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Preface

In the course of the administracion of Mineral
Conservation and Development Rules with a view to ensuring
the conservation of mineral resources and the syastematie
develorment of mineral deposits, the Bureau has noticed a
general neglect of the geclogical assegsment of mineral -
resources in the mining lease areas covered by small mines.
Congidering the 1imited capacity of the owners of such mines
to obtain expertise, the need was felt to provide guidance
to young geologists to enable them to take up the prepara-
tion of geclogical maps and the agssesswent of mineral
resources. It was with this end in view that it was decided
to bring out this volume "Elements of Mineral Exploration®
which provides detajled information and practical guidance
te geoclegists who do not have prior experience in mineral
exploration. This then is the origin of this bulletin, the
ninth {n the series of bulletins brought out by the Indian
Bureau of Mines =o fzy,

2. The subjects dealt with in this bulletin include
geological mapping, pltting, trenching, drilling by core
drills and non-core drills for explcraticn, sampling,
mineralegical and chemical analysis, exploratory mining,
etc. which together constitute detalled exploration. Inter.
disciplinary subjects like geo-chemistry, geo~botany, and
geo-physics are dealt with in a cursory manner only to the
extent of introduecing these subjects to the reader. Subiects
like petrology, mineralogy, and ore genesis have also been
dealt with insofar as their importance to mineral exploration
is concerneda. A special feature i{g a discussion on the

mode of occurrence of various mineral deposits in India and
the manner in which the related schemes of exploration have
to be designed to meet the specific needs of a glven type

of deposit, A fairly detatleqd account heés been given of

the application of statistical techniques. Computation and
categorisation of reserves and exploration in working mines
&re among the salient features of this publication,

3. In contrast to the general neglect of systematic
exploration in small mines, a number of government, semi-
government and private organisations are engaged in the
exploration of mineral deposits in free-hold areas as also

in the mining-lease-areasg covered by large mechanised mines.
It is hoped that this publication would alsoc be useful to the
young geologists working in thege organisations.
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Cha_pter !

1.0 Introduction

Since ancient times, many metals like iron, copper,
lead, zinc, mercury, gold and silver have been known to man~
kind. As .these metals occur mostly in the ore form,and have
to be extracted from the ores, it is natural to z3sume that
since the very early days of civilisation, man has been aware
of the existence of ore concentrations (mineral deposits) in
certain places. Although the extraction of metals and their
uges are widely mentioned in ancient literature, there are
very few references to any organised attempts being made to
locate them. However, it is reasonable to assume that the

ancient people had devised some means of locating metallic
ore deposits.

Minerals and mineral-based industries play a vital
role in the economy of all nations. This is true in the case
of India also. India produces nearly 50 majox minerals
annually, and is endowed with a wide variety of mineral depo-
sits. Of these, the most important matallic mineral dGeposits
are iron ore, manganese ore, chromite, copper, lead, zinc,
bauxite, and tungsten. Precious minerals consist of diamonds,
emeralds, and gold. Other minerals like magnesite, fluorite,
barytes, asbestos, limestone, dolomite, tale, kyanite, silli-
manite, graphite, and clay which are important to the industry
are also available in substantial quantities.

Although India has been in the field of mineral
industry for long, it is only after Independence that the
demand for metals and ores started growing rapidly. With
this, the need for discovering new deposits has also started
increasing giving a fillip to the science of exploration
geology. '

In the earlier days., mineral exploration was done
by individuals, known in the western countries as prospec-
tors. Mineral discoveries depended upon the skill, diligence
and persistence of these individuals. Though prospectors

are active in countries like the U.S.A. and Canada, the days
of the individual prospector are limited. Discoveries of new
deposits are getting scarcer as unexplored areas are beconing
smaller all the time. The prospector is getting replaced by
specialised agencies and organisations. The prospector's
imple tools are also getting progressively replaced by
sophisticated exploration tools. Mineral exploration has
become a commetrcial activity demanding the use of many



specialised skills. Mineral exploration all over the world

has been spearheaded by eaith scientists in general and
geologists in particular,

In India, organised mineral exploration was
initiated by the Geclogical Survey of India sometime after
its inception in 1851, At present, there are many large
and small organisations involved in mineral exploration
throughout the country. Since the success of all these
activities depends largely on geological skill, every
organisation is attempting to impart the best possible
training to its geologists involved in mineral explora-
tion.

The Indian Bureau of Mines, which is responsible
for the conservation of minerals in India, has been trying
to disseminate such of the information and knowledge it
has in this and various other fields to the public through
monographs, bulletins, etc. The present volume is one
such with the object of serving as a guide and source of
reference for the mining and exploration geclogists. Coal,
0il, and atomic minerals have been excluded from the purview
of this bulletin. Among other minerals, only those which
are currently under exploration and exploitation have been
discussed. This volume comprises 9 chapters including
"Introduction". Each one of these chapters deals with
different aspects of mineral exploration presented in such
a way that the reader could recapitulate the fundamentals
before going into the more advanced aspects of the science
of exploration geolegy. Thus, Chapter 2 mainly deals with
rocks, minerals, and geological structures and the role
played by them in exploration. A note on some modern
concepts in ore genesis has also been added. Formation of
rocks and the mineral deposits associated with them have
been discussed in this chapter. In Chapter 3,the organisa-
tion and methods of exploration are dealt with. The legal
aspects involved in exploration, recruitment of personnel
and other aspects like procurement of equipments, transport,
etc. have been covered under "organisation". Methods of
choosing target areas, different types of exploration,
special methods, three dimensional sampling by drilling,
pitting, trenching and exploratory mining have been described
under "methods". Chapter 4 describes surveying as it is
applicable to mineral exploration. This comprises sections
on methods of surveying incliluding triangulation and travers-
ing, levelling, tacheometry, plane tabling, etc. Underground
surveying methcds have also been described. A section on the
norms for various surveying jobs has been added. Evaluation



of the exploratior work conducted from time to time forms

the subject of Chopter 5. The aspects discussed in this
chapter are, interpretation of data and computation and
classification of reserves. The important methods of computa-
tion of reserves that are available presently like the
analogous block method, geolecgical block method, and the
cross-section method have been discussed, followed by sub-
sections on bulk density: reserves and grade. Chapter 6 is
devoted to statistical methods in mineral exploration,
vherein have been given the definiticns of the terms commonly
used in statistics. Geomathematical methods for computing
the grade, number of samples at a required precision level,
etc, have been described in this chapter. Chapter 7 descri-
bes in brief the Geology.of India. The section dealing with
tectono-metallogenic units covers shield areas, the Himalayan
mobile belts and areas of secondary mineralisation. Other
mineralised formations have also been discussed in this
chapter. Various field guides, and the important mineral
deposits and their exploration form the subject for Chapter 8.
Mineral deposits associated with ultraz-basic and basic rocks,
igneous intermediate rocks, igneous acidic rocks, sedimentary
evaporite rocks, metamorphic rocks and products of residual
weathering have been described separately.Field guides for
the recognition of various mineral deposits have been
summarised. In addition, guides to exploration of individual
minerals have also been given in this chapter. Chapter 9
deals with exploration in producing mines. This comprises

a section on verification and correlation of earlier explora-
tion data. The control of mining operations has also been
described. Almost all the subjects which have a direct
bearing on mineral exploration find a place in this volume.

No scientific or technical publication could
claim to be all-comprehensive and this volume is no exception.
In order to expose fully the reader to the various subijects
dealt with, a list of references has been appended; this
could be used when specific information on some specialised
topic is required (Appendix 1.0,



Chapter 2

2.0 Mirerals, Rocks, Geological
Structures and their Iraportance in

Mineral Exploration
2.1 Crust of the earth

The crust of the earth, about 30-70 km thickiori- the
outer layer o7 the planet in which all rocks and minerals
are found. Feneath the crustal lsrer is the zone known as
the Mohorovicic discontinuity, which s followed by heavy
rocks to & thickaess of 3,000 km., This is followed by a
2,000 km thick cuter core of iron and nickel in a hot plastie
condition, which in turn is follcwed down to the centre by an
inner core of 1,200 km thickness?t,

The earth's surface of which the crust is a part
is divided into the following componentszx

(1) lithosphere, which is the solid rork portion of
the earth constituting the continents and
extending beneath the ocean floor.

(i1) hydrosphere, which includes octani, lakes, and
" cther water bodies, and

{1.11) atmosphere, or the blani=t of air which covers
the crust.

The distribution of minerals in the earth's crust3
is shown in Table 2.1.

Tabla 2.1 : Distribution of minerals in earth’s crust

T

Mineral ' FPercentage of incidence
Felspar 49
Quartz 2]
Pyroxene, amphibole, and |} 15
Olivine i
Mica 8
Magnetite 3

Titanite and ilmenite
Others

Total e 100

1’3
{
“



Of the 104 known elements, nsnly B8 ars known to be
present in quantities exceeding one nercent. The outer skin
which is about 16 km deep 1s made up of ihe elementa—~ oxygen,
silicon, hydrogen, calcium, sodium, potzsglivm, magnesium,
titanium, phosphorus, hydrogen, carbon, and wmanganese. These
elements constitute 99.5 percent of the crustal rock material.
Elements like platinum, gold, silver, copper, lead, zino,
tin, nicksl, and others constitute the remaining C.5 percent3-

The hydrosphere which comprises oceans, lakes,
rivers, and other water bodies, containz slemants and compounds
in a dissolved form. The composition of water from various
bodies?4 is shown in Table 2.2.

‘Table 2.2 : Composition of varinus water hadies
(Dissolved matter only)

Element/ Water of lakes, Sea water
compounad rivers, ete.
CO3 35,15 - ©.41 {ag HCOjz)
504 12.14 7.68
Cl | 5.68 5% .04
NOj 0.90 ~
Ca 20.39 1.1%
Mg 3.41 3.69
Na 5.79 30.62
K 2.12 l1.1C
Si0g 11 .87 -
Sr, H3Bes, Brr w 0.31
Total ., 97.25“ 100,00

In all, *the crust contains gome 1,600 mineral
species. Of these, 50 are rock-forming minerals of which
29 are mgst common. The remaining (i,350) come from ore
minerals>.

In order to understand the mode of occurrence of
economic mineral deposita, it is necessary to know about
the various types of minerals and rocks, particularly their
field occurrences, and methods of identificationm.



6

2.1.1 Mineral and rock forming = »erals

A mineral is defined as an inorganic substance
occurring in nature, though not necessarily of inorganic
origin, which has (i) a definite chemical composition, or
more commonly a characteristic range of chemical composition,
and (ii) distinctive physical properties or molecular struce
ture. With a few exceptions, such as opal (amorphous) and
mercury (liquid), minerals are crystalline solids>.

Although genesis is the major criterion for
classifying rocks. a given rock derives its hame, unigueness
of character and distinctiveness by .virtue of its mineral
content. In order to study the rocks, an understanding of
minerals is absolutely necessary. It is not always possible
to be conversant with all the known minerals. The best
one can hope for is to be able to identify some 00 impertant
minerals in the area of his interest. However, guide books
are available to help in identifying the minerals, in the
field. Although meant basically for mineral and ore collec-
tors, these bocks can also be used by prospectors.

2.1.2 Mineralogical characteristics

There are certain common criteria for identifying
minerals in the field®. They are : (i) colour, (ii) streak,
(1ii) luster, (iv) hardness, (v) habit, (vi) fusibility,

(vii) cleavage and fracture, (viii) tenacity, and (ix) crystal
system, '

{4} Colour : The colour of a mineral is usually
described in comparison with certain well-known objects of
similar colour, e.g. ruby-red, leaf-green, etc.

A few characteristic mineral colours’ are
summarised in Table 2. 3.
Table 2.3 : Characteristic mineral colours
Cclour Mineral or element
Silver-white, tin-white Native silver, antimony.
arsenocpyrite
Steel-gray Platinum, manganite,chalcocite

Corntd.
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Table 2.3 : Characterisuic nuaeral colours (Concld.)

Colour Mineral or element
Blue-gray Molybdenite, galena
Lead-gray Galena, stibnite

Iron-black

Black

Copper-red
Bronze-red
Bronze-yellow
Brass-yellow

Gold-vellow

White with greenish tinge

Blue

Green

Yellow

Red

Brown

Graphite, magnetite, hematite

Ilmenite, columbite, wolframite,
mica, some amphiboles

Native copper

Bornite, niccolite
Pyrrhotite, pentlandite
Pyrrhotite, pentlandite

Chalcopyrite, millerite,
pyrite

Amphibole, pyroxene

Azurite, lapis-lazuli,
sapphire, kyanite, beryl,
amethyst, fluorite,
calamine

Serpentine, malachite,
spodumene, jadeite, talc,
garnet

Sulphur, orpiment, topaz, barite,
sphalerite, siderite, goethite

Ruby (corundup) . garnet,cuprite,
cinnabar, zircon, zincite,
realgar, rhodochrosite

Staurolite, rutile, tourmaline,
guartez
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{(ii) Streak : Streak is the colour of the powdered
mineral and is not influenced by impurities. It is identified
by rubbing the mineral against a streak plate~ a piece of
white chert or any surface which can show the colour of the
rubbed powder®. In the case of soft or powdery forms of
minerals, the smear of powder on a piece of white paper will
helr its identification. The streak of certain important
elements and minerals is given8 in Table 2.4.

Tabie 2.4 : Streaks of some important minerals

Streak colour _ Element/Mineral
Geclden yellow | Gold
Silvery white Silver
Copper=red Copper
Grayish white Platinum
Black Pyrolusite, argentite,

graphite (shining black) .
tetrahedrite, ilmenite,
magnetite, columbite

Greenish black Chalcopyrite, millerite,
pyrite

Brownish black Niccolite, pyrite, marcasite,
wolframite

Grayish black Chalcocite, bornite, galera,
pyrrhotite,covellite
(shining) , stibnite,

cobaltite, marcasite,

arsenopyrite
Gray Antimony, graphite (shining
gray)
Brown Sphalerite, tetrahedrite (dark)

rutile (pale).

(Contd.)



Table 2.4 : Streaks of some important minerals (Concld.)

Streak colour Element/Mineral

Brownish red Cuprite (shining), hematite,
manganite

Brownish yellow Goethite

Red Cinnabar, pyrargynite (dark),
hematite

Orange-red Realgar

Orange-yellow Crocoite

Yellow Orpiment (pale), vanadinite

Green Malachite (pale),

vivianite (very pale)

. Blue Azurite, Lazurite
Purple Vivianite
(EdE) Luster : Luster is a measure of the reflectivity

of the mineral surface and varies in degree and caality.

Luster is described as dull, feeble, brilliant, and splendent.
Other terms-used to describe luster are adamantine,resinous,chyly
vitreous, silky, metallic ,etc., which are self-explanatory®. '

(iv) Hardness : Hardness is the resistance to abrasion
and is expressed on the Moh's scale given in Table 2.5.
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Table 2.5 : Hardness chart

Mineral Hardness on Moh's scale
Talc 1
Gypsum 2
Calcite 3
Fluorite 4
Apatite 5
Felspar 6
Quartz 7
Topaz 8
Corundum 9
Diamond ‘ 10

The following rough scale can also be usad
effectively in the field :

2 - 2.5 can be scra:ched by fingernail

3 - 3.5 ~do- copper coin
5.5 -do- glass,knife blade
6 -do- amblygonite
6.5 -do- vesuvianite
7 ~do- file
(v) Habit t Habit defines the size and shape of

the crystal,and the structure and form taken by the aggre-
gates. Crystals may be referred to as tabular (mica)
prismatic (quartz), or acicular (kxyanite) , depending on the
ratio of length to thickness. Aggregates may be radiating
(stibnite) , fibrous (asbestos) , bladed (mica) , columnar
(quartz) , granular (hematite), etc. Minerals without any
crystal form but showing circular outlines are described a3
colloform. Other terms in use are botryoidal (iron ore),

reniform, etc.6
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(vi) Fusibility : This measures the ability of the
minerals to melt. A scale showing the ease of the melting of
various minerals is given in Table 2.6.

Table 2.6 : Scale of fusibility

Mineral Melting point, *C
Stibnite 525
Natrolite (chalcopyrite) 965
Almandite garnet 1,200
Orthoclase 1,200
Actinolite 1,296
Bronzite 1,380
Quartz 1,600
(i) Cleavage and fracture : When a mineral is broken,

it splits along a crystal plane or an irregular surface. When
the fracture occurs along a crystal plane, it is called
cleavage and is described as indistinct, poor, gooed, perfect -
or eminent. When the breaking is not along a regular plane,
it is described as a fracture. Fracture is described as
uneven, hackly, splintery, fibrous, earthy or conchoidal®.
Some common types of fractures® shown by the most typical
minerals are given in Table 2.7.

Table 2.7 : Types of mineral fractures

Fracture Mineral

Conchoidal Obsedian, flint, chalcocite,
sphalerite, guartz, halite

Subconchoidal Rutile, stibnite, argentite,
cordierite, staurolite

Even Galena
Uneven Cinnabar, millerite, chalcopyrite

Hackly Native iron
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(viii) Tenacity * Tenacity measures the gase with
which a mineral breaks and is described below® for some
minerals :

Tenacity Mineral

Brittle Calcite

Sectile Gypsum

Malleable Native gold and silver
Flexible Talc

The criteria described above have to be studied
for recognising the individual minerals. A combinaticn of
serveral criteria is necessary to identify a mineral properly.
There are, however, some ores and minerals which can be
identified by a single criterion. A chart showing the
characteristics of some impertant mineral is given in
Appendix-2.1.

2.1.3 Importance of mineralogical characteristics

(i) Grain size : The classification of any material
according to the size of occurrence or the size to which they
need to be crushed or pulverised is very important and,
therefore, the sizes have to be described with precision.

The particle sizes of some of the naturally
occurring material are given in Table 2.8,

Table 2.8 : Size ranges of naturally occurring materials

Main Secondary Diameter Example

classification classification in mm

Gravel Boulder 256 Conglomerate
-do- Cobkble 256 to 64 ~do-
-do- Pebble : 64 to 4 -do-
-do- Granule 4 to 2 -do-

Sand Very coarse 2 to 1 Sandstone
-do- Coarse 1 to 0.5 -do-

(Contd.)
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Table 2.8 : Size ranges of naturally occurring materials (Concld.)

Main Secondary Diameter in mm Example
classgsification classification

Sand Medium 0.5 to 0.25 Sandstone
-do- Fine 0.25 to 0.125 ~do-
-do- Very fine 0.125 to . 0.062 ~-do-
Silt - ' 0.062 to 0.005  Siltstone
Clay | -- £ 0.005  Shale

In the case of pulverised material, there are
standard sieve sizes as per the British Standard or the
A.S.T.M. Standard or the Indian Standard. All of these
specifications in terms of mesh sizes are not always common
in all. Therefore, it is essential to know in inches or in
millimetres the exact specifications and standard tables o_for
the same (see Table 2.9).

The grain sizes are of great significance in the
beneficiation tests. Normally, the microscopic size varies
from 0.001 to -0.25 mm whereas the megascopic sizes range
from +0.25 to 100 mm or 150 mm which could be identified by a
magnifying lens. The effect of grain size has a great bearing
on the method of beneficiation, According to Pehwald, the
best results under various methods are expected at the follow-
ing grain sizesll.

Method of beneficiation Best result at grain
‘ size, in mm

(1) Heavy media up to specific
gravity of the medium (water,

salt bath, etc.) being 5.2 2.0 to 10
(2) Heavy media solutions 10.0 to 80.0
(3) Jigging 1.0 to 25.0
(4) Tabiing 0.1 to 2.5
(5) Humphrey spiral 0.1 to 1.0

(6) Cyclone 0.5 to 3.0
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Method of beneficiation Best result at grain
Size, in nm

(7) Magnetic concentration 0.075 to 75.0
(8) Electrostatic separation: 0.10 te 2.5
(2) Froth flotation 0.0 to 0.25

The above tzble emphasises tha importance c¢f the grain
size of the mineral te which the ore has to be ground for
making it suitable for beneficiation by various methods.

(1i) Mineralogical identification s Mineralogical
identification is of great importance not only in the initial
stages of prospecting and exploration but more so in the
intricate process of mineral beneficiation whenever such
beneficiation is called for. For example, in the case of
asbestos, there are several varieties, the most important
being chrysotile. The other varieties are the members of
amphibole group. Though all are fibrous silicates, none
cumbustible, acid resistant and non-conducting, chrysotile
is of utmost importance for commercial purpcses, Similarly,
the general term bauxite may cover both manchydrate and tri-
hydrate ore minerals either as boehmite .and diaspore or
gibsite. The mineralogy of bauxite and the 1loss on ignition
as per the chemical composition are stated to be related. An
exploration geclogist has to pay special attention to the ore
mineralogy of bauxite as it is of great significance in the
production of alumina.

Similarly., in the case of chromites, though they
are spinels with the general composition of FeCr204, )
some are .rich in iron and in some others magnesium
replaces iron. A combination of exact chemical and mineralogi-
cal analysis will indicate whether chromite can give a grade
with the desired Cr/Fe ratio.

In the case of iron ores,it is well-known that
the tolerance of Fe0 which is the index of magnetite content
(Fe304) in the otherwise hematite (Fe203) wre is very important
and the presence of hydroxide minerals such as limonite and
goethite is mimmm considered deleterious. It is a different
matter with magnetite ores susceptible for gravity. Magnetic
gseparation can be worked on magnetite iron ores. Similarly,.
if there are deposits of mainly limonite and goethite ores,
it will be possible to work them az direct pelletising ores
by simply driving out the L.C.I. and enriching the ores.




Similarly, it is wmportant to know whether the
zinc ores are of gahnite {aluminate) or sphalerite {sulphidej,
lead ores are of galena {sulphide} or cerussite {carborate) ,
titanium ores are of rutile or ilmenite minerals, ate.

The intricacies of mineralos ogy play & very important
role and the above types of instances in respect of all the
ore minerals have to be borne in mind. In fact, the oxe
mineraloqgy applied to ore beneficiation is a vas+ disciplia=z
by itself, and a basic knowledge will be of halp tc
exploration geologists., -

{iii) Molecular composition of ore minera s @ Any
exploration geologist should be cenversant with the molecular
proportion of the chemical elements in “he minerals he is
handling, For example, hematite analyses theoretically up tc
70 percent Fe, whereas magnetite analyses 72.4 percent Fe.

In bas2 metals, chalcopyrite analyses 34.5 percent Cu and
cuprite 88.8 percent Cu. These factors also indicate that,

in the physical processes of beneficiation, in no case can
there be a concentrate giving assay values more than the
maximun thecretical assay in pure ore
factsrs in respect of important minerals
to an exploration gaolcogist.

Aniother aspect of molecular proporiion and their
application is to work out the vossible combination of
protoxides. dioxides or sesguioxides. etc.,depending upcn the
analytical results available, For example, if Fel is avail-
able, its equivalent of magnetite mineral in the ore may have
to be worked out. Similarly, depnding upon the amount of
sulohur and zinc shown in the chemical analysis cf zinc ore,
it is necessary to work out how much of sulphur is available
for zinc to constitute zinc sulphide and the remaining zinc,
if any, will have to be set-off against oxide or carbonate ore
minerals as the case may be. . Similarly, the L.0.I. mav be
an index of whether the bauxite cre has more cof monchydrate
or trihydrate minerals.

The construction c¢f the melecular composition
based on assay values {taking the help of the atcmic weights
of elements) in order to understand the mineralogical
composition should prove a worthwhile exercise Tor any explo-
ration gecleogist. Atomic weights of most elements age given
in A;ﬁebdix-Z 2. One shoulid also know the factors for
converting chemical camposition intc mineralogical values by
the application of factors established con molecular propor-
tions, for examdle :



P x .201 : 9205
Fe X 1.42% : Tealiy
Mo X 1,297 : MnO2
FeG X 1,22 < Fe10g4
{iv) Specific gravity of minerals : The specific
gravityrof a mineral is cne of the important criteria for
its identification. The applied aspects of specific

‘gravity in expleration geclogy and in the proper evaiuaticn
of tornage, beneficiation pcesibilities, ete. are alsc of
Ggreat importance.

The tn situ bulk density {(true specific gravity)
is the sum total of the weighted average specific gravities
of all the minerals present, weighted by the proportion in
which the different minerals are present. Therefore, except
while dealing with a monomineral deposit {(without any gangue
or associated minerals, which isg rare; in all other cases
the bulk density has to be determined. Besides, the word
bulk density cornotes specific gravity corrected for psrosity
voids, joints. ets. The specific gravity method is fong and
tedigua. The best y&u&ulual approach is to determine how
much a epecific volume of the material weighs and then
determine the volume to weight ratio directly. Foxr example,
if an accurately measured sone cu.m. of ore in situy is taken
out and weighs 32 tonnes, the bulk density of the material
would be 3.

To determine the specific gravity cof dense and
non-porous rocks like ignecus and metamorphic rocks, a
Walker's Steelyard balance is used. In other ¢ases such as
bauxite, sandstone, etc. which are pornus, the specific
gravity is determined by applying wax ¢n the specimen and
using & steelyard balance. However, a pycnometer is used
for determining the true specific gravity of porous material.

In mulii-metal ores hmaving highly variable specific

gravity of core minerals such as chalcopyrite and galena (4.2
and 7.5}, it weuld be very =s=zential to find out the propor-
tion of the minerals present in the ore and then apply the
respective specific gravities for the two ore minerals and a
common specific gravity for all the gangue minerals so that
the bulk density for the ore 33 a whole can represent a _
weighted average. Unless duly weighted to the proportion of
minerals of varying specific gravities, the tonnage factor
adopted will mnct be accurate.
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S . It will be useful to have ready.made tables {(e.g.
_'f;;Table 2 10) so that an idea of what tonnage factor is to be
' “'considered for ores of different specific gravities could
'” be ascertained. Table 2.]0 shows the tonnage factor tc be

on81dered for various specific gravities at one percent
:base metal -assay. This table can be conveniently used for
varying percentages of assay or a corbination of assays.

_a'bi.é_;.m : Tonnage factors for various spacific gravitias

pe ifiéjéravity Tonnes of ore kg. of base metal

per cu.m. in cu.m.
2.5 25
3.0 30
3.5 ‘ 35
4.0 40
4.5 45
5.0 50
5.5 55
6.0 60
6.5 65
7.0 70

75

a in the lithosphere, there are three major processes
hich _re'respon51b1e for the formation of rocks and mineral
-s. . They are {i) magmatism, (ii) sedimentation, and

{1) igneous xocks.
{2) sedimentary rocks, and
{3) metamorphic rocks.
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Since most of the mineral deposits are associated
genetically with these three types of rocks, a study and
understanding of these rocks is indispensable in any explo-
ration effort. ' -

(1) Igneous rocks : All igneous rocks have formed
from molten magma. Varying conditions of genesis, coupled
with varying chemical and mineralogical compogiticon of the
magmas have been instrumental in producing various typss of
rocks. Igneous rocks have bheen classified on the basis of
chemical composition,crystallization,mineral composition,
genesis, etc., and are somewhat specialised in content. The
classification shown in Table 2.11 based on texture, mineral
content, and chemical composition of individual rocks is

ideally suited for the needs of exploration'geologists]3.

Methods of studving and recording igneous rocks
in the field : In studying igneous rocks, it is important
to follow a set routine, so “hat their identification becomes
easy, particularly in the field. Brcadly, igneous rocks may
be either (a} intrusive,or (b) extrusive.

{a) Intrusive igneous rocks : The following sequence

of observations, with the accompanying terminology may be
used in studying and reporting intrusive igneous rocksd 4,

(i) Dimensions - Shape and structural relation-
' ship to adjacent rocks.

(ii) Contacts - Sharp, t:=ansitional, shape
(plane,undulating, grooved,
irregular with dimensions of
irregularities), strxucture
(jointing, faulting, breccia-
tion} . .retamorphism (width of
zone, mineralisation, texture,
attitude strike, dip, etc.)

(iii) Colour = Wet, dry, fresh, weathered
conditions.

(iv) Composition - Minerals recognisable with hand
lens and their estimated propor-
tions, estimated cvomposition
and proportion of ground mass

(v} Texture -~ Degree of crystallisation,
porphyrite, equigranular, etc.
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(vi) Structure - Platy or linear with attitudes,
celumnar jointing, flow perlitic,
spherulitic, orbicular, gneissic
or other.

- ' (vii) Hardness ~ Friability, partings.
(viii) Erosion and weathering products.

(ix) Interpretation as to the mode of emnlacement,
e.g. hydrothermal oxr other.

(b) Extrusive igneous rocks : 1In studying and report-
‘ing extrusive igneous rocks, the following sequence may be
employed 3
(i) Dimensions - Width, length, thickness.

(ii) Shape or variation in dimensions.

(iii) Relation to overlying or underlying adjacent
formations.

(iv) Contacts, top and bottom (described pre-
existing surface, textural differences, etc.),
fault, overlap, attitude, alteratvion effects.

(v) Type of '~ .= Pyroclastic or flow (viscous
accumulation ligquid breccia £low) rework-
ing by wind or water.

By sequential recording of data under the headings
discussed above and systematic correlation and analysis, full
or partial identification of most of the igneous rocks is
possible. Where precise determinatians are required, studies
of thin sections will have to be undertaken. It should,
‘however, be well understood that an exploration geclogist's
interest in igneous rocks is not purely petrological. Since

. various economic minerals are associated with igneocus rocks,
the primary aim should be to locate minerals which form
economic deposits.

: Criteria for recognition of igneous rocks in the
field : Table 2.1 classifies the igneous rocks rather

_-broadly. There are several other rocks with intermediary
compositions, Identification of rocks in the field is very
important. Some of the criteria which help in identifying
‘the major rock units in the field are given below 3

F- 5] 1AM
s- 19
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(a) Grarite t Minerals - felspar, guartz, with minor
minerals like biotite, hornbhlende, magnetite, etc. Minerals
are easily seen with the naked eye. Minerals may be inter-
growni. The rock is light in colour and weightli5. Granite is
generally hard and toughl®, Common economic mineral deposits
are cassiterite, welframite, etc.

{b) Pegmatite t Minerals ~ felspar, guartz, musccvite,
Very coarse grains. Minerals show intergrowth texture. Pegma-
tites are light in colour as well as weighti6. They occur in
a vein-like pattern. The economic mineral deposits associated
with pegmatites are mica. ouartz. felispar, tourmaline, beryl,
etc.

