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Preface

Marble has receivad lavish patronuce of man-
king throughout the historical past, Because of ite unique
agsthetic gualities and easy workability, it hes besn used to
perpetuate ths memory of individuals, to immortslise their
noble achievements, and to glorify the deities, &ven in
present day architecture it has bsen artistically deployed to
enhance the beauty of buildings and to lena them an aura of
cignity and prestige,

This bulletin has been brought out (o cover
the many facets of the marble mining & polishing industry
and trade considering its extensive use as a building and
decorative stona in India and abroad, This, together with the
bulletin on *Granite in India® being sisultsnecusly brought
out, covers the major portion of the gamut of the dimension
stone inaustry in the country,

This bullstin presents the available infor-
maetion regarding commercial definitions, specifications, uses,
marketability, geological and geographical distribution,
methods of mining and processing, and the indigenously manu-
factured processing machinery.

A concise account of the relative merits of
the different mining practices and sallent features of the
modern processing machinery have also bsen presented, Attempts
have been made to identify the problems and to indicate the
prospects of the marble industry in the country.

The information presented in this bullstin is
based on published literature and information collected fros
producers and users and field visits to the major marble
producing and processing units in the country. To sssess the
prospaects and problems of the maerble industry in the country,
personal discussions were alszo held with the important produce:rs
and procesecrs of marble, representatives of the industrial
orgsnisations, and the officialse of the various State Govern-
ments,
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The co~opsration received from the producers,
processors of marble, manufacturers of processing rachinery, ths
various departments of State Governments and the concsrned
agencies in readily making the information svailable to us,
both through correspondence and personal visits, is thankfully
aCknowledged, Wa are also thankful to all those who have
supplied us the various drawings, photographs, anc blocke, and
have also given us the permission to reproduce them in thg
bulle tino

The officers mainly associated with ths
preparation of this bulletin are Shri S.Balagopal, Controller
of Mines, Shri H.Ananths Ramaiah, Suptdg. Mining Geologist,
Shri H.N.Wanare, Regional Controller of Mines, Shri Y.G.Joshi,
Junior Mining Geologist and Shri K.S,Parameswaraiah, Junior
Mining Geologist.

NAGPUR: D. N. Bhargava
15 Feb, 1983 Contyoller—-General
Indian Bureau of Minet
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CHAFTER 1

1. Introductien

1.1 General

The term marble is derived from the Letin

word "marmor® which iteelf comes from the Greek rooi . L
"marmaros® meaning thereby a shining stone. 1n ancient times, -
any stone capsble of taking polisgh, without any regard to its e
chemical composition, uas designated as merble. Event tha B
serpentines, alabaster, and qgranites were categorised as .

marbls - if they could take polishl!, However, in course -

of time, earth sciences developed a more sophisticated and .

accurate classiflcation uhich can categorise rocks on the

basis of thelr pirth-hiatory. i s

1.2 Definitions

In the earth BCisnces, stones are first. .
classified on the oasie of their origis and aub~-clgssified on
the basis of their minaralogical and chemical composition and
disgnustic physical characteristics., The classification baged e
on these oetroclogical properties is too datallﬁdfﬁ@g)ﬁﬁﬁmébcialﬂ'~

practice. Commgrcial classification adopted by -the sto S Y
industry is mainly pasad on the gensral prnpertiea'aﬁd=u98Q:Of_ﬁ
the stons. It it guite broad compared to the strictly scian-

tific clessification but it caters to the cqmma:cia;;neﬁﬂsEDf:-
the industry. pefinitions of some of the important terms
and rock types as thaey are un -irstood in the stone in@qaﬁtyd

are glven beliow i A SRR

5tone 3~ Stone is natural rock material quarcied or minaqfﬁ”“w'
for constructional or industrial wsa in its;natural,cbam;cat 
state, and its physical chare %er altered oniy by ehaping . .

or sizingz.

Rock §- Rock is a stone stiil in place sither &8s a formational
component of the earth’s crust or a part.of a large wmass Or
ledge that cannot be moved witheout sub-division. To @
geologist, rock is any mass of naturally ?ormad,cthgqnﬁg;-;

wineral matter<®.

The term ®*¢imension stone® is epplied to.

Dimensiocn Stone §- lie
ial guarried for the purpose 0f obtaining

natural rock mater




blocks or slabs that msst the specificastiona or slze and
shape-.

Marble 3= Petrologically marble ie recrysteliized
metamorphosed) limestone., 3ut in commerciel perlance the
term marble has & much wldar application, Commercisl marble
is any crystalline rock composed predominantly of calci%e. '
dolomite or serpenting that is capable of taking moliash®,

The American Society for Testing Materiel
(ASTM) has given the follouing definiticne related to marbleS,

Commercial Marble 3- A Crystallina rock composed pradomie
nantly of one or more of the foliowing minarals 3 calcite,
dolomite, or serpentine, and capable of taking polish,

Calcite Merble s~ A crystailing variety of limestaona,
contalning not more than 5 pPer cent magnesium carbonats,

Dolomite Marble 3= A crystsilins variety of iimastone
containing in excess of 40 bar cent magnesium carbonate as the
dolomite molecule,

Magneaium (dolomitic) Parbis 3= & cryetalline variety of
limestone contasining not less than 5 nor mora than 40 per cent
magnesium carbonate as the dolor’te molecule,

Onyx Marble :- A dense crystsgiline form of lime carbonate
deposited wsually from cold water  ,olutions, - It ia genaersally
tranalucent and shous e characteriastic layering due to wode of
accumylation,

Serpentine Marble s~ A marble characterized by a prominant
smount of mineral serpentina. )

irsvertine Magble :~ A veriety of limastons regarded as #
product of chemical precipitation from hot springa., Traver=-
tine ie cellular with the cells usually concentratad in thin
layers thet display a staslactitic structure. Some that

teke good polish are sold as merble and may be classified a8
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avertine marblis wundwl the class ot commercial marble.

Verd Antiqus f= A muarbla composed chiefly of massive serpan~
Yine and capahle of baing polished, 1t is commaonly crossed
by veinlets of other miosrals, chiefly carbonates of calcium
and magnesium,

1.3 Chemical and Physical Pyopertics

Marbles hava a broad range of physical and
chemical propurtiss, Suitablility of the martla for any
purpose is decidaed by its properties to mset tha specifica-
tions establishad for tha purposaea, Marbles are mostly used
bacause of their pleasing appearance and physical strength,
and the chemical properties are of lessasr importance as
compared to tha physical propaertias, But the chamical
composition dotermines many physical properties of marble,
particularly its auitability with refersnce to weethering.
Marblas are more susceptible to acidic conditions, in the
form of rain, smoke, fumas and, ground water, Thus a variety
of tests ars carried out to study the chemical and physical
properties of marble.

Chemical Composition $~ The chemical composition of some aof
To world Famous commercial marbles® are given in Table 1.1.

Tuble 1.1

Chemical Composilion of H’rm'l(i Famows Marbles

Chemical L o cC AL I T Y
analysis Makrana Makrsha macbls used Cerrara Pante-
parcent spacimen for building Victoris {Itaely) linkon
memorial, Calcutta : {Grucce
(1ndia)
T~
Insoluble 0,46 0,89 Trace Yrace
residua N
- .2 0913 4] a5
F9203 0,28 °
Faer:s/Mztl:s 0,04 - -
Call 56,08 - - -
CaCOS - 97,74 99,35 99.85
Mg0 0.%0 - - -
#gClsy - .22 0,67 0633
Phosphoric v .04 Trace Trace
acid

LcDaIn 43“28 - Load am

e P b e e S S 7



‘Chemical composition of Sore marbles from fajanthan®?

givan_in Table 1,2, a?é.
Lable 1.2
Chemical Composition of Marbles from Rojustian
Chemical L Ccavc 1Ty B
lysi - ‘
;zsczzta | Pilot{ . Ghoratenkari Peruve ~Sarangue
Insolubles 3,86 . 16,16 . B.52 7.80
Feala Al03 0.67 ge7a 0.54 0.02
o Cad - 49,55 47,89 51,49 52,98
M0 347 g.7p 0,90 Ga11
oLl B I, 42,2 34,82 38,36 39,72
131 Chemical and Mineralogical Impurities := = - Chemically
- the impurities mey bs in the form of silica (sigy o

), @8 free
~‘guartz or silicates, iron oxides as hematite (Eazﬂa), limonits
.?2 Fe203 '3 Ha0), manganeseeoxide (Mn02), aluming (AlaCy

in the form of aluminium eilicates, and sulphur usually ae
pyrite (FeSz), Minor quantities of organic material in the
-Porm -of graphite are-alan.preaent.in_soma_marblea,-'Tha
~presence of impuritissof tqnprqducea_daco:atiuq patterns
Ehndch;up:shin_tha“mgrblé. ~The impurities are generally
Present ae.minerala-and,tha.moatncommon minerals are guartz,
LchertQﬁrlint,Thematite;_limonite,"graphite,'mica, chlorite,
~tremolite, actinalite,“unllastqnite, diepside, hornblende,
‘epidote, tourmaline and pyrites, S

_ - Iron sulphides in the form of pyrites may form
‘bands and clusters. Gecomposition of iron sulphides often
imparts undesirable discolorations to the marble,

oo e e Hands of silica may ba present in merble as
its original constituent or it may ba i{ntroduced through
fractures by ths action of percoleting vaters, The silica eo
dntroduced through fractures causes’ unsoundness in the marble
blocke, B8ut gilica present es flinty masses often gives
decorative markings to the stone, However, because of its



higher hardnoss silica usually creates problems for channelling,
d¢rilling and processing.

§ilicate impurites in the form of mica an.
chlorite are generally scattered as dark patches and banug
through the rock mass, These bands and patches may impart a
pleasing pattern, or thay may also weaken the rock and thue
reduce its value, Banda of dolomite and calcite are often
prasent as alternating bands in marbla, Lenses of dolomites
are also common, The presence of dolomite gives an uneven
surfece to marble and muy cause some difficultiaes in proceas-
ing of the marble.

1.3.2 Physical Properies :— The desirable physical proper-—
ties of marble may vary with its intended use, Generally,
strength, durebility and appearance are the most important
physical properties, though a number of other properties may
influence the utility and value of marble.

Hardness $- Hardness is a measure of the resistance the
surface of a substance offers to sbrasion. In this respect the
hardness of marble is more than that of most of the limestonas,
and it depends on its chemical composition of the marble, The
presence of flint or silicate minerals increases ths hardness
of marble. Hardnaes often impedes the vorkability of marble,
vhile the cost of quarrying hard marbles is certalnly more
than that of soft ones, Houwever, hardness is a desirable
quality if the marble is to be exposed to abrasion during its
end-use as silla, floore, steps, stc, ' '

Abrggive Resistance - pbrasive reslstance is determined by
the composition and texture of marble. A tight texture Wwill
resist abrasion best, The index of abrasive hardness (Ha)

ranges from 8 to 42 for marble.

Spucific Gravity 3- The specitic gravity of marble depends
on its chemical composition, Dolumitic marbles are heavier
than pure caslcitic parbles. The specific gravity of calcite
marble is around 2,7. The averaye specific gravities of some
. 0f the murbles from Rajasthan are given beloubs '
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Locality Sp.Gy
Piloti 2,74
Ghoratankari | 2.86
Perwa 2,72
Sarangue ' 2,74
Makrana 2,702 to 2,747

Solubility := The solubility of marbles intendsd for extarior
use is a very cruciai factor, #Marbls exposed to atmospheric
agencies dissclves and disintegrates, though vary slouly, with
the passage of time. The rate of dissolution varias with its
chemicagl composition, texture and porosity. A permeabls
marbie dissolves mors rapidly than an impervious one.

Porosity and Absorption s~ These properties have a direct
influence on the strength and weathering of marble, Porosity
is the volume of pore space in a stone and absorption is the
amount of liquid a stone will absorb on immersion, If pore
spaces are of sub-capillary size absorption is low, But if
the pores are of capillary size or more, absorption is increa-
sed with resulting frost action and weathsring., The porosity
of high grade marble ranges from 0,0002 to 0,5 per cant8,
Morbles for extarnal use should have a low porosity.

Colour s- Colour is perhaps the most important physical
property that is governed by the chemical constituents of
marble. Generally calcitic and dolomitic marbles are of

pure white colour, Variationg from the whiteness of pure
marble are due to the edmixture of foreion substances, Such
impurities which are present in the form of bands or streaks
give a clouded or non-uniform colour; when distributed uniformly
they give a uniform coloration., Black and grayish shades are
due to graphite; pink, red, or reddish brown nre mainly dua to
the presence of manganese orides or hematite; and yallou=
brouwn, yellow, Or cresm are caused by minute grains of iimonite.

Texturs t~ Texture of & marble dependa on the form, size,

uniformity end srrangement of its grains and on the nature and
size of grains of accessory minerals, Depanding on the grain
size of the constituent minerals, marble is described as fing,
medium Or coarse,fine-grained squigranular marble is generally
preferred for statues while coarse-grainad equigranular merble

is used for external purposes,



Rift and Grain 3- Rift and grain indicate the direction of
sasiest splitting in marble, This is generally paraellel to
bedding, Querrymen always take advantage of thls prouperty
while splitting o7 separating the block of marble.

Strength s~ The strength of marble is the measure of ite
capacity to resist siresses and it depends on the rift, hard-
ness of grains, state of aggregation, degree of cohesion,
interlocking of grains, etc, Marble is generally stronger
across the bedding plana than parallel to it, Crushing
strength is the abllity of s atone to sustain load without
failure. Generally the crushing strength and transverse
strength of building stone is measured to determine its sulte
bility. The crushing strength of marble varies betwaen

8,000 and 27,000 psi?. These values are much more compared
to loads imposed on ordinary Jhite marblesduring their conven-
tional use. Howaver soma of the vained and breccisted marble
may lack the required crushing strength. Transverss strangth
or flexurasl strength is an important index of the durability
of marble because it is often sub jected to unequal pressuras
or bending strasses. Under unaven loads, a marble may fail
because of the pressure difference. The transverse strength
of most of the marbles has a ranges hatueen 600 ant 4000 psi~.

Translucence i- Translucence is the capacity of marblae for
transmitting light. Fina-grained ranglucent varisties of
marble are used for crnamente’, purpases. The waxy look of
some of the statuary marbles is because of the transluycence,




CHAPTE 2

2.6 Uses, Specifications and Marketability

2.1 Uses

From the historical Period marbla has been
Used to perpetuate the mamory of individuals, to immcrtalise
their noble achisvements, and to glorify the dafities, A
number of tumples, Palaces, mosques and monuments hava bean
built in the past under the lavish Patronage of kings and
nablemen (Plates 1 and 11> For these purposes marble has' haen
much preferred bacause of its 8asy workability, pleasing
colours, attractive patterns angd resistance to FPailurs undar
abrasive traflfic; the use of marble nat only enhancaes the
aesthetic besuty of g building but also imparts a fesling of
dignity to the structure.

Strong, non-absorptive, uniform grained
marbles free from impurities that may stein or corroda the
surface ere selected for externsl purposes, The colour of
the marble to be used Por exteriors is cften decided by
individual preferences. Earlier, it was a styls to have
marble of uniform colour throughout a building, but of late
many architects have come te prafer s more unconvantional
blend of colouré,

Building Exterior s~ Marble is used in the form of venesrs

or thin slabs backed with concrete or some similar camenting
material. Veneers are non~load bearing and as such they are
made in the form of very thin slabs, Gensrally, the thickneas
of a venser ranges from 2,5 to 10 cm depending cn the
strength of marble, its cost and the capacity of the sau to
make & thin slice, The dimension of the veneers ranges from
tha si:e of a tile up to as large as 1,82 x 3,03 m-{6 x 10 ft.).
Attractive patterns are created by using vensers of diffarent
colours in various geometric patterns, In somg palaces in

Ra jasthan, translucent thin slabs of onyx or soms sulteble
merble, ebout 2,2 em in thickness, ere used in plece of

windous to admit light.

Building Interiors 1~ Thin slabs or vensaer are most videly
used for aristocratic interior decoration, The variety of
colours snd patterns or fPigures availabla through the
Juxtaposition of different slabs of marble is limitad only by
the artistic ingenuity of the designer or architect. Marbles
are very srtistically used for columns,wall panels, steps,
baseboards, ceilings, fire plecea, bath rooms and for many




The great hall of the Jain Temple at Dilwara
MT. ABU Rajasthan

{ Courtesy ~ Shri Y. G. Joshi )

Plate 1



The beautiful marble screen that frames.
- the tomb of Taj Mahal, Agra -

( Photograph b Y, G, Joshi)



such purposes inside buildings, Vsrde antique, onyx marble,
breccia marble, and travartines are selectad for the rich and
distinctive feeling they sdd to ths interior, apart from their
capacity to lend sasura of luxury, digtinction, dignity,
strengtr, end affluence to a building®, )

ften, an atiractive design is developed
through the skilful matching of murble slabs with some
pattern. Tuo of the most popular wvays of slab matching are
‘*book matching® send "diamond or quarter matching® (Plate Il
and BAb). In vook matching, two adjoining slabs are matchad
along one edge and in diasmond or quarter matching four slabe
are matched with each other along two edges in a diamond or
similar design,

Statuary Marble s~ Pure vhite, fine-grained, equigranular
marble, wiih some translucence and utmost gdaptability for
carving is selected for statusry purposes., The marble for
statuary purposes should withstand artist®s chisel without
chipping or splitting,

Movalt%ea 2= Marbles of ornamental varieties are used as
novelties in the form of lamp bases, clock cases, paper
wvelghts and verious other gift novelties, -

In lndis, marbles have been very tastefully
used in the conastruction of fgmous structures like Diluara
(Plate I) and Ranakpur temples, Taj Mahasl (Plate I1),
the Victorie Fiemorial of Calcutta, to guote s feu examples,
There are a number of monumental buildings, mosques, palaces,
and thrones built in the historical past to stend testimony
not only to the superior architectural akills of Indien
artisana but slso to glorify their love for beautiful marblss.
Even in ths latest architectural practices besuty, taste and
individuaslity have been very skilfully blended with the
natural strength of the marble.

