The grain size analyses
of two horizons of sandstones indicate that they have different pro
venances, which has been corroborated by different suites of heavy
minerals present in them.

onic

ame
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The ultrabasic rocks exhibit characteristics of the alpine type.

As mentioned earlier they were emplaced during the initial stages of the

first fold movement F , 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 deep seated primary peridotite

magma, which crystallized and partly differentiated by fractional crysta

llization 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 observed in polished sections. The chemical analyses of 13.pure

chromite samples have shown that they fall under the group-alumina chromites,

in the triangular diagram, . They exhibit wide variation in their chemical

composition, particularly with regard to Fe^, FeO and Al 0.The average

chemical composition can be expressed by the formula (Cr Al Fe )

Fe46Mg49Mn2T13)- The ratio of R0 to R3°3 d£V**te 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 -are primary differentiate of aperidotite magma. In the

magmatic chamber the chromitites formed as layers or bands of more or
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less uniform t1 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 splitting of

the ore bodies took place during this period. The elongation suffered

by the crystal 'mush* due to flowage developed primary fractures in the

chromite ores, producing pull-apart texture. After their emplacement the

ultrabasic differentiates* including the chromite bodies suffered £®d

folding, faulting, shearing and brecciation. During and following

these activities intense hydrothermal processes caused the obliteration

of primary textures and structures and the replacement of the primary

silicates by secondary silicates. The later basic and acid intrusives

were also much responsible for the above changes.

On the basis of field observations it has been inferred that the

northeastern and southeastern part of the area along the ultrabasic belt,

form a future prosoect for the location of chromite deposits. Furthc

cheaper methods of mineral dressing will increase the potential

source of a better grade chromite.
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