{c) Granite porphyry : This rock has a granite ground
mass, but has phenucrysts of fzlspar., guartz, etc.1?

(a) Monzonite ¢ Minerals -~ felspar, biotite, horn-
blende and pyroxene., The minerals are mutually intergrown
and are visible to the naked eye. The rock is light coloured
and light in weightl6, The economic mineral deposits associa-
ted with granite porphyryv and monzonite are corper, lead,
zinc, geold, ete.3

{e) Syenite ¢ Minerals - felspar, piotite and horn-
blende. They are visible to the naked eye, and are intergrown,
The rock is light in cclour and weightJG. Sometimes they form
porphyries with phenocrysts of felspars. When syenite contains
nepheline mineral , it is called nepheline-syenite. Corundum
deposits show génetic relationship with nepheline-syenite.

(£) Diorite .: Minerals ~ amphiboles, biotite or
pyroxenes, plagioclase, felspars. This rock is gray or dull
green in colourt?.

{g) Gabbro @ Minerals - felspar,pyroxene, hornblende,
and olivine. Mutually intergrown minerals are visible to the
naked eye. In colour, the rock is dark and of heavy weightl6,
Gabbro and anorthosite show economic concentrations of titani-
farous magnetite, magnetite and ilmenite3.

(h) Peridotite : Minerals composed of olivine,pyroxene
and hornblende, and are visible to the naked eye and exhibit
mutual intergrowth. The rock is usually dark in colour and
heavy in weightl®. Peridotites occur as intrusivesl’7, Diamonds
occur in kimberlite, a variety of peridotite. Other deposits
are of platinum and chromite.
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(i) Baszalt ¢ Minerals compesed of pyroxene and
olivine and are not visible to the naked eye. The rock is
dark gray to black in colour and cannot be split_ into
layers. It occurs as lava flows, dykes and sillel7.

Mineral deposits associated with igneous processes:

During the course of emplacement of magma, various minor and
accessory constituents start getting progressively concentra-
ted till a stage is reached when the end product is rich in
some constituent which under favourable conditions gives rise
to economic mineral deposits. These favourakle conditions
are generated by three processes :

(a) magmatic concentration
(b) contact metasomatism

{c) hydrocthermal process

{a) Magmatic concentration ¢ Magmatic concentration
occurs as a result of simple crystallisation, or concentra-
tion by differentiation of intrusive igneous rocks. Deposits
of this type are typically associated with intermediate and
deep-seated intrusive igneous rocks. Two stages of magmatic
concentration have been recognised, viz. (i) early magmatic
and (ii) late magmatic3.

(i) Farly magmatic - : Here, the important processes
are dissemination, segregation and injection. Dissemination
is simple crystallisation without any concentration. Diamond-
bearing kimberlites are formed by this process. Segregatian
is the process of crystallisation,differentiation;and accumula~
tion. Chromité and corundum deposits are formed this way>.

(ii) Late magmatic : Here, the important processes
are residual liquid segregation, residual liguid injection,
ijrmiscible liquid segregation,and immiscible liguid injec-
tion. Residual liquid segregation is a process of crystalli-
sation,differentiation,and residual magma accumulation.
Platinum and certain types of iron ores are formed this way.
Residual liquid injection is a process of filter pressing
and injection. Mica pegmatites and scme types of magnetitic
and titaniferous magnetitic iron ores are formed this way.
Immiscible liquid is separated and accumulated. Immiscible
licuid injection is basically a process of injection. Chromite
and magnesite deposits are formed this way3.
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- b} Contact metasomatism_: During the consolidation
*of a magma, hlgh temperature gases emanate from it. These
gases usually contain certain mineral matter in gaseous form.
%When these cases travel through various rocks which are already
existing . metamorphism and metasomatism (hlgh temperature
replacement) take place. Certain rocks are particularly amen-
able to these chemical reactions and such favourable rocks
become a preferred target for the accumulation of economic
mine al deposits. The effect of this reaction is to crush
}.chemlcally transform the already existing minerals into

w forms. By this process of contact metascmatism, limestone
and dolomite become marble, carbonaceous matter becomes
LgFaphlte and sandstone becomes quartzite3.

All magmas do not give rise to conditions of con-
.tact metasomatism. It is exclusively associated with intrusive
magmas, which give rise to intrusive bodies like stocks and
bathollths Rocks which give rise to contact metasomatism have
geherally a granular ground mass which 1nd1cate a glow cool-
1ng of the magma3

Rocks which are most susceptible to contact meta-
SOmatlsm are pure limestones, dolomites and also limestones
with 1mp rities 11ke gilica. 2lumina, irorn, manganese, etc.
Any rock structure like cleavage. bedding plane, joints,
racture gystems, etc. accelerate the invading p*ocess3

‘Mineral deposits associated with contact metasoma=-
m are relatively small in size, irregular in shape, and

_ most difficult to locate in the field. Since deposits of
thls ‘type occur near intrusive bodies of granular ground mase
and mostly in impure calcareous rocks, these two criteria

‘can be used in locating them. The most typical field. evldence_
or'locatlng contact metasomatic deposits are chilled borders,
dence of dolomitisation, effects of baking, hardenlng4

_t*aL or full recrystallisation near contact

Economic mineral deposits are formed when the
ntact metascmatism takes place due to intrusions of quartz
1zonite, monzonite, grancdiorite, diorite, etc.

The common depesits which result are iron,copper.
zznc, ;ead tin, *uncsten, molybdenum, emery, garnets,and
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{c) Hydrothermal Process : The end product of the
emplacement of magma is a fluid which generally carries metals
in solution. These liquids get injected into the country
rocks which offer the maximum pore spaces and cother openingz
like fracture and fault planes. By the processes of cavity
filling and replacement, various mineral deposits of economic
importance are formed, Various stages of mineralisation are
recognised in the hydrothermal process. The three stages
most commonly recognised are (i) hypothermal, (ii) mescthermal,
and {(iii) epithermal. These stages have been recognised on
the basis of certain distinct temperature and pre. sure
conditions acvcompanying the formation of minerais~©.

Hycdrothermal deposits are formed under certain
optimal ~onditions such as (i} the availability of mineralis-
ing solutions capable of dissolving and transpecrting mineral
matter, (ii) the availability of openings in the rocks through
which the solutions may be channelised, {iii)} the availability
of sites for the deposition of mineral content, {iv) chemical
reactions promoting the formation of deposits, and (v) suffi= _

-

ciently concentrated mineral matter tc form a workakle deposilt™,

The processes give rise to the following types of
deposits3: (i) fissure veins, {ii) shear zone deposits,
(iii) stock works, (iv) saddle reefs, (v) ladder veins,
(vi) pitches and flats, (vii) Dbreccia €£illings,
(viii) solution cavity fillings, (ix) pore space fillings,
and (x) vesicular fillings.

In hydrothermal deposits also, there are no distinct
ore to rock associations which could help recognize the
deposits in the field. However, the combination of shear
zones and intrusive igneous ore bodies nearby provides good
enough indications for ore search. Typical field guides for
locating hydrothermal mineralisation are alteration haloes,
serecitisation, argillic alteraticen, silicification and
gerpentinisation which are readily visible on the ground.

{ii} Sedimentary rocks : The sedimentary or detrital

rocks are those formed by the deposition of solid materials
carried in suspension by the agencies of transportlz. A
nurber of different sedimentary rock units can be recognised.

Weathering of rocks produces soluble ard insoluble
components. The soluble products, like calcium, magnesium.
etc. are carried away in solution. The solids are transported
by water, wind, etc. Deposition of the scluble compenents
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takes place whean the carrying sclutions reach the point of
chemical saturation usually in bodies of water which are
relatively calm. The process of precipita“ion mav be
augmented by the presence of bacteria, Depcaits of fron
and mAnganese are thought to have resulted by this process,

However, the most common depoalts are rocks iike iimcstone
and dolomite.

The aolfds wear down to emall sizapg, When the
tranaperting med{um loses its natural velocity, deposition
takes place. The resulting rocks may be sandstone, ahals,
siltstone, ete. Mineral deposits of economic value zra found
in some of these rock types, but without any known genetie

link. However, placer depogits are byproducts of the Procesns
of sedimentation.

Table 2.12 shows one classification of sedimentary
rocksl3d, For more precise classification, the reader may
refer to standard books on the subject,

Table 2,12 : Classification of sedimentary rocks

Rock type Inorganic Organis
(1) Talus Coarse fragmentary (1) Lime made from
material resulting shells ~ <oquina,
from weathering chalk, coral reek,
etc.
(2) Breccia The above cemented (2) S8ilice from the
‘ shelis »f plants
diactomaceous

earch, atz.,

(3) Soil Unsorted material (3) Carbon from plants,
resulting from rock peat, lignite,
weathering ceal, eteo,

(4) Gravel Coarse fragments {4) Hydrocarbons from
rounded by the action animais ~ petroleum
of water and wind &gphalt, amber,

atc.
L - material {%) Phosphates from

(s) ;g?gig 22&@2222 animals - Guano,

' phosphate rocks,
ate.

{Contd.)
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Table 212 : Classification of sadimentary rocis (Concld.)

e et B P e vt . e+ . . —— ——— . m—
Rock type lnoxganie Organic

(6) sana Finer material deposited
by water or wind

(7) Sandstone The same material cemented

(8) cClay The finest material
mostly kaolin, deposited
by water

(9) lLoess The finest material
deposited by wind

(10) Shale The same material cemented

(11) Mar Fine particles of lime,
bure or impure

(12) Limeatone The same material cementad

(13) ri11 Unsorted material left

by glacial ice

(14) Tillite The s3yme material cementad

Methods of studying and recording sedimentary
rocks in the field : 1In studying and reporting seiimencary
rocks in the field, the following sequence and terminclogy
may be adoptedl4 ,

(a) External form of the rock unit 3 lenticular
persistent, very regular in thickness, ets,
dimengions, relation te overlying or
underlying units.

(h) Colour 1 Colour of the unit as a whole;
wat or dry colour of individual particles.
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(¢) Bedding :

(i) How menifest, sharp by parting, by diffe-
rence in texture, colour, stc. transi-
ticnal, shaly.

(ii) Shape of bedding surface, plane, undulat-
ing, ripple marks,=tc. irregular, if not
plane: record details of form and dimeri-
sions of features.

_ii) fThickness of beds : comparative thickness,
different orders. Relation of thicknesses,
rhythmic, -random, etc. If variable, relation
between thickness and composition, bedding,
etec.

(iv) Attitude and direction of bedding surface
horizontal, inclined, curved. Relation to
each other; parallel, intersecting,
tangential; angles between differernt
attitudes and directions, dips, strikes,
dimensions, relation of size, composition,
shape,etc,. to attitude and direction:
relation of composition to different types
of bedding.

(v) Markings of bedding surface : mud cracks,
rain prints, bubble impressions, ice
crystal impressions, trails, footprints,
etc.

(vi) Disturbances of bedding : edgeiwise or intra-
formational conglomerates, folding or
crumbling of individual beds before consoli-
dation. N T

Criteria for recognizing sedimentary rocks in the

field : The more common sedimentary rocks are (a) sandstone,
(b) limestone, (c) shale,and (&) conglomerate. They are
identified in the field as follows 3

(a) Sandstone @ Mineralaquart216, cemented tocgetherx
by silica, lime or iron oxidel7. Coarse sandstone grades i?to
conglomerate whereas fine sandstone gradgs into sandy shale” “.
Sandstones may show fossil ripple marksl7.

(L) Limestone : Mineral - calcite; individual grains
are invisible to the naked ege, stony appearance. Efferves-
cence given in the acid testl®.
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{c) Ehale t Mineral - clay: individual grains are
invisible to the naked eys Stony appearvance, can be spliz
into layeras,

(a) Conglomerate : Minerals - cuartz, felzrars and
various othaer rock and minsral Plecest individual minerals
can be easily identified with the naked eye. The grains have
normally varied sizes and shapes. Sand fillings or some
oTher matrix carn be seen between tha gra1n516

L)

There are wvarious intermediary varietzes and other
Sedimentary rooks,

Mingrai depcsite associated with sedimentary
‘Lotzzges 3 Twe major ore forming processes are involwved
in this, They are (a} sedimentation and (b) evaporation.
Besides, the brocesses of sedimentation are manifest in the
formation of placer and certain residual depoaits. These

will not, however, be considered here.
2

{a} Sedimentation @ Sedimentation involves various
rrocesres. First, the raw materialis are gathered from
varioos sources by water. They, are tranasported to

the site of accumulation,usually a basin, where the materials
are laid down. Compaction, diagenesis and chemical altera-
tion folliow, giving rise to mineral depositsa3,

All rocks contain elements like iron, copper,
manganese, etc. in varying proportions and in combination
with cther compounds, These elements are released from
taeir parent rock during weathering,

3sclutions charged with carbonic acid, humic or
othexr organic acids react on the rocks and dissolve various
elemente. Certain minerals like clay which are not chemically
acti"e. are carried away in suspension. The water contain-
ing such solutions and suspensions remain stable so long
as there is no change in their physical and chemical environ-
ment. As soon ag there are some changes in the above condi-~
tions, the dissolved elements precipitate and are deposited
on the floor of the baszin, There are alsc bodies of water
wiich are fed bv mineralising solutions like fumeroles, hot
srxings, etc. A stage is reached when the dissolved minerals
precipitate to form deposits.

{b} EZvaporation ¢ By a process of rapid evaporation

alse, the dissclved material canrn accumulate to form deposits.
Suca deposition is typical in arid and desert terrains.
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Important mineral deposits formed by sedimentation
include iron ore, manganese ore, copper ore, uranium ore, etc,
and also industrial minerals like iimestone, phosphorite,
gypsum, salt, and clay.

(iidi) Metamerphic rocks @ Metamorphic rocks are those
formed by the mineralogical and structural adjustment of
solid rocks to new physical or chemical conditions, which
‘have been imposed at depths belcow the surface zones of weather-
ing and concentration and which differ from the conditions
under which the rocks in question originated. They can be
classified cn the basis of the following features (a) minera-
logical composition, (b) structure and texture, (¢} chemical
composition, and {d) field occurrence.

Four major metamorphic processes are recognised.
These are }§

{a} cataclastic metamorphism,
{b} thermal metamcrphism,
{¢) dynamothermal metamorphism, and
{3} platenic metamorphism?.,
(a) re-sclastic mecramorphism : In cataclastic meta-

morphisr:, ths minerals are crushed and granulated through the
development of small amounts of stress and low temperatures.,
The typical features produced by this process are’ crushe
breccias, micro-breccias, mylonites,flow cleavage, fracture

cleavage, strain-zliip cleavaga., etl.. whkich %elp in recognis-
ing the phenomencn in the field.
(b} Tharsal metamerphism $  This is a phenomenon

connected with the intrusion of large-scale ignecus rock
bodies. Metamorphic changes take place due to the heat of
intrusion and tend to produce zones of alteration around the
intrusives™, which is an excellent criterion for recognising
this process. The typical rocks produced by this procees are
hornfels. calc-silicate hornfels,. guartz-~hernfels, crystalline
limestsne, marble, serpentincu rocks, etc. Mineral deposits
of economic value are asbestos, limestone, marble and
graphiteg.

{c) Dynamothermal metamorphism : In thig process,
the rocks are re-crystallised and ions formed by directed
pressure and heat. The rock produced are phyliite, mica
schist, quartz schist, and gneisses“. Economic mineral depo-
sits are scapstone, talc, sillimanite, kyanite and andalusite”.
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{a) Plutonic metamorphism : Changes take place in
rocks due to the combined effect of great heat and unifcrm
pressure, a typical condition of great depths. Typical
7 ducts are granulites, leptites, leptynites and gneisses

Methods cf studying and recording metamorphic

rocks in the field : The following seguence and terminology
metamorphic rocks in the fieldl 4,

nay be used in the study of

{al Type of

metamorphism

{b) Form and field
name cf the rock
unit

(c) Structural rela-
tion to adjacent
formations

(d) Contacts

(e} Colour

(£} Composition

{q) Texture and
structure

'Y

”

Cataclastic, thermai, dynamo~
thermal or plutonic.

Shape, lenticularity, regularity
of thickness and shape, dimen-
sions, etc.

(i) How manifest * sharp,
transitional. intrusi -

{ii} Shape of contacts : plane,
undulating, grooved,
irregular, record of
dimensions

(iii) Strike and dip

(iv} Disturbances of contacts 13
intraformational conglo-
merates, brecciation,
jointing, faulting.
alteration

Colour of the mass as a whole:?
wet or dry, colour of individual
parts on particle, inclusions

List of identifiable minerals
and proportion of each: compo-
sitional banding, inclusions,
lateral or vertical variations

(1) Degree of crystallisation
and granularity, porphyro-
blasts, relic phenocrysts
or pebbles
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{ii) Foliation, gneissic,
schistose, slaty,banded,
Jenticular

(iii) Contortions of composi-
ticnal bands or foliation

(iv) Relic textures and struc-
tures, ripple marks,
spherulites, flow lines

(v} Lateral or vertical
variations in texture
and structure

Hardness ! Friability, flakiness, cases
of parting due to foliation

Erosion and weathering products.

Criteria for recognizing metamorphic rocks in the
i Some criteriawhich help identify a few of the metamorphic

rocks 41 the field are given below :

4
Va2,

{e}

Hornfels : Nonschistose rock of equidimen-
sional grains. Occur typically
in contact aureoles

Buchites + Partially-fused hornfelsic rocks
occurring as 2zencliths in
basalts, diabases, etec.

Slates t Fine-grained rocks with perfect
planar schistosity but lacking
in segregation banding

‘Phyllites t Similar to slates, but grains

. are coarser. New mica and chlo-
rite impart a lustrous shesen
to schistosity

Schists : Strongly schistose, commonly

lineated metamorphic rocks in
which the grains are coarse
encugh to allow microscopic
identification of the component
minerals



(£)

(g)

(h}

(1)

(1)

(k)

(1)

{m)

(h‘

Gneisses

Granuiites

Mylonites

Cataclasites

Fhyllonites

Quartzites

Marbles

Amphibolites

Serpantinites
and
gpapstones

[ —

[ L

L1l

L 23

(1]
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Coarse-grained irreqularly
banded rocks with discontinuous
rather poorly defined schisto-
sity. They are products of high
grade regional metamerphisasm

Even grained metamorphic rocks,
poor in mica and rich in quartz,
falspar, pyroxXenes and garnet
which lack a prismatic or tabular
habit

Fine~-grained, flinty-looking,
strongly coherent, banded or
streaked rocks resulting from
extreme granulation of coarse-
grained rocks without any special
chemical composition

These are rocks formed by ruptu-~
ral deformation. Cataclasites
may grade into mylonites

These rocks resemble phyllite=s,
but are formed by mechanical
degradation of initially coarser
rolks

Metamorphic rocks composed of
recrystallized quartz. Quartrites
are generally produced by regional
metamorphism of sandstones

Marbles are produced by the
regional metamorphism of calcate-
ous sediments. The rock is
composed of calcite or dolomite

Metamorphic rocks composed of
kornblendas or plagicclase

Composed of serpentinous minerals,
talc, c¢hlorite, etc. and

formed by metasomatism of
pe:idotitesle
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Metamorphic processes and the resulting mineral
deposites 3 The process of metamorphism may alter an old
deposit and produce a new one or may act on any rock and
produce deposit, provided the original minerals are conducive
to such a transformation. The source rocks undergo recrystal-
lisation or recombinatiocn or both. The major deposits produ-
ced by metamorphism are asbhestos, graphite. talc, soapstone,
sillimanite, kyanite, garnet, etc.

Meet mineral deposita which are formed by metamor-
rhism are in the form of whole rocks like marble or in lenti-
¢ular, linear concentrations like scapstone, asbestos, etc.
These deposits can form from any favourable source rock and
hence 2o not generally show any rock to ore deposit association
or give any clear field evidence for their location.

{iv)  Other ore forming processes and the resulting
deposita :, Apart from those discusged above, there are two
other processes which have given rise to Iimpertant mineral
deposita. These are 3

(1) Mechanical and residual concentration, and
{(2) Oxidation and superdene enrichment.

(1) Mechanical and residual concentration @ Due to
the continmuious action of weathering agents, rocks are desinte-
grated mechanically and decomposed chemically. Unstable mine-
rals like felspars, pyroxenes, amphiboles, etc¢., are chemically
altered, and the compounds are dissolved and transported by
water and wind. Stable minerals like gquartz, gold, etc. are
not transformed chemically but are, nevertheless, prized out
of their enclosing matrix. Due to the continuing action of
transporting agents like running water and wind, these parti-
cles get worn down to very small sizes and are transported to
great distances. Deep and continuous weathering offers very
large quantities of products both in the form of mechanical
fragments and in the dissolved chemical form. The net result
of the action of weathering and transportation is the creation
of two types of mineral deposits known as

(1) residual concentrations, and
(ii) mechanical concentrations (placerx formation3).
(i) Residual concentration ¢ When due to weathering
and transportation, various rock constituents are removed, the
residues which have not suffered any transportation accumula-
te till they attain sufficient concentration, purity and
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size to form a mineral deposit. Naturally, certain pre-
conditions are necessary for thelr formation, i.e. a rock
containing valuable minerals, favourable climate, conditions

of chemical decay and a mode of selective transportation

where only the undesirable constituents aic washed off.
Mineral deposits which have formed by this process include
iron ore, manganese, bauxite, clay, nickel, phosphate, barytes,
tin, ochre, etc.3.

(£1) Mechanical concentration 1t Mechanical concen-
tration is basically a physical separation of the lighter
constituents from he.vier constituents accomplished by runn-
ing water or moving air. Such a concentration takes place
in two stages, viz. weathering and separation of gtable
minerals from ti.eir matrix and their concentration, The
minerals involved in this process may come from the already
existing mineral deposits or from rocks which contain some
valuable mineral constituents in a very disseminated form.
The resulting deposits are known as placer deposits which may
be of four types, viz. (a) eluvial placers, (b) stream or
alluvial placers, (c¢) beach placers, and (d) eolian placer:3.

(a) Eluvial placers : Eluvial placers are formed on
hill slopes. Material released from outcrops upslope is
roughly sorted, the heavier staying close to the outcrop and
the lighter moving downhill. Some field guides to locate
such deposits are : areas of breaks in the slope, hillside
talus, scree accumulaticons, ete. Important deposits of tin,
gold, iron and manganese are formed by this way.

(b) Alluvial placers (stream placers) : Minerals and
rocks released during weathering are transported down-stream
by rivers and streams. During flcoods, the material is
carried rapidly downstream. Whenever there is a fall in the
velocity of water, the heavy minerals settle down, A suffi-
clent concentration of one mineral ultimately gives rise to
an important mineral deposit. Such deposits are formed in
meander bends and near natural obstructions in the stream
course. Placer deposits of gold and diamond are formed in
this way. Some field guides to locate such deposits are:
meander bends, stream junctions, alluvial fans, cones,
accumul ation near pointis ¢f a sudden drop in velocity, ete.

(c) Beach placer : By the action of wave and shore
action, placers are formed along seashores. Sortiny of heavy
and light minerals takes place due to wave action. Deposits
formed this wag include gold, ilmenite, magnetite, monazite,
diamonds, etc, Some field guides are:; unusual colouration
in a beach sand, sparkle and scintillation effects in
reflected sunlight, etc.
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{a) Zclian placers : These are formed in arid regions.
The mater... released during weathering is carxied away by
wind action and sorted during transportation. When the wind
current meets with an obstruction, the heavy minerals settle

down. Economic deposits. of gypsum found in Rajasthan desert
are formred in this way.

2, Oxidation and enrichment ¢ Mineral deposits get
exposed to the atmospheric action as a result of weathering,
Surface water oxidises the outcrops yielding solvents which
in turn dissolve other cores. This process takes place up
to the top of the water table. If the solutions penetrate
the water table, their metallic content gets precipitated
and rich secondary ores develop. Both oxidation and enrich-
ment have produced big deposits of base metals.

Important products produced by the oxidation of
primary ore deposits are listed in Table 2.]3.

Table 2.13 : Important products of the oxidation of ore deposits

Metal Original Cxidized product
composition
Iron Sulphides ' Hematite, limonite
sulphate
Carbonates Limonite, ferric
hydroxide
Oxide Hydrous ferric oxide
Copper Sulphides Carbonates, oxides,
native cepper, silicate
Zinc Sulphides Carbonate, silicate
Lead Sulphide Sulphate, carbonate
Tin Oxide or sulphide Oxide
Aluminium Silicate Oxide, silicate

Guides to locate these ores are; presence of
gossans, cappings, zone of leaching, limonitic caps, etc.
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Gossans have a high diagnostic value for the

of gossans are listed below :

{a)

(b)

(c)

(a)

Nature of gossan

Form and size

Collapsed gossan,voids
in gossan

{1} Abundant

{(ii) Shape

(iii) Ne -oid

Colour of limonite

(i) Seal brown, maroon,
orange, etc.

(ii)} Yellow, brick red

(iii) Deep brown/brick
red, yellowish
{(iv) Chocolate
(v) Deep maroon
(vi)} Tan to brown

(vii) oOrange

Type of box work

(i) Coarse, cellular
with blebs masses,
coarse and angular

walls

{ii) Fine, cellular,thin,
small, friable walls
specs, blebs

(iii) Coarse, cellular,

siliceous, thin,
rigid angular walls

Some of the diagnostic features

Nature of deposit

Generally the ocutcrop
faithfully outlines the
shape of orebody

Sulphides

If sguare, galena,
pvrites in protore

Nc important deposit
iikely

Coppex

Pyrite
Chalcopyrite

Bornite
Chalcocite
Sphalerite

Galena

Chalcopyrite

Bornite-chalcopyrite

Sphalerite
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Nature of gossan Nature of deposit

(iv)  Cellular sponay Sphalerite

{v) Fine celiular, Sphalerite
shrivelled

(vi) Triangular, crusted, Bornite
curved

(vii} Porous ‘Chalcocite, covellite,

bornite

(viii) Pitchlike limonite, Chalcopyrite, bornite
no cells

(ix) Limonite crusts Chalcocite

(x) Cleavage Galena

(xi) Diamond mesh Galena

{xii) Pyramidal Galena

(xiii) Foliated Molybdenite

Similarly the very process of oxidation scmetimes
gives rise tc secondary enrichment which accounts for
rich sulphide deposits below the zone of oxidation. Criteria
for the recognition of such enrichments are listed below:

(i) Presence of - Oxide - top followed by
vertical zoning supergene sulphide enrich-
ment and primary -~ protore

(ii) Presence of - as described above
gossans and
capping
(iii) Mineralogy - Socoty chalcocite, covellite,

native silver, native gold,
marcasite, etc, for
sulphides and goethite,
hematite for iron ore,
pyrolusite and psilomelane
for manganese

2.1.5 Some modern concepts in oregenesis

The processes discussed until now have been well
accepted the world over for a fairly long time. However,
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concepts In oregenesis have been changing pericdically.
Emphasis has been shifting sometimes in favour of the epi-
genetic theory and sometimes in favour of the syngenetic
theory. Various such periods are recognisable. The early
theories seem to have been propounded by the Greeks, Romans,
Arabs, Indians and Chinese. They did not lay emphasis
uniformly on one concept or the other,

Basgically, there are two trends of thought in
ore-genesisl®. One is the epigenetic theory which supports
the notion that ore bodiss wers formed subsequent to the
formation of the host rocks. This theory also postulates a
genetic cenception between intrusive igneous bodies and the
nearby mineral deposits. As against this, there is another
concept which supports the notion that orebodies are syngene-
tic, i.e. the orebodies were formed along with the host '
rocksi4, However, neither of these two theories 1is entirely
acceptable as newer theories support the view that many depo-
sits are neither wholly syngenetic nor epigenetic.

A definite trend in favour of one of the other
theories started with the ‘congregationists* {13C0-1500 AD)
who believed that everything is congenetic. Then came the
epigeneticists with Agricola (1494-1553) propounding the
notion that fire is the cause of all mineralisation and that
all mineralisation is epigenetic. Then came the neocongrega-
tionists led by Verner (1749-1807) who believed that water
is the main agent of oregenesis but all oregenetic processes
are syngenetic. Then, Von Lotta and Von Groddeck (1830-1890),
who followed, tried to have a balanced view of things and
emphasized observations, and geometric classification of
various deposits. This was followed by the school of ' Posepeny’
Lindgren and Niggli who thought that fire and water were the
main oregenetic agents but most oregenetic processes were
eplgenetic,

The present tendency is to accept syngenesis as
well as epigenesis as valid in their ocontexts but lays
stress on the observational, geometric and geochemical nature
of the deposit, for placing it in one group or the othgr.
Broadly, the general view is that all congruent deposl@szare
syngenetic and all non-congruent deposits are epigenetic 0.

Undoubtedly, there are a large number of proven
cases which support the syngenetic as well as the ep%gengtic
concepts. The occurrence of Aiamonds within ultrabasics 1s
an example of the syngenetic concept. Similar clear-cut
examples can be cited for the epigenetic concept also, such
as deposits formed within fault planes and other structural
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features . However, between these two-clear-cut instances,
there are a large number of cases which cannot be fitted to
either one or the other theories without contradicting field
evidences. The large number of base-metal, gold, and other
deposits in India and the world over belonging particularly
to the Precambrians, present problems which preclude their
being demarcated either as distinctly syngenetic or clearly
epigenetic according to the presently accepted criteria.

The obvious conclusion is that few mineral deposits have any
exclusive host rock association which is constant. Although
these problems are essentially oregenetic, some knowledge
of the varjous theories is of tremendous significance to
exploration geologists.