2.2 Specifications

Specifications snd stendards are required to
ad judge the suitability of a stone for the end use. Unlike
man-made articles, marbles with particular properties or
qualities cannot be manufactured., Moreover because of ths
natural variebility of stones it is very difficult to get at
s representative esmple for various tests. For marbles or
any other dimension atone the requisite quality can be
controlled only by selection Genesrally, the sslection of a
particular type of marble is done on the bssie of individual



choices of colour and texture of the marble, assuming that it
is strony enough and durable for the purpose., But rany a
time, the reputation of individual sellers stands as a
guarantee for the appropriateness and strength of the marble.
However, efforts have been made to quantify the properties
which cecicde the strength and durability1g.

The Indien Stendards Institution has evolved s
number of standsrds to test the engineering properties of
natural building stones, including marble, A list of some of
the importent Indian Standards & ASTM Standards is given in
Annexures I and II, ' k

2.8 Mayketability

Marketegbility of marble is mostly governad b
its aesthetic properties which cannot be subjected tg quantrte-
tive measurements, The gasthetic properties include colour,
pattern, surface appearance, texture, and workmanship.

Marbles with rare colours and designs are high priced and hence
have a limited market. But marbles with an acceptable tone,
texture and finish, and which are easily available, gets a

fair price and have a wide market,

‘ Besides several other practical aspscts of
mining, transportation of blocks and processing, the location
of the mine, the processing plant and the consuming centres,
have a beering on marketebility and cost of product, The
deposits being located vhere thay are in remote snd inacce-
saible places require a good approach road for not only
movemegnt of the mining equipment to the site but also, and
more important than anything else, for transport of mined
blocks. Unlike any other mining, the mining of marble has

to be done to recover lsrge blocks of desired size end such
blocks require spaciel care in handling and trgnaport, The
necessity of good roads is very important to minimise demage
to mined blocks during transportstion. The bulk itself poses
difficulty in handling, Therefore, absence of good spproach
roads may necessitate mining and transport of smaller blocks,
the value Por which gete drastically reduced, Therefore, it is
necessary that not only the quarry should be as near the
factory as possible but also it should be connected by good
roads to transport heavy blocks, The larger the blocks, the
lover is the unit cost of transportatiocn, tha greater is the
profits on the sawed and proucessed marble,



Plate 1IT(a) | Plate HI(b)

A diamond matching arrangement of
polished slabs

Application of marble in building : the wall panels
have book matching arrangement and the flooring
has veneer arrangement

( Courtest - M fs. Mineral Orientals, Falna)



Plate TV {a)
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Mining of block by wite cutting

A marble block mined by wire saws

{ Covrtesy~ Shyi D, K. Tyavedi, Ambaji)



On the other hand, tha processed marbles
coming out of the factories slsoc require careful handling and
packing so that they reach the destination without any damage.
Any slight damage in the processed marble would amount to a
vitzl loss, Therefore, irrespective of the digtance thae
processed marble has to travel to reach the place of consump=-
tion, the handling and packing assume great importance.

Besides, to avoid loss in transportation,
either by rail or by road to the consuming centres, at least
in respaect of mejor consuming centres such es a monument to
be built out of marble, it would be desirable to have the
processing activity as near to the sita of construction as
possible, This would not only halp in reduced risk in tzana-
portation of finished marble but could also avoid huge lose
due to such breakages, The above criteria are more applicable
in the case of the rare or special types of marble which are
highly priced then the ordinary ocnes,

It is oftaen difficult to make adegquate teste
for the engineering specification concerning strength and
durability of marbla, Hence, the reputation of a stone
producer is generally a deciding factor in choosing a stons,
Properties like strength, colour fastness, porosity and
resistance to weathering ere best judged through continuous
use over a number of years. :

fiarble from a long established quarry has a
distinct advantage as its gqualities.are well known, No trials
are required to prove its merits, Generally customers prefer
to purchagse their marble requirements only from those quarriese
whose marble has stood the test of time and usaqg8'gyer a number

of years®,



CHAPTER 3

3. Origin, Geologi_cal and Geographical Distribution

3.1 Origin of Marble

Marble is & metamorphic rock Pormed by
recrystallisation of limestone, It has the same chemical
composition as limestone or dolomite, but the chief characte-
ristics of marble are its grenularity end formation by
recrystallisstion due to metamorphic Processes. It has an
interlocking or mosaic texture composed of crystalline grains
of calcite, dolomite, or both, Igneous intrusions in lime-
stone aslso give rise to recrystallisation, Fossiliferous
limestone subjected to g lesser dagree of metamorphism gives
rise to fossiliferous marble and in wany cases the original
fossils remsin intact and give rise to beautiful patterns

and designsf,

Onyx marbles sre not formed by the metamor-
phiem of mre-existing limestone. These are dense crystelline
carbonate deposits formed by precipitation from celd water
solutions. Cave onyx i{s Pormed by the precipitation in
limestone caves and occurs in the form of stalactites and
stalsgmites, Varying emounts of ths oxides of iron and manga-
hese present in succeseive layers give rise to the characte=~
ristic banding, Banded onyx Prom Mexico is famous for its
beautiful banding and tranalucence and is known as Mexican

onyx®,

Travertine is formed by precipitetion from hot
or warm ground and surface waters. It is a banded cellular
stone vith & number of irregular cavities, Tha cavities are
along the bands and lined by microstalactites, This results
in very unusual and ettractive patterns, Travertine tskas
8 rathgr dull polish and thus is often sold as travertine

marblie“,

Verde antique or serpentine marble is in no
way comparsble to marble either in origin or composition but
it is called rarble because of its ability to take a good
polish, and the presence of marble-like veins in them. It
comprises green to black serpentine c1iss-crossed by
veinlets of calcite, dolomite, or other lighter minerals,
Serpentine (hydroues magnesium silicate) is generally derived
from the alteration of basic fgneous rocks like peridotites
or from magnesium silicate roEks formed hy tha metamorphism
of impure dolomitic limestone®,
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8.2 Geological Distyibution

Marble deposits of Indiz are moetiy locsted in
the Dharvar, Cuddapah and Vindhyan group of roeke, Occurtsnces
of lesser importance ere alac found in the Jurassic and Lratge
teous Eystems, A brief account of thg 1§portant oceuULTEHNCESs
of smorble in India is given belowl!¥s 14,10

3.2.1 Q’@!_ﬁ!’?i}_." System ;- farbles of the Dharwar Syatem are
meatly distributed im Aravalli Series and Ralalo Series of
fg jasthan, Champaner Series of Gularat, Sek®li and Chilpi
Sc¢ries of Madhya Predssh and Mahsrashtrs, Salkale Series of
Kashmir, snd Jutog Serlies of Simla area.

Rajasthan s- In Rajasthan, the Aravalli Series is unconfore
mably overlain by the Ralalo Series which has the unique
distinction of containing crystelline limestone of wmedium to
fine texture and in plegsing colours, Tha Famous Makrana
marbles used in the Taj Mahal, Deluara Temples and other Pamous
buildings of North Indis sre the products out of Raialo Serles:
The important marble deposits of Rajssthan are lucated in
Jodhpur, Ajmer, Chittorgsarh, Jaipur, Sirohi and Aluar districte,

Gujarat s~ A green serpentinocus marble mottled uith rose and
pink is found in Champaner Series, exposed in the vicinity of
Champaner. Importent marble deposits sre located in Banas-
kentha, Baroda and Broach districts,

Pahgrashtra and Madhys Pradesh i~ Oolomitic marble of Chilpi
Series jg e&xposed st Bheraghst in Jabalpur district and
Balaghat district ¢f Machya Pradesh, as well as in Nagpur
district of Maharashtra, Dolcmitic marbles of Saussr Series
are exposed in Nagpur and Bhandara districts of Maharaeshtrs
and Chinduara district of Madhya Praedesh.

3.2.2 Cuddapah and Delhi Systems:— Important marble deposits
of Cuddapsh Syatem are lucated in the Papagni Series (Vempalll
Stage) in Andhra Pradeeh, 0{}suar Series of Machys Pradesh and
Xaladgi Series of Karnatska,

Importsnt marble deposites belonging te Delhi
System are located in Aluvar Series and Ajabgarh Series of
fla jasthan. Marbles of Ajabgarh Series are exposed around y
Jaipur, Bharatpur, Kiehengerh, Ajmer, Meuar, Udaipur and Sirohi
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areas of Rajaathan; Danta and Palanpur area of Gujarat;and
Narngul ares of Haryana,

3.2.3 Vindliyan System -._

ﬂadhyg_fgggggﬁ = Flaggy limestonas of Louer Bhander Stage
BI'e exposed neap Sabalgarh ang Bi jaipur in Moreng district of
Madhyg Pradesh, They are uged for building Purpoees. There
is a thin bang of toncretionary or Pisolitic marble outecrge
Pping impersiatently in the neighbourhood of Garhi sraa,

in Guntur and Kurngol digtricts of Andhra Pradesh, The Nar 3i
limestone Forming thg lover beds of Jammalamadugu Series

grey, buff, gnd fawn, OQutcrops of Kurnool rocks developed
in Palnad ares are called Palngd Series. The Palnad ljnastones
are similar tg the Narjilimestona, and are used for building

=Teld28KE i~ Limestongs of Bhima Series arg developed jn
Bi jJapur and Gulburga districts of Karnatakg, They are or
Cleamy, grey, bluish. and buff in Coloure snd areg Caliasilae of

taking 4 good polish,

=
-
"
2
@
or
x
[+

3.2.4 Jurassic System . Ra jasthan - Fossilifercusg limeatones
of Jurassic System occurring in Jafsalmer ang Blkatter distrigtg
ef Rajasthan tgke very good polish, They belung to *Jaisslaer
limestone® and' abur beds’of the Jurassic System. They are
moatly buff, grey, light-braun, and yellow in colour, Jeisslmar
limestons tontains fossils of Trigonis costata, Phiolodomya,
Pecten, Nucula snd some ammonites. Auyr beds contain musat |y

the fossils ofF ammonites,

3.2.5 Cretuceous Systens—Madhya 1 radesh - Coralline limge
atonesbelmnging to Bagh beds of Upper Cretacecus Age Purnish

&8 very handsome marble capeble of taking a good polish,
Important limestone cuarries are located at Khervan, Chirakhan,

and Bouarle in Dhar district,

Table 3,1 lists the various geological Porma-
tions @ssociated uith the important marble deposits of India,
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3.3 Geagraphical Distribution

Marble cccurrences are widely distributed
throughout India, But the occurrencas of economic {mportance
are limited to a very feu States. Important deposits of
marble are located in Rajasthan, Gujarat, Haryana and Andhrga
Pradesh. However, marble deposits of lesser importance occur
in Madhya Pradesh, Biher, Uttar Pradesh and West Bangal.

Ra jasthan is the leading producer of marble in Indis end {t
also has the largest reserves of good quality marhle, A
brief description of the geographical distribution of marble
and the associated mining activities is given below 3

3.3.1 Andhra Pradesh :- In Andhra Predesh, the occurrencesof

wOTkeble deposits of marble are limited to only two districts,
viz. Guntur and Khammam, Dsposits of minor importance asre
sean in other diastricts,

Guntur District s= Marble deposite ars located at a number
of places such ss Uddalur, Konanki, Dachepalli, Kassnapallae,
Goli, Sitarampuram, Rentachintsla, and Piduguralla. The.
marble is of various colours ran ing from wvhite, chocolsts,
pink, sea green, grey to black14,15, Presently, marble is
baing mined at Goli villags. These warbls deposits belong

to Kurnool group of rocks,

Khammam District s= In Khammaem district, marble bands ars
found at Fanditeg, Yellsndu, Nizampet, Jestaipalls, Bethumpudi,
Chimalpehad, Kottur, Mellmallipadu, Rubali, Bondagandal, 14.15
Tekalagudem, Polampalli, Komamuguda, and Pallaipalle aresas?9+15,
These marbles are mostly of white coleur, The marbles of
Manditog ares are white, grey, yellow and black in colour,

But some bands are tremolitic in nature and hsnce lack

strength and ability to take polish,

The other asreae of minor importence are Borre
areas in Visgkhapatnam district,

Cther than the.marble, Andhra Pradesh posssssss
extensive deposits of vhat ars widely called as *Cuddapash
Slabs® This is a Plaqay argillaceous limestons of Jammalsmadugu Stage
of Kurnool foemstioneana noticed in Cuddepah, Kurnool, Anantapur
and Guntur districts, AN other type of slabe called "Naphe"
8 labs" Occurs in parte of Guntur and Kurnool districts. Thass



Napha slahs represent semimetamorohosed limestona, leyered
in nature snd in various colours. They eccur at s number af
plagae slrest conti,wouslyjas bancs from Guntur to Maecherla.

3.3.2 Bihay 3~ In Palemav district, crystalline limssiong
end malttTe bunus occur within granitic rock, Outcrops of
marble and crystalline limestone are loceted in a belt esimne
cing from the western end of the Bokerc Coal Field to tra
south-weet of Dazltonganj. QOccasionally, patches of thsse
rocks are suitabie For ornaicntal work or even for statusry
unrkwo

2.3.3 Qujarat :- Gujarat is one of ths potentiel sunuliers

of martile haviny vast resources in Banaskantha, Broesch, Barodse,
Kuteh and Panchmghals districts.

Banaskantha District = Llarge reserves of high grade marble are
available near Ambajl., White marble from this esres was usso
for the construction of the famous Deluara Temples., At places
the wvhite murble has been serpsntinised, giving besuliful
shades of white, green, broun, dark brown, black and yelloulsh
browna.

Prominent deposits of marble are located at
Amba ji, Jsrivav, Xumhharia, Koteswar, Bharoj, Khokharibil,
XKhikla, Ramdurg,and ﬂahuda\’e Marbles of this ares balong to
Ajabgarh Seriese The Birectorate of Geology and Mining, Gujarat
has carried cut investigations for merble in Kumbharia,
Jarivav, Koteswar, Geratankari and Khokharibil villages ef Dante
taluks and proved reserves of 45 million tonnes of marble in
these arsas., Presently, thare ars adbout 4% mining leases and
during 1980, 11,747 tonnes of undrsssed marble blocke and 4753
tonnes of dressed marble blocks were produced from this
district, * '

Baroda District $= Baroda district with good deposits of
maerble cones naxt to Benaskusntha., Good deposits of msrble
occur at Bhulavara, Chunchupura angd_Sadel villages in

Shankedz taluks of Saroda district!?, In these places, marbles
occul i verious shadee of green, white, pink and crsam1_.
Among these, the green marbls belonging to Champaner Series and
known ae “farods green®, is more famous than any other colourd
matble, Presently, thers sre four working mines in Baroda
district, The Directorate of Geology and Mining, Gujarat has
carried out exploration for marble in Gujsrat and proved
reserves of 5,7 million tonnas in thesa ereas’'’.




Broach Uisir:gt?é ;.

Marbles varyine in cclour Prom black to green
and white oceur in Bagh beds, in layers varying in thickneass
from 5 to 8 em tgo several meters, The black varieties take
8 good polish, Msrble bands are exposed In Gora, Zutts
Amda, Vanaji, Mokhadi and Todakhai villagses,

Kutch Distript?¥ s~

A red or yellow coloured thin tedded calcareous
rock known z2s "Dokavana Marble" occurs in Patcham Island,
It is mostly compcsed of broken sheets and takes & very goeod
polish,

Panchmahals District1¢b~

Cryatalline limestone (marble) extending for
about 11 km from Jhais to Dechati is capable of taking a
good polich,

Other Areas14 i= A uwhite coloured hard and compact mottled
marble, mostly consisting of a mixture of aragonite and cal-
cite occurs at Khirasrs and Sajriala in Madhya Saurashtra,
Thie marbls takes a good polish, Praduction of Marble in
Gujarat during the period 1976 to 1980 is shown belowy (tonnes)!

1976 1977 1678 1879 1880
Oressed 1669 1704 1870 2705 2758
Undressed 2683 2980 3784 6943 11822

3.3.4 Haryana :—

fiehindargarh District14’1a'19'zﬂ i=

‘ The marble deposits of Haryana
are confined to Mohindargarh district, These marbles are of
variegated colours including white and belong to the A jabgarh
Series of Delhi System. Excellent guality banded marblas occur
in good quantity at Ante-Biharipur. White marbles cccur in
Rasulpura, Khaira-Gohora, Gunguntana, Dhan-Khoreo and Mugsnota,
Black and white marbles have been worked at Mandi and Dalta
hille, The marbles of thig area have en joyed reputation as
"Patisla Marble®, Occurrences of marble have alsc heen
reported from lslampur, Nangsl, Durgh, Dpanota, Dhancholi,
Chapra, Bibipur, Makandapur and lalanuali.

Presently, Haryana Minerals Limited.(HﬁL), a
Stete Government Undertaking, is mining the Ante—Biharipur
merble deposit in Narnaul area, It has its oun factory
at Narnaul for cutting and polishing of marble, During



1980~81,HM"L mined 162 cubic meters (5721 cPt.) of hlocks and
3724 tonnes of lumps,

3.8.6 l{arnguﬁkgr—- Some crystslline limseetcne called marbles
gccurs arcund Channur, Andcla, Mundarci and Kolkur villages
in the Lulburga district?!, Some gutcropes sre alsc found in
Kaladgl district,

3.3.6 Madhya Pradesh :~ Machya Pradesh ic one of the atates
in vhich marble occurs in a number of districts, although some
of the marble deposits are not useful as dimension stone,

The important occurrences are in Jabalpur, Morena and Dhar
districts. PFinor occurrences are noticed in Betul, Chindwara
and Narasinhapur districtsl8,

Betul District s= Occurrences of asmall outcrops of dolomitic
white marble have bean reported near Manadikhund, Terum and
Chikalar Mathni, Phandks and Bhopal villages,

Chindwara District :~ Marble suitable for flooring is
available near Majhgavain.,

Dhar District 3~ The finest variety of bullding atonss
cccur at Bowarla, Kharwar and Chirskhen wvillages in thias
district. These marblee are actually corslline limestones
of Upper Cretasceous Age and they provide handsome blocks
capable of taking high polish. Thess marbles have been

utilised locally for the construction of templea’a.