Present oregenetic concepts do not view the
process of mineralisation as an isolated incicdent in the
earth's history as some of the earlier thecories do, but ag
a part and parcel of the major processes responsible for the
formation of rocks and their tectonic evolution, Many
authorities have pointed out that there exists a close
relationship between mineral provinces and the major belts
of weakness' and deformation in the earth's crust2l, It is
pointed out that the boundary between the Archaeans and the
Cambrians form such a belt of weakness in all sghield areas
of the world, and this belt is noted for the occurrence of
iron ore, gold and some base metal deposits. This pheno-
menon 1s true in the case of the Indian shield area also,
The Indian iron ore (Iron Ore Series), the Singhbhum copper
occurrence, the gold mineralisation of Kolar-Hutti belt, and
the base metal mineralisation of the Aravalli-Delhi
sequence, are all associated with this Archaean-Cambrian )
belts of weakness, containing greenstone schists and typical
geosynclinal formations like greywackes22,23, Such zones
are seats of anclentvolcanicactivity as evidenced by the
various volcanic formations like lava flows included in
the rock sequences. There would appear to be some connection
between such volcanic activity and the dispersion of various
mineral ore matter2l, Many of the base metal, gold, iron
ore and manganese ore deposits of India are located in areas
of past volcanic activity and their association with
volcanic-gsedimentary rocks may not be purely coincidental.

This association is exemplified by the pattern of
gold mineralisation in the Ramgiri area of the Kolar-Ramgiri-
Hutti belt. In the Ramgiri area it has been proved that the
original source of gold was the andesitic lava flows formed
presumably in a geosynclinal sequence. During metamorphism
induced by intrusive granites, fluids were given out which
reconstituted the gold'minerals from andesitic lavas and were
then emplaced in the quartz bodies which form the host rock

for mineralisationZ4,
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The orogenetic development is esgentially confined
to the geosynclinal areas. A typical orogeny starts with
basic and ultrabasic volcanic activity with the development
of large areas of serpentinisation at the bottom of geo~
synclinal troughs. The trough is progressively filled up
with sediments and the geosynclines sink into the crust.
The lower part of the geosyncline is now subjected to meta-
somatism, migmatisation and granitisation. Granites owing
to their lower specific gravity rise within the geosynclines
in the form of large plutons. Andesitic magmas rise to the
suxface in another cycle of volcanism which ultimately
stabilises the last phase of orogenyzs.

As explained earlier in the case of gold minerali-
sation, mineral deposits tend to form initially within the
volcanic rocks or near them in sediments originating from
velcanic derivatives. The rise in temperature during the
later part of orogeny which is marked by large-scale intru-
sion, can cause extensive metamorphism of geosynclinal rocks.
This metamorphism produces ore fluids within the rocks which
Ccause ore migration, reconcentration and also metamorphism
of ore deposits. This re-mobilisation often causes wall-
rock alterations, metasomatism and replacement which are
compellingly similar to the characteristics of genuine
hydrothermal processes. Mineral deposits resulting from
volcanic-geosynclinal association are called volcanic sedi-
mentary-exhalative deposits or simply exhalative sedimentary
deposit521.

It is thus evident that genuine hydrothermal depo-
sits and some volcanogenic sedimentary exhalative deposits
sometimes offer similar field evidences and it is necessary
that there should be some criteria to distinguish them.

It is doubtful whether all the exhalative gedi-
mentary deposits ¢an be considered syngenetic. But they
show two tywical characteristics which suggest that they
should on the whole be considered as syngenetic., Firstly,
these deposits show clear lithological affiliations. In a
particular zone, a deposit will be confined to one suite or
facies of rocks only. Seccndly, these deposits are invariably
congruent with their host rock. This congruence in particular
is very suggestive of syngenesiszo. If this analogy is
acceptable, then the following set of criteria will be useful
in recognising exhalative sedimentary deposits
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(1) the syngenetic deposits are developed within
definite stratigrapaic zones,

(i) interbanding of ores of contrasting composition
and hest rock will be common particularly when
clearly sedimentary host rocks are present,

(1i1) cross~cutting veins will be absent or very
rare,
(iv) ore minerals vary with variation in sedimentary

facies when the host rock is a sedimentary unit,

(v) metamoxphism of the ore and the host rocks are
isofacial, and

(vi) wall-rock alteration may be absent26,

Mineral deposits formed by the exhalative sedi-
mentary process in typical geosynclinal environments can
be grouped into five classes roughly representing the
stages of development of the geosynclinal series. These
are @

(i) early orogenic deposits,
(ii) synorogenic deposits,
{iii) late orogenic deposits,
{(iv) final orogenic deposits, and
(v) post orogenic deposits,
(i) Early orodenic deposits : These deposits are

typically seen in association with spilitic lavas and show
extensive serpentinisation. Due to their subsegquent burial
in deep piles of sediments, they generally occur in a
strongly metamorphosed condition. The mineralized horizon
may occur under a suite of pillow lava rocks, indicating
post mineral sub-aqueous volcanic activity. The ore bodies
are massive pyrite type with minor amounts of As, Zn, Pb
and Ni. The minerals represented in such deposits are
generally fine-grained pyrite, accompanied by chalcopyrite,
sphalerite and hematite. Typical host rocks may be spilitic
pillow lavas, chert beds or mudstones?®,

(ii) Synorogenic deposits 1 Deposits of this type
occur in association with typically high metamorphic rocks.
The degree of metamorphism generally reflects the intensity
of orogeny. Typical deposits show disseminated to massive
sulphides with pyrrhotites as the principal mineral
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constituent. Chalcopyrite, cubanite, magnetite, etc. may
occur as subordinate minerals. Interbedding of the host
rock with sulphides may be common??.

(iii) Late orogenic deposits : In the late orogenic
stage, the volcanicity becomes once again acidic with
rhyolitic lavas and acidic tuffs predominating. The deposits
of this stage tend to have very large dimensions unlike the
earlier two types which generally tend to be rich in grade
but small in dimension. The common deposit is the massive
sulphide type with pyrites as the predominant ore20, The

asgsociated sediments generally show a very low grade of
metamorphism27.

(iv) Final orogenic deposits : The three types of
depogits described so far have all some common genetic
features: deep geosynclinal association, greywacke sediments,
and pyrite or pyrrhotite forming the major ore mineral. The
final orogenic phase is conspicucusly free of any major
volcanic activity. At this stage, the sulphide mineral may
be still pyritic but different mineral assemblages both w1th
fairly abundant Fe, Zn, Pb, Ba, etc. are also seen. The
lithologic setting is distinctly calcareous or dolomitic.
Biogenic agencies are thought to play a significant rele in
the mineralisation. Black carbonaceous rocks are present
in the sequencez5.

The Sargipalle sulphide deposit bears close
resemblance to the conditions described above. The host
rock is a calcsilicate~qguartzitic rock., Mineralisation is
within a seqguence of the Iron-Ore Series with grantitic
intrusive rocks nearby. The mineralisation is predominantly
of lead. The mineral sequence shows galena, chalcopyrite,
pyrite, pyrrhotite, arsenopyrite, tennantite, tetrahedrite,
silver?®, etc.

{(v) Post orogenic deposits : These deposits occur
after the major orogenic phase and the connection between
these deposits and volcanism is very marginal. In fact, most
of these deposits show more evidences of fumerolic and bio-
chemical actions. The typical environments for these deposits
are enclosed coastal basins of lagoon type. The minerals
are generally arsenopyrite, sphalerite, galena and barytes
(As, Fe, Cu, Pb, 2Zn, Ba2b).
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The lead-zinc deposits of Zawar might have had
their origin in a setting similar to the one described above.
However, they have been deformed so much that their original
environment is no longer clearly 2iscernibis?l. Such deposits
may have been remcbilized in their original setting during
the evolution of the geosyncline26.

A discussion of cregenesis in which volcanism
plays such an important role would not be complete without
some reference to certain deposits in which volcanic action
is practially direct. Pipe-like orebodies, for example,
show direct evidence of volcanism. In this type of orebodies,
diamond bearing pipes and carbonatite bodiesa are very
important26. A carbonatite body is an intrusive calcareous
rock which generally shows the presence of radiocactive elements.
The mineral deposits under discussion so far may occur in
their pristine condition in which case they are easily recog-
nisable. They may also occur as deformed bodies or remobilized
bodies in which case their genetic association is not easily
understood. As mentioned earlier the Zawar lead-zinc deposits
may belong to the remobilized class of post orogenic deposits,
Shearing and fracturing have probably so transformed the ore
that it can no longer be correlated with its original genetic
setting. The copper-uranium mineralisation in Singhbhum has
also been cited as a case of deformed ore body. It is
suggested that the general geological setting is geosynclinal
and where alteration is less, some relic sedimentary features
are recognisable within the volcanic ash beds and sediments
occurring close to the orebodyzl.

2.1.6 Geological structures

It has been discussed earlier that mineral depo-
sits are formed under complex geological environments.
Although the formation of a deposit is largely controlled by
the ore forining processes, it is the geclogical structure
which helps in Yocalising mineral deposits. These structures
may be regional or purely local3. our knowledge of the
structure of earth's crust is derived from the continents,
e continents themselves offer two regions which have a
separate tectonic and structural history: the mobile belts
and the cratons. The mobile belts are those characterised
by igneous activity and earthguakes. They, also, are areas
of rapid sediment accumulation giving rise to geosynclines
and geanticlines,When a mobile belt is characterised by geo-
gynclines and geanticlines they are called orogens which are
the loci of mountain building activity and are structurally
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very complex. Compared with the mobile belts, the cratons
are static and stable28, From the point of view of ore-
genesis, the structurally complex mobile belts of the geolo-
gical past are very important. It is here that most of the
economically important mineral deposits of interest to
mankind were formed. Therefore, a study of the most elemen-
tary to the most complex type of geological structures is a
part and parcel of exploration geology. Broadly, structures
may be of two types :

(1) rock structures, and

(2) geological structures.

(1) Rock structures : The rock structures may be
Categorised into three types :

(A)  structures of igneous rocks,

(B) structures of sedimentary rocks, and
(c) structures of metamorphic rocks.
(A} Structures of igneocus rocks : Two types of rock

Btructures are recognised in igneous rocks; (a) structures
due to flow, and (b) structures due to fracture?d,

(a) Structure due to flow : Two types of structures
may be identified under this, viz. (i) linear flow structure,
and (ii) platy flow structure.

(i) Linear flow structure : The parallel orientation
of needle shaped inclusians constitutes linear flow
structures28,

(ii) Platy flow structure : The parallelism of the
flat surfaces of tabular; or platy inclusions like phenocrysts,
xenoliths and schlieren (flow layer) constitutes platy flow
structure. It mag lie in the plane of foliation but may form
an angle with it2 .

(b) Structures due to fracture : Under this come
joints, sheets, faults, etc.

(i) Columnar djointing : The rock is divided into
hexagonal columns formed at right angles to the cooling
surface.
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(11) Joints : Joints which lie perpendicular to the
flow lines are termed cross joints (Q joints) and are -
tension joints formed due to the upwelling of the liquid
magma in the centre of the intrusion; 'S' jolnts are steeply
dipping joints which strike parallel to the flow linesZ28.

(111) Sheeting : They consist of gently curved joints
which divide the rock into flat lenses parallel to the topo-
graphic surfaces. When they are closely spaced, they are
called mural jointings28,

(iv) Rift, grain and hardway : Rift is a direction
of the most ready parting. Grain is ancther direction of
ready parting lying at right angles to the rift. Hardway
is agg third direction of parting which may be most diffi-
cult<t,

(v) Faults : Normal and thrust faults of purely
local significance are seéen on the border of large intrusives.
The extent of ship along the planes is usually very small.
A number of such faults mayv be arranged én echlon. Flat
lying normal faults are also nct uncommeon.

Besides these, broad regional structures like
ring dvkes, cone sheets, etc. are also recognisable in the
case of igneous rocks28,

(B) Structures of sedimentary rocks : A very large
nunber of structures are recognisable in sedimentary rocks.
Some of them are described below :

(a) Bedding or stratification planes : Sedimentary
rocks are arranged in layers. The plane which separates the
various layers is called bedding or stratification planeza-

(b) Graded bedding ¢t Beds show some gradation in
size from bottom to top. The coarser grains are at the bottom
and the finer ones are at the top. This textural arrangement
in sedimentary bed is known as graded beddingze.

(c) Initial dip : Initial dip is different from the
dip exhibited in an exposure. Initial dip is the slope of
the stratification plane during sedimentation. It _is common
for sediments formed in basins to exhibit this dip28.

(a) Discordant bedding : Normally bedding planes
and beds are parallel to each other. When this parallelism is
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lost, the bedding planes become discordant. Terms like
current bedding, cross bedding, false bedding, etc., are
also applied to discordant beddingza.

(e} Ripple marks : Ripple marks are those ridge
like prominences seen on sediments, These are created by
the movement of air or water over unconsolidated sedimentsze.

{£) Rain, Drip and Hail Impressions : These are
impressions formed on locse sediments by rain and hails,
dripping from trees or Plants. The upper surface of these

is concave which can help in recognising the orientation of
beds.

(g} Mud cracks i Mud cracks are formed by the
exposure of soft mud to sun's rays. They have wide mouths
and tapering bottoms which help in Yecognising the top and
bottom of beds.

Various other structures are also noticeable in
sedimentary rocks. Since they are of no direct use in
studying the strata segquence (top and bottom of beds parti-
cularly), they are not being discussed. The structures
described above can be directly used for establishing the
top and bottom of sedimentary formations. '

(c) Structures of Metamorphic rocks : No distinct
structures which are exclusive to metamorphic rocks can be
recognised unless features like schistosity and gneissosity
are considered. Although they are primary to metamorphic
rocks, they are modifications of existing structures of
the original rocks. Interpretation of rock structures is
very important in studying major and minor geological
structures. In certain types of geotechnical studies
connected with open pit design and stability of slopes also,
the rock structures are important.

(2) Geological Structures : Some definitions of the
the commonly used terms are given below @

(i) Dip and Strike : The dip is the maximum angle

of inclination made by any plane to the horizontal and is
expressed in degrees. The compass bearing of the dip defines
its direction. The strike of a plane is a horizontal line
along the direction of the bed and is at right angles to the
dip. The strike of a plane is expressed by its compass
bearing 9.
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Dip and strike may be of any planar feature like
bedding or stratification, foliation plane, cleavage, joint,
fault plane, fold axis, etc. The linearity of the above
features is the strike of the feature (Fig.2.l1).

(ii}  Plunge : Plunge is the angle made by the projec-
tion of a planar feature with the horizontal plane30. EXpre=-
ssions like plunge of the fold axis, plunge of foliatjons,
etc., are of common usage. When a planar features like a
fold axis plunges in two directions, it is called a double
pPlunge. There may be double plunges towards each other or
away from each other.

The important geological structures described in
the following pages are (A) folds, (B) faults, and
(C) unconformities.

{a) Folds @
Some definitions ¢ Folds are undulations or

waves in the rocks of the earth. They are best displayed by
stratified rocks, mainly sedimentary rocks 0,

A fold is defined by the following texrminology -
limbs, axis, crest and trough as shown in Fig.2.2 and 2.3
When the dip of the limbs is away from the axis, the struc-
ture is called an anticline. When the dip of the limbs is
towards the axis, the structure is called a syncline.

Various types of folds are recognised depending
upcen the attitude of the axial plane, and the dispesition of
the limbs. The major folds are described below:

Symmetrical fold : Axial plane is vertical30.

Asymmetrical fold : Axial plane is inclined30

with the two limbs dipping at different angles.

Isoclinal fold 3 The limbs of the fold dip in
the same direction. There may be three cases of isoclinal

folds.

Axial plane is

(a) Vertical isoclinal folds
vertical30.

{b) Inclined isoclinal folds Axial plane is

inclined3©.
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{c} Becumbent jsocliral t Axial plane is horizon-
ta1 3¢,

Chevron folde ¢ ¥Folds with 8harp crests and

troughs 30,

fan fold : Both limbs are completely overturned.
Anticiines show limbs dipping towards the axis and synclines
vice versa3O,

Morocline @ Flat bed assuming locally steep

—

dipsagg

Structural terrace i Dipping sirate azzume
horizontality locally3C,

Open fold : Folding is mild so that the limbs
preserve their original thickness3C.

Closed fold : Folding intense enough to cause
Plastic €low so that limbe have thinned out locaily30.

Drag fold ¢ Drag folde are minor folds formed
in an incompetent bed between two competent beds., They ars
formed due to the sliding motion of two competent beds30,

Anticlinorium : An anticline which has been
re-tclded along the same axial direction.

Synclinorium : A syncline which has been refolded
along the same axial direction.

Crogs—fold ¢ A second fold which folds the main
fold axis.

Cverturned fold 3 The axis is horizonta’ as in
recumbent fold. But the beds have been completely turned
upslce down,

Study of folds in the field : In order to study
folds systematically to enable easy interpretation, the
following sequence of observation and terminology is recommern-
deds

S

Axes - Location, plunge, smoothly rounded or sharp,
atraight or curved, thickening or thinning alcng

axes,
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{b) Strike and dip of axial planes, fracture systems.

{c) Flanks {(limbs), width, variations in strike and
dip, smooth or irregular, thickening or thinning
of beds, fracture sysatem, evidence of slippage
along bedding planes,

(a) Dating - Evidence of more than one period of
movenment.
(e) Topographic expression, drainage pattern, etc.l.4

Criteria for recognition of folded strata

Recognition of folding is not -always easy. Only
in rare cases all the limbs will be directly observable for
this. Systematic study alone can help in identifying complex
folds. There are however a few keys which help in recognis-
ing folds.

(i) Repetition of beds 3 One bed may be seen in a
traverse repeated at several places. By plotting ané inter-
pretation and eliminating the possibility of faults, the fold
can be reconstructed.

(ii) Topography : In certain types of terrain, folds
are easily inferred by topography. This is particularly true
in the case of aerial photography30. Folds can also be
studied by geophysical methods and drilling.

In areas where folding has been simple, the study
and recognition of fold is not difficult. In a terrain of
complex folds, particularly where beds are overturned, it is
difficult to correlate the strata. It is also difficult to
determine the chronological sequence of beds. Some criteria
for recognising the top and bottom of beds are essential. A
few criteria commonly used are discussed below.

When beds are overturned, primary features are made
use of in recognising the top and bottom. Such criteria are
cross bedding, ripple marks, graded bedding, mud cracks,
etc., in the case of sedimentary strata., In case of igneous
rocks, the vesicular tops and flow structures can be made use
of. The correct orientation of these minor features has to
be fixed by field observations. In the case of mud cracks,
the tapering end is the bottom. 1In ripple marks, the crests
are at the top. In cross bedding, the laminae are parallel
to the bedding at the bottom, but form sharp angles at the top.
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In graded bedding the coarser grains are always at the bottom.
By carefully studying these features and correlating them the
top and bottom of beds can be fixed.

(iii) Drag foids and their relation *o the main folds @
Drag folds are minor folds in incompetent strata and are
formed essentially as a result of the major folding movement
of the area. Naturally, they show characteristics which are
in harmony with the major folds. Drag fold axes will be
parallel to the main fold axes and they will show the same
plunge as the main folds. Where major fold axes are difficult
to lecate, drag folde help in studying ther30

(iwv) Cleavage and its relation to the folds : Cleavage
{rock cleavage as distinct from mineral cleavage} is the
ability of the rocks to bréak along parallel surfaces,of
secondary origin30,

Tvpe of cleavage 3

Four types of cleavage are recognised. Theyv arxe
(a) flow cleavage, {b) fracture cleavage, (c¢) shear cleavage,
and (d) bedding cleavage. Of these, only flow cleavage is
genetically related teo £cids, |

{a) Flow cleavage ¢ Flow cleavage, also known as
slaty cleavage or axial plane cleavage, is formed due to
parallel orientation of platy minerals. Flow cleavages are
formed parallel to the fold axis and can be used in the study
and interpretation of major folds™~.

Cleavage in non-plunging folds $ Fig.2.4 shows
the exposure of a bed involved in folding. The bed shows
cleavages. The gleavages dip,at a sharper angle than the
bed but in the same direction. In this case, the anticiinal
axis is towards the right of the figure.

Fig2.5 shows the exposure of a folded bed which is
vertical. The cleavages are dipping to the west. The syncli-
nal axis is towarda the righc.

Fig2.6 shows the exposure of a folded bed in which
the bedding plane dips steeper than the cleavage. The syroli-
nal axis is towards the raghi ¢f the figure.

Piunging folds : Fig.2.7 shows a vertical bed in
a plunging fold with cleavages. The trace of the cleavage in
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its horizontal section is also projected. The synclinal
axis is towards eaat and the plunge is towards north30.

Fig.2.8s8hows a folded bed with cleavages, both
in their vertical and horizontal disposition. The synclinal
axis is to the right and the plunge is towards south-30.

Both the cases are extreme, being verticzl. The
Bame principle applies to beds with gentler dips.

Cleavage can also be used to locate the crest of
anticlines or the trough of synclines, where they intersect
bedding planes. This is a special case when the cieavage
develops parallel to bedding in iseoclinal folds.

{v) Lineation - its relationship to fold : Lineation

or linear parallelism or linear structure is due to some

irectional property in the rock. This may be by the linear
arrangement of some secondary mineral or elongated pebbles.
etc. In structural interpretation. lineations can be used
in exactly the same way as the cleavages as explained
earlier, as both have the same genetic relationship with
major folds. Where it is possible, it is advisable to use
iineation and cleavage together to obtain the best results3O,

(vi) Cross folds — its relations to main fold : 1In
certain areas, twe or more generations of folding can be
recognmised. The mutual interference of the two produces
many complex structures; particularly when the axial systems
of the fclds are nct paxallel31. Such folds are rather
iooseliy referred to as cross folds. The structures which
such folding can produce are the following:

(a) Anticline crossing anticline $ In thnis caase.
an already existing anticline is refolded by a cross fold
and the resulting structure is shown in Fig.Z.9 where ABCD ia
the axial plane of the first anticline, and A',B' C' D' the
axial trace of the second axial plane. The crest of the
two anticlines will coincide to form a doubly plunging

anticlaine.

D) Anticline crossing syncline ¢ In the case of an
anticline crossing a syncline, the structure will be as
shown in the Fig.2.10. ABCD is the axial plane of the syncline
an@ A'B'C'D' the axial plane of the anticline. The synclinal
treach will come up at the crest of the cross folded

anticline.
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-} Syncline ¢rossing syncline : 1In the case of a
syncline crossing another syncline, the structure will
be rather like the one shown in ‘the Fig.2.11. ABCD is the
axial plane of the first syncline, and A' B' C' D' the
axial plane of the second syncline. The resulting struc-

ture will be a double plunging syncline. The synclinal
trxough will go deep.

(a) Syncline crossing anticiine : The figure
I'epresents a syncline crossing an anticline. ABCD'is the
axial plane of the anticline and A' Bf C' D' the axial
plane of the syncline. The crest of the anticline will
go down. Fig.2.12. )

It is now widely recognised that cross folds
have a profound influence in localising mineral deposits
of both epigenetic and syngenetic types. Ore localisation
with thickening of strata at the axial regions of cross
folds has been recognised in the gold-bearing lodes of
Eolar Gold fields, copper deposits of Singhbhum and
Agnigundala, and many manganese and iron ore deposits of
Madhya Pradesh, Bihar, Karxnataka, and Andhra Pradesh32,

In the Precambrian formations of India, four
types of cross-fold are known. They are :

(1) Cross folds with axes perpendicular to the
axes of the earlier folds.

(ii) Cross folds with axes at an angle to the earlier
fold axes (about 45° or leas).

Here there may be two separate cases 3

(a} axes opposed to the direction of plunge
of the earlier folds and

(b) axes nearly in the same direction as the
plunge of the earlier folds.

(iii) The axes of cross folds are almost parallel to
the axes of earlier folds in both strike and
dip but the axial plunge is

(a) opposed to the plunge of earlier fold
axes and

(b) parallel to the direction of plunge of
the earlier folds.
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{iv) In this case, the only visible effect is the
reversal in the direction of plunge of the axes
of the earlier folds, resulting in culminations
and depressions, canoe folds and dome
structures32.

Common problems posed by folds in mineral
exploration : Folds create many problems for the explora-
tion geclogist. Ore bodies die out suddenly or blossom
into rich shoots depending on the relationship between
structure and mineralisation. Mineralisation and structure
may have two types of relationship:

{a) where mineralising fluids have followed the
already existing structure,and

(b) where structure has transformed the shape of
already existing mineral bodies.

In the former case, the folding existed prior
to mineralisation and ores concentrate wherever there are
favourable openings. This may be the bottom of synclines
or the crest of anticlines and only rarely the limbs of
the folds. The important point here is to establish the
correct relationship between folding and mineralisation.
Such relationships tend to show regional characteristics,
In some regions, mineralisation may be exclusively in
anticlinal c¢rests. In others, only the synclinal bottom
may be mineralised.

In the second case, mineralisation may be uni-
form but may show exaggerated thicknesses in anticlinal
crests or synclinal troughs. Such areas offer attractive
mining possibilities and should be studied and recognised.

The choice of exploration methods is also
influenced by folds. Where mineralisation is preferen-
tially in synclines, the area might require to be proved
by drilling, whereas anticlines may be amenable to pit-
ting, trenching, etc.

The correct delineation of the depth of the
fold is a problem of considerable consequence in explo-
ration. Some standard fornmilae are available for this
but are not universally applicable. One such method
recommended by Billings is given below™ ">,
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* Pig.2.13 shows a fold in which a key bed is folded.
The term b is the present breadth of the folded area;j the 1,
which is the original width before folding, is measured
along some convenient bed in the folded belt, The term h is
the amount of unlift due to folding.

In Fig. 2.,13,the heavy black line represents a
single bed. At the left end of the section,it is flat and
has not been affected by the folding. 1In the folded area
it has been uplifted from the position of the broken line
to the position shown by the heavy solid line. The average
uplift h can be determined in several ways. The simplest
is to measure the actual uplift at stated intervals - such
as at every millimeter in the figure shown - and to
compute the average. All the factors in the eguation given
above, except d, are known. For convenience in computation,
the equation can be rewritten 3

The answer d gives the depth of folding measured
from the key bed where it is horigontal.

A better method is to project the geometxry of
each fold by vertical projections with the help of cross-
sections and planar features. The method is explained in
Annexure-I, where a rather complex case has been dealt with.

(B) Faults

Faults are defined as ruptures along which the
opposite walls have moved past one another. Some faults
have a small displacement whereas the displacement of some
faults is measured in kilometres30., The major elements by
wvhich a fault is described are @

(1) Fault plane - The plane along which faulting
took place.

(ii) Hade - The component of the dip - the
angle between fault plane and
vertical.

*Published with kind permission of M/s Prentice Hall Inc.
Englewood Cliffs N.J. 07632, Extracted from "Structural
Geology" by M.P.Billings. Copyright 1942, 1954 by
Prentice Hall Inc.
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(iidi) Dip of fault - The angle between the fault
plane plane and horizontal.

(iv) Net slip - Displacement along the fault
plane. In Fig.2.14 ac is the
net sglip.

(v) Throw -~ Throw is the vertical dis-
placement. In Fig. 2.14 it is
ab.

(vi) Heave - The horizontal component of

the movement along the fault
plane. 1In Fig.2,14 it is bc.

Different types of faults

Faults are classified into six categories. Each
classification lays emphasis on some particular characteris-
tic of the fault.

(i) Classification based on net slip

(a) Strike slip fault. Net slip is parallel
to the strike of the formation.

(b) Dip slip fault. Net slip is parallel to
the dip of the formation.

(c) Diagonal slip fault. Net slip is diagonal
to both strike and dip3°. '
(ii) Classification based on attitude of fault
relative to attitude of adjacent beds

(a)’ Strike fault ~ Fault is parallel to the
strike of the beds.

(b) Dip fault - Fault is parallel to the dip
of the beds.

(c) Oblique fault - Fault is at an angle to
the strike of the bed.

(d) Longitudinal fault - Fault is parallel to
the regional structure parallel to the
major fold axis.

(e} Transverse fault - Fault is perpendicular
or diagonal to the regional structure -
say, fold axis30.
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Classification baszed on fault pattern

{a}

(b)

()

(a)

Parallel fault - Strike and dip of
several faults are parallel .

En echelon fault -~ Short faults that
overlap one another.

Peripheral fault - Arcuate faults that
bound a circular area.

Radial fault - Faults radiate from one
point30.

Classification based on value of dip fault

(a)

(b)

High angle fault ~ Dip of the fault
plane higher than 45°.

Low angle fault - Dip of the fault plane
lower than 45°.

Classification based on apparent movement

(a)

(b)

(a)

Normal fault - Hanging-wall side of the
fault moves down relative to the foot-wall.

Raverse fault - Hanging-wall moves up
relative to the foot-wall30.

Genetic classification

Clasgsification based on relative movements

(i) Thrust fault - Hanging-wall moves up
relative to footwall. Fault is of
regional dimensions.

(ii) Gravity fault - Hanging-wall moves
down relative to footwall.

(iii) Rift fault - Longitudinal fault with

displacement parallel to the strike
of the fault.

(iv) Tear fault ~ Transverse fault with
displacement parallel to the strike
of fault3P.
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Classification based on absolute movements 3

Based on the absolute movement of
blocks, four types of thrust and an equal
number of gravity faults can be recognised.

Gravity faults - Thrust faults.

(i) Footwall stayed in place - hanging-wall
moved down.

(ii) Footwall moved up - hanging wall stayed
still,

{iii} Both blocks moved down - but the hanging
wall moved more.

{1v) Both blocks moved up - but the hanging
wall moved less30,

Other faults are @

{a) Upthrust - High angle fault with
the uplifted block as the active
element,

Underthrust -« Thrust fault in which
footwall has moved.

-y
d
v

{c) Overthrust - Thrust fault in which
hanging-wall has moved3C.

Study and recognition of faults in the field

Sequence and terminoleogy used for faults are :

(i} Kind of fault, strike and dip with their vertical
or lateral variations, displacement and direction
of movement.

(ii) Drag and brecciation. Auxiliary fault slices,
drag folds, width of brecciation.

{iii) Linear elements, Striations, grooves and
slickensides.
(iv) Dating. Evidence of more than one period of
movement.
{v) Possible mineralisation and effect on ground
water,

{vi) Topographic expressiont?.
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Criteria for recognition of faults

In many cases faults are directly recognisable.
Where they are net, careful observation of certain typical
features of faults is very essential for pinpointing the
fault. 8ix groups of criteria are generally recognised30,
They are @

(a) discontinuity of structures,
(b) repetition or omission of strata,
(c) features characteristic of fault planes,
{d) sailicifications and mineralisation,
(e} sudden changes in sedimentary facies, and
(f) physiographic evidences.