Jabalpur Digtrict 3~ Some 14,5 km south-uest of Jabalpur is
@ gorge knoun as Marble Rocks. Narmada river cuts a deep
channel thrcough the mass of this rock exposing sheer vertical
face of limestone up to 36 m high at places, The marble rocks
in this gorge are of great scenic heauty in the n§tural
satting in contrast to ite bsauty in monumenta_buxlt of
marble. The gorge is 145 km long and boating in the gorge
incidentally provides wmuch pleasure,

Except locslly in some of the templas, tha
rocks have not besn used commercially for bullding purposses,
They are much jointed and sare travarsed by a number of dykes.
$ome marble blocks of atatuary quality are obtained from this

areald,
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Forena District s~ The flaggy Lowuer Bhander limestons in the
Sabalgarh and 81 jaipur tehsile of Morena dietrict ies used Por
building purposes, There ias g thin band of concreticnary
pisolitic marble in the neighbourhood of Garhi, It is locally
knoun as Sabalgarh marbla., The rock is e bmautiful assswblage
of green and red pellats in a ground mass of light huff '
granular dolomital8, o ' -

Narssinghpur District g~ A band of pink dolomitic merblz has
8en reported at Bachai and Sehora. _ '

Sidhi District s~ B8ands of crystalline marble occur associeted
with the Bijawvars at a number of locaiities, The maible ia
compact, massive and saccharoidal in taxture varying in celour
from wuhite to gresnish or light pink, The chief localitiss

Gf its occurrence are Byrich, Nambbah-Gurjeire, Darmor and
Parsuli. A number of marble beds are alsa recorded ir, the
aingraull coal fields area, the chief localities Palling esst
of KoeTkut and south-west of Manadha8,2 ) |

3.3.7 Rajasthan :— Ra jasthan is the richest Stats in India
with yegard tu marole deposits, both in quality and guantity,
The important marble deposits are situated at Makrane in
Nagaur district; Amet-{ava, Sardargsrh, Babermal, Rajanagar
and Kulwva areas of Udasipur district; Parwva~Serus and Selvara
areas of Sirohi district; Bhaisalana and Railo sress of '
Jaipur district; Bar deposit of Pali district; Tripura-~Sundari
deposit of Banswara district; yellow marble depcsit of
Jaisalmer district; Jhiri-Rajgarh deposit of Aluar districtg
Kishengarh deposit of Ajmer district; Umar degoeit of Bundi
digtrict and Moonda deposit of Sikar districté3,

Nagaur District -

Piakrana deposit s~ Mskrana area in Nagaur district has ong of
the vorld®'s famous marble deposits, representing thg typicel
outcrops of crystslline iinestones of Raialo Serigs, Thea
marble deposits occur in t»= form of a series of ridges in an
area extending for 16 to 1€ tm in length and 1,6 km in width,
The strike of these marble ridges is roughly NNE~SSW, uwith
dips varying fror 60 te 75° touards ESE, There ere about five
parallel ridges of marble in this are= uith their widths )
raenging from 40 to 150 m and are called Chousira, Dungri, Pink,
Kumari and Borawsr ridges, In the individual marble ridgas,
there are ¢ to 7 marble bands having width ranging from 2 to
10 m. The marble bands are sparingly jointed with more or




less quadranguler ju:inling, which cnablus the yuartying of
large size blocks,

The marhle is medium tu coarse yrsined in
nature and has varying shades uf pure white to pink and gray,
The following vsrietius of marble are generally guerrcied
from this areal®:

Te Immaculate white
42, Blulsh yhite

Js Bluish uhite with grey or hrounish
veins

4, UWhite marble with black, streaks
5, Makrana black zebra

6, Pink

7. Gruy

The Makrana marble {s tarder than the imported
varieties and ls conesgquently more resistant to _abrasien and
yel It is very easy tc work with, The details 49 of marble
svailable from these ridges .nd the mining sctivities associated
with them are given in Table 3,2,
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Table 3,2
Details of Marble Bands in Makrana
51, Notable Chosira Dungri Pink Kumar 1 Boraved
No. fuatures Ridge Ridge Ridge Ridge Ridge
1. Location Fatejl ka Mak rana - - Makrana to
(extension) temple to Borawad
(east to Kalidungi
Kalidungi
vest)
24 Strike 6 to 10 4 km 1% knm 1 km 2,5 to 3 km
length km ’
3, Width 100 to 60 to 60 to 30 to 40 m
150 m 60 m 80 m 40w
4, Strike NNE~55u NNE=SSW NNE-SSW NNE-554 NNE-SSU
N-§
s, Dip 60 to 60 to 50 to 60, to 60 to 75° E
80° E 70° E g0° € 80° €
6. Colour White Bluieh Pink Grayish Greyisb
with black black
lines
7. Grenularity fine to fine to fine to fine to medium to
nedium medfum sedium madium Coarse
8, Calcium above around 32 to 32 to 3z to
contaent 3sk as5% 35% 35% 35%
9, No, of minea around 40 to 40 3o 60 to €5
working 500 50
10, Average 3045 x 30.5 x 30,5 x 30,5 x 30,5 x 30,5 m
alze of 30,5 30,5 w 3045 ® 30,5 m {(100*x100*)
pita {100* xIDD‘) (1ou'x1uo ) (100 x1uu°)(1na')x
30,5 x 18,3 = 30.5 x
18,3 m 18,3 m 8.3 ™
(100 x60° ) ( 60* .x 60.) }1“0‘”60. )
11, Block 3.66x1,83x 3 eext.ESx 3. ee:x 83x 3.66x1,83  J.E6x1,63x
sizes 122 m +22 m «?22 m Xt 22 ] 1¢22 m
(12‘xﬁ x4') (12'xﬁ'x4') (12’:6':4 Y12 x6'% 44} (12'xa'x4')
(rax) (rax (max) (rax) (max
12, Shape Any shape Any ehape Any echape Rectengular Rectangular
for art for ert for art for slsbe,. for slahs,
voark vork work
(massive) (massive) (massive)
and rec- and rectan- and rec-
tangular gular for tLangular
for elabs. slsbsa. for slaba.
'13, Usmebility Act work Rerely for Rarely for Only fer Only for
of marbla statuary art wvork art work slabs, slabs.
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Curing 1980, arcunc Ve lS lokh tonnes of narhile
blocks were Froduced from 50 Guarries lecated on thase fjiyeg
bands. Abou*t 26&c Mo ll scale norble industrive are located gt
Makranos, Gunaweti and Joravad villages in which about gpQ
sawuing, cutting and polishing rachines areg caployed, The
State Directvrate of Geclcgy and Mining carried out investiga~
tinoafor Proving concealsd denosits of marble and o far g
total strike langth of 4,40 ke of martle bands has been proved
and a totel of 3 million tonnes of maorble feserves establiched,
A total of 3500 m of ¢rilling in B0 borehcles was completoed
by the department, The thickness of thg marple hands varies
from 10 to S0 m with &n overburden of 15-20%,

Udaipur Districte~

Agr{g:ﬁggl:ifgﬂiLnﬁg;qiggggf Marble Depogit :» The deposit

is about 70 km from Ldaipur tovards NE.  The Agrie marble belt
Luns from Amect up tg Sardairgarh with gz strikg length of 20 ke,
The width varies from 200 m to 1.5 km. There are 3 or 4 barids
of dolomitic marble uith regular jointing and Cracks, Some

94 quarries are in operation in this area at Present,

Ra jnagar Marble Deposit t~ Marble i= exposed over a wide

area in the neichbourhocd pf Nathduara, Ra jnugar Kankroli
(Rajsamund) and Kelpa, Although slightly coarse grained for
ststuary work, the marble of thie 8rea is used for other
purposes as it takes a very good polish, Raj)samund area is

the msin centre of mining zctivity with about 135S mining

leases existing in this area, During 1981, about 35,000

tonnes of marble was procucaed from this area, Presently, e
there are tug sawing and pelishing factories at Ra jsamund,

The other ccocurrences are at Lawa and Kosithal,

Babarmﬁl-Devimata—Kauxﬁ Forbie Deposit :- These nepusits
are located at ebout 25 km SE of Udaipur, Pink coloured marble
of Raialo Series is expoussd For a atrike length 8 km having a
width of 1,5 km. The mgrble ie highly silicecus and cherty
and hence harc for sauiﬂgzsﬁ In 1981, Bobermal belt producad
sbout €880 tonnes of marble uhich is mainly of pink colour,

Green Marble (Sarpangipg)‘ygpggi}-pgﬁg;fggpgpggv i~ GCreen
;Z;EEZ'EEBBEEIPEE“TB Ffact & serpentinised rock having asbeatos
mineralisaticon, The deposit is about S0 km south of Udsipur,
Tha serpentine rock is exposed in a large area around Rikhabdev,
The marble is highly Practured ang soft ana hence is unsuitg-

ble for producing larger blocks wnu as such is mainly used
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for mak@ng thips, There are 69 mining leases in this area
and during 1981 a production of 5681 tonnes of merble was
reported from this area.

In Udajpur district, there are about 250 mining
leases for marble. The total number of marble processing
units arcund Udeipur and Rajnagar are 14 and 13 respectively.

Sirohi Dig}riqgg_

Sslwarg Parble Deposit := The Selwara marble daposit is
located 4 km north east of Recdhar town., The Seluara hill
locally known as *Harz Magra' consists of marble and calce
silicate rocks, The marble bearing area extends for a strike
length of 2,5 km with the width varying from S0 to 300 m.

The marble is uhiga, fine to medium grsined, crystalline,

and uell jointed2 .

1dsr Marble Depoeit s= The deposit is located about 4 km
eéast of Deri Base Metal deposit., Abu Road is the nearest
railway station which is 20 km from the deposit., The marblge
occurs as lenses with a strike length of 50 to 100 m, It is
white, light green to grey in colour and fine to medium
grained“”, Ths uvhite marble occurring at Ghoratankri takes

a good polish18,

Perwa~Ssarva deposit7 t~ White ssccherocidsl marble is quarried
as bullding stong near Perwa-Serwa and Piloti areas. The
presence of hair cracks and veins of calcite creates problem
for block quarrying in this area. Presently there are four
mining leases in this ares, Nine processing units are locatad

around Abu Road.

Jaipur District s= Bhaisslana marble deposit is located on
TJaipur~Delhi national highway and ia 96 km from Jaipur, The
occurrence of marbla is in Ajabgarh Series of rocks, The
deposit extends ovar a length of 2,5 km varying in width from
50 to 300 m. The marble baonds have a dip of 30 to 707 due
west, The marble ie of black colour and is used for statuary

purpose<-,

Pali District e

In Pali district, the marble deposit is

Bar-Sendra Deposit $e i
situated rear Bar and Sendra. In this argg marbla is pink

coloured with various shades and atripaé .
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Sgrangua Deposit - QOne of the most important marble deposits
oecurs at Sarangua. This ie a massive uwhita marble, somauhat
coarser in texture than the marsle of Fakrana grea, White
marble alsoc occurs at other alaces like Sewarl, Futhano-Ana,
Kundal, ete., and it is being used for building purposes, A
fine variegatad marble of Ajsbgarh Series occurs at Bhaliro-
ka-8ariat,43,

In 1379 there were four mining lasses in Pali
district which represent a total production of 756 tonnas,

Jaisalmer District}w

Yellow Marble Oeposit of Jaisalmer District := The marble

In Jalsalmer area 18 actuslly a yellou shaly fossiliferous or
ferruginous limestone of Jyrassic Age, Owing tog its yellow
colour and the good pelish it takes, this limestone has baan
recognised as ysllow marble., Thesa deposits occur Near
Moolasagar, Amarsagar, and Abur around Jaisalmer, Typical out-
crops of this stone are located at Abur., Hencs ghis maerble is
knowun as "Abur Stone" throughout nurthern IndialS, Presently,
there are 15 guarvies working in this area., A total production

of 1406 tonmes of hlocks and 6105 tannes of Khandas was raepore
ted during 1980.

Banswara Districty-

Tripura Sunderi Talwara Marble (il imestone) Deposit s~ The
deposit is asituated near femous Tripura Sundari Temple, 12 km
from Banpwara, The deposit is 3 km away Prom Banswara=
Dungsrpur tarred road, The marble (limestone) is white and
fine grained, It is high in magnesia and low in ailica, It is
used in both block mgking and chips preparation, This marbla
takes a goed polishZ3, Presently, thare are 16 guarries in this
arca. During 1980, they produced 2368 and 3910 tonnes of marble

and chips, respectively, :

Alwar District:

Farble of Jhiri and Dhadikir

Jhiri-Ra jgarh Farble Osposit s«
have been famous for their crystalline texturs muiteble for




uuilding purposes, #Pink coloured marbla occurs at Kho and
Baldeogarh, Black marble occurs at the Motidongri ridge
near Alwar. Marble of vhite colour sccurs around Ra Jgarh
and Bgdamgur areas, There sre three mining centres in Alwar
district, viz. Jhiri, Ra jgarh wnd Badampur, which are
extansions of Makrana area.

Ajmer Districte-

Kishengarh Marble Deposit - Kishengarh marhle bangs are
exposed in Sursura, Narwar, Kalidungri, Torka, Ladpura, Akheri,
Untra;, Rupnagar, Raghunathpura, Hagpuga, Sardhana, and
Kayampura areas in Ajmer digtrict?®,2 . In these areas,variows
types of marbles, i.e. white, pink, black, green, and spcotted
varieties, occur. Among the above the most important deposit
is the Kayampura deposit, The marbls here is black and the
deposit has got a strike length of 2 km with a width of 500 m,
In this area, marble is exposed in the form of small ridges
ranging from 45,75 to 76,25 m (150 to 250 _ft) in height. The
marble bands strike N-S and dip 60 to 80° due west. Tha
marble is medium grained and black in colour, The marble is
traversed by both vertical and harizental jeints., There are
folded ferruginous bands in this marble and they yiseld
attractive figurative blocks when sawun in sppropriate direction.

Sikar District s- White crystaslline dolomite marble bahds are
exposed st Keladungri near Macnde. The Earble of the banda is
utilised for preparing chips and pouderz ®

Bundi District s- The marble deposit iz lacated 42 km north of
Bundi near village Umar. The marble is grey with bands and
shadas of pink, gresn and dark gresn., Marpls cutcrops are
exposed ovur an aree of 4 sq km., The fine~grained gresn coloursd
marble is known as *Bundi Green®, Marble occurrences are also
located around Basoli sres in the same district<?, Presently,
there are 23 merble quarriss in this district,

Bhilwara Oistricta-

Jhajpur Limestons (Marbla) Deposit i~ The 3Jhaljpur siliceous
limgstone which 1s mined s marblaeg thends.from Pagara in
Bundi digtrict to Jhajpur and further west in Bhilvara

diatrictzjn




Reserves of mwarble in Rajasthan are shoun in

Annexure-~111,

District-wise production of maurble in Ra Jasthan
for the ycar 13879 and 1980 is given below

(as furnished by OPMG,

Productiqn in Lunnes

Ra jasthan).
Oistrict
1979
1a Udaipur
ag Baharmal | 8615
b) Rajasamand |
2, Banawara - 2844
3. Ajmer 5571
4, Nagaur 1,22,641
5. Jaipur 8820
6. Aluar 76,223
7e Jaisalmar 10,770
B Sirohi 1570
9. Fali 756
10. Bundi 308
11. Sikar 71

3.3.8 Uttay Pradesh :—

Pithorgarh Digtricte-

S ————— . o Sk ek

14980

3446
10754

6278
1907
1,25,702
14,734
66,263
7511
2746
3120
4010

-

Marble in Uttar Pradesh uvccurs
mainly in tuo districts, namely Pithorgarh and Mirzapur,

Near Bhakunda, 3 to 18 cm thick impersistent
bands of white marble occur in mgssive limestonesl4,

Mirzapur District14'23

3 -

Statuary marble occurs extensively at

Ningha.,.
at Garis.

Marble suitable for builaing materiel also cccurs
Both the deposits are in Robhertganj tehsil,

Marble at Ningha runs as 8 vertical band about 60 @ in width

and it

depth can be roughly placed at over 100 m,

has been traced for a length of 1,6 km,

Tt.e vertical
It is learnt

that no other merble deposit in the countiy is s0 massive as
There are only a few cracks which

that of this deposit,
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€o not appear to run very deep and tha size of the block it
can yileld is enly limited by thae requiremente, The marble is
quite suitzble for statues, pedestals snd solid pilisrs, Halr
of the reservesasre presumed to be suitable for ststues. Fine
"Verds antigue” marble occurs near the mouth of Bichi stream,
a tributary of Rer River. The rock is a white cryatalline
dolomite interbedded with rich treen serpentine and layers of
tremolitic hornblende, Slabs of 0,91 x 1.83 m (3 Pt x € rt)
can be produced,

25
3.3.9 West Bengal :— Msrble deposits in West Bengul are
reported from Jalpaiguri and Purulia distriets,

JElEaiggfi_ngtrict s~ Dolomites and dolomitic marble occecur
in Buxa-Dhar area of Jalpaiguri. district. Occasional patches
of pure marble might bs found within these occcurrences and
coulc be used for ornaments) work or even for statuary
purgoses,

Purulia District s~ In the north wvestarn part of the Purulla
district, a few kilometers north of Jhalder, & thick marble
belt of Archaean Age is exposed. The basnds are arranged in
en echelon pattern runnino east-west and dipping 600U-750
towards north and are surrounded by granitic rock. Colour
varies from milk-uhite to greenish white, Megascopical .y,
these marblesmay be grouped intoc tuo tlasses, viz, fing-
grained cryptocrystalline hard and compact marble, and coarse
. grainec saccharoidal type, Colour banding is sometimes very
conspicuous and is due to alternating layers of uhite calcite
grain and green silicate minerals, The marble consists chiefly
of calcite and is not dolomitic, The other occurrences are
near Jhalda and Panchet hill where crystslline limestone and
marble occur in the form of lenses and bands,

Bankura District s- Lenses and bands of crystslline limestone
and marble are found near Guniada hillock and Harirampur

villagea18,

A statement showing the number of leases with srea
granted for marble mining in India ie given in Annaxure-IV,



CHAPTER 4

4. Leasing Methods

4.1 Mineral Concessions Foy Marble in India

The grant of mineral concessions for marbls in
India ie govsrned by the Minor Mineral Concession Rules of the
respactive State Govarnments, Moast of the State Governments
have enacted the Minor Mineral Concesaion Rulas appllicable in
the respective States, considering the need for tsking into
account the local circumstances and their requirements, This
has resulted in some eimilaritfies and dissimilarities betwean
the Minor Mineral Rules prevsiling in the diffsrent Statas,
Persons interested In gquarrying marble in any State should
refer Lo thess, The important provisionas of minor minseral
concession rules prevailing in the States of Rajasthan,
Gujarat Anggra Pradesh and 8ihar are discussed in the follouwing

paragraphs®®,

4.1.1 Andhya Pyadesh - According to Andhra Pradesh Minor
Mineral Concession Rules, 1965, two types of concessions are
in vogue 3 *‘qrarry lesaese' and *permit®., A quarry lease may be
granted on application or by calling for tenders or by holding
public auction, Quarry leasa may be granted by tha Collsctor
for a period of Pive years in respect of the minerals such as
marble and limestone, *Shaabad slabs®, *Napha slabe®, bentonite,
fuller®*s earth, etc, which require investment and equipmant tao
develop the quarry. Prior approval of the Governmant ia
necessary if the period exceeds the above limits, If the
Governmant is satisfied that for s proper and gsystamatic deve-
lopment of the quarry, a period longar than five yaars is
necessary snd that the applicant or lessee is capable flnan-
cially and technically of devsloping the guarry on a large
scale, @ quarry lesse may be granted for a lsnger pariod but
not exceading double the fixed period,

A permit in no case vill be for more than six
monthe, There is a fixed rent paysble when the quarry lessa is
granted. The Rules prescribe that the lessee shall pay
annually the land assessment, if any, of the area undsr leans

or permit,

When quarry leese or permit ie granted on
application, either the seigniersge fee or a fixed rent for
the specific period, whichever is higher, is payabls, in
quarterly instalments on the dates fixed tharefor, On the
other hand, vhen the quarry lesss is grented by calling for
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tenders or by auction, the lesses is required to pay the bid
amount and not the seigniorage Pee, The royalty /seigniorage
charged for marble is S%¥ of the sale value,

4.1.2 Dihay - According to Bihar Minaer Mingral Concession
Rules, 1972, there sre tuo t pes of concessions in vogue §

vize (1) mining lease and ({i quarrying permit, The mining
lease is for a period of time and is similar to the mining
lease granted under Mineral Concession Rules, 1960. The period
for which a3 *mining lease® Mmay be granted or renewed shall

not ordinarily be more than five years but if the Collaector
considers that s longer period of lasase is nNecessary for proper
d.velopment and mechanisation of the mines and working on a
larger scale, he may grant or reneu the lease for a periocd not
exceeding ten years with the prior sanction of the Stats
Government, The max imum area that a person could acquire is 101hect,
(250 acres)unless the State Government permits areas in excess
of the aforesaid max imum,

Quarrying permits are granted by the abovs
mentioned officer for shorter periods, Tha permit may be
refused for reasons to be recorded in writing,

The dead rent payable for all types of minor
minerals as prescribed in Schedule-1 is Rs, 125/« per hectgra,
In case of guarrying stone from the hillside, such rent as far
as practicabls, may be fixed by the Collector on a Pootage
basis by horizontal measurement. Surface rent is charged at
the rates specified by the Collector from time to time. Ropyalty
is charged at scheduled rates, In case of mining leases, it is
to be paid in four equal instalments on the dates indicated in
the lease dead, In case af quarry ing permits, the royalty is
required to be paid in advance. Royalty Por merble is
Rs. 4,50 per cubic wetre,

¢.1.3 Gujarat :— According to Gujarat Minor Mineral Rules,
1966, there are two types of concessions in vogue 3 viz. (1)
quarry lease and (ii) quarrying permit., A *quarry lesse® is
similar in nature to the mining lease granted under Mineral .
Concession Rules, 1960 vhereas, a "quarrying parmit® is a
permit to extract and remove any specified quantity of a

minor mineral, The period far which a ‘quarry lease® may be
granteg shall not generally excaad ten years, No guarry lease
mgy be generally granted for an ares exceading 20 hectaras in
the case of specified minerals (marble, limestorie, limegshell,
bentonite and fuller®s earth) and £0 hectares in the case of
other minor minersls except with the prior approval of the
Government, The maximum area that a persan, by himself or
Jointly with any person, can hold in aggregate under lsase for
one or more minerale within the State is 7,5 sg km,



.No quarrying permit can be granted in respect
of spscified minerals, viz, marble and limestone.

) No quarry lsass shall be granted in raspect of
lands notified by the Government as reserved for the use of the
Government, local authorities or for any other public purposes,
The holder of a quarry lsase is reguired to pay for every
ysar of the lesse the yearly dsad rent specified in Schedule=Il
of the Rulss. In cass of a "quarry lease”, royalty is peyable
on minor minerals quarried from the lease ares at ths rates
prescribed in Scheduls-~I,

The rates of royalty currently in Porce for rmarble are given
below 3

a; Dressed, carved rough and slabs Rs,35,00 per tunne
b) Chips, powder and ballast Rs., 5,00 per tonne

4.1.4 Rajasthan :~ According to Ralaathan Minor Mineral
Concession Rules, 1959, threa types of concessions, viz. (i)
mining lease, (il) rente-cum=-royalty lease, and (iii) short
term permit, are available, The "miring lease® is similar in
nature to the mining lease granted under Mineral Concession
Rules, 1960 except that in specified cases it could be granted
by auction or tender, The ‘rent-cum~1oyalty lease' means s
lease granted for certain specified sreas and tha laessee
undertakes to pay a fixed ennual rent and royalty. A °*short
term permit® means a permit to extract a certain quantity of
minor mineral within the period specified in the permit, The
period for which a mining lease may be granted is five yaars
at the fFirst instance unless the Government allous s longer
paricd not exceeding ten years, A mining lesss may be renewed
for a period equivalent to the period of the original leasse,
If the State Government is sstisfied that the mimes have besn
improved by the lessee and that substantial investments in
wmachinery and equipment have besn made by him, it may further
grant second, third and fourth reneuvals, sach for a period
equal to the period of the original leass,

The maximum area that a person could hold is
thirty square miles. The State Government is suthorised to
grant lease over an ares in excees of the maximum in-apecial
case in the interest of mineral development. No spplication
for mining lesse will be entertasinad for an area less than
50 x 50 m. The Government may refuse to grant a lease for lees
than 25,90 eq km (10,G eq miles) for any minor mineral in
any notified area. A rent-Lum~10yality lease may be‘grantad
for a period of five years unless the applicant desires for a
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shorter period, It maey be reneved for s further pariod not
exceeding five years. The dirensions of each arsa for the
purpose of grant of rent-cum-1oyalty leese are to be fixed by
the Directer of Mines and Geology, provided,, the maximum
dimensions of the area shall not exceed 61 x 61 m (200° x 200°)
except in case of marble where the dimension shall be

400 x 200 m. There is no maximum or minimum perind or area
prescribed in respect of short term permit.

An application for the grant of mining lease
should be made to the Mining Engineer/Assistsnt Mining
Engineer in their respective jurisdictions accompanied by a
non-refundable fes of Rs,S50/~.

A minor mineral deposit may be leased out by
public auction or by inviting tenders,

Every application for the grant of rent-cum-
royalty lease must be made to the Mining Enginear or Assistant
Mining Engineer having jurisdiction on the arsa applied for,
Every . application for grant or renewal should be accompanied by
a non-refundable court fee of Rs,5/w-, '

Short term permits are granted by the Minin
Engineer or Assistant Mining Engineer on a paymant of Rs,5/=
per permit, There is no provision for payment of dead rent in
case of rent-cum-royalty lease and short~Lerm permits, In case
of mining lease, the lessee is required to pay for every year
such yearly dead rent within the limits specifisd in the Second
Schedule to the Rules. The rent for a rent-cum-royalty lsase
shall be betueen Rs,12 and Rs,1600 per znnum, There is no
provision for the payment of surface rent either in case of a
rent-cum-royalty lease or short term permit, The holder of a
mining lease is, howaver, required to pay surface rent equal
to land revenue fopr the surface asrea used by him for purposes
of mining operations, Royalty is chargeable in respect of
minerals removed from the leased area at the rates prescribed
in the First Schedule, In case of a mining lease, the royalty
is required to be paid in four equal guarterly instalments.
For rent-cum-royalty leases, the royalty is te be psid to the
Government or any royalty collsction Contractor. Royalty for
marble used as blocks and/or sawn, polished and with a curved
surface is Rs,27,50 per tonns and for wmarble used for chips

it is Rs,5,00 per tonne,
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5. Geological Appraisal of Marble Deposit

Intimate knouledge of & deposit is necessary to
ensure reasonable return on investment required for the develop-
ment of a merble quarry., Detasiled geolecgical examination,
ecaonomic evaluaticen, and exploretory work by way of drilling,
pitting etc.can alone decide the ultimate worth of a deposit,
The study of a marble deposit requires a distinct approach and
method because, unlike most mineral deposits, the rock masses
to be quarried are quite large and bulky. Morsover, compared
te the chemical composgition, the physical properties af the
marble blocks play a more important role in their marketability,

The effective svaluation of s marble deposit
consists of the study of marketability, ite soundness, size and
shape, nature of overburden, distance tc market, transportation
faci%ities, availability of labour, powver and other utilities,
etc,”.

The basic information regarding the general
geology uof the aree ie usually available through the publica-
tipnsof the Geological Survey of India, the State Directorates
of Geplogy and Mining, and any other exploration agency
working in a given areag. A study of the relevant publications
brought out by these explorstion agenclies gives an idea of
the likely presence or abasence of msrble in an srea., Surfsce
examination of the ocutcrops reveals many properties of merble
bands, A fresh surface of marble will revesl the degree of
hardness, colour, texture, nature and intensity of joints,
faults, veins, bedding pleanes, and the presence or absence of
rift or grain, Topography, nature and thickness of overburden
and drainuge are also studied during preliminery examination,
1f surface examination indicates the possibility of loccating a
favoursble deposit, topegraphic surveying, gedlogical mapping
and explorstion by core drilling is undertaken. '

A competent geclogist can underteke detailed
study of the structural, litholeogical and textural rgaturas of
a marble deposit end estimate the reserves. CLurrier
gava s very detailed account of the points that must be covered
in a report on prospecting and explgtatlon of a building stone
deposit, The basic principles of mineral axploration are
explained in detail in the publicationa, ‘Flemgnts of Mineral
Exploration® published by the Indian Bureau of Mines in 1980,

A schedule for the ¢xam1nat§?n of building stone
deposits as given by Currier {8 as follows”.



Ao

General features

Te

2,
3
4,

Location of deposit or quarry,
name of owner, name of district

Size of quarry (if any)
Formstion name, trade name (if any)

History of past oparations

Geological features

1.
2,

8.

9

106

11,

12,

14,

1S,

Distribution of formation
Stratigraphic position
Thickness of formation and workable portion

Lithological classification and description,
notable variations

 Petrographic description and classification

Mode of origin and Occurrence, and form

Major structural elements and atti tudes, folds, etc,

Contact relatione to other Pormationa

Texture and fPabric sAVariation and ralation to
other features :

Fractures and fracture system

ae. .Juints i.attlthdc. distribution and spacing

b, Faults 3 sttitude, displacement width of
shattered. or gaugy zonas

Rock cleavage 3 natural planes of parting,
relation to other featuras

Inclusiong and segregationss distribution, nature
Overburden s nature, thickness

Veathsering 1+ depth, nature and relation tg other
features

Surface water E amount and direction of drainage



C. Industrial features

14 C(lassification : points of similarity or difference
with other commaerciasl stones of its class

2, Usge of stone, specific structures as axample
3. Topography

4, Accessibility

5. Working facility, structural elements

6o Workability of tha stone, production and milling
into finished blocks or other architectural
and monumental units

7. Colour, texture and finieh

8. Reserves, proven and inferred areas availabla
for development by potential competitors

A systematic appraisal on the gbove lines is
very essential and it takes care of not only the immediate
Prospsects but also a long term outlook of the deposit, Hougver,
vary feuw areas have adopted such systematic approach. The
common practice is to start developing an outcrop if itsg
suitability and utility from the point of location is considered

favourable,
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6. Mining Methods

6.1 General

FMarble e obtained by working out the marble
bearing deposit by opencast methods of mining, Unlike in
other countries,the winning of marble is done by guarrying
only and there is no underground mine of marble in India,

The method of mining adopted in Indias for
quarrying msrble is mostly menual, Howaver, the method
practised for mining of marble differs substantially from
the method of mining adopted for other minerals and ores
like iron, mangsnasa, limestone, etc, The difference ie
because of the fact that in cass of marble mining,the aim is
to obtain the marble block of the required measure (i.e.
dimensions). Thie factor is so important that it puts
limitation on the use of conventional mining machineries
for digging, excavation and loading. The whole mining
operations are oriented to obtain the wmarble block of par-
ticular regular geomstrical size intact, i,e. without any
cracks; and the machineries to cut the stona are designed
accordingly., In order that the marble blocks mined should
‘not be damaged during transportation,great care has to be
taken in handling, loading and hauling of these mined out

blocks.

There are three importent centres of mining
for marble in Indis located in the States of Rajasthan,
Haryana and Gujarat,

(i1 Mining of Marble in Makrana Avea in Rajasthan :—

Makrana has the unique diestinction of supplying
marble to some of the moet beautiful buildings of India like
the Ta) Mahal and Victoria Memoriel,etc. Marble was baing
mined in this area for more than 350 years,

guarr!ing

%hara are more than 650 marble quarries in

Makrana and most of them sre being worked on a Rent-cume
Royalty Lease basia (R.C.R.L). Theaizesof individual
quarries generslly very from €0 x €0 to 100 x 200 m,
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Mining is done mostly by munual muthods,
Stripping or the removal of ocuverburden is done by spades
and ecrapers, The waste material is dumped on sides of the
quarry. After the marble is exposed, it is carafully
examined for the colour, uniformity, joint pattern, rift,
etc, Joints and slip plangs are taken adventage of for
primary separation.

Quarrying of murble is started at the outcrgp of
warble over its full width and progressively followed along
the dip, 1In many quarries, no benches have been made. A
number of querries have reachad depths of 60 to 65 m,

Quarrying sterts by cutting two trenchaes,
ebout 0.5 m wide, One trench is made along the strike and
the other acroes the strike, Tha trench along the footwall
or hanginguall ie knoun as *Calli® and the other cne across
the etrike is known as °Toda®, Thus, twc free surfaces are
created, The depth of *Galli' and *Tode' depends on the
thickness of the block required.

The size of the block to be mined is marked
en the exposed surface of marble and tuo sets of channels
are magde by chisels and hsmmers alony the periphery of the
marked block. Then, two rows of closely apaced holes
(15 cm apart) of 1,25 ce diameter are drilled by steel rode
or ‘Sarias® through these channels up to the required
thickness of the block or up to the slip plane if it occurs
@arlier, Round wedgss of appropriate sizes are then drivan
through these holes till a fracture is formed along the
periphery of the block., 1If a s8lip plane is present, the
block ie separated from the main mass by levering it with
crov bars, If a slip plane {g pnot present, e set of holes ia
drilled along the bottom of the block and the block eeparated

by wedging.

Channels or holes are genarally made along the
direction of easiest split, i,e, along the Jjoint plane, rift

or bedding.

Preparing Blocks and Splittings

The block thus obtsined is than dressed into
a regular shspa, The first operation of obtaining the
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block of regular shape and size is done by wedging out

along the rift., Splitting a big block into two whan nacesssry
ls done by fracturing the block at right angles to theg rift

by driving bolaes of 1,25 cm diameter at intervals of 20 te

25 cm to about hglf the thickness of the black and then
knocking the space between two holes with a vedga,

Hoisting

Blocks of marble are then hoistad from the pit
to the surface by manually opersted cranes which are locally
fabricated, The ropes are directly tied to the block and
lifted, The blocks are then further chisel dressad on
the surface before besing sent to the factorliee for cutting
into slabs and polishing.

(ii) Aniri-Behavipur Marble Mine tn Harljana

Haryana Minerals Limited, Narnaul, a State
Govarnment Undertaking, is quarrying marblse st Antri-
Beharipur, There are four pits and the size of the main
pit is 70 x 15 m, Tha depth of the pits varies from 3 to
B m., In this mine, marble beds strike NE-S5U with a dip of
60 to 75° towards NW. Four different varietias aof marbla
are being worked in this mine, These four varisties occur
in parallel bands having a thickness of 10, 3, 2 and 3 m 4
respectively, There are parallel sets of dip joints and
strike joints which are utilised with advantags, while
channeling er trenching for primary eeparation. A set of
horizontal joints helps in obtaining the rectangular blocks.

Stripping to remove the overburden and to
gxpose the workable marbls bands ,both along the strike and
dip, is carried out manually. The position of joint planes
is searched for making channsls or trgnches, Shallou jack
hammer holes are drilled in a row or line st intervals of
15 ecm both along the dip and the strike, The spacing
betueen two adjacent rous made scross the strike dapends
upon the width of the block required. The dapth of the
drill holss is kept slightly leass thaen thas thickness of the
block to be removed, Wedges are hammered in these holss
to develop a smooth fracture plane, 1f a slip plane is
available at an appropriate depth, the overlying block is
moved by the levering action of crou bara, 1P a slip plane
is not available a series of shallou holes is drilled in
a plane, from douwn dip side to up dip side, and than wvedges
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are successively hammered through them to sa

parate the
blgc? from the in situ meps, along a smooth plana, If
wadging is not possible, mild charge of gun pouder is loaded
into the holes and blssiad. i g ® 2%

(téc) Zarivav Marble Mine , Ambaji Gujarat

) Although the mining method practised at
Zarivav Marble Mine of DK, Trivedi in Ambeji area is same
as that at Narnaul & Makresna, mining of blocks is done by
wire cutting method, Thie is the only mine in India using
this method, This method is explained briefly below

(Plates 1v{a), IV(b), V(a) and V(b).