(a) Discontinuity of structyres 1 Features like

dykes, sills, veins, prominent fractures, folds, etc.,
may be seen ending abruptly against a plane in an exposure,
This may be due to faulting.

(b) Repetition and omission of strata : 1In a
traverse line, a strata may disappear altogether in a
sharp contact or may be repeated sequentially in
association with sharp contacts. Both may indicate,
faulting.

(c) Features characteristic of fault-planes : In
aome cases, it is possible to recognise the fault plane
by wvirtue of certain characteristic features. They are
(1) slickensides, (ii) mullion structure, {iii) drag,
{(iv) gouge, (v) breccia, (vi) mylonite, and {(vii) horaes
(caught up blocks).

(1) Slickensides t These are striations in the
fault planea caused by movement and can be easily recogni-
8ed by the gliatening surfaces and striations.

(i1) Mullion structures 1 They are large grooves
or furrowa with a definite crest and bottom,

(i11i) Drag : The end of the beds affected by fault
is dragged up and down,
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(iv) Gouge @ Fine-grained clay like powdery rock.
(v) Breccia : Mixture of angular and subangular

rock pieces of varying sizes in a finely crushed matrix,

(vi) Mylonite : Microbreccias with streaked or
platy structure, which are typically dark and fine grained.
The coherence of a microbreccia is maintained during
deformations.

(vii) Horses : Small blocks of rocks caught up in
a wide fault plane.

(a) Silicification and mineralisation : Silicifica-
tion may occur along the zones of fracture. Similarly,
mineralisation may also occur,

(e) Sudden change in *the sedimentary facies : The

phenomenon of a coarse-grained sandstone abutting against
& shale of the same age and other similar instances is
indicative of faulting during sedimentation.

(£) Physiographic evidences : The following
physiographic evidences are suggestive of faults: (i) off-
set ridges, {(ii) scarps, (iii) triangular facet, and
(iv) truncation of structures by a mountain front.

(i) Offset ridge : Due to fault, a resistant sedi-
mentary stratum may show discontinuity. This is called an
offsat ridge. |

(ii) Scaxrp : A steep straight slops of any height.

(iid) Triangular facet : On scarp faces, some 'V’

notches may form due to erosion during movement. The sum-
total is a structure known as a triangular facet.

-(iV) Truncation of structure : Sudden termination
of structures, particularly against a mountain front is
suggestive of faulting.

Other field evidences are springs in a linear
arrangement, trees in a line, and lakes in a line, all of
which may coincide with the alignment of the fault. The
sudden steepening of a stream bed, abrupt ending of a
stream, etc., also may indicate faulting3om
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The criteria discvised above are all indicative
of faulting but individually none of them offer any con-—
clusive evidence. Besides, some of them also indicate
other structures like folds, unconformities, etc. Careful
study and a series of eliminations at each stage is essen-
tial before a particular set of criteria can be correlated
to a fault. Usually, a combination of several criteria is
essential before any conclusicn can be drawn30,

Effects of faults on folds

When a tectonic disturbance takes place in an
area, it may give rise to new structures either by partial
or total destruction of old structures or by superimposition
of a new set of rocks over the reliefs of existing struc-
tures. Faults, folds, shears, joint, etc. are all geo~
logical deformations caused by stress and strain. In a
normal sequence of events, it can be expected that folds
are formed first, whether synclines or anticlines, and
if the forces causing the folding are still intense, then
the rocks yield to these forces forming faults, shears,
etc. Hence, in an area which is geologically least dis-~
turbed, it is not difficult to establish the sequence of
eventa, But, in an area that has experier ed such dis-
turbances repeatedly, it i3 very difficult to establish
the generations to which an individual structure belongs to
and its effect cn other structures.

The effect of folds on faults is now widely
known. But the reverse of thig, i.e. the effect of faults
on folds, is still a subject of controversy. However,
many examples have been given by authorities as to the
influence of faults on folds, though on a regional scale,
which go to establish that folding in bhlanket sediments
on a known basement rock followad the faults in the base-
ment>7 . Goguel33 has shown that the fault planes may
become anchcr sheets against which folds localize.
According to this author, groups of faults often delimit
‘a collapsed structure as a trench or "pinched" belts,
the crushing of which may produce a folded character.
Often, the resultant, structure is controlled by the nature
of the rock or its resistance tc deformation, e.g. when
regsistant beds come into contact with plastic beds, an
overthrust fault may form.
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Common problems posed by faults in mineral exploration @

Just like folds, faults als¢o present various
problems to the exploration geologist. Many fault planes
act a8 passages for the mineralising solutions and many
deposits are formed in the fault plane itself. Faults may
cut off mineralising solutions in a favourable host rock
or may act as a connection to a favourable host rock. Fauits
may alsc block off the already existing deposits. As in
folds, in faults also, it is important to establish the
exact relationship existing between faults and mineralising
solutions. If the fault is premineral, then there is every
chance of the fault plane influencing the mineralisation.
On the other hand, if the fault is postmineral, then the
deposit may be merely displaced. Such problems are not
amenable to any standard solutions. Each case has to be
studied on its own merits and solutions found on the basis
of the observations. The following criteria are sometimes
useful in distinguishing the premineral faults from the
postmineral faults @

(a) Premineral fault :

(i) Mineralisation will be in the fault plane.
Ore may be in breccia and vugs, and

(ii) localising effect of the fault on ore. Ore
bodies tend to be in the fault3?,

{b) Postmineral fault

{i) Ore will be slickensided or brecciated.
Drags will be clearly visible in many
cases, and

(ii) observable offsetting of veins or
orebodies3®.

The presence or absence of a fault in a region
will substantially influence an exploration strategy parti-
culiarly in the choice of methods. Ore bodies may come
close to the surface in certain faults making it an attrac-
tive target proved easily by shallow drill holes. It can
also affect the economic workability of an ore body adversely
by throwing it down to great depths.

In many cases, the determination of the down-
thrown or upthrown block is of great importance. The criteria
for such recognition are discussed below @
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{i) Correlation of wall rocks - 1f ihe sequence of
the rocks which have been faulted is known, it is easy to
find out; the displaced block.

(ii) Drag - This has been explained earlier. The drag
is always against the direction of movement.

(iii) S8lickensides - The groove of a slickenside will
be smooth in the direction of movement and rough against
it.

(iv) Throw of minor and sympathetic fault - since
minor and sympathetir faults form in huarmony with the main
faults, their direction of throw will indicate the direction
of the throw of the main fault3l,

{(c) Unconformities : Unconformity is defined as a
surface of erosion, which separates the youndger strata from
the older. Four types of unconformities arc recognised.
They are - A

(i} angular unconformity,
{ii) disconformity
{iii) local unconformity, and

{iv) non~conformity3o.

(1] Angular unconformity : When the beds on either

side of the pilane of unconformity are not parallel.

{ii) Disconformity : The formations on either side of
the plane of unconformity are parallel.

(1ii) Local unconformity : iasically, a disconformity

but of a strictly local nature.

{iv) Non-conformity : ‘hen the older rock is of

plutcnic origin30.

Study and criteria for recoqnition of unconformities in_the
field : '

For the recognition of an unconformity, the
following criteria may be made use of 1
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{a) Difference in the degree of induration ¢ the
rocks on either side of an unconformity are
likely to show different degrees of induration,
the older rock showing greater induration.

(b) Differences in the grades of metamorphism : the
younger rocks are likely to be less metamorphosed
than the older ones on either side of an uncon-
formity. ’

() Differences in folding : in some cases, the
younger rocks will show less intense folding
than the older on the two sides of an unconformity.

(a) Relation to intrusives : in some cases, the
presence or absence of an intrusive may determine
the presence of an unconformity30.

Uncanformities are studied best in a single sharp
exposure. Aerial photographs are very useful in the study
of unconformities.

Common problems posed by unconformities in mireral explora-

tion 3

Since unconformities separate rocks of differing
ages, it is natural that they should act as barriers in
mineral depusits associated with either of the two sets of
rocks. Some of the problems posed by unconformities are
similar to those posed by faults. But the solutions in
this case are different. Thus dying out of deposits at the
plane of unconformity is common but, unlike in faults,
their continuity also ends at the plane of unconformity.
The plane of unconformity itself is the seat of a large
variety of residually and mechanically concentrated mineral
deposits like bauxite, clay (in conglomerates), gold, etc.
or planes of unconformities may also act as a channel for
mineralising solutions.

The major problem in most unconformities is that
the planes may be too irreqular and undulating, and the
resulting mineral deposits are likely to be very irregular.
This problem has to be overcome by a systematic geological
mapping followed by drilling to trace the contjnuity of
the plane of unconformity itself. The proving of any deposit
will come only at & later stage.



The role of structure in ore localisation

Most of the rock and geological structures
described earlier offer controls in localising mineral
deposits. The most conmon structures which have a direct
bearing on ore localisation are (i) bedding planes,

(ii) cleavages, (iii) joint planes, and (iv) faults and
folds35.

Of these, the role played by fault and shear
zones is most important. The pre-ore faults in particular
offer a ready passage to mineral and ore carrying solutions.
Faults and shear zones are widened when the ore or mineral
filuids penetrate and travel along the planes of weakness35.

Examples of shear zones acting as ore paths are
very typically seen in deposits of barytes (Pulivendala),
fluorite (Chandidongri), copper (Khetri and Mosabcni) and
lead-zinc (Zawar). In all these cases, the shear zones,
fault zones, etc. have provided excellent field guides.

The localising influence of fold is typically
seen in the iron and manganese ore deposits. The synclinal
troughs have usually shown a better concentration in many
iren and mandanese deposits than anticlinal crests. Thus,
the manganese deposits of Madhya Pradesh and Maharashtra
show evidence of structural influence, particularly the
influence of synclines. The Sandur and Noxrth Kanara
manganese deposits have also shown preferential concentra=-
tion along synclines, although many anticlines have also
shown excellent ore concentrations. Cross folded anticlines
have played a major role in bringing out manganese ore
deposits near the surface in Sandur where these doubly
plunging anticlines have provided excellent field guides.
Iron ore deposits of Goa and Karnataka also have shown
evidence of structural influence. Most of the major iron
ore deposits in the Sandur synclinorium like Donimalai,
Kumaraswvany, WEB range, etc., have been preserved in cross
folded synclines.

The influence of bedding planes, cleavage,
schistosity, etc. is best demonstrated by the mica deposits
of Nellore and Hazaribagh where the mica bearing pegmatites
have intruded along the planes of schistosity and cleavage.
In this case also, the relationship has been made use of as
a field guide.
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ANNEXURE = I

* RECCNSTRUCTION CF A FOLD BY DRAWING A “RIGHT SECTION"
AND DETERMINATICN OF THE DZFTH OF FOLD

Data Proviced

The surface geological informaticn for a syncline shown
in Fig. 2.15 is availlable (sclid lines; .

Determine
Construct a right section normal to the plunge of the
syncline to 1llustrate the true configuration of the structure.

Method

Examine Fig. 2.15 and determine the average bearing and
inclination of plunye lines, The plunge can be determined by taking
any two planes on the map (Fig. 2.15), such as the intersection of
beddiing and cleavage, or the intersection of two bediing planes
te.c., intercection of bedding planes at outcrop X, 3A2/4R€ W3W,
with bedding planes at outcrop Y, 315/280° 5W), and determining the
bearing and inclination of the line of intersection of the two
planes. In “he example mentioned, the plunge of the intersecticn
line approximatec due South and 20° of inclination. This appears
to be the average for all of the plunge lines.

Draw lines AB perpendicular to the average bearing of
the plunge lines, and then draw perpendiculars to AB through
points A and B.

Then select any points C, E, F, etc., on cne of the
formation contacts, and draw lires CC', EE', FF', etec., parallel to
AB. The lines C'C", E'E", F'F" are then drawn in on the longitudi-
nal sections with a 2¢° plunge from the horizontal. The lines BH
and AJ are established by making the angles C'BH and DAJ = 7¢0,
whiclk is the complement of the 20° plunge angle. The lines BH and
AJ thus represent the traces of the right sections as seen in the
longitulinal view. Then using A or B as centres, and BE", BC",

AF" as ralii, dArew in the arcs E"EM™', c*c"* , and F"F"', etc. Finally
Araw in lines E'E“", Cw'C™, end P P parallel to AB, making

the lengtns of these lines equal to EE', CC', and FF', respectively.
The roints E™, C™, F"" thus establish the position of the forma-
tion contact in their right section. This procedure may be repeated
for numerous points to establish the complete structural picture

for the right secticn., The process may be speeded up if proportional
dividers are available by setting the dividers in the ratio of

Cw : BC". With this ratio, the distance CW is gquickly reduced to
WC™ . The same ratio can be applied to any points on the plan view.

*Copyright with the kind permission of Harper & Row, Publishers, Inc.
from Structural Methods for the Exploration Geologist by Peter C.
Badgley, 1959.
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Chapter 3

3.0 Organisation and Methods

Exploration aims at searching out new mineral
deposits. In a virgin terrain, this may involve the loca-
tion of possible targets by prospecting. In an already
known area or in a developed mine, exploration may be done
solely to study the potential of a new mining block. The
object of all such efforts is to locate and develop more
mining blocks in the minimum of time and cost. Exploration
is in short an important economic function of the mineral
industry, its main aim being the creation of new profit
centres for tomorrow’ . In the national context, however,
in some cases it may not be a centre of profit monetarily,
but & national need.

3.1 Organisation

Prospecting and exploration have for long been
dominated by individual efforts’ .. This has been true
throughout the world. In India also, in a sense it has
been true. Exploration has become a business activity of
the mineral industry only in recent times and the concept
of management is in a state of development even in very
advanced countries. In India, the management concept is yet
to develop fully.

Proper organisation and management are, however,
essential ingredients in the successful execution of explora-
tion. The major function of exploration management is to
coordinate the three major factors recuired for locating new
deposits, viz., ideas, money and luck . Of these, the factor
of luck is the major imponderable in every exploration effort.
By quantifying and eliminating various unknowns, the factor
of luck can be reduced to some specific risk level which
can be foreseen and measured.

Prospecting for new deposits, apart from exploring
knovn ones, is a majcr gamble. The law of "gambler's ruin”
applies here too. The rule expresses the changes of going
broke in a short run of bad luck. Such spells of bad luck
can be compared to the non-discovery of any new deposit in a
continuous series of search in an apparently favourable
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terrain., The law of "gambler's ruin" suggests that, in order
to overcome such a2 row of failures, it is essential to keep
trying despite failure. Such decisions are pessible only when
large capital is available and the decision tc continue is
based on a logical and scientific reasoningz. Scientific
reasoning in this case comes only from geological knowledge.

It is logical therefore that exploration management
should be in the hands of a genlogist. An exploration manager
should combine broad gecological knowledge with imagination,
physical endurance, tenacity of purpose., readiness to assume
risks and should be prepared to take decisions guickly in the
beat possible way., in many cases even without knowing all the
facts, It is alsc important that exploration management
should be as close to the field as is feasible, the authority
for making technical decisions in particular resting at the
field level® . The management functions of mineral exploration
can be broadly identified in the following types of activities:

(1) selection of minerals for exploration,

{2) acquisition of mineral rights,

(3) recruitment und organisation of personnel,
(4) procurement of equipment, and

(5) co-ordination and administration.

3.1.1 Selection of Minerais for Exptoration

The process of selection is essentially guided by
market conditions for a particular mineral or mineral-based
industry. Thus, a cement plant may require limestone, a steel
plant may need iron ore, limestone and dolomite, and a pottery
may look for clay deposits., The demand may be for the export
of raw ore like iron and manganese ores. The organisation or
geologists entrusted with the task of prospecting and explor=-
ing for any deposgit should know the type of ore, gquantities,
specifications, location and also the rate at which the ore
materials are needed. Normally, in such cases, the choice of
the mineral/ore is outside the control of exploration manage-
ment. The specific needs are conveyed to the exploring agency
by the industry which is looking for the specific ore or ores.

The exploration geologist/organisation may have a
purely commercial aim in finding and developing ore bodies
to attract interested investors to develop them commercially.
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In such cases, it is essential to study the market conditions,
and select minerals which are easy to locate and have a ready
market, Here, the selection of the mineral is largely in

the hands of the exploration organisation.

. When the minera!/ore to be looked for is known.
the next step is to look for information as to where to look
for them. The memoirs, records, and bulletins of the
Geological Survey of India and the geological maps accompany-
ing them represent the main source of such information.

The rerorts and other records of State Geology and Mines
Departments, the publications of the Indian Bureau of Mineas
and other agencieg and quite often the district gazetteers

at the district headquarters, or the State Atlasg may also
provide the required key data for further field work.

3.1.2  Acquisition of Mineral Rights

In India, anyone who wishes to undertake mineral
exploration wculd be legally required to possess a certificate
of approval from the State Government and then obtain a
prospecting licence or mining lease3. Mineral discoveries
are made during routine geoleogical work like systematic
geological mapping or other exploration work done by the
Geological Survey of India or the State Departments of
Geology and Mining. Such discoveries can be studied from a
scientific angle without disturbing the surface, but for
chipping pieces of rock, without recourse to any legal
sanction. However, for mineral exploration for purposes of
opening up and mining mineral deposits, certain legal
sanctions are required. The procedures to be followed are
embcdied in the various statutes of the Central and State
Governments. For acquiring the mineral rights of an area,
the pre-requisites in stages are (i) Certificate of Approval,
{11) a Prospecting Licence (P.L.) and/or a Mining lease
(M.L.)3 1f already issued, (1ii} an incometax clearance
certificate from the Incometax officer concerned, and
{({v) a valid clearance certificate of payment of mining
dues such as royalty, surface rent, etc.

(1) Certificate of Approval 1 Before venturing

to prospect orexploit any major mineral, &n entrepreneur
must possess a Certificate of Approval, This certificate
is issued by the conocerned State Government and signifies
the financial and/or technical ability of the person to
enter the field of mining industry3.
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(147 Prospecting Licence '3 A pnispegﬁiﬁg' geologist
should. be well conversant with the procedure for acquiring
the rights to prospect and mine mineral.deposits. It is
- @ssential to obtain a P.L. for the areas to be investigated.

Generally, a large area should be cSosen as a prospecting
target which can be progressively reduced after locating some
promising mineral deposits. Finally, the mining lease may
be taken only for Such areas which can sustain mining.

A Prospecting Licence 1s i{ssued for a preriod of
1-2 years, which is renewable for an additicnal year. During
this period, the licencee is exjik.ted to prove the deposit:
in order to enable the opening up of a mine. During this
period, no ore can be raised for commercial purroses except,
in the case of mica, gold, silver, and precicus miterals:,

(141) Laws governing mining lease 1 A Mining Lease
may be taken directly in areas where the presenca of mineral
deposit is known. Or it may be taker af*er prospecting of a
few targets in an area of promise. A mining lease area
should cover the deposit and some adjacent areas for the
development of ancillary facilities like waste disposal,
construction of surface structures such as office, colony,
explosive magazine, processing plants and space regquired fer
other facilities connected with miaing. The mining lease isg
issued for periods of 20 or 30 vears and can be renewed for .
2 similar period. The lease provides exclusive rights te
the lessee to exploit, process and market the ore and ore
products . ’

The salient features of the Mineral Concession
fules governing the issve of the Certificate of Approval,
Frospecting Licence and Mining lLease in respect of minerals
other than coal, oil, atomic 2nd minor minerals are given in
Appendix - 3.1 A, The rights and chligations of the holder
of a prospecting licence or a mining lease are apstracted
and incorporated in Appendix 3.1 B, :

3.1.2 Recruitment and Organisation of Personnel

The success of any exploration venture depends on
the training and background of its perscnnel. The recruit-
ment of exploration personnel should be done carefully giving
dus emphasi{s to the academic background and qualif1¢§t;gns;
professional experience and scientific temperamgnt,,wih :
addition, an exploration geoclogist should havefthéffollowing
gualitieg:
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{1} Ability to keep track of various technical
developments in the subject.

{2} Ability tc keep in touch with organisations or
persons who can provide the best possitle
information on a variety of geological and allied
subjects like : (i) geochemistry, {11) geophysics,
(111) dr111ing and exploratory mining, (iv) mining
methods, (v) ore dressing, (vi) metallurgy,
(vii) mineral industry and trade, (viii) economics
and financing, and (ix) mineral and taxation
laws, ete.

(3) Ability to impart proficiently various necesasary

skills to the less trained persons. This includes

the training of people in specific practical
skills like the excavating of a pit or trench,
cutting of channels for sampling, sampling and
sample preparation, etc.

(4) Ability to report lucidly, legibly and in time.

{5) Ability to negotiate with various State and
Central Government agencies and other pariies on
technical and, non-technical details like
acquiring land, establishing camps, arranging
of provisions, services, security, etc.

(6) Abll ity to establish good contacts with the
local community.

(7n Ability to foster a spirit of co-operation
among the members of the team4.

(8) An open mind free of prejudices.

Field organisation

[

Since all, or most, exploratory efforts do not
agsure any Immediate financial returns, the field organisa-
tion should be small and should be efficiently managed. The
field party should be assisted by a few tralned and skiiled
pPersons who can help in survey, sampling and other work.
Apart from this, there will have to be some office help to
keep track of the day-to~day running of the organisation,
maintaln accounts, records, etc. There may have t0o be a faw
guards to take care of the equipment, records and camps.



Gther personnel may include cooks water carrizrs, khalasis
anl labourers to do heavy manual work.

Co-ordinaring such units for the general success
of the exploration efrfort is a skilled mznagerial job. Each
unit should be assignea the job for which 1t is best suited
and should work according to the general time schedule.

The administration of any expleration unit should
bre: wraainised to keep track of all activities, arrange for
the supply of equipment and materials and relieve technical
rersoniei from routine details., Speed, efficiency and prooer
co-ordination and accountability should be the keynote of
administration. . :

Some of these items of work are beyond the general
sphere of activities of the individual geologists but they
are being ment{foned here to keep them well informed about
organisational detalls,

An exploration party may consist of many people,
depending upen the extent and intensity of the work involved.
The cholce 1s left to the individua? geologist who should be
able to choose and deploy personnel according to the specific
job requirement, In adiition, the zervices of specialists
like phctogeoloygists, geochemists, geophysicist petrologists,
ore dressing engineers, ete, may be deploved as consultants
when so reguired,

Campiny

e e nam.

Camping for short duraticn i3 not a major problem
in most parts of India where some kind of public accommoda-
tion in the form of rest houses, tourist homes, etc. 1is
available. Even in villages, temporary accommodation can be
fairly easlly arranged,

In cases where the prospective area is deep within
virgin terrain, it would becone necgessary to establish a
temporary camp., The camp site shouli be chosen as near to
the target area as possglble and should have a source of clean
drinking water nearby, It would be preferable tc camp as
near a village as the circumstances permit so that provisions,
labour and comnunications are easily arranged. The erection
and maintenance of some temporary structures to house the
peirsonnel and equipment would be necessary in case of such
camps, In the conditions obtaining in most parts of India,
it would be best to erect mud huts with straw/grass or galva-
nized iron sheet roofs. Tents arc useful if their occupation
is confined to the dry months only. The common types of
tents used by field exploration units along with an itemized
check list is shown in Table 3.1,
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Table 3.1 : Check list of Items of various Tents

2.
3.
4.

7.
g,

10,
11,

13.
14,
15.

16.

17,

18.

1%,

20,

21,
22.

Dascriotion

Dimensicns

woles
Iron Pegs 18*
Iron Fegs 7T®

Wooden Pegs 16"

wooden Hamme:
Slulye Hammer

Jute canvas Bag for

Pias

Salitah of Jute

canvas with rore

Mallet

Durries 3.05 m X

1.8 m

Durrles 2,74 m X\

2,44 m

Inner Fly with door

Cuter fly

Durries 31.05 m X

3.0 m

Durries 3.55 m X

1.83 m

D.
{z
me

Chick kanat 7.30m X

.40 m

Chick Purdah for

Kanat (1.40 m X

0.%5 m)
Chick Purdah

1.6 m X 0,85 m
Cloth kapat with a

set of ten poles

Bags for kanat

Bags fecr cloth kanat

F.Shouldhary Kabul Pal M.S. Bath Tent
unior staff {Senior staff (Officers) (Officers)
mhers) mambers)
2.44 m X 2,44 m 2, 4 mX 2,44 m 1,05 m X 1.2 m X
{8’ x 8') {(9' x a") 3,0 m 1.32 m
{10* X 10"} (5" X §%)

3 3 3 4

8 16 25 4

14 26 36 &

2 6 9 2

1 1 1 1

1 1 1 1

1 1 1 1

1 2 2 -

- - - 1

- 2 - -

- 1 - -

- - 1 -

- - 1 -

- - 1 -

- - 1 -

- - 1 -

- - l -

—-— - 2 -

- - 1 -

- - 1 -

- - 1 -
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A camp in remote areas should have a first aid kit
and also scme patent medicines. . The geologist who heads the
operaticn or someone as responsible should have training in
flirst aid and alsc in the administration of a few drugs. This
will normally ensure the availability of first.aid and a
necessary minimum of medical attention, for the personnel.

It would be advisable to arrange a source which can periodi-

cally replace provisions.

3.1.4 Procurement of Fquipment

A large variety of equirment is needed for mineral
exploration purposes. COf these, some are for constant and
continucus use and should be purchased for permanent retention.
Others may be needed only occasionally and might be hired when
3 specific need arises. Some of the 1tems of equipment which are
of constant and continucus use are deflt with below?

Map

A well-prepared topographical and geolcgical map of
the area which is te be investigated is the most important
ingredient of a prospecting expediticn. The plan should show
tofographical and geological details on sufficiently large
scale. In Indjia, the standard scales. for systematic geological
mapping are %% = 1 mile or 1 : 63,360 (presently ! : 50, 000).
Some mineralized belts are mapped on 4" = 1 mile or 1 : 15, C00
{approx.). 3uch maps are available with the Geoclogical Survey
of India and its regional offices or with the Directorates
of Mines and Geclogy of the respective 3tates. A list of the
offices of the Geological Survey of India is given in
Appendix - 3.2.

Where a geological map is not available, a geologist
may have to map the area first. For this, topographic basge
maps are a must, and those (toposheets) of the Survey of India
are ap ideal cholce. Such maps can also be obtained from the
offices of the Survey of India shown in Appendix - 3.3. When
toposheets are not available, use may be made of forest maps;
revenue and cadastral maps available with the district revenue
and/or forest authorities. wWhen no base maps are available,
it has to be prepared by the Surveyor first if a surveyor is

avajlable, or else, a geologist himsel f should be able to
prepare one.,

Where necessary, mapgs have got to be enlarged
systematically on to a suitable scale before using for geolo-
gical mapping, Square method, protractor and proportionate
compass method, photographic or pantograph methods are
commonly used depending on the urgency and availability of
the facility. In the case of areas already worked, it is
POSbele that some plans and other details may be available
wiFn government agencies like Indian Bureau of Mines. Where
iﬁgallg feasxble and technically relevant the possibility of
these oe1ng used deserves to be considered. Addresses of

@ Indian Bureau of Mines offices are given in Appendix - 3.4.
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In the field, a map comes to be used rather
roughly. Precautions are necessary to prevent the map from
getting torn and damaged. The best precaution is to mount
the paper map on a cloth backing and bind it with card
board covers in such a way that they can be loosely folded
into a book (see Fig.3.1 for details), Faclilitles for map
mounting and even mounted maps are available at the map
sales offices of the Survey of India, Such a book covered
with a thin transparent plastic sheet would completely
protect the map from most of the damages normally encountered
in the field. A permanent map case of suitable shape and
made of light, rust-free metal would also be advisable® for
safe transit and storage of unmounted maps and plans.

Compass

A compass 1s used for finding directions, taking
traverses and locating one's own position in the map. The
magnetic needle of the compass always points towards the
magnetic (and not the true) north, A compass meant for a
geoclogist's field work usually has some built-in arrangement
for measuring dips of bedding planes and inclinations of
the various planar features. For versatality in use, a
Brunton Compass is the best, A Brunton compass is designed
in such a way that it can be used as a compass, clinometer
ani hand level®’. For most uses, this instrument can be
held in one's hand. When accurate measurements are required,
it may be mounted on a tripod stand. Brunton compass may
be used for making the following observations : bearings,
vertical angles, strike and dip, geological mapping,
contouring {though difficult), ete, :

Hammer

Hammer is essential for breaking rocks and ccllect-
ing samples. Several types of geological hammers are avail-
able: the most useful of them may have a sguare hamme: oON
one side and a chisel edge on the other, A hammer of tnis
type with 2 longer handle than usual may be used as a pick
in climbing steep inclines®, A light wooden handle with
some flexibility or a steel or wooden handle with shock
absorbing material will protect the striker from shock. The
usual ffeld hammer may weigh ©.5 to 1 kg.

Chisel

Chisel 1is necessary to wedge out rock samples as
also in cutting channels for sampling and collecting chip
samples. A chisel-like tool with a pointed end is termed
a moil and is useful in cutting and chiselling out rock
specimenss.
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Chapter 3

[¥3

3.0 Organisation and Methods

Exploration aims at searching out new mineral
deposits. In a virgin terrain, this may involve the loca-
tion of possible targets by prospecting. In an already
known area or in a developed mine, exploration may be done
solely to study the potential of a new mining block. The
object of all such efforts is to locate and develop more
mining blocks in the minimum of time and cost. Exploration
is in short an important economic function of the mineral
industry, its main aim being the creation of new profit
centres for tomorrow'. In the national context, however,
in some cases it may not be a centre of profit monetarily,
but a national need.

3.1 Organisation

Prospecting and exploration have for long been
dominated by individual efforts!. . This has been true
throughout the world. In India also, in a sense it has
been true. Exploration has become a business activity of
the mineral industry only in recent times and the concept
of management is in a state of development even in very
advanced countries. In India, the management concept is vyet
to develcp fully.

Proper organisation and management are, however,
essential ingredients in the successful execution of explora-
tion. The major function of exploration management is to
coordinate the three major factors reguired for locating new
deposits, viz., ideas, money and luck . Of these, the factor
of luck is the major imponderable in every exploration effort.
By quantifying and eliminating various unknowns, the factor
of luck can be reduced to some specific risk level which
can be foreseen and measured.