After cleaning and removel of the overburden,
space is made to fix the wire cutting unit on both sides of the
block to be cut, either by msking trenches or channals across
tha length of block; and the depth of the channeldepends upon
the thickness of the block required, After the space is
ready for the wire cutting unit, two poles having two pulleys,
each with a halicoidal cutting-wire are fixed ons on each side
of the block to be cut. The cutting wire is mede of high
carbon steel, This wire moves from pulleys on the marble at
a uniform spesd and in the process cuts marbla. Water and
sand are used ss cutting media, The wire cuts through the
marble and after cutting it moves nearly 250 to 300 m in
air before it is wound in the uinder, This procass helps
the wire to cool down end gain tension, Morecver, heceuse
water end sand are used as cutting media, water also cools
the wire and sUpPpIreeses the dust, This wire cutting machine,
with 8 uire length of around 1,000 to 1,200 m, can cut
arcund 10 to 12 m a day excluding waste, After a block of
particular length is cut for a given depth vertically, the
vire cutting unit is arranged to make & horizontal cut to
releasé the bleck from the bottom of the block. Once a block
is cut to the specific size, the dislodged block is tied in
chains and pulled out by winders, Cranes ars deployed tc load
the blocks in the trucks, Genarally, 2,44 x 1,22 x 1,22 m size
blocks are cut but depending on order, some bigger sizes of
blocks can also ba cut, The wire cut‘ing unit has a
capacity to cut blocks of 18,2 m length, 6,1 m width and
1.22 m thickness, But due to geological limitations like
fracture, differences in grain size, colour, and problems in
trensport of big hlocks, generally small blocks are praferred,

Prevention and Utilisation of Waste

Mining of marble generates a lot of rejects
and the ultimate recovery of stone is cften less than 50
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per cent, Perhaps in no high bulk mineral industry there
exiats such s low ratio of useful stone tc waste,

The chief causes of wasts generation are
Natural imperfections like Joints, strain breaks, impurities,
lack of attractive colours gnd pPatterns,and crude methods
of mining, S '

Remedial Measures

(1) Adequate systematic prospecting may help in
selecting proper method of development which
may help in minimising or reducing wasts
generation, Joint systems ray be closely
studied to decide the method of development,
In order to keep the generation of uwaste to

& minlmum, quarry walls are to be made
Parallel to the main direction of joint
system, In steeply dipping beds, it is use~
ful to separate the blocks parasllel to the
bedding, This not only reduces tha waste
but alsoc helps in maintaining the quality of
blocks, ' ' '

(i1) In situ marble bodies sre under savere ,
compressive strain, Any opening made in the
marble relieves the strain and consaquent
expansion gives rigse to fracturing of the rock
at places, This fracturing mey give rise to
blocks of very odd shapeswhich sre.unsuitable
for building purposes. To avoid lTosses cauned
by strain relief, efforts have to be made to
afford relief of as largs a mass as posseible
at one time, For this purpose, a line of
close spaced drill holes ig made along each
'side of the quarry parallel to the direction
of .compreesion, and a similar line of closely
8paced drill holes is made at right angles to
the first line. Thus, as the naturel atrain
is relieved, the rock expands and crushes the
wvebs betueen the holeaz, The strain is thus

‘relieved initlally and the subssquent opers~
tion may progrese without sny problem of
strain till a lower level of strain accumula-
tion is reached., However, a foolproof method
of strain relief has not yet been devised,

(i11) Major impurities in the form of silica, mica,
and pyrite occur in definite zones or beda
in marble. These unuanted zones or bede can



Plate V (a)

A quarry s_hqwiug.the_dismant.ied block cut
S by wire saw o

{ Courtesy ~8hri, D. K. Tv'iverlﬁ_ﬁ. Ambaji )

L Plate Vﬂ:}l

A wedging operation to reduce the size of
mined blocks

( Cowrtesy — Shri. D. K. Trivedi, Ambaji}
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be eeparated and rejected by making cuts
paraslle]l to the bedding. Bands or streaks of
vaste material passing diagonally through a
block give rise to 8 lot of waste material,

(iv) Oeployment of proper machinery and systamatic
mintng practices may also help in reducing
wasie,

Utilisation of Uaste

Wgate material in tha form of blocks and chips
of maerble can be utilised for terrazzo chips, ashlar in
buildingse, lime-burning crushed stones, reconstituted stonas
or resin bound "conglomerste-marble™; and the marble flour
can be utilised as whiting and as constituent of stock feed
and fertilisers,

The sale of these by=-prooucts of marble-mining

may not only help in conservation of marble but also esarn
some revenue and partly set off the losses, if any, caused

during mining.

6.2 Mining Methods

It is observed that the marble quarries
werked in Indis have not by and large . besn planned and
vorked on scientific lines., It is felt that thers is great
scopefpr improving both,thre planning and mining of marble
in the <¢ountry, The various stages and considerations
involved in proper quarrying of marble are described below s

Location of the Quarry s The deposit nearest
to the consuming centre needs to be selected
for developing into a quarry, The grade and
quality of the marble available in the deposit
should meet the commerciael specifications of
the nearest consuming centrs,

Plan of Quarry s The plan of working a quarry
may be preparec pased upon the information
collected through geological studiea; surface
and sub-gurface oxploration, production
requirements, and other techno-sconomic consi-
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derations, The quarzy plan ie mainly
influenced by the orientation and thickness

of the mgrble band, its dimensions, dip,
internal structural festures and the dispo-
sition of the individual block to be quarried
from the deposit.

The direction of the quarry and the location
of the First opening or entry is often
decided by "rift" (1.8. the eassiest direction
of the splii) and "grain®, orientation of
joints, Practures, cleavage planaes, or other
lineamants along which natural breakage takes
place,

The waste material dump may be located at a
place which is easily accessible ,and without
any valuable mineral or rock underneath. The
quarry plan may be made with due consideration
to magintzin ecological balance, and special
care is taken to svaid environmental pollution
of any sortl.

Open pits are of two types, “shelf® quarry
and "pit® quarry. A ledge of marble forming
a hill is worked by the shelf method, A
shelf quarry is worked on the hillside but
it*s Ploor may be lower than the surrounding
area, Pit guarries are sunk belouv the ground
level, and stairs, ladders and mechsanical
hoists are used for handling materials, The
quarried blocks are carried from the pits
vwith the halp of inclined tracks, trucks,
derricks, or cablsways., In India, mogt of
the marble is worked by open pit methods,

In USA and Itsly, underground methods arse
also usaed for the exploitation of marblas<.8,

Stripping, primary separation and secondary
separation with trimming are the various
staoes of operations involvad in open pit
mining.

Marble bands of marketable type are often over-

laxn by eoil, clay, gravel, unsuitable stone and any other
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dqb;is. The process of removing the ovarburden is called
stripping, Often the upper portion of an otherwise good
marble deposit has besen rendersd useless dua to weathering
and it has to be removaed by quarrying to exploit ths under-
lying portions of good marble. Oaspending on the naturs of
the overburden, distance te be moved, topography and
att%tude of the beds, a suitable method of astripring may ba
dacidad, In case of an earthy and friable overburden,
hydraulic atripping is gensrally adopted aubjact to the
plentiful availability of wster and scope for suitabls drai-
nage, Hydraulic monitors are used for this purposae, Foar
the removal of hard rock, blasting is often resorted to,
taking care toc svoid the shattering of underlying good rock.
Earth moving machinery like bulldozers, dragline scraperas,
clamshell buckets, and pouwer shovsls, etc. are also used to
remove the auerburdenz.

6.2.2 Primary separalion

AfPter the careful stripping of overburden
material, primary breaks or cuts, are made on the insitu
mass of rock to separate a block of stone, A scheme 0of
primary sepsration is decided un the basis of the attitude
of marble beds, orientation of joint planes, rift, and
other natural planes of separation,

Primary cuts in marble ara generally made by
channelling wachines, wire or diamond saws and by drilling
and broaching.

6.2.2.1 Channelling : This is done by channelling machines,
Different types of channelling machines, which ecan be operated
by steam, dissel or electricity are in vogue at present. The
machine operates with a chopping action similar to that of a
reciprocating drill, Cutting is achieved by a number of
chisal-adge steel hars welded together, The machine travals
on stesl tracks and the chopping machanism cuts a channal

§ to 8 centimeters wide and several matres daep. The dapth
of the channel is regulated on the basis of the dasired
height of the block to be removed, The important factors to
be considered for channelling are the dip of the beds, sound-
ness and rift of the daposit., Flat beds without any decided
rift are ideal for channselling as laying of tracks on 8

level surface is quits easy. Inclined beds are quarried
separately and the ramoval of right angled blocks from succe=-
ssive inclined beds gives rise to a sau-toothed quarry floor,
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In the case of dipping beds, the channelling machine track
ie placed on an inclined rock surface in the direction of
the dip. A balancing weight is provided to overcoms the
force of gravity. In case of a parallel system of joints,
cuts sre usually made perpendicular to the Joint plsnes to
derive the best advantage of the joint system, Channelling
is not suiteble for steeply dipping beds.

6.2.2.2 Drilling and Broaching Method : In this maethod,
closely spaced drill holes are made in a line with the help
of a reciprocating drill mounted on a bar, A continuouas
channel is then made by removing the intermediate webs with
the helip of a broaching tocl, This method is comparstively
cheapar than the channelling method. Ffor floor cuts,
horizontal holes are made and the block is separatec by
wedging,

In order to take the best sdventage of tha
ease of splitting in the beds, drilling is done in tha
direction of rift or grains of tha rock, wherever possaible,
Drill holes are made in a regular pattern to give uniform
blocks of rectangular or square shape. The depth of sach
hole is decided by the size of the block to be remocved and

it is warked on the block to selaect the proper size of uadg.a.

6.3 Mining Machinery

The different types qf machinea have been
succeesfully employed for cutting the marble blocks of
desired size. The description of the machinea generally
employed for marble cutting is given below i

6 3.1 Wire Saw

Wire saw has been very successPully used in
many marble quarries of the U.S5.A., and Italy, It consists
of a single strand or 3 strand vire Fforming a closed loop
which is loaded for tension to augment the cutting action,
Specially made halicoidal wires are commonly used for the
saw, The uvire of the sau passes over and through the marble
block and cuts a narrow channal of about 7 mm in width. Sand,
aluminium oxide, silicon carbide or any other cutting agent
is carried in a stream of water to facilitate a smooth and
uniform cut., Besides carrying the cutting media, water acts
as an agent for cooling end flushing. Cutting can be done



- 45 =

in flgt or inclined heds. The wire saw is presently used in
India by D.K, Trivedi 45ax:3 in the marble gquarry at Zarivav
village in Gujarat, MHindustan Marble Company will be soon
ingstalling & wire saw in its marble mines,

The wire saw unit comprises a driving unit,
tension carriage and cutting wires (plate XII)

The driving unit is made of & 10 to 15 HP
motor with a worm-gear reduction in oil, The tension carriage
consists of a suspended platform to which a weight of 362 to
908 kg is loasded to give the necessary tension to the wire,
The tension carrfiage is placed on a track which can travel
back and forth to adjust the length of the wire as the cut
progresses,

The cutting wires are made of high carbon
steel, Guide pulleys are mountsd con standards or eteel rods
of 4-5 m length, Each standard is fixed with two sheaves
at the top and one sheave at the bottom, The upper sheaves
ara meant to receive and conduct the wire to a louer sheave
vhich travels doun es the cutting goes on,

The stendards sre placed 30 to 40 m apart,
and fixad in 3-4 m deep holes wide enough to accommodate
the lower sheaves, By lowering the guide pulleys, the wire
is brought inte contact with the marble, Sand end water are
fed along the cut for providing abrasive action,

The upuward curvature of cutting strands is
prevented by the heavy tension maintained for the purpose,

27
6.3.2 Madrigalt Machine

This ies basically a dismond impregnated chain
saw machine which has revolutionised sawing of marble in
the Italian querries, The Madrigali machine knoun after
ite inventor Luigi Madrigali, cuts into the marble rock Fface
with a 20 m long steal cable which is fitted with diamond
cutting elementas. One end of the cable is first inserted
into the holes drilled vertically and horizontally inte the
marble, then the two ends sere joined on the spot and the
cable mounted on to the Madrigali machine which pulls it

through the marble. A cable speed of 24 m per second is
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employed when cutting marble, the cable simultansously being
rotated axially through 360° svery twe meters., As the
dismond elcctroplated beads also rotate around thegmselves an
excessive wear in one side of the bead is avoided, It is
estimated that the 20 m diemund/steel cable cuts 50g sq m

af marble on an average in 150 to 250 working hours., The
same job would have taken much more time if done with steel
helicoidal wire, The resultant saving are estimated to be
of the order of 60 per cent,

Presently, there are more than 100 Madrigali
machings working in the Carrara marble quarries, Italy, Each
machine with its clecsed-loop vire replaces some 1500 kg of
0ld helicoidal steel wire,

Luigi Madrigali is nou working on a Mark Il
model with the pover unit incorporated in the framg, Madri-
gali Mark Il machine will also be sble to make oblique cuts,

6.3.3 Circular Diamond Saw

Blocks of limited size ere at times removed
during primary separation with the help of circuler dismond
saws. However, the use of a circular diamond saw For
primary separation is not a common practice,

6.4 Undercutiing, Bed Lifting & Floor-breaking

This refers to separation of blocks attached

to the base, and free on all the remaining five sidas, For
this purpoce any of the sbove methods can be used, But the
plug and feather’ technique is most commonly used, Feathars
are twc half rounds of iron, flat on one side and curved

on enother, The curved sides of the feathers fit the wall
of the drill~hole and the flat surface are in coentact with
each other, A steel plug is driven between thase two flat
surfaces, Plugs are driven lightly in succession till s
continucus fracture is formed. In order to maintain even
strain on the rock, the driving of plug is started Prom cne end
of the line and is_continued in the successive holes till

a fracture appears .

6.5 Secondary Separation with Trimming

In this phase of work, larger blocke of marble
separated from guarry floor are sub-~civided into smaller
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blocks of desired shepe and sizam, They are reduced into
convenient sizes, which are 8asy to transport out aof the
quarry. In splitting the blocks tg the required size ang
shape, advantege of the naturel directiocn of splitting ia
tsken. WMajor fractures are made in the direction of prominent
rift. A series of shallcu drill holes (10 cm  desp) are made
with hamrer drillsg using compressed air, The final break

is made by "plug and Peather" method, Trimming of blocks to
the true rectengular form is known a8 "scabbling®™, Thg
scabbling procees can be omitted in quarries if the proce-
ssing mill is close to the quarry. In some quarries uire
8auk ang circular dismond saus are also utilised for scabbling,

6.6 Lifting of Blocks and Yard Seyrvices

Generally, hoist derricks with a swinging
boom or crane are utilised for the lifting of blocks, In
some quarries, portable crawl-iypes-tread or tire mounted
cranes have replaced the derrick because of the ease of
movement under their ocwn power.

From the above description of the various
factors and stzges invalved in planning of the marble quarry
and the vericus machines that csn bs used for cutting of
the blocks, it is fslt that there is great scope for modep-
nising marble mining in India kaeping in viev the o
increasing demand for it. ' o



CHAPTER 7

7. Processing of Marble

Processing of marble consists of three main
activitiss, namaly, sawing, polishing and edgs cutting,

7.1 Sawiny

Big blocks of marble receivaed from the quarry
are first sawed into smaller and thinner slabs or ractangular
blocks of uvsable size, Generally, mechanical sawing is carried
out by gang saws or framg saus, uira saus,and circular saws,
Sawing can also bs made by manual methods but machanical sawing
is much superior and it can saw quite thin slabs without any
consideration of the rift or grain ef the marble., Moreovsr,
mechanical sewing alsp conserves rock by reducing waste.

7.1.1 Gang Saws

This is the must common sawing machine used in
the marble processing industry, Alsc known as frame saw,it
consists of a series of straight iron or steel blades set
parallel in a_frame thet meves in a backward and forward
sawing motion©, Blocks of any width or slabs of any thicknegss
may be obtasined by merely adjusting the spaces between the
blades, Gensrally, the blades are fed with silica sand and
water, as an abrasive, In some mille, steel shots, aluminium
oxide or other granular abrassives along with water are
utilised, Individual gang saus wmay consist of upto 40 or 60
blades ranging in thickness from 3,17 to 0,31 cm (1.25 to one-
eighth of an inch), A 0.31 cm (ona-elghth inch) thick blade
can give 0,48 cm (a three-sixteenths af an inch) thick smooth
wallsd cut, Generally, sawing is done parallasl to the rift
or grain, but sometimes cross—szawing is also done to obtain
distinct or attractive patterns®, The rate of sawing varies
graatly depending upon the hardness of theg marble, cutting
medium and the speed of movemeni of the saw, The gang saw
can make a 5 cm dgsp cut In an eight-hour shift, A
system of gang cars and transfer cars is employed to place
and remove the stone from benaath the saw. Utmost care ia
taken to hold the marble blocks perfectly stationary during
sawing operation, Any jerk or movement of the marbla block
not only disturbs the sasuing operation but also spoils the
sawing blades which are often guite costly.

Oressed blocks are placed on the trolley or
gang car with ths help of cranes. Depsnding on the capacity



of the trolley, a number of blocks may be placed on it. For
the efficient sawing of blocks, they are cemented togsther with
plaster of paris mix, The mix is prepsred by mixing together
15 kg gypsum and 2 kg wood wool in 20 litres of water., Tha
mix so prepared is sufficient for cementing marble blocks on
tuo trolleys. After cementing the blocks, the trolley is
brought below the sawing machine,

. The trolley is then fixed and tightened to a
firm stationary support of steel and wood so as to avold
any Jjerks or vibrations during sawing action,

7.1.2 Diamond Blade Saw 28

Thin slabs of marble {of about 2 cm thickness)
are very commonly used for cladding of building walls, floors
and steps, both intarnally and externally, For this purpossa,
frame saws are bacoming quite popular because of their speed
of sawing and the smooth finish they impart to the sswn surface,
As regards the output and quality of sawn face, the dismond
frame saw surpasgsses anything obtained with the earlier swing
saw and shot combination, The diamond blade saws work on the
principle of perfect linear reciprocating movement.