Prospecting for new deposits, apart from exploring
knotn ones, 1s a major gamble. The law of "gambler's ruin"
applies here too. The rule expresses the changes of going
broke in a short run of bad luck. Such spells of bad luck
can be compared to the non-discovery of any new deposit in a
contimious series of search in an apparently favourable
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terrain. The law of "gambler's ruin" suggests that, in order
to overcome such @ row of failures, it is essential to keep
trying despite failure. Such decisions are possible only when
large capital is available and the decision tec continue is
based on a logical and scientific reasoningz. Scientific
reasoning in this case comes only from geoclogical knowledge.

It is logical therefore that exploration management
should be in the hands of a genlogist. An exploration manager
should combine broad geological knowledge with imagination,
physical endurance, tenacity of purpose, readiness to assums
risks and should be prepared to take decisions guickly in the
beat possible way. in many cases even without knowing all the
facts, It is also important that exploration managemernt
should be as close to the field as is feasible, the authority
for making technical decisions in particular resting at the
field level . The management functions of mineral exploration
can be broadly identified in the following types of activities:

{1) selection of minerals for exploration,

{2) acgquisition of mineral rights,

{3) recruitment und organisation of personnel,
{4} procurement of equipment, and

{8) co-ordination and administration,

3.1.1 Selection of Minerais for Expioration

The process of selecticn i8 essentially guided by
market conditions for a particular mineral or mineral-based
industry. Thus, a cement plant may require limestone, a steel
plant may need iron ore, limestone and dclomite, and a pottery
may look for clay deposits. The demand may be for the export
of raw ore like iron and manganese ores. The organisation or
geologists entrusted with the task of prospescting and explor-
ing for any deposit should know the type of ore, quantities,
specifications, location and also the rate at which the ore
materials are needed. Normally, in such cases, the choice of
the mineral/ore is outside the control of expleoration manage~
ment. The specific needs are conveyed to the exploring agency
by the industry which is looking for the specific ore or ores.

The exploration geologist/organisation may have a
purely commercial aim in finding and developing*ore bodies
to attract interested investors to develop them commercially.
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In such cases, it is easential to study tlie market conditions,
and select minerzls which are easy teo locata and have a ready
market, Here, the selection of the mineral is largely in

the hands of the expleoration organisation.

. When the minera!/ore to be looked for is known,
the next step is to look for information as tc where to look
for them, The memolirs, records, and bulletins of the
Geclogical Survey of India and the geological maps accompany-
ing them represent the main source of such information.

The rervorts and other records of State Geology and Mines
Departments, the publications of the Indian Bureau of Mines
and other agencies and quite often the district gazetteers

at the district headquarters, or the State Atlas may also
rrovide the required key data for further field work.,

- 3.1.2  Acquisition of Mineral Rights

In Indla, anyone who wishes to undertake mineral
exploration would be legally required to possess a certificate
of approval from the State Government and then obtain a
prospecting licence or mining lease3, Mineral discoveries
are made during routine geological work like systematice
geoslogical mapping or other exploration work done by the
Geological Survey of India or the State Departments of
Geology and Mining. Such discoveries can be studied from a
scientific angle without disturbing the surface, but for
chipping pileces of rock, without recourse to any legal
sanction. BHowever, for mineral exploration for purposesg of
opening up and mining mineral deposits, certain legal
sanctions are required. The procedures to bLe followed are
embodied in the various statutes of the Central and State
Governments. For acquiring the mineral rights of an area,
“he pre-requisites in stages are {1) Certificate of Approval,
{41) a Proapecting Licence (P.L.) and/or a Mining Lease
{M.L.)3 1f already issued, (111} an incometax clearance
certificate from the Incometax officer concerned, and
{iv) a valid clearance certificate of payment of mining
dues such as royalty, surface rent, etc.’

(1) Certificate of Approval 1 Before venturing

to prospect or exploit any major mineral, an entrepreneur
must possess a Certificate of Appreval., This certificate
is issued by the concerned State Government and signifies
the financial and/or technical ability of the person to
enter the field of mining industry-.
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(117 Progspecting Licence 't A prospecting geologist
should.be well conversant With the procedure for acquiring
the rights to prospect and mine mineral deposits. It is
essential to obtain a P.L. for the areas to be investigated.
Generally, a large area should be chogsen as a pProapecting
target which ean be progressively reduced after locating some
promising mineral deposits. Finally, the mining lease may
be taken only for such areas which can sustain mining.

A Prospecting Licence is {asued for a period of
1-2 years, which is renewable for an additional year. During
this period, the licencee is exirvted to prove the deposit.
in order to enable the opening up of a mine. During this
reriod, no ore can be raised for commercial rurposes except.
in the case of mica, gold, silver, and precious miderals3,

(111)  Laws governing mining leace : A Mining Lease
may be taken directly in areas where the presence of mineral
deposit is known. Or it may be taker after prospecting of a
few targets in an area of promise. A mining lease area
should cover the deposit and some adjacent areas for the
development of ancillary facilities like waste disposal,
construction of surface structures such as office, colony,’
expPlosive magazine, processing plants and space required for
other facllities connected with miming.  The mining lease is
issued for periocds of 20 or 30 years and can be renewed for .
# similar period. The lease provides exclusive rights to
the lessgee teo explolt, process and market the ore and ore .
products .

The salient features of the Mineral Concession
Fules governing the issue of the Certificate of Approval,
Frospecting Licence and Mining lLease in respect of minerals
cther than coal, oil, atomic and minor minerals are given in
Appendix - 3.1 A, The rights and cbligations of the holder
of a prospecting licence or a mining lease are apstracted
and incorporated in Appendix 3.1 B. : :

3.1.2  Recruitment and Organisation of Personnel

The success of any exploration venture depends. on
the training and background of its personnel. The recruit-
ment of exploration personnel should be done carefully giv;ng
du= emphasis to the academic background and qualif;gat;pns,
profegsional experience and scilentifie temperaTgnt,,ﬁih
addition, an exploration geologist should have thé followiny
gualities:
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(2}
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Ability to keep track of varicus technical
developments in the subjiect.

Ab1lity te keep in touch with erganisations or
persons who can provide the best poasitle
information on & variety of geological and allied
subjects like : (i) geochemistry, (ii) geophysics,
(111} dri1ling and exploratory mining, (iv) mining
methods, (v) ore dressing, (vi) metallurgy,

{vii) mineral industry and trade, (viii) economics

and financing, and (ix) mineral and taxation
laws, etc.

(3) Ability to impart proficiently various necessary

skills to the less trained persons. This includes

the training of people in specific practical
8kills like the excavating of a pit or trench,
cutting of channels for sampling, sampling and
sample preparation, etc,

(4) Ability to report lucidly, legibly and in time.

{s) Ability to negotiate with various State and
Central Government agencies and other parties on
technical and, non-technical details like
acquiring land, establishing camps, arranging
of provisions, services, security, etc.

{8) Ability to establish good contacts with the
local community.

{7 Ability to foster a spirit of co-operation
among the members of the team%.

(8) An open mind free of prejudices.

Field organisation

——rn - ——

Since all, or most, exploratory efforts do nct
agsure any immediate financial returns, the field organisa-
tion should be small and should be efficiently managed. The
field party should be agsisted by a few tralned and skiiled
bPersons who can help in survey, sampling and other work.
Apart from this, there will have to be some office help to
keep track of the day-to-day running of the organisation,
maintain accounts, records, etc. There may have to be a few
guards to take care of the egquipment, records and camps.



Gther personnel may include cooks, water carrizrs, khalasis
and labourers to do heavy manual work.

Co-ordinaring such units for the general success
of the exploration efrfort is a skilled managerial job. Each
unit should be assignea the job for which it is best suited
and should work according to the general time schedule,

The administration of any exploration unit should
b organised to keep track of all activities, arrange for
the supply of equipment and materials and relieve techrnical
personiaei from routine details. Speed, efficiency and prooer
co-ordination and accountability should be the keynote of
administration. . :

Some cof these items of work are beyond the Jeneral
sphere of activities of the individual geologists but they
are being mentioned here to keep them well informed about
organisational details,

An exploration party may consist of many people,
depending upon the extent and intensity of the work involved.
The cholice 1s left to the individua! geoclogist who should be
able to choose and deploy personnel according to the specific
job requirement, In adiitien, the services of specialists
like phctogeologists, geochemists, geophysicist petrologists,
ore dressing engineers, etc, may be deploved as consultants
when so reqguired.

Camping

)

Camping for short duration 1s not a major procblem
in most parts of India where some kind of public accommoda-
tion in the form of rest houses, tourist homes, etc. 1is
available. Even in villages, temporary accommodation can be
fairly easily arranged.

In cases where the vrrospective area is deep within
virgin terrain, it would@ become necessary to establish a
temporary camp., The camp 3ite shoull be chosen as near to
the target area as possible and shoulii have a source of clean
drinking water nearby. It would be preferable t¢ camp as
near a village as the circumstances permit so that provisions,
labour and comnunications are easily arranged. The erection
and maintenance of some temporary structures to house the
peisonnel and equipment would be necessary in case of such
camps, In the conditions obtaining in most parts of India,
it would be best to erect mud huts with strdaw/grass or galva-
nized iron sheet roofs. Tents ar: useful if their occupation
is confined to the dry months only. The common types of
tents used by field exploratlon units along with an itemized
check list is shown in Table 3.1,
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3.
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5.

7'
a8,

10,
11,

13,
14,
15,

ls.
17,

18,

19.
20,

21.
22,
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Table 3.1 : Check list of Items of various Tents

Descriotion

Dimensicons

oles

Iron Pegs 18*
Iron Fegs 7"
Wooden Fegs ia"
wooden Hammer
Sluilye Hammer

Jute canvas Bag for
Pins

Salitah of Jute
canves with rore

Mallet

Durries 3.05 m X
1.8 m

Durrles 2,74 m X
2.44 m *

Inner Fly with door
Cuter fly

Durries 3,05 m X
].05 id

Durries 3.5 m X
1.83 m

Chick kanat 7.30 m X
1.40 m

Chick Purdah for
Kanat (1.40C m X
0.55 m)

Chick Purdah
1,65m X 0,95 m

Cloth kanat with a
set of ten poles

Bags for kanat

Bags frr cloth kanat

D.F,Shouldhary M.S. Bath Tent
(Junior staff (Senior statf (of ficers) (Ofticers)
menbers) members)
2,44 m X 2,44 m 2,74 m X 2.44 m .05 m X 1.2 m X
(8' x 8') (9*' x 8*) 1,05 m 1.52 m
{1c* x 10%) €5 X 5%)
3 k| k] 4
8 16 25 4
14 26 36 &
2 6 9 2
1 1 1 1
1 1 1 1
1 1 1 1
1 2 2 -
- - - 1
- 2 - -
- 1 - -
- - 1 -
- - 1 -
- - 1 -
- - 1 -
- - 1 -
- - 1 -
- - 2 -
- - 1 -
- - 1 -
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A camp in remote areas should have & first aid kit
and also some patent medicines. . The geologist who heads the
operaticn or someone as responsible should have training in
first 2id and alsc in the administration of a few drugs. This
will normally ensure the availability of first.aid and a
necessary minimum of medical attention, feor the personnel.,

It would be advisable to arrange a source which can periodi-

cally replace provisions.

3.1.4 Procurement of Equipment

A large variety of equirment is needed for mineral
exploration purposes. Cf these, some are for constant and
continucus use and should be purchased for permanent retention.
Others may be needed only occasionally and might be hired when
3 speclific need arises. Some of the items of equipment which arve
of constant and continuous use are dealt with below!

Map

A well-prepared topographical &nd geolcgical map of
the area which is to be investigated is the most important
ingredient of a prospecting expediticn. The plan should show
topographical and geological details on sufficiently large
scale., In India, the standard scales. for systematlic geological
mapping are %" = 1 mile or 1 : 63,360 (presently 1 : 50, 000) .
Some mineralized belts are mapped on 4" = 1 mile or 1 : 15,000
{approx.). 3uch maps are available with the Geological Survey
of India and its regicnal offices or with the Directorates
of Mines and Geology of the respective States. A list of the
offices of the Geological Survey of India is given in
Appendix - 3,2.

Where a geological map is not available, a geologist
may have to map the area first. For this, topographic basge
maps are a must, and those (toposheets) of the Survey of India
are an ideal cholce. Such maps can also be obtained from the
offices of the Survey of India shown in Appendix - 3.3. When
toposheets are not available, use may be made of forest mapB;
revenue and cadastral maps avajlable with the district revenue
and/or forest authorities. when no base maps are avajilable,

- it has to be prepared by the Surveyor first if a surveyor is
available, or else, a geologist himsel f should be able to
prepare one.

Where necessary, maps have got to be enlarged
Systematically on to a suitable scale before using for geolo-
glcal mapping. Square method, protractor and proportionate
compass method, photographic or Pmntograph methods are
commonly used depending on the urgency and availability of
the facility. In the case of areas already worked, it is
possible that some plans and other details may be available
with government agencies like Indian Bureauy of Mines., Where
legally feasible andg technically relevant the possibility of
thege peing used deserves to be considered. Addresses of
the Indian Bureau of Mines offices are given in Appendix - 3.4,
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In the field, a map comes to be used rather
roughly. Precautions are necessary to prevent the map from
getting torn and damaged. The best precaution is to mount
the paper map on a cloth backing and bind it with card
board covers in such a way that they can be loosely folded
inte a book (see Filg.3.1 for details), Facilities for map
mounting and even mounted maps are available at the map
sales offices of the Survey of India, Such a book covered
with a8 thin transparent plastic sheet would completely
protect the map from most of the damages normally encountered
in the field. A permanent map case of suitable shape and
made of light, rust-free metal would also be advisable® for
safe transit and storage of unmounted maps and plans.

Compass

A compass 1s used for finding directions, taking
traverses and locating one‘s own position in the map. The
magnetic needle of the compass always points towards the
magnetic {and not the true) north, A compass meant for a
geologist's field work usually has some bullt-in arrangement
for measuring dips of bedding planes and inclinaticns of
the variocus planar features. For versatality in use, a
Brunton Compass is the best, A Brunton compass is designed
in such a way that {t can be used as a compass, clinometer
ani hand level’. For most uses, this instrument can be
held in one's hand ., When accurate measurements are requlred,
it may be mounted on a tripod stand. Brunton compass may
be used for making the following observations : bearings,
vertical angles, strike and dip, geological mapping,
contouring (though difficult), etec.

Hammer

Hammer is essential for breaking rocks and collect-
ing samples. Several types of geological hammers are avajl-
able; the most useful of them may have a square hammer on
one side and @ chisel edge on the other. A hammer of tnis
type with a2 longer handle than usual may be used as a pick
in climbing steep inclines®, A light wooden handle with
some flexibility or a steel or wooden handle with shock
absorbing material will protect the striker from shock. The
usnal field hammer may weigh 0.5 to 1 kg.

Chisel

Chisel is necessary to wedge out rock samples as
also in cutting channels for sampling and collecting chip
samples. A chisel-like tool with a pointed end is termed
a moil and is useful in cutting and chiselling out rock
apecimens® .
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Magni fying glass

A pocket lens with a magnification of 10 times
ls useful for most of the field examinaticnz?. Special
large diameter lenses with a large field and high magnify-
ing power may be required when working in a multimineral
area, For purpcses of reading maps, a map reading hand lens
will be useful,

Magne*

A horseshoe or bar magnet of small size is
for testing magnetic minerals.

[+
o

essent’

Measuring tape

A geological field party should have at least
one steel or metallic (cloth)} tape of 30 m.length and another
pocket steel tape of 2 m.length, the first for ground measure-
ments, measuring traverse lines; ete., and the other for
measuring in shorter units, such as thickness of veins, beds
etc, The survey teams require 60 m.steel tape as well as
pocket steel tape of 2 m.length.

Protractor

A rectangular protractor scale made of plastic
and of convenient size to be carried in one's pocket is
most advisable, For purposes of Plotting and measuring the
bearings, the protractor may be circular showing © to 3160°
divisions and made of good transparent plastic,

Field notebook

A fleld notebook may be about 18 x 12 cm in size
containirg some 200 pages. Most of the Pages should be
unruled. Some grarh pages and a few ruled pages should be
included at intervals. Some detachable perforated plair
sheets at the end of the book will be of immense use. The
book should have a hard cover of raste board or plastie
material and should show the name and address of the geolo-
gist, details of the projfect, and date of operation.

In addition streak plate, glazed porcelain rieces
and pocket knife should be avallable with the field party,

Survey work requires special field books to put
down all the recordings made in the field.
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Pickaxes, shovels, baskets, etc.

e ——— o o . o

¢ ————

Wnen some minor excavations become necessary to
study an outcrop, pickaxes, shovels, etc., may be needed.
Thesae may be chosen from the wide variety available in the
market .

Other essential items are mostly non-specialised
equipment and may be chosen from among the various standard
brands availabhle. A checklist of these items 1is given
below t

Checklist of general items

(1 Haversack ~ For carrying compass, note-
books, etec.

(2) Scale, setsquares - For measuring, drawing lines,
etc,

(3) Pencils, colour - Writing, sketching, marking,

chalk ete.

(4) Hydrochlorie acid - Ffor testing carbonate rocks.

(5) Adhesive tape -~ For labelling samples.

6) Tracing sheets - Tracing and gketching,

{(7) Sample bags - For colleecting samples,

(8) Washing pans - For washing some types of

float ore,

{a) Sereens - For screeninyg the float ores.

Check list of sampling eqguipment

e e e A i A R e ek b At T T

(1) Hammers 1, 2, 4 kg and also 8 kg.
{2) Chisels -ascoxted  si3eg .
(3) Moils
{(4) Canvas 1 x ' m (for colleecting samples at site)
(5) Marking paint, chalk, etc.
(6) Gunny-bags
(7) Metallic or wooden tags
(8) Wire brushes
(9} Hair hrushes
(10) Iron pans ani shovels
{(11) Metallic plates 3 x 3 m {(sizing board)
{12) Large canvas sheets, 6 x 6 m ( for spreading
(tarpaulins) 3 x 3Im collected
6 x 3 m samples)
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(13) Spring balance

(14) Screens of varying sizes ani ateve sots
$L} Brushes of soft hair

(16) Sampl ing bags - cotton and polythene
{17} Repe, thread, twine
(18) Mortars and restles of iron

{19) Smithy tools for upkeep of hand-tools.

2.1.5 Transport

Some form of transport is essential in exploration
camps . Petrol/diesel driven jeeps and trucks are the moat
versatile forms of transport, However, 1f such transport is
too costly or cannot bhe used, and for amall-gcale operatiens,

animals or animal drawn vehicles like bullock earts could be
used.

3.2 Methods

Mineral expleration consists of two activities.
Ong is prospecting which, in essence, is the chooaing of
suitable mineral targets for exploration., The other is
exploration which is the proving of targets located during
proapecting. The methods employed during either of the
activities cannot be rigidly isolated. However, certain types
of activities are typical of both and can be broaily recogni-
sed., But prior te starting prospecting or exploration it is
necessary to choose the target areas which can yiseld mineral
deposits. Tne metholds of chooging such target areas are
discussed below.

3.2.1 Methods of Choosing Target Areas

The selection of target areas should be done by a
vrocess of sequential elimination of areas of poor potential.
‘Such eliminations are possible by reference to the available
literature alone in most cases. However, the whole process
of target selection involves much more than a mere study of
the literature. The following sequential approach is followed
by most organisations, and is recommended.

Study of background literature

Before embarking on a prospeacting mission, all
avallable literature of the prospective ground shounld he care-
fully examined. Such literature may be in the form of
published geclogical reports with maps, unpublished geological
reports, memolrs, records, etec. of State Departments of
Geology and Mining, Geological Survey of India and sometimes
reports of private parties which have examined the area
before. A thorough and syatematic search should be made to
locate all available literature which should be studied well,
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The Geological sSurvey of India should be considered as the
important source of geological literature in India. The
Geological Survey of India publishes records, memoirs,
bulletins and other miscellaneous publicarions which, among
other things, list the occurrence of various mineral deposits
in India,. In addition, there are the Directorates of Mines
and Geology in all States of the Union which also bring out
relevant publications. A consolidated list showing the
addresses and other detaills of all State departments is
given? in Appendix - 3.5.

Revenue departments at the district level also may
have secords and land detalls and district gazetteers which
might help. For this, the office of the Collector/District
Commissioner of the district should be contacted. After
gathering the relevant information, the prospecting geologist
should have a clear idea about the topography, geology and
the ore occurrence of the prospective terrain. He willi also
have some idea about the climate, people, the avallability of
camping grounds, etc. near the prospective terrain, which
are of practical importance. For locating target areas,
the geologist may choose the easler and less costly ground
methods when the areas are small, or the more sophisticated
and also expensive aerial methods which are ideally suited
for coverage of very large areas. The ground methods include
reconnaissance, tracking of boulders, outcrops, etc., for
evaluzting direct field criteria leading to mineral discoveries.

g;ound methods-Reccnnaissance

When the geologist has a suffictent number of
arecas which deserve field examination, these are marked in
the aprropriate plans. He should now move to the field for
a direct examination of these target areas, His first step
should be to undertake a rapid reconnaissance of the various
target areas. At this stage, no detalled examination 1s
done, but the lay of the ground is studied carefully.

During the rapid reconnalssance, efforts should be
made to see all the rock exposures. Xf the geological map
of the area is available, this task becomes very easy. A
few rapid checks should be made to study the accuracy and
suthenticity of the geological map also.

A prospecting operation may aim at locating one
single mineral or several minerals. In aither case, direct
or indirect evidence of mineralisation should be expected to
be present in favourable terrain.

After rapid reconnaissance, the geologist will
have some idea of the possible loci.. of mineralisation. In
any case, the next step is to conduct detalled field
traverses to locate evidence of mineralisation. Natural or
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man-made cuttings generally expose the rocks for easy
examination. The beds of river courses, nalas and streams
are the best available nacural openings. If any float ore

is found in such stream beds, efforts should be made to
locate the original sources. This can be done by travers-
ing the stream course upstream, All tributary nalag, stream-
lets, etc., should be searched till the source is found.

Sometimes, one might suspect the presence of flcat
ore without being able to locate it because of 1ts small size.
A typical example is the ygold float ore which 1is so small that
it is practically microscopic in size. In such cases, pan
washing will have to be done systematically in river beds
upstream from the mouth of the river or target area limit.

In stream beds also, there are certainareas which have a
better chance of retaining heavy detrital matter. Such areas
include the outside channel of meanders, oxbows, flood plains
just after a water fall and upstream sides of underwater
obstructions. All such areas should be thoroughly searched.

Rocks and mineral deposits may be exposed In road
cuttings, rail cuttings, w:lls, oii mine workings, etc. Such
areas should alsoc be examined thoroughly. Old mine workings,
ore dumps and waste dumps should be examined with great care.
Any old record of the mine, plans and sections should also be
examined and reasons found for stopping the mine. samples from
the dumps and workings should be analysed to see the extent
of mineralisation.

Various types of evidence indicate the presence of
mineral deposits, depending upon the nature of mineralisation,
physico-chemical nature of the deposit, association with host-
rocks and duration and intensity of the action of weathering
agents on the deposit. 1In areas of recent oxidation, gossans
may be well preserved particularly in the case of sulphides.
Such gossang may lead to ore discovery if pursued carefully.
The presence of mineralisation may be indicated by direct
evidence in many cases.

Direct field evidence

The following features need to be examined in
detail to locate mineral deposits @

(1) float ore,

(2) topography,

(3) stratigraphy,

(4) lithology,

(5) contact surfaces,

(6) structure,

(7 alteration haloes, and

(8) old workings, tailing dumps and evidence of

smelting activity of metallic ores, etc.
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Floal ore

In practically every case of exposed deposits,
float ores will be present. Float ores may be close to the
outcrop or they may be at d¢onsiderable distances. Therefore,
the first thing that a prospecting geclogist shonld look for
is the presence of float ore. Float ore accumulates in certain
topographically favourable terrains. Where core is exposed in
an escarpment, the escarpmment will have float ore but the dip
slopes may not. As menticned earlier, float ore should be
traced upstream or up the slope to locate the source rock.

A very typical case of the relationship between
float ore and in situ ore is demonstrated by the iron ore
deposits of N E B range in Sandur Basin in Bellary district,
Farnatakxa, Here, the iron cres are exposed on ridge tops
with a dip slope and an escarpment., The dip slope contains
little or no float ore whereas the escarpment side is full of
float ore. Here, the ore occurs in sizes varying from a
peanut to large boulders individually weighing hundreds of tons.
The maximum float ore concentration is at the point where the
slope breaks from a steep incline toc a gentle plain. ¥Yrom the
bottom of the slope 1f a traverse 1z undertaken, one would
ultimately come to the original in situ source. The general
regional outline of float ore occurrence coincides with the
outline of the exposure of the iron ore deposits in this area.

Topography

All rocks, minerals and mineral deposits are consisg.-
tently under attack by natural weathering agents. It is to be
expected that the more resistant formations would give rise
to a prominent land form. This phenomenon has presented us
with tweo practical fleld guldes which are in topographically
prominent features and topographically subdued features. The
topograrhically prominent features are generally associated
with hard resistant ore depcsits.

A typlcal example of this guide 18 the case of the
iron ore deposits of India., Almost all the iron ore deposits
occur on top of prominent ridges and other topographical land
marks. Thus, in a geologically favourable terrain, iron ores
will generally be confined to hill/ridge/plateau tops and
this forms an important fleld guide for locating them., Iron
rich gossans and cappings form prominént iand marks in the
Khetri copper belt in India although it never gerved as a
guide to the location of the deposits, Rather, the old work-
ings seem to have acted as & better guide in this caseB.

Subdued topography generally indicates less
resistant rocka., Thus, an easily weathered rock llke limestone
or dolomite generally glves rise to a flat topography. This
rhenomenon 1is typlically demonstrated by the limesdune of
Kaladg! Basin, Vindhyan and Cuddapab rocks which are struc-
turally less disturbed, In all these cases, limestones occur
interbedded with sandstones and quartzites, the former giving
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rise to a flat topography and the latter standing out promi-
nantly as ridges. This is however not true in the case of
limesto.e associated with the Dharwars where prominent struc-
tural disposition also has a bearing on the topographie
features of limestone. For example, crystalline limestone of
Tumkur district, Karnataka shows topographically prominent
exposures. This may be partly becuuse of the structure as
alsc Interbedding with phyllites which are softer or becausa
of its siightly higher iron and manganese contents which make
them resistant, Similarly, in a geolemgically younger region
like the Himalayas, varicus limestoneg{like the Krol lime-~
stone of Mussoorie) stand out as prominent topographic land
marks. This may be because of the recent uplift which is

to be expected in the geologically younger terrain. There-
fore, both the guides discussed above may have to be used
with caution in areas of geologically younger strata with

an active tectoni~ background.

Sitratigraphy

In a sedimentary sequence, if ore is assoclated
exclusively with a group of rocks, this can be referred to
ag a stratigraphic guide®. A typical exomple is the associa-
tion of iron ore with the Banded Hemetite Ouartzite/Jasper
formation. The associstion is so universal that it is safe
to say that where there.is an exposure of this Jormetien,
iron ore deposits may be nearby. The same principle applies
to some of the Indian manganese coren also,but with the limita~
tion that in the case of manganese cre the lithological
associatipn is purely local. However, sequentially, the
manganese ores occur just below the Jron oreg in many Indian
iron ore districts and hence where iron ores are known to be
present, manganese ore also may be present nearby. Another
example is the diamond deposits of Vindnyan conglomerates
where the conglomerate beds show prominent unconformities.
Deposits of bauxite, clay, etc. also show association with
unconformities and disconformities. Fireclay teds chow
stratigraphic assodation with coal beds.. FPnospnorites show
association with limestones, which themselves are typical
examples of stratigraphic control on mineral localisation.
Stratigraphic guides are too broad to be specific except in
certain speciel cases and should be used in combination with
other gudies for maximum utility.

Lithalogy

Certain mineral deposits show specific lithologi-
erl affiliation to certain rocks, This aseociation can be
recognised in syngenetic and epigenetic deposits and used
in the search for minerals. ‘Thug, chromite, platinum, ete,
occur exclusively in ultrebesic rocks. lead, zinc and
gilver ores show a preference for liwestones. Diamcnds
occur only (in their original form) in eclogite {(Kjimberlite).
Mica occurs only in pegmatites.Such gquides can be used in a
broad regicnal search and also in a purely local search for
the ores. In fact, it is the primary job of the exploration
geologist to establish the lithologic controls.
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Contact surfoces

Contacts between two lithological units form
excellent guides in the case of many deposits. This is
mainly because such surfaces tend to be zones of weaknass.
Contacts of intrusive rocks like sills, dykes and also other
intrusives, like granite, et¢c. are preferential targets of
ore concentrations. Thus, in searching for mica, it is the
pegmatite contact with the mica-scnhist country rock which is
likely to have greater concentration of mica. Similarly, in
the case of asbestos, serpentinisation and formation of
dsbestoa are more intense near the contact of the intrusives
with the limestone {(e.g. Cuddapah). Contacts of serpentiniged
ultra-pasics with dotted peridotites may alsc represent good
asbestos-bearing zones.

Structure

Structurael features like folds, faults, shear
zones, fracture zones, etc, may act as the focal point of
mineralisation. In such cases, the search for deposits
should be concentrated around favourable structures.

Alteration hcoloes

Mineralisation assoclated with lgneous and meta-
morphic processes usually leaves an alteration halo around
the orebody which is a direct evidence of mineralisation,
This halo may be defined by the occurrence of ore or mure
minerals or by the intensity of fracturing or by metal
ratios?. Naturally, the recognition of such evidence calls
for careful search, geological mapping., collection of chip
samples for chemical analysis, etc.

Such haloes are common in the asbestos deposits
of Cuddapah where asbestos veins are surrounded by a halo of
serpentinisation.

014 workings, tailing dumps, etc.

In India where mining dates back to thousands of
years deposits which have rich cutcrops are likely to have
been worked at one time or the other. O0ld workings, tailing
dumps, slag heaps, etc. are very common in the copper, lead-
zinc and gold deposits of India. The deposits of copper at
Khetri, gold at Kolar Gold Fields and other places were
located by this field evidence. Tailing dumps/waste heaps may
themselves be the source for some other minerals e.g. tailing
dumps at K.G.F, are now found to vield scheelite.