The diamond frame saw consists of four corner
pillars in brazed stee) or cast iron, and further streng-
thened by setting in concrete, Generally, there are 40 to
60 blades each with a tension of about 7.1 to 10,16 tonnes
(7 to 10 tons). The frame is made exceptionally strong as it
has to stend to a tension of about 406 to 610 tonnes (400 to
600 tons). )

Az the bladas sre subjected to high and variable
bending stresses, they srs made of steel capable of high yield
strength and resistance to fatigue, Thay are gsenerally 3,6 m
long, 178 mm high and 3,15 mm thick, However, depending on ths
length of blade or the hardness of stone,appropriaste height
or thickness of bladas can be used sNdrmaLly.a diamond
concentration of 1,32 carats per cwm is used, The
diamond teeth are brazed to the undersjde of the blade, Bond
hardnese is varied to suit the stone being cut, Ojiamonds may
get shattered because of the high vibrations set up in ths
blade, This can be avoided by using blades sither with a
harder bond or by varied spacing of diamond segments. The
blades are given appropriate tension to avoid any deflection
in the cut., Tension isgivenby driving a wedge behind the
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frame sash while the blade positioning is made by machined
spascers. The wedge system is gquite common but is rathar
inadequate. Most modern machines use a bydrauiic tensioner
wvhere the tension of each blade can be checked in s
manometer<8,

The quality of cutting and the useful life of
blade depends on the care and precision observed in positioning
or setting of bledes. Perfect verticality and parsllelism form
the key to the proper positioning of blades for cbtaining
optimum sswing rates. Not only the individuasl blades but their
downward movement through the cut, too must be perfectly
vertical, The verticality of the set is checked on the
horizontal component of the frame with a spirit lsvel while
tha douwnuvard movement of the set of several blades is thecked
against a comparator. Any error of verticality not only ruins
the slab dimensions but also wears doun the costly diamond
segments, The paralleliem of the plane of blade with the
cutting movement is also chacked by moving the frame slouly
against e comparator, Inaccurate parallelism is often caused
by faulty spacers,

In order to obtain the best results from a
diamond frame saw,tha block of marble should be carefully
salected to have the best dimensions to Pit into ths machine.
ldaally, the length of the block should perfectly match with
the machine. This avoids unequal wearing of diamond teeth
over the blade, The marble block should be properly fixed to
the bass cr the trolley during cutting, This is achieved by
placing the block on a sound bed made of tuc soft timber
joists of (100 x 50 mm cress section) extending along the full
length of the block and having an extra length of about 150 mm
from esch edge of the blcck, The joists are liberally
plsstered and secured to the base of the trolley, A loosely
fixad block may increase the blade uear by about three tlmes
compared to a properly fixed block., The block placed below
the blades should have regulsr shapes, This not only ensures
the easy loading of equipment but also gives meximum utilise-
tion of the blade surface., In case of irregularly shaped
blocks,all the blades do net remain sluays in full) contect:
with the blocks and thus may give rise to vibrationa
resulting in wearing of the diemond and reduction in downward
speed, Reduction in downward speed rssults in loss of
productivity. Cutting of long blocks after a series of short
blocke will accelerate wear of segmente which were not used in

thas first cutting.

Copious supply of cool soft uater sprayed avenly
elong the entire cutting srea ensures maximum blade 1ife and
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even wear, In the initiel stages of cutting,e water supply

of 4,5 litres per minute per blade is considered satiefactory,
but as the full speed is reached the water asupply should be
reised to 6.8 litres per minute per blade. Often chemical
additives which louer water tension are used for the purpose
vith advantage.

The diaemond frame saw can achieve a cutting
rate of about 15=20 cm per hour in hard marbles and about
20 to 3g cm per hour in travertine and coarse.crystalline
marhle<®,

7.1.3 Wire Saws

Yire gsaus sre used to a limited extent For
sawing the maerble blocks during processing, Thasa can
simultenaously saw a number of merble blocks lined up toge~-
therB, Sawing is done by single or multiple uvires using
silicon carbide or aluminium oxide as abresives?, The
abrasive is carried in a water flow gnd is fed to the cutting
wire, The cutting tool is & three strand or single strand
vire running as a belt or closed loop, under tension,
Compared to the ordinary gang sauws, the cost of sawing by
wire eaws is slightly more but tha adventege of the latter
is that the cut made by the wire is so narrouv (about D.,E4 cm
or onewquarter of an inch) that it conserves the stock. the
wire leaves such a smooth surface that it resulte in & consi-
derable saving of time and cost in the further processing.
Vire saws with diamond hcsds are also used et places for
secondary sswing of marblse.

7,1.4 Circular Saws

Though various types of circular saws sre usad
Por saying of merble, the diamond impregnated clrcular seus
are preferred bacause of theiy great speed end accuracy in
sswing, besides yielding a smooth and uniform surface, The
size of the circular diemond saw blade restricts the size
of the block that can be cut, The diamond saw 1s widely
used for sub-dividing slsbs and in trimming, shaping and

Jointing,

Theg diameter of diemond cirgular ssu varies
from 203 mm (13 in)d to 3,7 & (12 ft)28, The maximum
depth of cut is generally equal to one~third of the diameter
cf the saw., Circular saws can be used eingly or mounted
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in gange and at varicus angles., The uffect of rotationsl
speed on the cversll efficioncy of circular ssw has not yet
been fully studied, It is knownyhowevery that a relaticn
exists between the rotetional speed and the.amplitude of
vibraticng of the machine, Thess amplitudes affect bond wear.
However, the manufacturers suppcrt the fcea of using high
rotational speed for scft stones, The recomrmended surfaca
speed for the diasmond circular ssws veries between 35 m per
secund for hard marbles and 40 m per second for medium
limestone and marhle. The Porusrd feed rate is decided on
the rate of bond wesr and horse power of the machine, A
feed rate capable of giving Pree cutting characteristics is
selected, Presently the trend is touards high cutting rates
and a specd of about 645 89+ per minute is an accepted

cutting rale for marble and hard limestone<8,

Clamping devices are used to ensure perfect
stability of blocks during cuttings Thie eliminates blede
damage and reduces blade wear, Sawing by diamond circular
sauws reguires carefully controlled supply of a maximum gquan-—
tity of cooling water which should resch the cut at a
very high velocity indeed,

The size of tha diamond grit used in the
circular sau is generally 1,5 times the size of the rock
grain, grit size of 30 te 40 U.S, mesh is generally used
for marble<®

7.2 Grinding and Polishing

A sawad piece or a neatly quarried stcne ig
given & smooth finish to enhance attractiveness, Rubbing,
gritting, buffing, and polishing are generally done with the
help of verious machines and abrasives avsilable for the
purpose, Polishing is done in 3 or 4 stsges and the size
of the grindipng modium is reduced in every successive stage ,
viz., 40, 80, 120, to 140 mesh sizs are deployed in successiva
finer stages of polishing, Even manual polishing is dons
hy rubbing the saued surfsce against a cest iron plete, using
a suapansion of carborundum powder or emery powder as a
polishing medium, However, manual polighing has ite oun
limitations,besides being very laboricus and time
consuming, bhough it is in vogus at plagas. Meaechanical
poelishing includes the faollouing stages®,

Rubbing 3~ Horizontal circular beds of cast iroh revolving
at moderstc speed around a vertical axis form the rubbing



baed. Generslly, the bheds sre drivsn from above by countersheft
and gears, but beds drivan from below are also not uncommon,
Marble slabs or blocks sre held against the revolving disc

and sand and vater are fed on the disc till the slabs acquire
the desired swoothness, Carborundum beds ars alsc usad instead
of cast iron discsfor rubbing small pleceeal marble,

Circular grinding and polishing machine is a
crude polishing method practised at some places in India, In
this method, a set of marble slabs tg be polishad is fixad
on the base and another set fixad on a circular moving frame
rub against thkem in a circular motion, Thus, both the sets
get polished, This machine is also used for Kotah slabs,
Napha slabs, and Cuddapah stones, Water and sand are used
as grinding media (sece Plate XI),

Gritting s- Gritting ie a process which gives a smooth
surface than rubbing, For this purpose, emary poudar or
sbrasive bricks sre used, B8ricks of silicon carbide or
aluminium oxide are used to give the desired finish,

Buffing s~ Buffer head of felt cor other soft materials are
used to give thae final polish or buffing to marbls, The
mechanically rotated buffer head is guided over the wettad
surface of the marble, A mixture of tin oxide and oxslice
acid or only tin oxide is used as abrasive, Buffing is
schisved in stages by employing buffer-heads of successively
smoother types and by using ebrasives of finer sizes,

Radial aermed grinding polishing machine requires
an operator to move the spindle over the stone surface, But
continuous mechanicel polishing devices like automatic gantrye
typs slab grinding are slso finding vida use on account of
thaeir high speed, :

1.3 Edge Cutting

This is a process of trueing the edges with
the face and squaring ths ends and sidss to finiah the working
dimensions without chipped corners. Manually,edges cutting
is done with the help of chieal and hammer, This is quite a
laborious job and even a slight misteke may speil the finished
panel, In the mechanical methods, edge cutting is done by
cutting the edges with emery wheels, carborundum wvheels or
diamond impregnated wheels, Water is used as coolant, Various
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types of edgs cutting vheels, including the di amond vheelg,
@re manufactured ip India, Somg Processing units manufacturs
their own eémery or carborundum wvheels, Thg adge cutting '
vheels are fixad to rotating discs, which in turn ere attached
to the main motor. Tha rotating dise moves on the marble -
slab and cuts it in thg Process of moving, R e

R ;) One of the units the emery whesi ig
Prepared by mixing 400 gm of_Ca:bbrundum powder of 10 tg 15
mesh size “uith 600 gm of ‘powdered aulphur, Thg mixture ig
heated ti1} the sulphur liquefies . The liquid mix ig oo

with graved periphery, 1t dries an sbout 15 tp 2 minutes,
The wheel, uhen dried,ia‘attéchad to the motor, Une wheal
80 Prepared can cut aboyt 5.58 8q m (60 sq ft). Oxalfec
acid is applied tq the cut slabs tg Clean them, Finally,
wax polishing is done bafore the slgbs are Packed for

7.4 Cutting of Colwnns

: Columnc of marble are oftgn Prepared for
architectura] Purposes, The columna can be Prepared either in
& drum column Cutter or {in g lathe, A drum column cut&er is

= @ circular stesl drum revolving arcund g vertical axig%. ‘It

may have diamond teath on itg lower surface or the cutting
May be done by sand op stesl shot, Lathe js used for handling
‘monolithic columns, The marble is roughed by manual methode
to 1,27 cm. (one<halp inch) of the finishad diameter baefore

 baing Placed on the lathe. The column is rotated around g

L”llhorizontal axis and the shaping is accomplished uith_a_cuttipg

 tool similar to that used 4in ordinary_lathes_for_turning
maetal shafts, = The cutting tool travels slowly back and forth
vith thg help of & vorm gear or a similar device, Thg

and flutes mads with the eutting tool which cuts g graove over
the entire surfacae of thg column, The process is repeatead

by rotating tha_culumn_ti;l the required number of flutes

_ @re made, | T U T TRATATed num e

7.5 Cost_f of P'r_-ocessz'ng

' The cost of marble processing mainly depends

. on its chemical composition, hardness and the Percentage of
f;recovery after Procassing, The efficiency of a particular typs
-~ of machinery used for processing also determings the cost,



Colourrd verijeties of marble ars generally harder because

cf their siliceous and ferruginous contents and thus thaey
require more abrasives, power and time for processing;
moreover, the rate of recovery is much less in the case of
coloured marblea, These Pactors naturally result in & higher
cost of processing of coloured varieties compared to thg
soft and white marble, Similarly, the speed of processing
with the diasmond impregnsted tools is much more as compared
to the conventional ones, Also, the fine seuing achieved by
the diamond impregneted tools results in lowering the cost
of processing, :

Loet of Processing in Rajasthan s~ The cost of processing
of marble in Rajasthan varies Prom unit to unit depanding on
the machinery deployed and nature of the marble processed,

A brief idea of the cost of saswing,polishing and edge cutting
is given belcw

Sgwing :- The cost of sawing by cenventicnal frame sau
varies between Rs.43.0 and 161 per sq meter (Rs.4,0 to Rs,15.0
per squars foot) in five processing units with an sverage of
Re.75.0 per sq meter (Rs,7,0 per square foot), Cost of
sauving per cubic meter varies betueen Rs.890..and Rs.2850,0
(l.e. Rs,.25,0 endRe.80.0 per cubic foot) in ten processing
units deploying the conventional saws and between
Rs,1250,0 and Rs,2500,0 (Re.25.0 and Rs, 70,0 per cubic foot)
in five units deploying the diamond frame saus, One proce-
ssing unit using a diamond impregnated circular saw reported
that its cost of sawing is Rs,107.0 to Rs.161.0 per sqguare
meter (i.e, Rs.10,0 to Rs,15.0 per square faot),

Polishing 35— Coagt of polishing varie$ betusen Rs,S5,30 and
R8.10675 per square mater (i.e, 50 paise and Rae.1.0 par sguare
foot) in nineteen processing units and the pelieshing coat

in only ane unit is R8.21,50 per sguare meter {(Rs.2,0 per

square foot),

Edgs Cutting :- The cost of edge cutting varieg between
RszZEd}rans.3.20 per running meter (i.e, 40 paise to Re, 1.0
per running foot) and it was Rs.5.0 per running meter
(Rs.1.,5 per running foot) only in one unit.
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8. Important Processing Centres

Important marble processing centres are
mustly concentrated in Rajasthan and Gujarast. Housvs:,
somg Centres are alsc located in Haryane, Andhbra Praedesh,
Y.adhya Pradesh, Meharashtra, Tamil Ngdu and Uttar Pradesh,

Information regarding the number of processing
units and the #yuipnentyg gvailable with them uss collectsd.
by sending questiocnnaires tc processing units and by discu-
esiong with the officials of tha Jepartrents pf Industry,
Oepartmentsof Mines & Geology ana the representatives of the
associationsg of marble producers, A brief account of the
important proceesing centres in different States is gliven
below, A list of important marble processing units in India
and the dateils of the processing done is given in
Annaxure-V,

8.1 Gujarat

In Gujarat, there ara three lsmpertsnt proce~
ssing centres, viz, Ahmedabad, Ambaji and Barocda.

Ahmedabad s~ Ahmaedabad has 11 factories dealing with the
processing of marble , Most of the unite drauv their marble
for procassing from their own captive mines located in
Ambaji and Koteshwar areas, BHesides, they also purchase
marble from Rajasthan, Presently, there are 10 frame saws,
(conventional type), 19 polishing machines and 16 edge
cutting machines in Ahmedabad area,

Ambajil s- Ambaji in Danta taluka of Banaskantha diatrict has
six processing units vith a total of 10 frane saus of convan-
tionsl type, six polishing machines and four edge cutting
machines. Here also most of the units draw their marble from
their mines at Ambal}i, Zarivav and Koteshwar area. They also
purchase marble from Kasnkrouli, - Abu Road and Ra janagar areas.
The Ambaji warble itself is as uhite as Makrana marble and is
used Por temples and bhuildings.

Baroda 3- In Baroda, thers are two units, These units malnly
usa green marble fros Chunchunspura area,



In addition tg the above, there are some more
units at places like Surat, Anand Godhvs and Kalal,

8.2 Ra.[asthan

Ra Jasthan is the most important centre of
marble processing in India with about 95% of the total proce-
gsing units, The important processing centres sze locatad
at Makrane, Gunawati and Borawad in Nagaur district, Udaipur,
Nathdwara, Kankrauli and Rajasmund in Udaipur district; Falna
in Pali district; Abu Roed in Sirchi district; Jodhpur in
Jodhpur district and Kishengarh in Ajmer district, A number
of processing centres sre located at Chittorgarh, Alwar,
Bundi, Deoli, Jaipur and Banswara. :

Nagaur Oistrict := Makrana is one of the most important
processing centres in India, Nearly 990 ordinary frame
8aws, 14 diamond saws including 7 imported and one diamond
eircular sau are working at present in this area. These
units are spread over Makrana, Gunawati, and Borawad
villages, These units saw, polish and edge cut the marble
from almost ell the plsces from Rajasthan, Gujarat and evan
from Narnaul in Haryana, However, the main supply of stone
comes from Makrana, Gunawati and Borauwad areas. The
details of the 14 diamond sawing units as supplied by the
Asgsigtant Mining Engineer, Makrana,Directorate of Mines &
Geology, Rejasthan,are given in Table 841,
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Table-8,1
Diamond Sawing Units in Makrana Area

Sl. : Brand Country Capsacit Cutting
No, Neme of firm Namg from in (Hp rate/hr
which
imported
1. M/s Universal Marble Carl Wast 165 25,40 to 30.5 o
Supply Corpn.Ltd, Meyer Germany (10 to 12%)
2, PN/s sangsmermer Indie Sultan Indiganous 125 20,32 to 25,40 cwm
Put, Ltd, Machine - (8" to 10%)
Tools
3. M/s Pahadia Marbles B.R,A, Italy 100 20,32 to 25,40cm
: (8 to 10")
4, M/a Rajasthan Mining B.R,A, Italy 125 20,32 to 25.40cm
and Allied Industries {6 to 10")
5, M/s Marwvar Minas B.R.,A., Italy 100 -
(Circular
Sau)
Eo M/s Rathod Marble Co, N.A. Indigenous o0 15,24 to 2p.,32cm
- (6 to 8")
7. M/s Rajasthan Marhle Rajas— Indigenoua 100 15,24 to 20,32cm
Udy og than (6 to a&")
Super~
20
8. M/s Jain Marble B.R,A, Italy 115 20.32 to 45.40cwm
(6 to 10"
9, M/8 Agarwal Marble Ra jas- Indigenous 159 -
Stonae Co. than
Clycor-
60
10, M/s Fine Marble and Carl uvest 130 25,40 to 30.5 cm
fineral Pvt,l td. Maysar Germany (10 to 12%)
11, M/a Manjushree Marble Venvor— Belgium 125 15.24 t5 20.32cem
den (6 to 8")

2 F/e Mahaveer Marble 8.R.A, Italy - 20,32 to 25,40 cwm
12, 0/ (8 to 10%)
13, M/s Amcit Shila Ra jas- Indigenous 150 20,32 to 30,5 ca

than (6 to 12%)
Clycor~
60
i hr
14 M/e2 Granite and Marble Shah Indigenous 140 7444 8q water/
* Industries Granite (BU sq. ft./hr)

(P) Ltd,




It is learnt that M/s Men jushres Marbles, M/s Fine Marbles
snd Minerals, M/e ESS Enterprises, M/s Nainua Properties
and M/s Oswal Marble Works,uill also be adding gissong eave
shortly.