Aerial ard special methods

_Where exploration is to cover very large areas
near known mirera! districts, aerial and other special methods
are ideally suited. Before resorting to these costly techni-
ques, a thorough study of available literature and data of
the following types should be made 3
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{1} aerial photographs of varicus types,

(2) metallogenic, minerogenic and tectonic
l‘iaps, :

(3} gravity,., magnetic and electramagnetic
survey maps,

{4) geochronological data, and
(8} geochemical and geobotanical data.

A study of the metallogenic, miner«genic and
tectonic maps together with the help of aeriai photographs,
gravity and other anomaly maps, geochemical and geobotanical
data, will meke easy the selection of large target areas of
exploration. These maps may be had from the Geological
Survey of India, Survey of India, National Geophysical
Research Institute and National Remote Sensing Agency (the
latter two in Hyderabad)

3.2.2 Criteria for Accepting or Rejecting Target Areas

(1) Presence of marketable products in reasonable

quantities:s This is determined by the size and mineral
content of the deposits. The size of a deposit may be highly
variable under varying circumstances. It may contain a few
thousand tonnes of ore or a few millions of tonnes. The
economic viability of a deposit is often a function of its
size and mineral content. If the mineral coatent is poor,
even large tonnages wmay be useless,

Prior to exploration, it is difficult to determine
the size of the deposit. However, the geologist's experi-
ence in the district, and his judgement as to the possible
size of the discovery play important roles. By a process of
reasoning, the relation between the size of an outcrop and
the size of a deposit can be established particularly in a
well-known mining district. If no such data are readily
available, the nearby mines should be studied to establish
this point. :

Mineral deposits generally contain some portions
with rich ore and some others with lean ore. In such cases,
before developing or abandoning a prospect, the average
grade and the corresponding tonnage should be approximately
estimated. In many cases, particularly of base metals
scout drill holes may become necessary at this stage.

(2) Availability of local demand 1 The disceovery of
a deposit near an already established industry which can make
use of the produced ore surely enhances its value. For
example, the location of new deposits of iron are, manganese,
etc. near a steel mill will ensure their suitable exploita-
tion. If transportation costs permit, the assurance of an
established consumer at some distance can also ensure the
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development of a deposit muickly. Targets which fulfill the
above criteria can be readily chosen for detaiied explora-
tion, '

(3} Availability of export market : In many cases,

there may not be an immediate demand for certain types of
ores. If the newly located target falls within this category,
then an export market should be examined. If it is found
that there is a steady export demand for the material likely
to be avallable, such a deposit can be accepted for intensive
exploration.

(4) Necessity for developing a new industry i1 Certain
mineral based industries may need development in specific
national contexts. Mining and milling of ore from such a
deposit would be economically viable because of the special
material demands. Under such circumstances also newly located
deposits can be adopted for detailed exploration.

(5) Nearness to market : A deposit which is near a

ready market is obviously more valuable than the one located
at a great distance. The market may be a plant utilising
the ore for manufacturing, or a port from where ore is
exported or, in some cases, an ore concentration facility.

A prospect can be chosen for development or
rejected on the above criteria in most cases. In some cases,
more complex factors are likely to come into play. For
example, if a mineral is of strategic importance irrespec-
tive of any of the above considerations, the prospect may be
accepted for development at the 1instance of the Government.

(6) Amenabllity to being mined economically : Whether
the ore is exposed on the surface or is exposed but continues
linearly in depth will determine its amenability to being
mined by cheap opencast or costly underground methods. For
underground mining to be economical, the ore should be rich
in grade and should be available in reasonable quantities,

(7) Location and transportation : The value of a

deposit is also a function of the location of the deposit
and the availabllity of a cheap mode of transportation. Topo-
graphy also plays an important role. If the deposit is on a
hill, transportation may be done by ropewavs run on gravity
which may effect savings.

The availability of readymade roads or other
forms of transport adds considerably to the economic attrac-
tiveness of a deposit. ITn this context, the case of iron
and manganese ores of Goa is noteworthy. Although generally
low in grade, they have become economically viable because
of the availability of navigahle rivers nearby, making
transportation to the shipping points cheap.
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If a deposit is lornated near a settled township
or area, labour would be available and the need for develop-
ing fresh facilities for 'living and recreation would be
limited and thus its value would be enhanced.

3.2.3 Methods of Prospecting and Exploration

A variety of methods are available for exploration.
Each has specific use, value and some inherent limitationslO,
Choosing the techniques for specific field conditions calls
for a broad knowledge of the methods and their limitatlons,

These methods can be broadly divided into: (i) air-
borne exploration methods and (ii) ground exploratior. methods.
The ajrborne exploration methods are listed below t

Airhorne Exploration Methods

Remote sensing
Colour
Photogeological study — Black and white
Maltispectral

Aerial examination
Aerial geophysical exploration
Aeromagnetic surveys
Electromagnetic surveys
Ground exploration methods are the most important
in delineating the physical boundaries and chemical nature -
of the individual deposits and consist of two operaticns, viz.
detailed ground definition of targets and three dimensional
sampling. Ground exploration methods are listed blow

Ground Exploration Methods

Detalled ground definition of targets

Regional geological mapping
Geochemical sampling and mapping
Soil sampling
Stream sediment sampling
Water sampling

Rock samplihgs

Geobotanical sampling and mapping
Grid sampling of plant species11
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Geophysical metnods

Gravity method

Magnetic method

Seismic method

Electrical method .... Resistivity
Self-potential
Induced polarisation

Down the hole electri-
cal

Scout drilling and rapid sampling

Three dimensional sampling

Detailed geologice: mapping { gzgﬁzgzace

Trenching and pitting

I Surface
Drilling «... y gypsurface

Expleratory mining

Sampling related to the above operations.

Out of the various methods desacribed sbove, three
dimensional sampling (detailed ground exploration) is most
important in the final evaluation of a deposit.

All other techniques are seldom used together and
some of them (remote sensing, colour photography) are still
in a developmental stage and have only experimental value,
Most of the techniques listed above are available in Indla
although airborne geophysical data are not available as yet
for wide public use.

The major criterion for making a choice snould be
the discriminating capacity of the method being consideredi®.
Some of the techniques like geochemical sampling, geobotani-
cal sampling, remote sensing, colour photography, etc. have
a low discriminating capacity. These techniques do not lead
to a direct discovery of mineral deposits but are tools
required for rather general investigations. They are hest
utilised when combined with methods of high discriminating
capacity.

Another criterion which may be considered in
choosing the technique is the status of the terrain. - In
virgin areas, one might have to choose large target areas
and it is important that the first stage of elimination be
done rapidly. Here, choice may be made in favour of rapid
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techniques even if they have poor discriminating capabilities.
Expense and ready availability of equipment ang skills also
may influence the choice of techniques,

AIRBORNE EXPLORATION NETHODS

Remote sensing : The principle of remote sens-
ing centres around the capacity of all objects to reflect
electromagnetic energy. Theoretically, all objects display
a characteristic spectrum of emitted, absorbed and reflected
radiation. In practice, however, this spectral reflectance
is influenced by the reflectivity characteristics of the
object as well as atmospheric transmissivity. The former
Characteristic is made use of in most remote sensing opera-
tions. The electromagnetic spectrum contains many bands
and wave lengths of which only a few are useful for remote
sensing applications. These are:

(1) ultraviolet,

{(2) visible spectrum,
(2) infra-red,

(4) near infra-red, and

{5) microwave.

_ Visible light and near infra-.red are used for
conventional photographic reproduction in aerial and space
photography. The other wave bands need special photographic
emulsions which are sensitive to these wave lengths for
photographic reproduction.

Various camera-filter combinations with special
emulsions are used for photographing and reproducing earth
surface features in images which are physically similar to
conventional photographs. Such photography is done with the
help of aircrafts or satellites. In another application of
remote sensing, radar waves are emitted from a source mounted
on a aircraft and the reflected waves captured to form imagea
of the earth's surface which are byoadly similar to convenw
tional aerial photographs. This system is called 8ide Looking
Airborne Radar or SLAR. Interpretation of such images is
very helpful in identifying geological formations, structural
features and certain indirect indications of mineralisationll.
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Fig.3,2 shows the electromagnetic spectrum
‘available for remote sensing and the possible types of
sensors which can be used. Remote sensing has certain advan-
‘tages in geological work which other methods do not have.
These are 1-

(1) a comprehensive, instantaneous synoptic
view of large areas of the earth's surface
is possible;

(2) repetitive observations are possible?
(3) data are uniform, and
(4) data can be had in a wide choice of

scales,particularly for regional workl2,

The most versatile branch of remgte gensing is
Photogeology’ which has wide applications in mineral
exploration,

Photogeological study

In India, most of the Peninsular region has been
aerially photographed and photography on some scale is avail-
- able for most of the areas, Aerialphotos (mostly in black
and white} can be obtained only from the Surveyor General of
India, Survey of India, Hathibarkala Estate, Dehra Dun {(u.prP.).
The scales of the photographs are 1160000, 1:4G000, 1:30000,
1:15000 and 1:10000{all approx.) dlthough the larger scale photographs
are available only for very small areas. The Survey of India-
has a plan to establish regional aerial photographic libraries
to enable the public to use these photographs in a wide area
of earth science disciplines. Geclogists can also derive
benefit ocut of them when ultimately establisheal3,

Aerialphotos are made by cameras mounted on aero-
pPlanes. The terrain to be covered is photographed in continu-
ous and lateral overlaps so that stereophotomodels of areas
can be seen, when a set of overlapping photographs are placed
under a stereoscope.

Photographic scales are approximate and when
accuracy is required, the photographs should be scaled down
suitably by either correcting the photog:aphs {orthophotos)
or by the slotted template assembly process, and then
assembled in a mosaic.
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ELECTROMAGNETIC
SPECTRUM  { PART)

FIG:3:2 ELECTROMAGNETIC SPECTRUM

(ADOPTED FROM US. GEOL. SURVEY, EROS PROGRAM,
REPRODUCED FROM CENTO, SEMINAR ON THE
APPLICATION OF REMOTE SENSORS IN THE
DETERMINATION OF NATURAL RESOURCES HELD IN
ANKARA, TURKEY , NOV. 1971)
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Geologjical features are studied on aerial photo-
grapha by certain recognition elements which can be broadly
recognised as (i) .tone, (ii) texture, (iii) characteristic
shapes and patterns, (iv) shadowing, (v) drainage pattern,
(vi) land form pasttern, {vii) vegetation distribution, (viii)
g0il formation, and (ix) moisture distribution4.l4,

Loc:l elements and combinations of recogniticn
elements help in recognising various rock units and alao
lithologic units.

Mineral deposits are seldom discovared directly
by aerial photography. Photogeology helps in mapping large
areas rapidly and recognising megastrxuctural unita. Speed
and rapid understanding of the geology are the chief advan-
tages of photogeology. However, there are certain character-
istic features which help in recogniasing certain types of
mineralisation., For example, hydrothermal mineralisation may
be recognised in aerialphotographs by the following criteria ¢

(i) geomorphic or land form features, their
topographic expression or appearance,

(1i) bleached haloes with change of tone and .
texture,

(i1i) stratigraphically and lithologically
favourable host rock, and

(iv) structural features like contacts, fracture
patterns, and flow structuresl4,

Photogeclogy is an ideal tool for exploration in
alluvial terrain particularly where geamorphological features
have an influence on mineral occurrence and concentration.

Maps made by photogeological methods are not
complete without selective or detailed field checks, Featurea
like lithology, structure, dip, etc., particularly need
verification and confirmation before a map is finally accepted

for use.

Photogeology was used in locating several bauxite
bearing laterite cappings in the easat coast 3,
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Aerial examination

pirect aerial examination is a good method parti-
cularly in the early stages provided the area is inaccessible
otherwise and flights can be arranged inexpensively. The
method merits attention in the Indian context only in the
Himalayan terrain.

Airborne Geophysical Exploration

In airborne methods, as8 the name suggests, all the
instruments are mounted on aeroplanes. The advantage is that
large areas can be rapidly covered by this method. The methods
are listed below @ :

(1) aeromagnetic survey, and

(2) electromagnetic survey.

The principles involved are the same as for ground geophysical
methode described elsewhere in detail.

GROOND EXPLORATION NETHODS

By aerial or other methods, target areas arxe selec-
ted for ground exploration. puring ground explaration, the _
deposits will have to be broadly delineated. Such a delineation
can be achieved by regional geological mapping,ecout drilling,
followed ultimately by three-dimensional sampling.

Detailed ground exploration of targets

Regional Geological Mapping - Regional geclogical
mapping is done for delineating potential mineral bearing
areas, and is generally done on a small scale toposheet of
scale 1:250,000 (1/4 inch) to 1150,000 (1 inch). Such maps
are generally not made by exploration agencies as the task
falls within the purview of agencies like the Geological
Suvey of India. If such maps are not available and the area
is totally virgin then only the exploration agency need
make maps.

The exploration agency may mark out potential
mineral bearing areas on the basis of rapid field cbservations.
Outcropse, river and stream cuttings, old workings if any are
the most important features to be marked out. Certain promis-
ing areas may be chosen and 2 more detailed map on a scale
1:25000 to 115000 may be prepared showing the mineral deposit,
cutcrops, and details like old workings, etc.
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The purpose of a geological map is to show the
geological set up of an area in terms of the occurrence and
distribution of various rock types, their mutual relation-
ships, their attitudes, structure and alsc their association
with topcgraphy and drainage, A geoclogical map is essentially
two dime.sional.

A geoisgical map is econstructed atep by step, by
collecting and recording geological data on a base map. There~
fore, the first requirement of a geological map ie a base map,
A base map should show the permanent topographical and drainage
details of the :rea and also other man-made details such as
roads, railways, villages, etc. The maps should be suitably
contoured with reference to the permanent bench marks and
should have standard co-ordinates. In case of large~scale
plans, a system of artificial co-ordinates is often ased which
will have only local reference value. For geological mapping
ocn a regional scale, small-scale toposheete published by the
Survey of India are good enough and cadastral maps can be
used for some large-scale work. However, for large~scale work,
it is better to prepare a base map according to one's own
specific needsl6,

A geological map can be made by ground survey, or
by using aerial photographs. In ground survey, gec.ogical
featurea may be mapped by a compass and tape, or pacing traver-
se8 from known fixed pointa indicated on the map. In casge, a
very great precision is required, a theodolite may be used.
Plane table, telescopic alidade, etc. can also be used where
detailed mapping is to be done.

Geological mapping by compass and tape/pacing

The method is applicable in the case of mapping on
small-scale toposheets or on large-icale mapa., In either case,
the principles involved are the same and can be summarised in
the following steps.

Orientation of the map ¢ This is done by finding
the magnetic north of the place by compass and aligning the.
north of the map absolutely parallel to the compass needle.

_ Location of oneself on the map 3 Objects or
landmarks on the ground which are indicated on the map are
identified. A bearing to these objects is taken. The distance
ies estimated either by tape or by pacing. The angle and
distance are plotted and the position fixed, In case it is
possible, the position can be fixed by taking a bearing each
from two objects and by locating their plotted intersection.
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Mapping @ Various geological data can he systema-
tically plotted by the methods mentioned above. Varicus geolo-
glcal data are located by a single bearing and measuring of
distance or by intersectlgn of two bearings from various fixed
landmarks. Where actual measuremente are involved, the dist-
ance can be measured by pacing or by actual tape measuremente,

Geclogical mapping by pla:.e table

Thig method is very useful in large-scale geologi~
cal mapping, particularly when the ground is not rugged. A
plane table consists of a drawing board fitted on a tripod in
sucli a way as to enable levelling and orientation. The base
map is fixed on the board firmly and an alidade, occasionally
with teleacope and verrier, is used for taking the bearings.
Instead of an alidade,open sights fixed on a straight edge can
also be used. In mapping with a plane table, first, two
known points located on the base plane are identified on the
ground. A base line is fixed between these peints which are
designated as A and B. Te locate the points to be mapped,
first, the plane table is fixed directly above the point A and
the table aligned with the alidade so that the base line AB
isg in direct itine with point B. Now, the alidade is turaed
toward the point to be mapped, say C. After aligning the
alidade, a ray is drawn from A in the direction of C. Now
we have the ray AC. The table is shifted to B and the base
line BA is aligned with point A as was done for AB. Now
the alidade is pointed toward C and the ray BC drawn. The
two rays will intersect at the position C which is the map
position of the object €17.

Plotting can be done by direct alignment of the
alidade with an object of interest and measuring the ground
distance by tape. Here, only one ray is involved and the
distance is actually measured and plottedl?.

Mapping can alsoc be done by resection. In resection,
the point C is fixed as follows. The instrument is placed on A
and oriented toward point B. Now, decline AC is drawn in
the direction of C¢. Now, the table is taken to C and oriented
toward point A. From point B now a line is drawn toward C.
The lines AC and BC intersect at Cl7.

Geological mapping by Theodolite

To handle a theodolite, it is always preferable for
a professional surveyor to join the geologist. The principles
invovled here are not very different from those described for
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compass traverses and plane tablce survey. The major diffe.
rence is that a theodolite can be used for tacheometric
survey for finding the distance between points, This is a
great advantage where linear tape measurements are difficult
due to terrain conditions. For mapping in open pit or
underground, theodolite is the best instrument. When a
surveyor and geologlist work together, the work of mapping

and surveying can be combined. This will effect constileranle
savings in time.

A geological map should show at least the £fo1low-
ing features :

(1) contacts between various formations
{formational in small scale maps and
lithological in large-scale maps).

(2) strike and dip of contacts,

{3) outcrop position of faults, folds, etec. with
strike, dip and plunge where observable,

(4) planar features like cleavage, schistosity
and foints, and

{5) soils, and geomorphic features which have
interpretational geological value. These may
include alluvial formations, land slides,
meander bends, etc,

In large-scale maps, the amount of details will be large and
even wry smdll-scale features might have to be mapped in,

A mineplane for example might show even the position of thin
stringers and veins and their lithological and structural
disposition. Anything of interpretaticnal value should find
a place in a geological map,

In reading and interpreting, the two dimensional
data depicted in a geological map will have to be imagined
in a three-dimensional plane., A projected plcture of the
structure below the ground is very essential. This is obtained
by the construction of cross~sections. Here, first a line of
section will have to be chosen. The maximum Information 1is
generally available in a section line which is across the
general strike of the formations. A profile is drawn by
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placing the contour values on the section line and project-
ing from the lowest available elevation. The various
elevations are then projected by scale from the base. Next,
the varicus geological and lithological contacts, fault
traces, fold traces, etc. are plotted on the profile out-
line showing their respective dips, in amount and direction,
and appropriate projecticns made to bring out the sub-
surface dispositicn of the deposit. The resulting picture
provides a fairly good view of the geological features in
the third dimensicnl

In the geological map, 1t is customary to show
various geclogical formaticons in symbols or in colcour.

Boulder tracking or float ore tracing

Float ¢res are bouldery ore fragments priced
out of ocutcrops of mineral deposits by the process of
atmospheric weathering. These fragments are distributed
by surface drainage and wind over large areas by transport
agencies like river systems and other weathering agents.
Naturally, they are found 1n stream beds and stream banks
more frequently. They may occur in alluvial formations
also. Generally, the angular edges of a float indicate
the nearness to the source in contrast to rounded pebbles
which signify considerable transportation over a long
distance. The float ores should be traced upstream to
locate the original outcrop. This can be done by systema-
tically traversing ugstream and examining every water
course to its origin

In minerals like gold, diamond, cassiterite,
etc., panning is advisable to locate minute quantities of
the ore as explained earlier. It should be dcone systema-

“ically, also upstream as in the case of float ores.
Janning can accomplish two tasks, viz, the location of
primary deposits of various .minerals and the location of
areas of eluvium, elurium, and alluvium carrying increas-
ing gquantities of miuerals in the form of placer
depositsl8

Geochemical sampling and m'ai)ping

The quantitative determination of the anomalous
distribution of certain _eleménts in the surface scil and
sub-surface overburden and comparison with a known back-
ground value give an idea of the rocks and mineral depo=-
sits hidden below the ground. This is the essential
principle of geochemical prospect1n919
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The common practice followed in geochemical
method is the collection of soil, stream-gsediment/water/
rock chip samples et regular intervals, the grid lines
being transverse to the strike of the suspected zone of
mineralisaticn. Air samples are alszn collected for
certioin geochemical surveys. 7The metal content is deter-
mined by rapid geochemical analysis of samples. Geo-
chemical methods are very effective in locating targets
of basemetal mineralisation and are used extensively in
IndialC,

Seil sampling ¢ Residual soils are common in
both temporate and tropical regions the latter giving rise
to very thick soil caps. These soils always carry mineral
particles of the parent rocks. Soil geochemical sampling
aims at recognising such values, anomolously high value
concentrations indicating a soll-capped target. Samples
of 100 gm, are collected at predetermined intervals for
rapid analysis?l,

. Stream sediment sampling : This is the most
widely used technique in geochemical surveys. Fine stream
sediments are collected from surface stream channels.
These sediments wusually carry mineral matter in fine form
derived from their original source rock. Samples are
collected from the active stream channels or from flood
plains. The samples should be collected?l at intervals
of 0.15 km,

Water sampling : Water sampling is of relatively
little value except 1in Ehe cage of uranium and, in rare
cases, zinc and copper?!, Water samples are collected from
lakes, rivers, and also from underground sources.

Rock sampling : Rock samples are collected
from vigsible rock outcrops by cutting out chips of rocks
from predetermined grid points. Samples of -100 mesh size
are prepared for analysis.

One of the major problems in geochemical explora-
tion is the treatment and interpretation of data. A single
investigation may produce some 50,000 to 60,000 individual
readings and they have to be classified, processed and
analysed to produce any useful information. Generally,
such studies require the help of a computer, cr at least
an electronic desk calculator.

In presenting the interpreted data, cne which is
easiest to understand is the method of value contouringzz.
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' Geochemical prospecting data can be more erfectively
interpreted. by folilowing graphical statistical procedures or
by computer metheds.. Briefly the methodology 1is based on the
following concepts. Any area under investigation will have
three types of geochemical values. One is the background
value which describes the average metal value of the area. The
other is the threshold value which describes the zone separat-~
ing the average values from the anomalous values. Lastly,
there are the anomalous values which are above the threshold
values The area of anomalous values f£formsthe best target for
exploraticn.

Gecbotanical sampling and mapping

The presence and variety of a particular plant
species in the area of mineralisation have been recognised
ag a gulde to .ocating ore since many years- However, it is
only in the recent times that it has started becoming an
organised science and a method of explrration.

The growth and distribution of a particular plant
in a given area are known to be influenced by sub-gurface
geclogy. Geobotanical survey {nvolves a visuul study of the
nature and distribution of the vegetative cover. plant distri-
bution, the presence of indicator plants, mutational or
morphological changes in species introduced by mineral enrich-
ment, etc.

The mapping technique in gecbotanical surveys is
as follows. Plots of 5 sq.km. are chosen and the plant species
found in them, their growth, density of growth, new specles
rare specles, etc. are marked out. A species which shows
special affinity to the area is chosen by a process of progre-
ssive elimination. The associaticn of these species with any
known mineral occurrence in the area is established if such a
correlation exists. This correlation can be used for search-

ing adjacent larger areas.

However, tracking of indicator plants 1is more use-
ful in this type of expleration. Two types of indicator
plants are recognised. These are - (1) universal indicators
and (11) local indicators. Universal indicators grow only
in a mineralised terrain and are seen the world over in
similar setups. They are of course rare in their occurrence
and distribution. Some of the common universal and local
indicators are given in Table 3.2. The list also shows the
effect of the presence of certain metals on certain plant species.
These also may form useful guides. The local indicators are’



110

Table 3.2 : Some Uriversa) and Local ®iant Indicators
with their Associated Mazals

Element Universal indicators Local indicators
1., Cobalt Crotalaria ccbalticola
Silene ccbalticola
2. Copper Acrocephalus raobertii Armeria maritima
Astragalus declinatus Elsholtzla haichowensis
Becimum homblei Eschscholtzia mexicana
- Gypsophila patrini Polycarpaea glabra
Merceya latifolia Polycarpaea spriostylis
Merceya ligulats Polygonum posumbu
Mielichhoferia marcro-
carpa
Mielichhoferia
mielichhoferi
Tephrosia sp,
Viscaria alpina
3. Iron Betula sp.
Clusla rosea
Dacrydium caledonicum
Damnara ovata
Eutessa intermedia
4, Lead Baptisia bracteata
: Erianthus giganteus
Tephrosia polyzyga
5. Manganese Digitalis purpurea
Fucus vesiculolus
Trapa natans
Zostera nana
6. Molybdenum Astragalus declinatus
7. Nickel Alyssum bertolonidi
Asplenium adulterium
Pulsatilla patens
B. Phosphorus = Convolvulus althaeoides
9, Selenium Aster venusta Neptunia amplexicanlis
' Astragalus spp.
OConcopsls spp.
Stanleya spp,
10. Selenium & Astragalus (Certain
Uranium spp.)
11. Silver Eriogonum ovalifolium

Lonicera confusa
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Table 3.2 : Soms Universal and Local Plant Indicators
with their Associated Moaetals (Concld.)

Element Universal indicaters Local indicators
12. Vanadium Astragalus bisulcatus
13. Z2inc Thlaspl calaminare Gomphrena canescens
Thlaspl cepaeacfolium Matricaria americana
Viola calaminaria Philadelphus ap.

Viela lutea

2.

3.
4.,
5.

7
8.

10.

(The presence of these plant specles is indicative
of the presence of the corresponding elements. Some
mutational effects caused by the presence of certain
elements on certain plants are also very ugeful in
recognising them, This recognition is particularly
significant 4in the case of multispectral aerial
photography where the mutational effects can be
recognised. Thus, they provide an indirect evidence
of the possible presence of certain elements in
regional scale explorations. A list showing the
mutational effect and the corresponding causative
elements is given below.)

Element or mineral Mutational effect
Chromium Chlorosis of leaves.
Cobalt Increase of chlorophyll in some
s species and chlorosis in others.
Copper Chlorosis of leaves and dwarfism,
Iron Darkening of leaves.
Manganesge Chlorosils of leaves with white
blotqhes
Mo lybdenum Formation of abnormally coloured
" shoot. '
Nickel Chlorosis and necrosis of leaves.
Serpentine Dwarfism; colour changes of
flowers.
Uranium and variation in flower colour,
radiocactivity presence of abnormal fruits,

Zinc

increase in chromosomes of
nucleus, stimulation.

Chlorosis of leaves; symptoms of
manganese deficiency.




112

more common. Some 63 species of local indicatore have been
recognised, But opinjon is divided about their ultimate
practical utility23.

In North Kanara district of Karnataka, local pros-
pectors believe that manganese deposits show association with
plants like 'nama’, ‘kundal’, 'jamka' and 'karipatha'?4. This
association has not been scientifically established.

Geophysical methods

Geophysaical prospecting is the search for hidden
mineral deposits by the measurement of certain physical proper-
ties of the earth's surface. This involves the field measure-
ment of certain properties like gravity, magnetism, seismosity
and electrical conductivity of rocks by sensitive instruments
and the interpretation of such data along with the available
geological data. A knowledge of the potential of this method
is essential for exploration geclogists. Five major geophysi-
cal prospecting methods are available : these are gravity,
magnetic, electrical, seismic and radiocactive methods. Since
this bulletin deals with non-radioactive mineral deposits,
only the first four methods are discussed here. Despite a
high degree of sophistication in instrumentation and skill,
mineral discoveries by this method have been relatively few
even in industrially advanced countries?d.

Gravity method

The principle utilised here is to locate the
anomalies of gravity from place to place in an area of search.
If a plumb bob is suspended freely it will point towards the
centre of the earth. If a heavy mass is nearby it will
exert a gravitational influence on the plumb bob with the
regult that the bob will show a deflection?”. The heavy mass
may be a body of massive sulphide ore, iron ore, bodies of
chromite, etc. all of which are known to cause such deflec-
tions. The deflections are measured by instruments. Three
such instruments are in common use., They are the pendulum,
torsion balance, and gravimeter. Of these, the gravimeter
is the most useful.

In the field, traverses are laid at intervals,
varying with the scale of operations, just as in the case of
geoclogical traverses, Measurements of gravity are made at
predetermined points and the readings are plotted on a graph
with distances on the X-axis and deflections on the Y.axis.
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The resulting graph will ghow an 'anomaly' if the traverse is
over a body which exerts a gravitational pull of its own.
Fig.33illustrates the concept and the peaked portion of the
graph represents the apomaly. Ancmalies can be interpreted
by contouring alsc where the peaked values will be better
reflected in the areas of anomaly.

Magnetic method

Certain rocks have magnetic properties. They exert
their magnetic influence above the normal magnetic field of
the earth., Certain minerals which contain magnetite in a
subordinate form such as magnetite in aabestos, and pyrrhotite
associated with base metals also may exert magnetic influence.
This magnetic influence causes deflections of a magnetic
needle which are measured by sensitive instruments such as a
magnetometer on traverses just as in the case of gravity
measurement525. The data can be interpreted in the same way
a8 gravity data.

Electrical methods

The following methods are generally B
recognised : resistivity, self-potential, induced polarisa-
tion,and down the whole electrical methods.

The principle involved is as follows § Electrical
methods are particularly relevant in surveys for metallic
mineral deposits. Within these, there are various techniques.
Some make use of conductivity and self-potential while others
make use of the induc¢tive responsive properties of rocks. In
the self-potential method, the electrical energy inherent in
the rock is directly measured. In the resistivity methods,
measurements are made to find out the different resistivities
of rocks. In the inductive response method high frequency
alternating current is introduced into the earth and the
length and phase differences of the induced potential are
measured on the surface. These phase and length differences
are influenced by the electrical properties of rocks and
are used in recognising specific formations®~.

Seismic methods

In this, the capacity of rocks to transmit earth~-
guake waves is studied. In dense rocks, the waves travel
very fast. Artificial earthquakes are produced by explosions
and the waves measured by sensitive seismographs., There are
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two types of measurements in this method. One measures the
property of reflection and the other the property of
refraction. In the reflection method, the time taken by
the various surfaces to reflect selsmic waves 1s measured.
In the refraction method, the principle used is that
surface waves travel at a slower speed compared to the
deeper wavesZd.

All the methods, except the seismic, are capable
of being executed by airbcrne instruments for covering
large areas rapidly. Electrical methods offer the best
scope for applicaticn in small areas.

Geophysical methods are best done by geophysicists.
The exploration geologist's function is essentially to
decide at what stage and in which terrain geophysical surveys
are most useful and then to carry out the follow up action
on the basis of geophysical findings.

Scout drilling and rapid sampling

Scout drilling is dcone exclusively for confirm-
ing the presence of deposits discovered on the basis of
exploration conducted by geochemical, gecbotanical, and
geophysical methods. Scout drilling can be done by coring
or non-coring drills. The samples resulting from such
drilling are analysed to study the major elements and their
percentage availability by rapid methods. Scout drilliing
helps in understanding the nature of a newly discovered
deposit,

THBREE~DINENSIONAL SAKPLING

Three-dimensional sampling aims at establishing
the dimensions and grade of the deposit in ail its details.
This operation involves detailed geological mapping,
trenching and pitting, drilling, exploratoery mining and
sampling pertaining tc each operation.

Detailed geological mepping

Detailed geological mapping (surface) ¢+ The

methods of mapping have already been discussed. In detailed
geclogical mapping, the details plotted are substantially
more and the scales may be of the corder of 1:2000, 1:1000,
1:500 or even larger with contours of 2 to S~metre intervals,
Closely-spaced grid polnts should be made use of in actual
plotting. The details to be plotted may be lithological
boundaries, ore type contacts, structural features, etc.
Detailed mapping should aim at establishing correct boundar-
jes of all these features and should help in deplicting

the correct two dimensional picture of the deposit.
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Detaziled mapring should also bhe done to project
subsurface Iinfcrmation which should be cunfirmed by drilling
and thus wil! form the basis of planning out = drilling,
pitting or trenching programme,

When a3 depesgit iy being proved by exploratory
mining, underground mapping of the various openings may lLscome
necessary. Methods of underground mapping are discuss=d
below.

Mderground mapping

Underground mapping consists of mapping of lewv:is,
drives, raises, winzes, crosscuts, stcpes, ete. &lthough :he
broad principles of geological mapping discussed wsclier area
valid for undexground mapping, the latter reguires certain
special skiils and alsoc a slightly different m=thodelogy.
Farticular attention has to be paid to the plane of projection,
which is a horizontal plane, In underground openings, all
mineable details will have to be visualised in three-dimensions.
In order to depict this three-dimensional view, all mapping
data should be projected on to a single plane. In most cases,
this plane coincides with breast or waist level. In certain
specigl Cases, the plane may coincide with the back ¢f the
driftb,

The underground map base should be an accurately
prepared sgurvey plan showing all details of underground work-
ing, In a working mine, such up-to-date maps are always
avallable. The map should be of a large scale (1:200, 1:100
or in some vein and stringer type of deposits even larger
scales may be necessary2%). Since underground workings are
often dirty, maps and instruments used 1in mapping should be
properly protected by sturdy waterproof material, '

in underground mapping, the most versatile tool
is the Brunton Compass for taking tearings and dips and
strike of linear features. For taking dips underground, under
conditions of poor light and awkward points, a clino compass
is more suitable, In measurements, a cloth tape would be
most suitable, However, the normal practice should be +o©
establish a large number of stations, evenly distributed in
every working, which can act as reference points from which
measurements may be taken. Such reference points should be
surveved by theodolite and connectec to the main survey. The
stations should be marked by luminescent paint for visibillty.

Varicus items of geclogical significance to be
mapped are summarised below :

lithology of the various rock units exposed
with their contacts, :

ore zone with its footwall and hanging wall
contacts,
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ore types and various host rocks of each
tvype of ore where feasiblie,

strike and 4dip of the various formations and
also various planar features like cleavage,
joints, contacts, €etc.,

structural features like folds, faults,
uncon formities, intrusive rocks, crushed
zones, ore solution channels, etc. wherever

possible, and
reaction rims, zoning etc.

Plotting of al! details should invariably be done simultane-
cusly with the measurements.

Special care and attention are required for
measuring the various planar features underground. In taking
strike, the planar features should be taken, with the reader
standing close to the exposure on one wall and aligning the
compass exactly in line with the exposure of the same
feature on the other wall. Measurements from known points
nearby on both walls can be of help in confirming measured
positions of the planar features on the map7. In most
cases, the wall exposures of the planar features may not be
clear enough to take a direct measurement of the dip. In
such cases, the procedure is to measure the correct strike
and then measure dlp exactly at right angles, with the
clinometer plane, colnciding with the exposed dip plane.,
This can be done very well by holding the compass in hand
and aligning the two planes by eye. Direct measurement of
dip should be resorted to only when the dip plane is very
clearly exposed on one wall?,

In underground measurements of strike and dip,
the help of a string is recommended. By tying the ends of
the string on both walls of the opening suitably, dip and
strike measurements become easy. In dip measurements, the
string is aligned to the plane of dip by tying it at two
points within the dip plane. Aligning the compass to the
string may prove easler than aligning the compass directly.
Dips may be measured by a plumb bob too. For this purpose
a plumb bob is suspended from the top of the exposure, The
distance from the plumb bob to the back of the planar
feature is then measure#. The length of the plumb line
divided by the distance of the plumb line to the back of the
planar feature gives the tangent of the angle of dip29.

Trenching and pttting

A trench 1s a narrow linear excavation which is
generally done to expose concealed outcrops where the solil
or other secondary cover is not too deep (say less than one
metre) A trench may be very deep and very long in certain
specif!c cases where the distribution, size and shape of
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the mineral concentraticn is to be studied. Normally, how-
ever, trenches are put to expose the outcrops preferably
from the footwall contact to the hanging wall contact. The
actual excavation may be done either by manual methods or by
excavating machines.

Trenches are most valuable when the ore outcrop
is narrow and linear. In a capping type of depcsit where
the outerops have larger widths, trenches may be hundreds of
metres long and may bhe too expensive, Similarly, wherever
excavations are deeper than one metre trenching may become very
expensive., Briefly, therefore, trenching may be chosen as an
exploration method only when the outcrops are narrow and the
cover thin.

Trenches may be done for purely exploratory
purposes such as exposing the outcrops, sampling, etc. or
for purposes of mining in which case it serves a dual
Parpose, that of exposing the orebody and later for davelop-
ing the mine. A trench of the latter type will be of
larger dimensions but generally pays for itsel f through the
ore produced in the process.

A trench provides considerable geological informa-
tion, the recording and safekeeping of which will be of
great importance., Table 3.3 gives a proforma which may be
used for the collection of trench data,

Trenching has been adopted as a major exrloration
method in many iron ore and bauxite deposits.

Trenches can give detailed information about the
nature of the hanging wall and footwall rocks, the lithologi-
cal and grade variation of the ore body, the structural
details of the orebody, etc. :

Depending on the topography and strike continuity,
an orebody may be studied 1in a number of trenches at close
intervals. The information from closeby trenches can be
compared and the strike continuity of the orebody established
by interpretation. Similarly, {f trenches are at various
elevations of the same orebody certain depthwise predictions
about the physical Continuity of mineralisation and grade can
be made., Wherever Possible, the trench should be cut close
to and parallel to the nearest dip profile section for easy
interpretation. When surface trenching is followed by bore-
holes, the data of the corresponding pair of nearest borehole
and trench will be of great help in studying the variability
of the orebody at depth,

: Sampling in trenches : 1In sampling a trench, it
is better to eut channels, restricting channel lengths to
specific types of ores or group of exposures, etc. depending
on the type of mineralisation.
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Table 3.3 . Presentation of Trench Data-
Suggested Proforma

Name of the Investigation

Trench No. Date of commencement

Location in co-ordinates Date of completion

Length R.,L. of floor and top of
) trench

Width

Depth
Recorded by

Log (of each wall)

From To Lithelogy Contact dip Planar strike
Footwall Hanging and strike and dip
wall

Other details

(1) Total volume of material excavated in cu.m. estimate
of total weight of material excavated.

(2) Number of samples taken with detalls.
(3) Thickness of overburden if any.
To be accompanied by a sketch map prepared on

scale 1 om = 1 mor 1 em = 2 m showing all
details.
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Cre material dAug cut of a trench as a vhole can
also be used as a sample for 51l test. It is seldom used
for chemical analysis dus to the labenr involved in breaking down
to the proper sample sizes., In case the outcrop 1s weathered,
the trench should go deep encugh to expose fresh ore.

Pitting

Pitting is the process of digging openings to
Eenetrate soll cover and other loose material to reach mineyal
ore bodies concealed underneath. Pitting is also done for
the specific purpose of sampling an already existing orebody
or for testing the depth or thickness of exposed orebodles
and outcrops. A depth of penetraticn up to 30 m. 1s possibie
by pits under fdeal conditions27, But pits of over 12 m
are geldom feasible and even if technically feasible are
likely to be prohibitively expenszive. The dimensions and
design of pits are given in Fig. 1.4.

The major advantage of 3 »it is that the opening
i1s sufficiently large sc that the exposed section of the
orebody can be directly examined and if necessary sampled
repeatedly. For collecting and compiling the pit data, a
proforma is given in the Table .4,

Pitting can be done manually or with the help of
machines. In many cases, when the ore is hard, asome amount
of drilling and blasting might hecome necessary.

Pitting is a very widely used exploration methned
and may be very effective in proving deposits which are widely
exposed on the surface and are relatively thin, They are
least effective when the outcrop is linear and narreow and the
orebody steeply dipping. Pits may be sunk for purposes of
developing them into a mine in which case they serve the
purpose of exploration as well as exploitation, Such pits
are referred to as trial pits and may have a very large open-
ing. In opening such pits, cne is assured of a return in
terms of the mined ore, the sale value of which may under-
write the cost of pitting. Such considerations are often
valid in trenching also. Pitting has been exclusively used
s an exploration method in many bauxite and iron ore
deposits,

Sampling of pits : Pits usually expose orebody
onh the four walls, It is not necessary in all cases to cut
channels in all the walls, particularly in mineral deposits
like 1iron ore, limestcne, ete. But in deposits like
bauxite and manganese, where the ore is lensoid and the ore
values tend to be erratic, it s advisable to sample all the
four walls and make a compesite sample or have four separate
samples analysed and the valuves combined by weighted average.

The whole materizl 4duy out from a plc car also
form & sample tut as in the case of trenches, bulk reduction
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Table 3.4 : Presentation of Pit Data—
Suggestued Proforma

Name of the Investigation Date of commencement
FPit No,
Location in co-ordinates

Pit top measurements Date of completion
(a) Length R,L. at pit top
(b} Breadth R.L., at pit bottom

Pit bottom measurement
(a) Length
(b) Breadth
{e¢) Depth

Benches 1if any with their
measurements

Recvorded by :

Face I (give for all the 4 faces)

From To Lithology Contact strike Planar strike
and dip and dip

Other details

(1) Volume of the final pit

(2)  Volume of the total excavated material

(3) Volume of the ore portion

(4)  Volume of the refect (undersize, undergrade, ete.)
(5)  Volume of the overburden and details

(6) Number of samples from the excavated material

(7) Number of details of channel samplesg

All these details should be accompanied by sketch
map of each wall of the pit on a scale lcm=1m,
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is laborious and may be avoided. In float ore exploration,
however, the whole material has to be treated as a sample.
In order to know the depthwise distribution of ore every

50 em or 1 m depth of excavation may be separately sampled.
The ore recovered is also subjected to screening to study
size.

Drilling
Drilling or boring is the process of driving

holes into rocks. The material which is cut during the

process of drilling may be used for purpcses of tests, chemi -

cal analysis, etc. which i{s the prime purpose of d:illing

in mineral exploration28. Drilling may be to very shallow

depths in which case simple wash boring can be made use of.

In the case of mineral exploration, depths of hundreds of

metres will have to be pene%rated which require the usge

of sophisticated equipﬁentz .

Five methods of drilling are generally recognised.
They are; percugsive, attritive, rotative cutting, rotative
shearing, and rotative crushing.

In percussive drilling, the rock is broken by
repetitive impaction., In this group, five types of dril’s
can be recognised. They are pneumatic rock drills, dowlh~
the-hole drills, independent rotation drills, motor drills
and cable-churn-drills. In attritive drilling, the rock is
ground away by abrasive action. Two types of drills are
recognised in this group. They are diamond drills and shot
calyx drills. In rotative cutting drilling, the rock is
cut or planed away. All auger drills fall within this group.
In the rotative shearing method, rocks are fragmented by
wadge zaction. This group includes drag-bit drills and
rotary percussive drills. In rotary percussive drililing
also, rocks are broken by wedge action, but the wedge action
is vsed in combination with a thrust. All heavy rotary drills
fall within this group28. Of all the drilling methods and
drills discussed above, dlamond drilling is the most
versatile and of maximum use in mineral exploration. Churn
drilling and .rotary drilling alsc find use in mineral
exploration although their use is rather limited.

Any drilling programme should aim at establ ish-
ing the strikewilse and dipwise continuity or discontinuity.
For this purpose, the interval of drilling has to be chosen
on the basis of avajlable geolegical information. This
should be kept in view for establishing the continuity of
the corebody at depth and also for intersecting the orebody
at various future mining levels. Drilling also should aim
at establishing the varicus structural projections.
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Diamend Drilling

Diamond drills can be used for surface as well as
sub~surface drilling3C. In diamond drilling, a cylindrical
bit (cutting tool) impregnated with diamonds is connected to
A string of hallow jointed tubes and rotated by a mechanical
device which may be a diesel engine or a pneumatic compressor
device, Water, drilling mud, and in some casesg alr are
circulated through the hollow tubes to keep the bit cool and
wash out the cuttings. The diamend cutting edge cuts a
cylindrical eore as it penetrates the various rock strata,
Such a core is collected in a core barrel which ia fitted
Immediately above the bit. From the core barrel the core is
collected periodically either by withdrawing the tool string
{conventional method) or by removiag only the barrel and bit
(wireline core barrel). In drilling shallow or moderately
deep holes, the time consumed in lowering the drill bit, core
barrel, etc. into the hole and hoisting them up repeatedly for
collecting the core may be less significant than other
considerations. Where time 1s an important factor, wireline
drilling may be resorted to. Wireline drilling differs from
conventional drilling in that the inner tube that contains
the core can be 1ifted to the surface without hoisting the
entire drill string, by releasing it from the outer tube of
the core barrel. The core so collected forms the sample which
may be subjected to tests or analysis., The core barrel ig
constructed in such a way that core ig retained during rotation.
To ensure complete recovery, the core barrel may have an
inner stationary tube which retains the core with an outer
rotating tube which transmits the rotation to the bits. Such
8 core barrelis called a double tube core barrel. TIn a double
tube core barrel water 1s circulated between the outer and
inner walls and the core 1is not washed by water and, because
of this, better core recovery is engured, particularly in weak
and fractured zones., Drilling can also be done without the
circulation of water in which case it is callegd dry drilling.
ln dry drilling, the core recovery is always very high, bhut
the bit losses are also correspondingly high, Table 3.5
shows the sizes of bits and barrels.

Calyx drilling which is of fairly wide application
1s done on the principle of Alamond drilling but instead of
diamond bits it uses chilled steel shots as a cutting tool.

These days, however, as a substitute to diamonad
drilling, dry drilling by tungsten carbide bits is being
resorted to guite extensively by many exploration agencies.

Churn dril ling

In churn drilling, a hollow tube suspended con a
cable and attached with a cuetting tool is driven into the
ground by rectilinear moticn. The motion is imparted to the
bit by continuous dropping and raising of the tool string.
The cuttings so generated are collected periodically by a
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sludge collector or bailer. Tre method is not widely uzsed in
mineral exploration. However, in the explcrotion in alluvial
terrains, this type of drill is excellent.

Rotary drilling

In cases where the information sought is purely
of a confirmative nature and can be interpreted from chips
and cuttings, rotary drilling is useful., In mineral explora-
tion, such drilling can be used most effectively in the mine
exploration stage when bench drilling becomes necessary.

Apart from the drilling methods described above,
some simple devices like augur drilling are alsc used while
exploring for soft and non-compact material like clays and
bauxite,

A proforma suggested for keeping drill core records
48 given in Table 3.6.

Collection and preservation of drill samples

Three types of samples come cut of drilling: Core
samples from diamond drills or various other corirg and calyx’
drills; Wet cutting or sludge from churn drill, diamond drill,
or wet rotary or percussive drilling: and Dry cutting from air
flushed diamond rotary augur or percussion drilling,

Among all these, the diamond drill core and the
Calyx drill core can be considered almost identical with the
host rock from which they have been removed., When the core
recovery is 100 per cent, the core reflects the strata faith-
fully. However, 1CO per cent core recovery is seldom achieved.
When core losses occur, the sludge (cuttings), coming out with
the circulating water mud or air must be given due weightage.,
In other formS of drilling, ecnly sludge is obtained. Tabla 3.7
shows the core, sludge ratios and their computation3l.

In core drilling, the ccre is the principal sample
and is ccllected from the barrel at intervals of 3 or 6 m.
(1C to 20 ft) which are the standard lengths of core barrels,
Shorter drill runs and shorter core lengths are preferred in
some cases when specific information is to be had from short
lengths of core. After recovery from the barrel, the core is
dried to remove only the superficial moisture and kept Iin a
core box. For preserving and indexing the drill cores, the
Indian Standards Ingtitution has svolved a standard procedure
IS-4078 : 1967 which may be referred to for proper upkeep of
drill cores32, The method is demonstrated in Fig. 3.5. The
box shown in Fig. 3.5 may be made of wood or aluminium and
should be sturdy and durable.
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Portions of core which are ne-ded for analvsis are
first split into two by a core splittar. ©Ouae portion 13 kept
in the box. The other portion 1is again spllt iuco LWe. Cne
portion is Sent for assaying. The other i3 sent fur rhysleal
and mineralogical studies.

when the core recovery 1is poor, the sludge
representing the core loss will have to be assayed and
computed with the ccre portion.

Collection of sludge

-

In collecting sludge during core drilling, a
Thompson sludge cutter can be used. In this, there is a
cast aluminium bex with an overshot waterwheel type of
impeller in which one or more compartments are OpONls

This impeller has several open compartments and
allows the passage of 10 per cent of the sludge to a specisl
paper bag where it is collected. The cutter is directly
fitted to the return water hose SO that the motion of the
water moves the impeller3C. The sludge collector is shown
iT‘, Figc 3-6-

In the case of non-coring drills with water
circulation arrangement, the Thompson sludge cutter or & sludge
box can be made use of. The box has a water inlet and an
outlet and is divided longitudinally by three baffle plates.
After stopping drilling, the circulating water is connected
to the sludge box and the water js allowed to settle. Excess
water can be siphoned off. Samples can be removed p:riodically,
dried and sent to assay30., The sludge box i{s shown in

Fig' 3-7-

In the case of non-coring drilling using air for
removing the cuttings two arrangements are possible, One i8
to have a cutting collecting arraengement attached to the
tool string which can be periodically reclaimed and the samples
removed . The other is to allow the cuttings to accumulate at
the mouth of the drill hole andi then colleet the cuttings
sequentially, the topmost representing the deepest stratum.

sampling of drill core, sludge and cuttings

e it et

It was mentionea earlier that the core sample ls
split and one is taken for analysis and another kept for
reference. That half selected for sampling is again split
{into two, longitudinally and one half is taken for sampling.
Samples may be made from 50 ¢m, 1 m, 2 m, or even 3 m section
lengths of core. Or even the whole mineralise.l hand can be
taken as one sample, 1f the mineralisation is visiply of
uni form guality and distribution. When mineralisaticu is
irregular, shorter lengths of samples are better., However,
less than 50 cm lenyth samples are {mpractical 1n most cases.
The selected core lenygths are sized down to the appropriate
sample size and sent for analysis.
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In core drilling, as mentioned earlier, it i3
rarely that recoveriea are 100 per cent. For computing the
loas of core the Table 3,7 given above will be helpful,
The table shows core to sludge ratios in core Arill samplea.
It becomes necedsary to compensate for this loss. This is
done by sludge analysis., However, the sludge and core
assays cannct be combined by weighted averaging. One easy
method is suggested below29. '

D2
< X 1 {( Ay Az) + A
A = - —— - 2,
L Dz
where A = average assay,

C = recovered core,

L = Length of the hole ]
(relevant to the calculated portion)

D = diameter of the hole,
D = diameter of the core,
A = corc assay, and

Ao = gludge assay.

In the case of non-coring drilling, sludge or
cutting is sampled. Here also, analysis may be of samples
of SOcm, ' m, 2 m or 3 m lengths depending on the type
of mineralisation.

Deviation and surveying of driEEEoles

Drillholes may be vertical or inclined. When inclined,
it is usual to plan the intersection angle of the teal string
with the hanging wall contact of the projected orebody at
about 40°, 1In any case, the exact angle at which the tool
string is aimed to go through 1is never achileved. An angle is
often made either with the vertical plane of the hole or the
hori zontal or even at angles to both the planes. Although
basically & drilling problem, an exploration geologist should
be conversant with the phenomenon of hole deviation and the
various devices available for correctly surveying these
deviations, to enable him to make correct sub-surface inter-
pretations, Most of the deviations are caused by a sudden
change in the hardness of various drilled formations, fracture
zones, joint planes, etc. present in the formations. Deviations
can also be caused by poor equipment and improper alignment
of the machinery. Deviations pose serious problems in deep
drilling, particularly directional drilling with a small angle
from the horizontal28:29, since the deviation of a borehole
from 1ts assigned course is very common, some corrective
steps have been developed for either bringing back the hole
into the proper course or hitting the formation at a known
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point. This method {s callei 3irccuional drilling. It can be
achleved by employing some special type of wedges, One side
of the wedge is firmly anchored tc the wall of the hole and
the other side that projects cut of the wall helps the drill
bit to manceuvre intc the desired course,

A escurate measurement of the angle at close depth
intervals and dircction of deviation is essential for a proper
interpretation of subsurface information, Thisg measurement
is called borehole surveying33, vVarious instruwents available
for borehole survey are listed below.

Elinometer,

Mass compass,

Tropari drill hole surveying instrument,
Photographic angle recording devices,

Surwel gyroscope instrument, and

Blectronic and electrical surveying instruments3C,

The briHCiple of these instruments is discussed below 13

(1)  Etch method using hydrofluoric acid : The property
of hydrofluor{c acid, namely to corrods glass is made use of
in this method. The acid with varying concentrations depend-
ing on the circumstances {s put in a glass culture tube and
lowered into the borehole which is to be surveyed, along with
the drill rods. The glass tube is allowed to remain stationary
in the hole for a few minutes when the acid makes an etch line
on the tube. The anyle made by etch line with the index line
gives the angle of deviation,.

(2} M3ss borehole (Canson) compass : This is a very
simple device but &an be used with modarate accuracy only in
nen-magnetic ore bodies, Even deeper borcholes can be

surveyed by this method though the time consumed is relatively.
high. The instrument consists of two parts; (1)a compass
placed in a glass tube containing liquid gelatine, and (14i) a
glass tubepartially filled with hydrofluoric acid, The whole
instrument, encased in a non-magnetic clinometer case, is
lowered in the hole and left suspended for nearly 9C minutes
at the point of Survey. The gelatine gets solidified and
therefore holds the cempass in a fixed position. The aetch
line of the glass tube containing hydroflueric acid gives the
angle of deviation and the fixed position of the compass gives
the deviation from the assigned direction. Sometimes, as in
surveying shallow holes, a single glass tube is used instead
of two,

(3) Tropsri : This is a precision instrument for
measuring deviations bhoth in inclination and direection. 'The
instrument consists of a compass for measuring the direction
and a dip indicator for the inclination, After lowering the
instrument intgo the hole, its movements, i.e, the movement of
the compass needle and the dip indicator, can be arrested by
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2 preset timing mechanism, In other words, locking takes
place after the expiry of a given time (at 5 minutes interval)
when the instrument is 11 fteq again to the surface, readings
can be taken directly, Hence, it is essential to know what
point 1s likely to be reached after the expiry of the time
already set,

(4} Multishot directional Survey Instrument This

device consists of 4 units, a watch, a camera section, a

fluid dampened compass and a plumb bob suspended on gimbals,
At regular intervals, the camera goes on taking multiple shots
of the direction as indicated by the compass and inclination
by the angle unit. This is a3 very scphisticated instrument
and can take up to 4CC shots in one lowering. In view of the
cost of the instrument, casing of the hole with non-magnetic
dril] casings may be necessary.

(s) Electronic Borehole Survey Instrument s In this
methed, a stable radio frequency oscillator that 1s lowered
into the hole is connectel to another frequency oscillator
stationed on the surface. The oscillater in the survey unit
is turned by a wvarjable condenser, the changes in which are
indicated by the change in the frequency of the oscillator.,
The 4difference in freqguencies recorded by the two Oscillators
is converted to degrees of inclination. In the same way,
the deviation in direction can also be meagured .

(6} Surwel Gyroscope Instrument : This instrument

mikes use of 8. gyroscope to maintain the same directional
orientation over a considerable time period. A camera fitted
with other units such ag timer, angle unit, etc, takes
pPlctures at desired intervals. A log of depth versus time
Can also be kept at the surface for computing the deviation.
The measurements can be taken both while going down and
coming up the hole.

(7) Dip meter : By this method, the oriented cores
are dispens with in measuring the directicen and amount of
the dip. This method has to be used care fully.

Underground drilling_

' Surface drilling has been discussed earlier. The
methods of drilling are much the same, but the scope of
underground drilling is a little different. Directicnal,
particularly horizontal and upward vertical and varieus
inclined drillholes are more common in underground drilling.,
‘Besides, sub-surface drilling is done under many constraints,
the important ones being the space restrictien, lowering and
hoisting of drilling equipment and the motive power required
for driving the machinery. Therefore, the machinery and
equipment necessary for underground drilling are di fferent
from those used for surface drilling. Generally EX-~core drilla
or electric drills are employed in underground operations,
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Coring as well 2s non-coring drilling is done
underground. Collection of core, sludge and cuttings 1is done
as in surface drilling except in the case of vertical and
inclined upward drilling where special equlpment is necessary
for collecting cuttings,

Underground drilling for finding new mica pegma-
tites is being done in Iniian mica flelds with extension rods
in a normal jack hammer used for drflling blastholes. The
cuttings so collected are examined for signs of mica minerali-
sation.

g:EIOrator[ Itntng

_ In many cases of disseminated and vein-like depo-
slts, surface exploration alone is not sufficient to get
reliable data. Even in some massive deposits exposed on
the surface, it becomes cften necessary teo get det2iled data
about the nature of the ore and the ore to waste contacts
underground. Subsurface exploraticn is necessary in such
cases. In order to learn more of a particular deposit, explo-
ratory mining is resorted to in a detailed manner in the
intensive exploraticn stage. Such mining may be either open-
cast or underground. Opencast methods are used for massive
ore deposits like {ron cre, bauxite, etc. and may consist of
a few benches for studying the behaviour of the cre in the
faces. Copper, lead, zinc, mica and such other minerals are
explored mostly by underground or sub-surface methods.

As menticned earlier, the commen sub-surface
exploraticn methods are aditing, drifting, cross cutting,
raising, winzing, and underground drilling, All these methods
cannot, however, be claimed as exclusively exploration methods.
Drifts, @¢oss~cuts, raises and winzes are put up for purposes
of mining, blocking of ore and simple underground connectiorns.
However, whenever such openinys show ore, cbservations are

gossiblosln fact,in the early development stage of an ore
ody these openings are mada more often to expose ore,

Aditing

An adit is a horizontal or near horizontal opening
driven into the ore body from scme surface so that a cross-
section of the ore body is available for study and sample
collection. 1In large ore bodies, & number of adits may be
required to study several cross-secticns, If the orebody is
amenable only to underground exploitaticn, the adit should be

put at intervals of 2 to 3 times the height of the prospzctive
levelslB, ' '

Three types of adits are recognised, viz, adits
driven along the strike of the orebody, adits driven along the
dip of the orebody, and adits with blind shafts at the lowest
horizon for very deep seated orebodies.
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various obgervations to be made in an adit with
proforma for keeping records are given in Table 3.g8.
Aditing has been successfully adopted in many iron ore
deposits and in some bauxite deposits.

Dri fting

Drifting or driving is the process of making a saub-
surface opening into the orebody along the atrike, A drive
may be along the footwall or hanging wall or both, or entirely
through the orebody only depending upon the size and distri-
bution of ore and the nature of the hanging and footwall
contacts, Where a footwall or hanging wall contact i{s not
clearly definable, the drives may be planned along that wall
to define the orebody clearly. When the crebody 1s narrow
but with well-defined contacts, a drive along the orebody
may. be more appropriate. The drive may start from the bottom
of a gshaft or other opening from the surface and may continue
ti1ll the end of mineralisation is in sight. Drives are
generally planned in such a way that they can be made use of
in exploitation at a future date. The number of such drives
and their spacing will depend on a large number of variables
and no guidelines are possible.

Cross~cutting

Cross-cutting is the process of driving an opening
across an ore body exposed in an underground opening, A
cross-cut may be made from a haenging wall drive to a footwall
drive or vice versa., A number of cross-cuts might be nece-
ssary to study the ore in full width cross-section in a
series of drives,

Raising and Winzing

Raises and winces are vertical openings made to
connect variocus levels. An opening made from a lower to a
higher level i{s a raige and from a higher level to a lower
level is a winze. Al]} raises and winzes need not be in
orebodies. But some are put in the orebody purely for
exploratory purposes .