In addition to the sauing machines, sgveral
number of polishing and edge cutting machines are working
at Mskrana, All the edge cutting and polishing machinas gt
Makrana are indigencus ,either locally mede or supplisd by
Indian manufacturers, '

Chittorgarh District s=- Thess units draw their marble fopr
cutting from Rajnagar, Nathdwara, Kankrauli and othar araas,
The white varisty comes from Amet, Rajnager, Talaish and
Kelua asreas pink from Babermal, cgreen from Kesariyaji, yallo
stons from Jaisalmer and chacolate marble Prom Mangaldeo in
Chittorgarh district, There are 56 sauwing machines {conven-
tional type) at Chittergarh in operation, Two circular
diamond sawe sre alse working in Chittorgarh ares, In thisg
areéa, the polishing is also dona by conventional wheel
Polishing machinss,

Ydaipur District s= Udaipur district has tuo important
marble processing centres,viz., (a) Mewar Industrial Area in
Udaipur city and (b) Nathduara, Kankrauli and Ra jasmund area,

Mewar Industrial Araea, Udaipur s~ There are altogethar 33
units in operation, These alsc include units dealing with
muarble chips, Most of the sawing units have conventional
saws, Some firms have got only polishing and edge cutting
units. Most of the marble blocks come Prom the surrounding
aresas) i.e., Kankrauli, Rajanagar, Banswara, Keshriya}i, Bundj

and Jaisamand arcas (see Plate VI).

Nathdusre-Kankrauli and Ra jasmund Ares s~ 1In thisg areas
there are 14 processing units at present and most of tham
have their captive mines Por thea supply of marble, There are
nearly 20 frame saws in operation besides polishing and

edge cutting machines, Most of the units have rrame saws
supplied by M/s Rajasthan Industries, M/s Asscciated Stone
Industries (Kotsh) Limited recently started a factory at
Pasoond with two imported diamond saus of Carl Mayer make,

Germany,

Pali District ~ Falnag g~ 1In Falna, there are fpur processing
units st present, In a1l eight frame saus are in operation
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in thies ares. M/s Minerel Grientels has five Prams saws, tuo
polishing mechines and two edge cutting machines, This

unit draws white marble from its oun mines from Rajnagar ares
and green marble From Rishabdes region of Udaipur district,
black marble from Abu Read and 5elustda area of Siroh: district,
The other firm M/s Balia Marbles gets their multi coloured
marble from Dujana and Khandra mines in Pali district, The
other tuwo units possess only wheel typa polishing machines

and some edge cutting machinss,

Sirchi District — Abu Road 3= Thore are 9 marble processing
units at Abu Road, 8ut, presently, only thres units are
working with 10 frame ssus, These units drau thair marble
supplied from their oun mines situated in Abu Road and
adjacent arsas in Siroh{ district and Prom Ambali sres of
Banaskantha district of Gujarat,

Jaipur District = Jaipur s- Jaipur is one of the important
centres although the number of operating units is very limited,
It is learnt that three unite were working in the past but

at present only one is working., Three units used to get the
merble from different arsas of Rsjasthan: but mainly from
Bhaisalana area in Kotputli taluks of Jaipur district, The
important unit, viz, M/s Rajasthan Marble and Minerals, has
four conventional saws, one polishing machine and cne edge
cutting rachine,

Jodhpur District s~ There are six processing units at
Jodhpur out of which the unit balonging to M?s Ra jasthan State
Granite and Marble Limited, a State Government undertaking

is an important one, This unit has 2 imported diamond frame
saws, one automatic polishing machine and one edge cutting
machine, All the machines have been supplisd and srected by
M/s Gregori of Italy, The RSGML is doing marble processing
on contract basis. Other units have only polishing and edge

cutting machines,

Ajmer District = Kishengarh 3~ It is learnt that in the past,
tuo units had framg ssws for sawing marblg but at present

there is no sawing., Fifteen edge cutting units are working

at Kishengarh at present., These units puyrchase lumps @f mar-
ble sized 0,30 x 0,20 x 0,30 m (1 ft x 1 Pt x 1 ft)or above from
all areas and sizc them to tiles of diffarent sli:zes,

Depending upon the size of the tiles, they are sold at

different ratea cn per plece hasis,




Plate VII

Sketch .of a conventional frame saw

(Cmutesy—M{s Rf.xijast_h_.an_. Uc_lyo_g,' Jodhpur)
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Banswaras District s~ There are tuo marble processing units
at Hanswara, both gf conventional type, Theee unite draw
maible from Tripurs Sundari and Talwara deposit,

Bhilwara District :~ There is one unit each st Deoll and
BRi1Vare in Bhilwara district fPor cutting and sawing blocks,
Other than these, many units are working in the preparation of

chipe and pcuder.

8.3. Haryana

P—— ittt

Narnaul s~ Narnaul is the only marble Processing centre in
Haryana, The marble Processing unit owned by M/e Haryana
Minerals Limited hae three Prame sawing machines of conven-
ticnal type, one polishing mechine and one edge cutting
machine, 1t gets marble from their captive minegs at Antf-
beharipur Marble mines, 27 km from Narnaul, It alsc
produces fancy articles from marble like ash trays,
name-plates, flousr vases, etc,, ch a commercial basis,
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9. Manufacture of Processing Machinery in India

Today, Indie is almost self-sufficient in the
‘manufacture of varicus types aof processing machinas used in
the marble industry. The masnufacture of both the conventional
and diemond~based sophisticuatsd procassing equipmant has
given a strong fillip to the progress of the stone industry
in the country. A number of wanufacturers of processing
equipment are trying hard to improve the efficiency of their
equipment by incorporating the superior know=-how availabls
abroad, Serious efforts are also being made to manufacture
the latest equipment indigenously by entering into techni-
cal collaboration with forsign manufacturerse.

Information regarding the technical details
af the various processing equipment presently being manu-
factured in India, as supplied by the respective manufactu-
rers is given belou?

9.1 Saws
Presently, all types of saws, viz.,ordinary

“rame saws, diamond frame saws, circular sews and vire
saws are msnufactured in India,

9.1.1 Ovdinary mee Saws

Presently, three sizes of ordinary frams
saws are available in the Indian market, A typlcal
frame sauv is shown in Plate VII, General specifications
of ordinary rame ssws manufactured in India are given in

Table 9010
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dable-9.1
Speci fications of Ordinary Frame Saws
Specifications s 1 z £
$ize 1 Size 11 Sire II1
1s Size of stong J405x1,52x 2,44x1,22x1,22m 1.23%0,91%0,91m
1,52 m (8°x4*x4* (6°x3°x3*}
(10'x5°x5")
2, Width of cut 165 cw 137 cm 107 cwm
(es5*) (54") {42v)
3. Héight of cut 165 cm 137 cm 107 em
(65*) (54%) (42+)
4, Length uf cut 320 cm 259 cm 198 em
(126") (102*) {(78*)
5, Max., number of Blades 63 52 40
6, Blade carrier Prame 25,4 cm 27.94 cm 30.48 cm
movemant 10") (11} (12*)
Te Rapid risse of blade 5.08 cm or 6,35 cm or 10 cm op
carrier frama 2*/5 min 2.5"/min 4" /s wmin
8s Lowering control of 5,08 cm or 64,35 cm  er 10 cm or
blade carrier Prams 2"/5 min 2,5"/5 min 4*/5 wmin
9. Main Motor Power 20 HP 15 HP 10 P
10, Overall dimensione
a) Length of 12.2 m 10.68 - 9,76 m
Maching (40*) 35%) (32*)
b) Vidth of gachine 27 m 3,56 m 3,056 m
147) (12*) (10°)
c) Haight of pachins 4,27 m 3,66 m 3,05 m
(14°) (12*) (10°)
114 Net approximete weight 12,000 10,000 75,000
of Machine (in kg)
12, Net approximate velight 1,500 1,200 800
of fly-whaeel (in kg)
13, Blade strokes per foot 75 ag 90
14, Minixum slab thickness 2,22 cm 2,22 cm 2.22 cm
) (7/8*) (7/8*) (7/8")
15, Approximete cost Ra.85,000/- Rs,.75,000/= Ra._65.000/-i




- 64 -

The specificationes shown in Table S.1 may vary elightly from
manufacturer to manufacturer, In an eight hour shift the
ordinary saws make a cut of about S to 6,34 cm (2 to 2.5 inch’
depth in soft white marble or a cut of € to 20 wm (U.25 to
0.75 in) cepth in hard marbles like black marblaes of Dulana.

The following are the importent producers of
ordinagry frame saws in Indial

i) M/8 Rajasthan Industries,
Behind 0ld Power House,
Jochpur - 342 001

ii) Mm/s Arunodays Foundrias,
Guttan Bhavan, B8ehind Khetan Bhavan.
m.1. Road, Jaipur = 302 001

1ii) M/e Vishuakarma Engineering Works,
Makrana -~ 341 505

iv) M/s Choudhary Engineering Works,
Makrana - 341 505

v) M/s Sree Bzla Engineering Works,
Salapose Cross Road,
Near Employment Exchange Office,
Ahmedabad « 380 001

vi) M/8 Krishna Induatrial Corporation,
Block No,9, Nasuw Chhotalal Compounds,
Shahpur Gate, Near Gandhi Bridge,
Ahmedabad ~ 380 001 '

9.1.2 Diamond Frame Saws

The diamond freme ssus are in great demand nou
a days because of their high apeed and the capecity to
produce a very smooth and even surface. Thus, thuough the
initial ccst of diemond freme saus is rather high, thuy are
preferred for their superior efficiency. Presently, the
diamond frame saws are manufactured by the following tuo
manufacturers in Rajasthand

i) /s Rajesthan Udyog,
13, Heavy lIndustrial Areas,
Jodhpur - 242 003
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ii) /s Arunodsys Foundrizs,
Guttan Bhavan, Behind Khatan Bhavan,
Mm.I.Road, lJaipur - 302 001

m/s Rajasthan Udyog, Jodhpur has developed two models of
diamond frame sauws namely "Rajasthan Clycor-6G0* and

"Ra jasthan Super-20". The "Ra jasthan Clycor-60" has 60
diemond=impregnated ssw blades whoreas the Rajasthan Super-
has 20 diamond-impregnated saw blades.(see Plates VIII and
Ix). The diamond frame saw manufactured by M/s Arunodaya
Foundries is suitables to operate with 50

s uch blades (see Plates V111 and 1x). The specificstions of
thase three saws are given In Table 9.2.

9.1.3 Circular Saws

Diamond impregnated circular saws are manufac-
tured in India by the following manufacturerss

i} M/s Rajasthen Udyog,
' 13, Heavy Industrial Area,
Jodhpur ~ 342 003

ii) m/s Shah Granites,
Karamchand Mansion,
Barrack Road, Behind fetro Cinema,
Sombay - 440 020

The circular sauws hava an advantaga over
frame or wire saw as the slabs obtained by using the
circular saw are in level within an sccuracy of 1 tc 15 mm
over a slab of 3 m x S0 cm and the sawn surface is excep-
tionally smooth and flat and thus requiring uary‘little
polish in the subsaquent procesaing. It is possible to sau
slabs of varying thickness ranging from 12 mm to 200 mm
uith this machine.

The circular sau gLM-11 manufacturec by
m/s Shah Granites weighs sbout 20 tonnes and cOvVErs an area
of 6 xX Em with a8 total power requiremant cf 110 HP,
The size of the cutting hlade is 137,06 cm (54 in).
The block3s are saun not vertically but horizontally. One
half of the block is sswn from one sids and the other half
from the cpposite side. Thus, this system enables the use of
smaller circular saws for sauing comparatively large blocks.
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i1ty M/s Arunodaya Foundrizs,
Guttan Bhavan, Behind Khetan Bhavan,
M.1.Road, Jaipur - 302 001

M/® Rajasthan Udyog, Jodhpur has developed two models of
diamond frame saws namely "Rajasthan Clycor~-60" and

"Ra jasthan Super-20"., The "Re jasthan Clycor-60" has 60
diamond-impregnated s4w blades wharsas the Ra jasthan Super-
‘has 20 diamond-impregnated saw blades.(see Plates VIII and
Ix)}. The diamond frame saw manufactured by M/s Arunodaya
Foundries is suitabla to operate with 50

such blades (see Platas VIII and IX). The specifications of
these threes saws are given in Table 9.2,

2.1.3 Cireular Saws

Diamond impregnated circular saws are manufac-
tured in India by the following manufacturerse

i) M/s Rajasthan Udyog,
13, Heavy Industrial Area,
Jodhpur - 342 Q03

ii) M/s Shah Granitas,
Karamchand Mansion,
Barrack Road, Behind Metro Cinema,
Bombay ~ 440 020 :

The circular saus have an advantage over
frame or vire saw as the slabs obtained by using the
circular saw are in level within an accuracy of 1 to 15 mm
over a slab of 3 m x 90 cm and the sawn surface is excep-
tionally smooth and flat and thus requiring very little
polish in the subsequent processing, It is possible ta ssu
slabs of varying thickness raging from 12 mm to 200 mm
with this machine.

The circular ssw SLM=I] manufacturec by
/s Shah Granites weighs about 20 tonnes and covers an arsa
of 6 x €E m with a total power requirement cf 110 HP,
The size of tha cutting blade is 137.G cm (54 in).
The blocka are sawn not vertically but horizontally, One
half of the block is saun from one side and tha octher half
from the opposite side. Thus,this system enables the use of
smaller circular sawe for sawing comparstively large blocks.
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Plate XI
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It 18 stated that the production capacity of this maching ia
7.45 sq meter (80 sq Pt) per hour and the blades have a lifg
of 307.0 sq maters ?33,000 8q ft). The cost of thas uhole unit
is about ten lagkh rupees,

The circular agw machine manufactured by
/% Rajasthan Udyog is known as "Rajasthan Portick-1*, It
works with a 20 HP motor andg with a maximrum saw diameter
of 72,5 cm . The sauin? depth, length and width are
27.2 cm, 3.50 m, and 2,{0 My reapectively. The ssw head is
rotatable at 907 and hand operated, Por sawing in the longi-
tudinal and transverse directions, Tha rise and fall aleo
works in mitre position so that the mitre (angular cutting)
of harder material in steps f{s also possible {see Plats Xx).

9.1.4 Wire Saw

M/8 Sultan Maching Tools, Delhi manufactures
wire saw machine, High~carbon helicoidal wire is used for
cutting, The wire sau can cut 6p cm/hr,

9.2 Polishing Machines

wo types of polishing machinas are manufactured
in India, namely, hand polishing machines and auvtomatic poli-
shing machines,

9.2.1 Hand Polishing Machines

These are pillar mountad machines with tuwo
swivel arms having a screw arrangement to take stones of
different thicknesses, The swivel arms run on haavy rollaer
and thrust bearings housed in sccurately hored sastingsto
ensure that the axes ars absolutely parallal which is sssential
for amooth swivel movement while in operation (see Plate XIir),
These machinas are gensrally designed to polish 2,44 x 1,22 g
(8 ft x 4 ft) 8labs and thay work on a 3 to § HP motor, Somg
important manufacturers are g

i) M/s Rajasthan Industriee, Jodhpur.
ii M/s Krishna Industrial Corporatiqn, Ahmedabad,
iii M/s Shree Bala Enginearing Workg Ahmedabad,
iv M/s Vishua Karma Engineering Works, Makrana,
v M/s Aruncdaya Foundries, Jaipur,
vi M/8 Choudhary Engineering Works, Makrena.
vii M/s AbculHakim Hussain Bux, Makrana,

The technicel details and specifications of soma of thae
polishing machines are given in Table Q.3
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9.2.2 Automatic Polishing Machine

M/s Rajasthan Udyog, Joedhpur manufac-
tures an automatic polishing machine known as "Rajasthan
Uranus®™, This is a completely automatic and programmsble
machine for grinding and polishing for the
slabs of follouving dimensions?

Thicknaess : Minimum 15 mm
Length : Maximum 3,80 m
Width : Minimum 2,00 m

Presently, /s Rajasthan Udyog manufacturas this maching

in thres different modcls. Modal SM-1K~200-1T is useful for
marble, mode}l $G-1K-200-1T for granite and model SMG-1K~200=
1T for merble and granite. The salient Peatures of these
three models are given in Table 9,.4.

9.8 Edge Cutting Machines

Conventional type edgs cutting machinas and
automatic edge cutting machines are manufactured in India,

9.3.1 Conventional Edge Cutting Machines

'The conventional typs edge cutting machines
are manufactured in India by the Pollowing Pirms ¢

i) M/s Rajasthan Industries, Jodhpur
ii) M/s Sree Krishna Industrial Corporation,
Ahmedabad :
iii) M/s Shres Bala Enginsering Works,
Ahmedabad
iv) M/s Neu National Engineering Industries,
Bombay
v) Mm/s Vishwakarma Engineering Works, Makrana
vi M/s Chowdhary Engineering Works, Makrana
vii) M/as Abul Hakim Hussain Bux, Makrana
viii) M/s Arunodaya foundriss, Jaipur

ix) m/s B,M, Gandhi & Co., Ahmedabad
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A typical edce cutting maehineg ie shoun in Plate X1V,
The technical specitications and other details of some of the
sdge cutting machines are given in Table 9.5,

9.3.2 Automatic Edge Cutting Machines

Presently automatic edge cutting machines are
manufactured in India by the following two fPirms,

i) M/e Rajssthan Udyog, Jadhpur
ii) /8 Shah CGranites Pvt, Ltd., Bombay

The delails of "Rejasthan Fortick—I" a circular sauw,
vhich ie also used Por edge cutting have been given in
para 9.1.,4 (Plate X),

M/s Shah Grenites Pvt, Ltd,, Bombay manufac-
tures tue modelsof sutomatic edge cutting machines, namely
ECM=~I and ECMw~iI,

ECM-1 with s slab carrying Capacity cf .
2,4 m x 1,2 mx 25 cm consists of tuo platforms which can be
independently and automatically raised or lowered to any
desired height, The main cutter is mounted on a saddle which
in turn slides on a beam by means of a D.C. motor and eglectro-
magnetic clutchea to give & smooth stepless speed variation,
The beam itself, alonguith the cutter can again be transported
on rails, Thig machine is extremely useful for accurate edge
cutting of slubs up to 2,4 m x 1,2 m and up to 25 cm thick,
The platforms supporting the slabs can be ad justed to cut
slsbs at either 300, 450, or 60° angles as desirsd, The
cutting head can *e adjusted for mitre cutting of the
edoues from zero toc S0%. The machine is provided with all
necessary slectrical equipment on a well designed electric
panel to provide easy and razady accessibility to the aperator,
The producticn capecity of this machines is about 40 to 50 8g«
meters of granite slabs (of 20 mm thickness) in a shift of
€ hrs, The production capacity may vary depending on the sizes
of the slabs to he edge cut and the hardness of stone,
The main spindle of the machine, made of heat treated
nickal chrome stee]l is driven bty 2 10 HP motor, Longitudinal
end traneverse motivna ere given by 2 HP D,C, motors and the
raising and locuwering motions of platform are affected by tuwo

Z HP A,.C, motors.
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Table 9.4

Salient Features of *“Rajasthan Uranus'' Automat;e Grinding [Polishing Muciiie

Oeteils

¥ 0 0 g L

oSN 1¥=20D~1T
Por marble

24,5G=1K=200=~1T
far granita

3.SMG—1K-200-17 "

Por marble+grani b

Fain motor
Number of reve-
lutions (main
spindle)

Plates

Workable width
Workasble lsngth

Aridge rails
length

Polishing
movementsa

Rige and fall

Polishing Table
Electrification

Models

1, SN = 1K - 200 = 17 = Type 3 S8 1=t
2, SG = 1K =200 - 17 - Type 2 S8 1-4
5 SMG- 1 K = 200 = §T ~ Typa 3 SB 1-7

15 kW (20HP)

S50 r.p.m,

7 plates

Fax. 2,60 m
3,50 m

5.00 m

. Both the bridge and the aupport are moved -
electro-mechanically by moans of short circulted

18 YU (25 HP)

360 r,p.m,

Plenstery head
with 6 sets of
plates dia,

13 cm and 1 plate
dia. 35 om for
felt,

18/11/ XuW (25/1emp
420/275 r.p.w.

Planetsr, head
and platea of

both executions, r..

marble and granite

motors of G.75 and 1,5 KW reapectively with a

speed of 6 m/min,

The main
naane of
also thg

Concrete

spindle has & rise end fall of 30 cm bz
& short circufted wmotor 0,55 KU with uvhich
regulable pressure on the plete is exerted,

table 3,50 x 1,80 » (to be cast by buyer)

The machine is wired completely and has three

control.

sacured by maans cf end=gwitches,

‘sutomatic prograsmes end one semi-automatic
All electro-machanic movements sre

The wachine is supplied vith elsctric sotors,
starters snd suitable contreol panel,

. Price
Re,2,50,600/~
R8,2,75,000/~
Rs,3,00,000/~

)
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CHAPTER 10

10. Marble Industry-Problems and Prospects

The Indian marble industry has not yst reached
tha optimum rate of growth as it is bssst with a numbsr of
problems, Some problems 88 put foruard by the representatives

marble industry are given below.

10.1 Pyoblenms

Inherent Proulemns of Farble Gecurrence :-— ‘The nature of the
marble bend decides its sultability for end use and hence its
ultimate value®. The quality of a marble band is noct uniform
end often changas in adjacent bands or from laysr to layer,
Thus,it becomes very difficult for a mineowner to plan Por
systematic production of marble of a particular gquality, In
places like Dujana, Khandra and Pali, marble bands having
beautiful colours and decorative patterns sre often infacted
wvith cracks, fissures, quartz grains, or rust markings. In
Makrgnag mines, it is common experience to have a uwhite fine-
grained statuary marble band of 2 m width adjacent to a
coarse grained low gquality band of equal thickness,

Many a times, ths marble contains flauws wvhich
are not apparent until it has been instelled and exposed to
veather, Physical deterioration in the form of loss of
strength or disceocloration occurs causing damage to the repu-
tation of the producer and all the expenditure incurred in
mining, processing end installation c¢f such marble somstimes

goes to wuaste,

Forest Areas :- Many deposits of good marbls are located in
forest areas, According to the Forest Conservation and
Development Act, 1981, a forest cannot be utilised for any

purpose except fFor its devalopmant, Powers to grant permission

for utilising forest areas for other purposes vest with the
Central Government from which the State Government has to
obtain permission before releasing any foraest land for marble
mining, Thus, marble deposits located in forest areas can be
worked only after obtaining permission from all the concerned

authorities,

of

Transport and Accessibility s- Osposits of good quality marble

are often located in remota places, The development of such
deposits and their marketablility necessitates proper sccessie

bility. Aveilability of link roads is a prerequisite for tha



Lr-11 edge atting maching is a lightsr
Bachine compared to ECM-1, Ip this machine the beamw ig
8taticnary zang the slide has g simple longitudinal motion
lnpartec Oy means of g 2 HP D.C. motop For variable 8pesd
tontrol, The glgp can be cut on g1] the four sices by

cutting or strips and slabs of granite snd marbhlg of thick-
Ness of 20 mm, However, by Teans of raising and louvering

spindle, macg of alloy steel, is drivan by a 7.5 Hp motor,
. The machinf veighing about tuo tonnes hag & Capacity to cut
about 10 m< gp granite of the thickness of 20 mm Por shift of

8 hI‘_S_.

Diagmond Wwhealg i~ M/s Veenedyt, Bombay menufactures various
types of diemond-impragnatsd_uhagls used in 8pecial profiling

" mechines,



ere not readily aveilable., Some of the praocessing units hgve
started manufacturing thelir oun grinding wheels but it is
@ very cumbersome and time-consuming praocess.

Power s~ Pouer supply is a very critical problem facing the
marble industry, The marble induastry requires a continuocus
supply of powver without any voltage fluctuations, Voltage
fluctuation results in uneven sawing and processing, Repeated
power cuts in addition obstruct the proper developmant of theg
marble industry,

Competition from other sources of building
material like glass, stainless steel, porcelain -~ enamelled
steel and reconstituted stones also aPfect the grouth of the
‘marble industry,

Envircnmental Problems 31~ Environmental problems facing the
induetry are mainly In the form of grteral unsightliness,
contamination of local streams and rivers and high noisae
levels, Unsightlinese can be hidden or kept away from tha
general public by the skillful use of artificial or natural
screens, Contamination of water courses cen ba avoided by
_the use of efficient methods aof mining and processing and by
taking care to avoid the mixing of dump or uvaste material with
the nearby water courses, Noise levels too can be reduced

by using efficient mining methods and equipment, De Baeers
Industrial Oiamond Research Laboratory, Juhannesburg, has
developed a nev circuler diamond saw which has t%s noise level
falling in the ecceptsble limits Por human oeings”,

10.2 Prospects

The US Bureeu of Mines forecast for the dimen~
sion atone industry during the periocd 1976-2000 envigages
that, by 2000 A.D., the demand for dimension stone in the rest
of the world uould fall in the rangs 1,0 to 1.3 billion
tonnes30, marple being one of the most attractive stones,
has 8 very bright role to play in the dimension stone industry
and the Indien merble industry can certainly have a good
shere in it for its products, Modern production techniques
based on diasmond tocling have greatly increased the production
and correspondingly reduced tha cost, Djamond tools provice
fester cutting rates, eliminate costly poat-cutting operationa
and enable the atone mason to achieve levels of accuracy nsver

imagined beforae,
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establishment of marplse industry., Unlike other mineral
industries, the marble industry is faced uith apecial problems
of transoort because of the heavy blocks of marble requiring
to be carried over for long distancas, Moreover, in most of
the cases, the centres of production are far away Prom the
centres of utilisation,

Shortage of Skilled Vorkers s~ Despite mechanisation that ia
graduslly entering the marble industry, much human effort and
care goes into quarrying, shaping and transport of marble
blocks. This requires skilled workers to attend to the vari-
ous activities of production end processing. Any small
mistake in handling the delicate rauy or finished block may
result in the loss of many man hours of skillaed labour.

Problems of Overburden and Waste Oumping s~ Most of the
quarries in Rajasthan are limited in extent being mostly of
60 x 100 to 200 x 100 m size, Thus, they have no spare area
for dumping waste and overburden, Because of the limited
extent the lessees often find it difficult if not impossible

to develop their properties systematically.

Problemg of Processing Unitse s-= Problems of processing units
are mostly related to the non-availability of marble of good
and consistent quality, machinery, polishing bricks end pouver,

On account of poor quality a lot of marble goas
waste after processing. The presence of Jjoints, flaus and
impurities reducses the percentage of overal] recovery to a very
low lsvel, Moreover, the cost of processing hard marbles of
lov quality is quite high,

In India, mostly the conventional machines in
the form of frame saws and table polishing machines are used.
These machines are very slow in operation compared to the
diamond tooled machines, The conventional machine cannot give
a superior finish uhich can be easily obtained by deploying
diamond based machines. However, the cost of diamond tooled
machines is often beyond the financial resources of many
small lease holders,

shortage of Polishing Diac ;- Many polishing units finag it
difficult to procure the polishing bricke and discc s they




- B2

of vaste utilisetion should be identified to dorive the
maximum benefit of the available resources and also improve
gimultansously the profitability of the industry itself,

Tha generation of waste materiel should be minimised by
Iesorting to efficient mining practices and proper squipment,
Une such use of mining waste in the form of left out blocks
and chips is as crushed stonea in Terrazzo tiles,.

Substitute raw materials in the form of
synthetic rocks are being devsloped to compete with natural
marble, These compete with naturail marble in the agathaetic
quality, dignity andg Pecformance. The manufacture of recuns-
tituted marble in the form of conglomerate marble is the
latest effort towards the conservation and substitution of
natural martle blocks, Reconstituted marbles are made gbroad
from marble chip obtsgined from Carrara, Alps, Germany etc,

A reconstituted marble knoun as "Quil Albelia" %s being manu=~
fectured by A. Quil Gotti & Co. Cheshire, U.K.32, Experiments
have shoun that reconstituted marble has many advantages over
the Terrazzo tile, uhich has an unavoidable minimum thickness
of around 2, or 4,0 cm. Ths neu materisl can be sliced
on 8 diamond bladed saw inte much thinner tiles, Moreover, in
its resin bonded form the new material is much resistant tg
the attack of atmospheric pollution and to the sffects of
climatic changes, It has been proved that reconstituted
marble has less porosity and greater crack registanice than
the soclid marble,

Indian marble induatry would do well to initiate
vork in producing reconstituted marble which will conserve
Raetural marble and alsc provide an outlet for the waste generated
in the marble Processing industry,



Aule of Lovernment Agencies in Indiz s~ Systematic pruspecting
and explo?ation of a marble dapoai?wcan certainly provide s
very detalled picture of the marble aveilabls for exploitation,
This can avoid a lgt of Unnecessary expenditure caused by
disufficient information sbout the deposit. Services of
compatent geologists are now aveilable through & number of
Stete GCovernmegnt agencies for thisg purpose. Many States Govern-
ment agencies like theg Directorate of Mines & Gesology,
Governmaent of Ra jasthan and also the Government of Gujarat have
embarked on detailed exploration progremmaes for the evaiuation
of their maerble deposits,

Other Facilities 3~ The Gujarat Industrial Invesiment Corpo-
ration, e Public Sector Undertaking of Government of Gujarat,
has esteblished marble estate for helping the marble industry,
The Gujarat Industrial Development Corporation isg financing
the entrepreneurs for the development of small scale industries
based on marbla. Plots of land are offered at moderagte
interest rates and under an easy hire purchase scheme. The
GI0C hae developed the infrastructural facilities in the form
of housing, godown, canteen, communications, stamp duty
exemptions, lease deed on 25 per cent dowun payment stec, For
tha marble industry of Ambaji area, cash subsidy equivalent
to 15 per cent of fixed essets or 25 lakhe whichsuer is lass
is availablasi. Sales Tex exemption is alsc offered on the

articles produced,

in Rajasthan, the Government has = progranme of
building the approach roads. It alsu gives the mining eguipment
on nominal rent, There are schemes to provide loan facilitiea
toc wesker sectiones. The State Directorate of Mines & Geology
eleo undertakes prospecting work at nominal charges.

10,3 Challenges for the Mayble Industry

Though much is being done by the Government
for the development of the marble industry, a lot of challenges
will have to be wmet by the msarble industry itself., 3ome of
the points wvhich may help in aclving the problems of tha
wmarble industry and whigch can also breaden its avenuas are

briefly deglt with belous

Substitution and Conssrvation s- fMuch marble is wvastec
during mining and processing, Though sufficient resources of
marble are known to be available in the country, the wastags
of this national assaet has to be stopped. Alterrative sources
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ANNEXUREr] (Contd. )

[ PR ey

1126 ~ 12374

Piethud of test For ostermination of durae-
oility of natural building stones {(Fiprg+

Re' isinn)

Lays down procedure for tasting the
durability (soundness) of natural building
stones By using sodium sulphate decehydrate,

1127 - 1970

Recommendations for dimensions and
workmanaship of natursl building stones
for masonary work (first Revision)

Lays doun recommendations for dimensicns
and the minimum reguirementsa of workman-
ship for natural building atchgs used
for masonry work,

1128 - 1974

Limestona (Slab and Tiles) (First Revisian)

Lays doun reguirements for dimensions,
moisture, absorption, transvarse strength,
crushing strength and durability, and ths
minimum requirements of workmanship fPor
limestone slabs for use in flooring and
facing work,

1129 -~ 1974

Spacification for Oressing of natural
buileing stope

Lays doun recommendations for requirement
of various types of hand dressing of natural
building stones,

1130 -~ 1569

Lays down requirements Por dimensions and
physical proparties (water absorption,
specific gravity and hardnesa) and worke-
wanship for marble (blocks, slabs and tiles)
used for flooring’facing’etc.

1706 - 1872

Fethod for determination of resistance te ussr
by abrasion of natural building stones (First
Ravision)
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Indian Standard Specifications of Building Stones

1S

15

i3

15

15

) §7

1s
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»

1121

Methods of teslt for determination of
strangth properties of natural building
stongs,

1121 (Part-1) 1974
Compressive strungth (First itevigion)
1121 (Part-I1I1) - 1974

Transverse strength (First Rovision)

1121 (Part-111) 1974
Tensile strength (First Revision)

1121 (Part-Iv) ~ 1974

Shesr strength (First Revision)

1122 - 1974

Mathouds of test for determination of
true specific gravity of natural
building stones (first Revision)

1123 - 1975

Mathods of identification of natural
building stones (First Fevision)

1124 - 13974

Methods of test for determination of

vater absorption, spparent specific
gravities and porosity of natural building
stones (First Hevision)

1125 ~ 1974

Methods of test Por determination of
veathering of natural puilding stones.
lays down procedure for testing natural
building stones for effects of weather,
Suitable apparatus for eonducting these
tests duly illustrateo by a figure has
peen describsd,
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ASTM Specifications of Building Stones

ASTM C 119-5(,

97-47
99-52

c

c

C 131-55
€ 170-50
C

217-58

C 218-48 T

C 241-514

C 503-62 (R 64)

1958

Standard Dsfinitions of Terms Relating
to Natursl Building Stones.

Abaorptiun and Bulk Specific GCravity
Modulus of Rupture
Abrasion‘ﬂesistanca

Compressive Strength

Weather (Acid) Resistance of Natural
Slate. .

Combined effect of Temp cycles and
wvash salt solutions on natural building
stana.

Abrasion Resistance of stone
Sub jected to Foot Traffic,

Exterior Marbles.



ANNEXURE=] (gonclis /

12) 15 ¢ 1805 - 1973

relating to stones

(lossary of tores
{Fir~t feyizion)

Luarcrylng and drassing

Describes terms ralating to stone (usud
for cunstructix\purposea) guarrying and
dressing including the tools used for
these,

13) 1Is 3 140

Code of practice for external facing and
VENEEI 8

1s 3 1401 (Part-1) - 1967
stong facing

1s s 1401 (Part-11) — 1967
Cgmentconcrste facing '
1s s 1401 (Part-111) = 1969
Wwall tiling and mosaies

14) 1s s 4121 (1967)

‘mMgthod of test for determination of water
transmisaion rate DYy capillary action
through natural huilding stonesa.

15) 15 s 4122 - 1967

Method of test for surface asoftening of
natural building stones by exposure
to acidic atmosphera,

16) 15 % 4348 - 1973

methoo of test for geterminatien of
permeability of natural building stones
(firat Ravision)

17) 15 H 5218 - 1969

megthod of test for toughness for natural
building stones. . : '

Type of

rfolocur

- srwlra
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A Stateinent Showing Number of leases with Area

Graated for Marble Mining in India

(As on 31-12-80)

State/District Number cof Total ares
lca-as under lease,
hectares

Andhra Pradesh

Guntur 3 78.E6
Bihar
Palasmau ‘ 9 74,67
Gujarat
Baruda 4 g.’ﬁ
Danaskantha 41 157 .25
Ra jasthan
A jmer 19 8,44
Aluar 3p 28,15
Bhilvara 4 1.81
. 2 . N.A,
Bundi 29 19,04
Jaipur 15 577
Jaisalmer 13 1050
Jhun jhunu 1 0436
Negaur 650% -
Neem ka Thana 1 7.33
1 N.A,
Fali 2 5,17
1 ’ N.A,
Sirohi 19 10,C0
Udaipur 197 118,65

SOURCE: INFORMATION SUPPLIED BY THE DIRECTORATE OF MINES AND
GEOLCGY OF RESPECTIVE STATES

N.A, - Not available # . Post of the leases are under Rent-
‘ cum-R oyalty lLease schere.
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