Sampling

fampling i8 done to ascertain the grade of a
minerai and metal values that vary in proportion from one
Place to another. One single sample taken from one part of
the orebody generally does not provide a representative
picture of the grade of the entire orebody. A larye number
of well-spaced samples are required for ascertaining the
average grade with an acceptable amount of accuracy. Normally,
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Teble 3.8 : Presentation of Adit Data Suggested Proforms

Nama of th: lovertigation Date of commancemant 1
&dit No, ] ate of complevion :
Locacion an cﬁ-ardinates t Total lengih of the adit:

coraad i t No. uf cress cuts, ]
raca > raise and winzes with
firecticn of adit and ] their location and
R.L. of the portal total length
Whother it {5 strike adit, i
crosc-cut ¢dit or
tragential

AMUT LOG { All measurad at breast haight )

Prom To Lithology Contact dip Planar dip In ore the true
portal 3ng and strike ala gtiixe @ioth anc Jrads

Gther datailg ,

411 the details should be accompaniad by

31100 ok 1;200 and
a0 assay plan showing the -

one adit map lhow.'Lng geolegical and other features on scale

{a) numoer and details of location and method of buik samples
(p) bumber and details of channel/other damples collecatad,

collectad,
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no amount of sampling will give a truly ropresentative picture
of the orebody. There is always some degree of error between
the actual value and the value computed from the samples,

The aim of sampling is only to reduce the error to the mini-
mum possible level?,

In addition to knowing the grade of the ore, sampl-
ing also reveals the pattern of mineralisation within the core-
body. A systematic mine sampling programme can demarcate the
richer and leaner ore portions. Similarly, the limits of
mineralisation towards both the hanging and footwall eontacts
¢an also be precisely defined by careful sampl ing.

Sampling i=s also necessary to determine the process -~
ing and extractability characteristics of the ore., For this
purpose, bulk representative/simulated samples representing
the quality and type of material to be treated are collected.

Principles

A sample should be truly representative of the
entire orebody. In order to attain this, it is necessary to
.choose proper places for sampling and it is always necessary
to show the sample sites and the width on the pPlan of the
property. Any sample representing a very rich ore portion
or a lean portion of the orebody loses its representative
character. Theoretically, different samples collected frem
varfous parts of the orebody can be combined into a single
composite sample to give the most representative picture of
the whole orebody. This is never done because it is also )
necessary to know the average grade of the rich and lean

portions of the orebody separately” .

Samples should generally be taken so that at least
all the exposed portions of the orebody are sampled, For this,
samples may be spaced at regular intervals. The actuzl
intervals cannot be determined arbitrarily, but have to be
arrived at based on the experience gainel in similar deposits
in the past, It is not unusual for a gold-bearing quartz to
be samplex at every 50 om in an underground drive. But an
1ron exposure of the type common in India need not be sampled
at less than SO m intervals, As a thumb rule, an assumption
that any interval which minimises the error is Justified in
sampling may not be very much out of place. It is a good
practice to have a fixed minimum width. or their multiples for
each sample, depending upon the complexity of value distribuw
tion visualised.

Sampling is subject to certain limitations due to
sampling errors. The errors may be of two typesi{i) random
and (41) systematic. Of these, the random errors tend to
cancel out each other whereas the systematic error accumulates
to creato gross errors which are easily recognisable because
of their magnitude. The errors accumulate due to four
factors,
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(1) when check samples are taken from the same
spot, there will be a natural divergence
between the value of the principal sample
arnd the control sample. This cannot be

overcoma,.

(11} errors accumolated due to measurem2nt errors,
poor facilities and equipment, and poor eye
judgment of the sampler,

{(111) errors due to mistakes of calculations, mis-
prints and poor numbering, and

(iv) limitations of the assay technique itself.

Of these, the first two are random errors and the
other two systematicl8, 1m addition, errors may crop up
because of intentional or unintentional salting of the sample
itself, All these errors have to be aveided to the extent
possible to get a reliable estimate of the orebody. Check
sampling and repeated sampling help in avoiding some of the
mistakes whereas great care at every stage of sampling alone
can offset the other mistakes 1like salting,

Various types of sampling

In exploration, four types of sampling are of
recognised value, They are chip sampling, grab sampl ing,
channel sampling and bulk sampling20, Ocecasicnally, a geolo-
gist may have to resort to some special sampling techniques
like car sampling, R.O.M. sampling, stack sampling, muck
sampling, etc®. But these are of use only in specifie
situations, Sampling may be done for the determination of
specific gravity, physical pProperties, petrological, and
mineralogical characteristics of the ore, ’ '

Chip sampling

When values are regularly distributed as in an iron
ore outecrop, chip sampling can be very useful. 1In chip sampl-
ing, first the outcrop or face to be sampled is cleaned
properly and a regular, rectangular or square pattern 1s made
by drawing lines and along and across the outcrop at fixed
intervals., Then, small pieces of ore are broken loose aeither
from the centre of the grid or rectangle or at the intersee-
tion points of the lines. The ore pleces should have approxi-
mately the same shape, size and welght, After collecting a
plece from each centre or intersection point of the grid, the
rock pieces are mixed together to form the samplel8, In case
of highly unpredictable values, the practice of shifting the
grid by half the width or length of the grid is adopted to get
another set of samples which may be mixed with the first set
of chip samples and tested separately. ‘
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Grab sampling

This is done from different blasts at the faces
or small stacks of ore or dumps at random for information of
a very general nature, Care should be taken to see that
material of varying sizes is collected according to its
proportion by weight in the blasted material or the stacks or
dumps as the case may be. Several such grabs are mixed
together to form a sample. In sampling by this method, the
gquantity of material to be collected depends on the size of
the largest pleces present in the material to be sampled and
the degree of heterogeneity of the material18 The sample sizeis
governed by the Richards -~ Chechette formula

Q = X d2

where ©Q = the reéliable weight of the worked
down (also initial) sample in kg.,

4 = the diameter of the largest particle
in the sample in mm, and

K = a factor depending on the nomogeneity
of the mineral.

The values of K which may be used in most casas
are given bhelow :

Ore type value of K
Homogeneous 0,03
Non-homogeneous 0.10
Very non-homogeneous 0.20-0,30
Extremelv non-homogeneous 0.40-0.50

The ¥ factor 13 determined on the basis of the
irregularity of dAistribution of the principal constituent
Of the ore. ’

Channel sampling

In this sampling, a channel is cut across the face
of the exposed ore, and the resultant cuttings and chips are
collected as @ sample. The surface to be sampled is first
cleaned to remove the dust, asoluble particle, etc. A thin
layer of the exposed ore may be removed to avold cutting the
weathered ore, Then 2 channel outline 5-10 om in width and
emtending from the footwall to the hanging wall of the ore-
body is drawn by chalk or paint, Then the channel 13 cut by
a moil and hammer to a depth which should be equal to the
wiith. The resultant pleces are collected carefully on a
clean sheet of canvas or any other convenient receptacle, The
sides and the floor of the channel should be smooth and



144

uniferm so that overcutting (and overrepresentation) is
effectively minimisedl8, The channel may be divided into
-1 to 2 m sections or their multipies in the case of massive
and more homogeneous ore bodies or gactiens of 30 to 50 om
In the case of more heterogeneous distributicons and may be
separated as per the physical characteristics of the cre,
say hard ore and laminated ore in the camse of {iron ores,

Bulk gampling

Bulk sampling is done In two specific cages. Ona
situation is when a pillot plant test is to be done on an ore.
The other is when the constituents of the ore have to be
determined accurately,

Bulk samples may be made by collecting a portion
from every blast continuously, or from shovels or cars in the
case of mineslf, Bulk samples may be coliected from a series
of pits or a number of trenches, adits or underground drives
in the case of prospects.

For technological studies covering laboratory scale
beneficiation tests, the bulk sample may be 100 to 25C kg.
in weight., In some complex ores, upto 1000 kg. mav be
necessary whereas for pilot plant tegts S0 tons of material
would be usually required.

Dump sawmirl ing

Dump sampling can be 4one by systematically driving
auger into the dumps and collecting the augered material.
‘Benches may be prepared on the Amps and, from the benches,
pits can be drived to collect samples. If a shovel ig avail-
able, shovels can be deployed to take out representative bulk
samples, :

Criteria for the selection of a sampling procedure
for a particular mineral type

The usual mineral sampling methods have been
discussed above. Each method has its advantage and disadvan-
tage. Therefore, some methods are very well-guited to some
type of deposits. The process of matching a deposit with
the best sampling procedure suited for it requires certain
criteria which are discussed below. Essentially, the criteria
centreée agound the shape and type of mineralisation of the
depositl_. ' '

(1)  When the orebody is thick and the values of
mineralisation are uniformly distributed,
sampl ing can be done by chip or grab sampling.
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(11) When the orebody is of medium size and minerali.
sation is uniform, a comhined chip and channel
sampling will give the opest results.

(111) Where the orebody is too thin but occurs in
benches or layers, sampling of various layers
can be done by chip samplingl”.

(iv) When a deposit is of varv large dimensions, it
becomes necessary to collect a large number of
samples. In such cases, 2 large number of chip
samples would give reliable results. Here, the
quicker and not necessarilg the most accurate
method should be preferred”.

(v) With minerals like gold, rare metals, etc. where
values are too spotty and irregular, bulk -
sampling would give the hest results.

(vi) Wherever the ore is banded, channel sampling
would give the best results, and

(vii) Very hard ore, particularly massive types of

iron ore, would re?uire tc be sampled by
blasthole cuttings 8,

Spacing of sample channels

) There are no rigid rules regarding spacing of
sample channels in any type of deposit. However, spacing can

be controlled by mathematical analysls., which are discussed

in Chapter 6. Notably, the formula using the standard

error of statistical mean and the confidence interval ia

eminently suited for predetermining the channel spacing and

the number of samples required for specific precision limit.

Collection of samples

‘The collection of samples is a job requiring akill
and experience. All chips, blocks and powder coming from a
groove should be gathered jrrespective of the size of concen-
tration of mineral value. . No extraneous material should get
mixed up with the sample. The sample should be collected in
a clean canvas bag. After the completion of a groove, the
collected chips/blocks, etc. should be put in & bag and
properly labelled by marking on the outside of the bag and
also putting a reference tag inside the pag. A field book
of sample recoxds containing serially numbered-sheets with a
proforma for descripticns, and arrangement to retain the
counterfoil of description in the hook, and 2 similarly
nurbered label part going into: the sample bhag will be desir-
able. A proper register showing the location of the sample
co-ordinates, channel logs, sample weight, time taken for
sampling, etcC. should be maintained by the s
should show the serial numbersof the samples. It is always

ampler .The register
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preferable to complete the register as soon as a sample is
collected. Table 3,9 gives a proforma for the maintenance
of a register,

Preparation of samples

A geological sample is generally of a size which
is not readily handled by a laboratory for chemical analysis.
Begides, the individual chips and blocks range in such sizes
that they do not mix easily. In order to overcome these, it
is necessary to reduce the bulk of the sample to a convenient
size ensuring at the same time a proper admixture of the
various fractions, The operations are achieved by the processes
of sizing, coning, and quartering. Sizing should be done on
the basls of sample weight to particle size ratio which can
be determined by the formula Q = K32 which has been explained
earlier, The procedure for the preparation of samples 13 as
follows ¢

Suppose in a homogeneous orebody the gample as
collected weighs 125 kg. and contains material of varving
sizes up to 50 mm. First, the whole sample is crushed till
all the fragments are of size less than 25 mm and the sample
mixed thcroughly by heaping the mix. Then, by coning and
quartering, the sample is reduced to 31 or 32 kg, Then, it
is crushed down to -12 mm size and agaln cone? and gquartered.
Then, progressively the particle size is reduced to -3 mm
and by cecning and guartering a laboratory size sample of less
than 0,45 kg is obtained. This can be further handled in
the laboratory. A worked-out table showing the relationship
between the size of largest particle to the quantity of samgle
to be collected based on Richards - Chechette formula Q = K@
for the four categories of homogeneity is given in Table 3.10
This 1s found to be very handy-in all sampling programmes.

Coning and gquartering is done as follows. First,
the material is thoroughly mixed. Then, it is heaped by
pouring the material at one single point which will ultimately
be the centre of +he heap. For this, it will be helpful if
a tall peg is fixed in to the plate on which sampling is done
80 that the material is always poured down all round the top
of the peg to obtain uniform distribution. When all the
material is heaped the top of the cone in flattemed gently
by a plate, Then, the top is divided into four gquarters as
shown in Fig. 3.8, Now, two opposite guarters are sccoped
out and rejected. The remaining portion represents approxi-
mately one-half of the original samples.

A flow-sheet for the treatment of samples As
suggested by Krieterl® i1s given in Fig. 31.9. A list of
ISI standards in respect of sampling for a few important
minerals is given below :

IS 1405 - 1966 Methods of sampling iron ore,
IS 1449 - 1961 Methods of sampling manganese ore,
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DUPLICATE  LABORATORY
OISCARD & upLE SAMPLE
0-22KG 0-22 K6
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IS 1528 - 1958 Methnods of sampling and physical
tescs for refractory minerals,

IS 1817 -~ 1941 Sampling non-ferrcus metals for
chemical analysis.

I5°1999 - 19A/2 Methods of sampling bauxite.

IS 2109 - 1952 Sampling dolomite, limestone and
other minerals,

IS 22456 - 195 Methods of sampling fluorspar.,

\al

L

ol

IS 4156 - Methods of sampling barvytes,

[

A more comprehensive list of Indian Standards for
variocus minerals is given in Appendix - 3.6,

Testing of samples

Samples collected during exploration are generally
subjected to the following tests :

Aszay of useful constituents and harmful ingredienta.

Mineralogical investigations to ascertain mineral
composition, grain size, texture and structure.

Semi- guantitative spectral analysis to determine
all the elements present in the cre,

Technologlcal tests to establish the most efficient
method for treating the mineral.

Tests to determine certain physical properties of
the mineral to establish the grade and mining

methods and to estimate the regerves*.

Of these, in most cases, only the first test is done
to establigh the grade of the ore. The others are done as
and when a special necessity for such tests arises. A few
important tests which find application in both exploration and
ore beneficiation are given below.

Laboratory-scale examination

Certain laboratory investigations are conducted as
a8 part of mineral exploration snd beneficiation. The labhoratory-
scale Investigations are listed below :

1, Testing physical characteristics
2. Petrologleal tests
3. Chemical analysis

4. X-ray and spéctroscopic and other methods.
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Testing of physical characteristics

The aim of these tests 1s to establish the hard-
ness, specific gravity, brittleness and toughness of the
sample, Determination of grain sizes also may be involved
in certain cases.

Petrological tests

These may involve a guick examination of the
minerals in a powdered form for identifying the major minerals,
Detalled petroclogical studies are done by obtaining thin
sections of samples and examining them under a petrological
microscope. The detalls studied are the mineral assemblaye,
ore and gangue minerals, texture, grain size, types of bonds
between the various ore minerals and between ore and gangue
minerals, etc. Besides, studies can be carried out for
establishing the possible sequence of mineralisation or
paragenesis,. In complex cases, it may become necessary to
carry out modal analyses, graln counting etc., which can be
only on a microscope with a mechanical stage. Correlation
on the basis of mineraloglcal compesition and textural features
can be done by these studies34, Fetrologlieal studles are
followed by cre-microscopic studies where the polished ore
surfaces are examined 1in an ore microscope., Ore microscopic
studies can establish ore texture, grain size, and shape and
the relationship between the various ore minerals and gangues.
Minerals are recognised in this case by their colour, bright-
ness, anisotropism, hardness, internal reflection, etch
effects, cleavage, Eolishing, characteristic behaviour under
oil immersion, ete.33.,

Chemical analysis

Conventional chemical analysis aims at establish-
ing the chemical composition of the ore minerals and yangue.
The valuable mineral is determined by chemical analysis and
its percentage availability with respect to the whole minerals
is expressed which helps in determining whether an ore can be
commercially mined or not. A list showing the various chemical
constituents required to be determined by conventional chemical
analysis 1s given in Appendix - 3.7.

X-ray, spectroscopic and other methods

X~ray analysis helps in determining the mineral
composition of certain ores which are otherwise difficult of
determination, The mineralogy of bauxite for example can be
relisbly determined only by x-ray studies. X-ray fluorescence
tests are helpful in identifying the rare elements,

Minerals and ores are known to possess certain
special characteristies which show out conspicucusly in the
presence of activateors, This principle has been made use of
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in the neutrcn activation analvsis which is the most reliable
and sensitive method for trace element determination, This
method involves high cost though up to 55 elements can be
detected by 1t36, From the data so obtained, the geochemical
history can be inferred which in turn may lead to the discovery
of valuable mineral deposits.

Diffraction spectroscopy (mass spectroscopy) : The

finely-ground samples of minerals, down to 100 microns are
analysed by x-ray diffraction which reveals not only the
crystal structure of a mineral but alsoc the inclusions and

cther related aspects.

Radjometric dating t Radiometric dating technigque
is gaining increasing importance in the field of mineral
exploration. Even a very well-executed geological mapping
may not leave the time correlaticn free from doubts. This can
be overcome to a great extent by radiometric dating. The
stratigraphic sequence which can be reasonably well established
will greatly help the exploration geologist,
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Chapter 4

4.0 Survey in Exploration

Survey is a pre-reguisite for geolegical mapping
on the surface as well as underground. Surveying methods
are used not cnly for preparing & tnpographical map, under-
ground plan or vertical section on »alch geological detaills
are plotted but also for locating such details on the map,
plan or section. Surveying methods are also used for mea-
suring the volumes of prospecting pits and trenches and the
minerals or ores reccvered from them for determining the
recovery, swell and tonnage factors. ™e location and ori-~
entation ef exploratory boreholes and drivages are also com-—
puted on the basis of surveying procedures. As most of thege
surveying procedures call for a high degree of skill, the work
is invariably entrusted to a gual ified and experienced surveyor.
However a knowledge of the basic principles of the different
methods of surveying and their advantages and limitations ls
essential for the exploraticn gecicgist so that he can effectively
plan and coordinate the survey work during exploration.,

4.7 Aims and objects of surveying

The primary objeet of surveying is to carry out such
meazctrements as are necessary for representing a point or set
of pcints on the surface of the earth, in their correct hori-
zontal and vertical relationship, to the desired scale, on a
map, plan or secticn. The measurements may be whelly linear or
a combinatien of linear and angular, depending upon the methods
of surveying adopted. For purpcses of limiting and localising
minor errors and to prevent their accumulation, surveying 1s
always carried out from the whole to the part. In a survey
carried out for the geological mapping of a mineral proieet for
example, a set of main contrcl rpoints i3 established at the
pariphery of the prospect and connected with one or more per~
manent reference staticns like Survey of India triangulation
staticns or state boundary pillars or revenue trijunction posts.
I1f the area is large, another set of control points 1is set up
within the prospecting lease and connected to the main set of
control points. Topographic and geological details are plotted
with reference to the second get of control points. Thus, the
opcration will involve three stages, viz, maln, subsidiary and
detetled gurvey,

4.2 Methods of surveying

Horizontal control, l.e. relative distances between
the control polnts as measured on a horizontal plane, 1a
estabiished by triangulation and closed theodolite traversing
for the main surveys. Traversing, tacheometry, plane tabling,
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and compass and tape Surveying are used to estallish horizon-
tal control for the subsidiary surveys and detailed surveys

carried out within the triangulation network or closed
theodeolite traverse.,

4.2.1 Triangulation

In triangulation, horizontal control is established
by a system of interconnected triangles in which the length
of only one sgide, called the base line, and all the angles
of the triangles are measured precisely, the lengths of the
remaining lines (sides of the triangles) being computed by
‘sine rule'. Apices of triangles are known as triangulation
stations and the network of triangles is called a triangula-
tion system or triangulatien figure. Depending on the purpoase
of the survey, the area covered and the accuracy of the
measurement desired, the triangulation aystemsl are classified
a8 shown in Table 4.1.

The maximum area being statutorily limited to
less than 25 sg.km. for a prospecting lease, and 10 sq.km.
for a mining lease, triangulations, carried out for surveying
such areas will belong to the tertiary category of triangula-
tions. Hence, precise surveying procedures normally used for
primary/secondary triangulations need not be adopted for the
purpose.,

Principles of Triangulation : In planning a

triangulation survey in exploration the overall pattern of
network of triangles may be decided depending on the shape
of the property. Asg the areas are likely to be small, a well
connected polygeonal shape of the network with a central
station known as a "Hub station”, will be preferable to an
open-chain network of triangles. The Triangles selected
shcoculd be well conditioned i.e. the angles are not less thah
30° and more than 120°. Such triangles are known to keep the
errors in measurement to the minimum. The triangulation
stations should be located on firm ground and should be
intervisible as far as possible.

Triangulation involves measurement of all angles
of the triangles. First the measurement of only one line,
known as "Base Line" is done. The selection of the base line
is to be done very carefully. Another line in the network
is also selected and measured accurately as check on the
accuracy of the bage-line and is therefore called "Check-Base",
Both "Base" and “Check-Base" should be on flat and level
ground; straight stretehof rail-track or highway 1s ideal,
The check-base should be as far away from the basge line as
possible and nearly at right angle to the direction of the
base line. The base line may be 500 to 1000 m in length.
The check base need not be as long as the base line.
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Iriangulation Procegure

t A triangulation survey
involves the following operztions :

(1) Reconnaissance for selection of Triangulation
stations, base~line, and check-base.,

(2) Measurement of “Base" and "Check-Base".
(3) Measurement of horizontal angles.

(4) Computations and plotting.

{1) Reconnaissance : Assistance of Survey of India
Toposheets may be taken if possible for selection of scheme
of triangles. wWhere this is not feasible reconnaissance may
be carried out for the purpose. Rough sketches of the loca-
tion of gtations with land-marks, base and check base may be
drawn in the field book. Triangulatien stations finally
selected are marked Permanently on the ground by concrete
marker as shown in Fig. 4.1, The G.I,.,pipe in the c¢oncrete
serves the purpose of holding a ranging red. Theodclite is
normally centred over a triangulation station by plumbing
on the apprcximate centre of the G.I.pipe,

(2) Base-line measurement : Base line measurement is
best carried out in the early morning hours, not only because
the temperature then isg likely to be low, but alse becauge '
the environment will be pleasant and therefore conducive to a
better quality of work,

at one end of the base-line and the telescope directed at the
other end where a pencil point is held over the intersection

of the waiyhted threads, marking precise position of the tyi-
angulation staticn. Wooden Pegs (4 x 5 x 60 cm for soft ground

¢ine so that a gtraight line aligned with the direction of the
line of sight of the telescope can be drawn on the top of each
peg. This {3 done by drawing a line to join two pencil marks

made on the peg tor in lire with the telescope‘'s line of sight.

Tne reduced lavels of the reg tops are then deter-—
mined by 12 elling. The distance between the wooden pegs {s
then accurately measurei in drafts or bays of approximately 30 m
starting from one end of the base-line, For this pParpose, a
patr of straininy poles (Fig., 4.2) are used for stretching the
tape with an appropriate tension during the measurement2, The
starting eni of the tape is attached by a leather hoop to the
straining pole. The othér end of the tape is attached to the
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hook of the spring balance the handle of which is secured
to the. second atraj.ning pole.  Supporting pdgs are fixed .-~
; under the tape t 'preventj "xcessive sag

ing App.

This . procedure is repeated till the entire b
measured . The measurement is repeated five to six times for
each bay and the mean of the measurements: ‘takenas. the 1ength
of the base. The readings of the tape, temperature, and level
;"dh“draft are zecorded 1n aaproper table.

correctea as follOWS s

i;) " Correctién for stahdardization ofithe tape @ The
'” “'?graduated ‘Sthel 'tape ‘stretches with uge,’ and e ey
should be standardised against an dnvar tapd« R~

L tension after taking the effect of
: ak 118 c'frk‘e ction

Y‘ﬁ.f? EEE

tape is supported. On an undulating ground, g
- not always possible to support the tape. In such
n-={'cases, correction has to be appl:[ed. L

(3 - ﬁééé'uretﬁéﬁ't_bf horizontal é"ngl‘es' t "H"é'{asurémegt__gf
horizontal angles 1s preferably done by reiteration method
using a theodolite with. 2 deast count .of .not. greater than
20"/30% by direct reading an
:In“reiter tion, ;different. parts. of the;gircle are. . uped for'

: s atiol andwthq u;‘* ; ed as meap -Oﬁ .

is ‘quicker than"'repetition Vin ‘which the“i
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angle be‘ng meaSUrrd is multiplied a flxad number of times )
on the horizontal circle and the result obtained bY dividiag
the multiple. angreuby the number or_repetitgon 'In both e
LCASES, - readings are,alternately taker witn the e‘escope 1n‘“j
face~-right and face~ ef'mpo 1tion .. Both mi hods ccmpensate

for the uneven graduation o e cirnle._"lj ver, repetltion
compensates for e ror}dueq t i € '
takjng steep 8ights, ‘

':vaff(4) Computation and ?4Otting "H

{a) Adjustment of angular observationS-s_Aﬁtgr_the
measurement of all the horizontal angles has been made, the
following corrections are: applied to the measured angles in
the office, in the sequence shown @ . - e

: {1) 18¢° adjustment for triangles : The measured
values of the angles of each triangle are corrected so that
they add up=to 180%, : e L

" The magnitude of ‘the correction applied to each
angle 1s roughly proportional to its magnitude.

] (11) Hub Correction 3 The hub angles are added,. .and
1£ they do not 3da up to 360°, the difference is appropriately
: distributed Corresp0nd1ng adjustments are simultaneously
made in the peripheral engles t6 ensure that the 180° condi-
tion for triangles remains’ undisturbed It may be noted here
that’ subsequent corrections are applied to, the peripheral
.angles only. jhe hub_angles are left alone. R

‘ (111)Fbly on adjustment (log sine__ rrection) :
After making the angles of every triangle total 180° and everyY
hub total 36C°, a true balance between.the peripheral angles
and’ lengths of the triangles is ensured by‘making the gum of
the logs of sines of" ; he

L ! : red 1 Iy ~arge,.
the sum of 10-geconds "di fferences “for the logs of" sines of the
angles, the .accuracy of the_ angular measurements beCOmes
i :

(b) Lengtns of sides : The lengths;of the sides of
triangles are computed from the corrected length of the base-
line, and tne_adjus;ed_angles_of the system, by using the sine
rule, T o A T D SO R S ' :

{e) Co—ordinates 1, From ‘the measurement of bearing
of one:gide in the”’ triangulation network in the field and
meagured horizontal angles, bearings of all ‘the other sides of
the triangles are calculated. Thesge bearings may'le “whole~
circle bearings”® or quadrant bearings . Coordinates of each
of the points are then calculated from the length and bearing
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of the sides of triangles, The first step is to compute

"l atitudes*® and "departures® of the iines which are obtained
from L sin « and L cos« where L is the length and « is
quadrant bearing of the.line, From these, total coordinates
are obtained for each point by adding algebraically the
latitudes and departures successively from one point, which
may be termed as origin. The coordinates of the origin are
chosen so as to keep the values of all coordinates positive,

4.2.2 Traversing

In tra#ersing. horizontal control is established
by measuring the lengths and directions cf the lines joining
the traverse statlons., Traverses are of two types 1

l. Closed traverses,
2. Open traverses.

Closed traverses : A closed traverse closes upon the
starting station {(usually a triangulation station, a trijunc-
tion point, or other permanent control point) from which the
traverse commenced, It is called a polygonally closed tra=
verse to distinguish it from one which is closed between two
previcusly established control points. The. accuracy of work
_in the case of ‘polygonally closed traverse can be judged by
comparing the initial and final bearings of the closing line,
and the initial and closing coordinates of the survey. 1In the
case of a traverse which is closed between two previously
established control points, thé accuracy of the traverse can
be checked by the agreement between the pearings and the Co=
ordinates of the line joining them obtained. from the travers-
ing, wi th the corresponding values obtained from the more
accurate original :survey. :

In exploration surveys, closed traversing is adopted
for estaonlishing the main norizontal control points when the
area to be covered is flat or whemn it is-not very .large, and .-
the distances between the stations can be measured without much
difficulty. It is also used for estaplishing additional or
supsidiary horizontal control points for detailed surveys
petween the permanent reference points estaplished earlier by
triangulation, ' :

Traversing procedure 3 Traversing invelves the following
operations i
(a) Reconnaissance and setting . up traverse stations,

(p) Measurement of angles and distances petween the
stations,. N
(c) Calculation ot pearings and coordinates and
' ‘plotting the traverse, B i
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(a) ReconnaisSance and settin 1) traverse statigns t
The object™ o reconnaissance 1s to select the shortest -
travarse route which- offe;s best ground for taping and at
the same. time avoids short 1egs. The site at which traverse
" stations are located ‘must be stable-and’ unlikely ‘to be
‘Jaffected by mining ‘or natural agencies.- At this stage, ‘a
. sketch is made of the route to be foilowed, the location of
the stations and the places where distinct changes of slopé
-ogcur along each leg., The permanent stations are marked in
'_the Same way at triangulation stations,

. (b}  Measurement or;ggg;gs angd distances 3 & thecdolite
. is. used for measuring the angles. A microptic theodolite -
With optical plumbing will make for rapid progress without -
~sacrificing accuracy. The instrument ls accurately levelled
“and centered on the traverse stations with telescope in the
. face-left position., The telescope is. directed towards the |
back station and is sighted, and plates are clamped Accurate
bisection is effected Dy tangent screws. . Initial reading of
. the horizontal circle is recorded, The e

- sgt to reagd zero. .Now,. .‘the upper P e &
and the telescope directed tawards the fores Eiﬁn and”the

‘@l amp tightened, - The' station i accurately , ,_ted with the
“help of upper plate tangentscrew, and the rea g taken.- The
?differenceof the initial and the final reading wirl give the
‘horizontal angle between back and forestation, .The process

18 repeated in the face-right position also for the sake of .

-accuracy, two sets of readings are taken at each setting. Tha_
- -angle of elevation or depress;on (i.e, Vertical angles) is
also measured ang krecorded, The method of booking is shown '

'in Table 4 2, bl

S Calculation of baarinqs gggﬂggg:gl_gggg_g The azimuth
. {i.e, the clock-wise angle of a line with the true north) of

~the first line is ‘either already known or: determined, The

" external angle of each of-the subsequent traverse, lines :is
converted into a whole circle or azimuth- bearing.- In.a- closed

,ﬁtraverse, initial and-closing-azimuths of the- Eirst line . '.;
‘should agree, If there ig a difference, it 1is equally’ dis~-f'
‘tributed between the observed angles, ~This also appliea to a.
traverse which opens from a line of nnown azimuth and closea :
on a line of xnown aZLmuth. <

. 0pen traverses ] 0pen traverses are used for provid_
ing supsidiary horizontal control points, from which details
~can pe filled up. Open traverses. normally do not require the
Same refinement or care as the closed traverses which partly
replace triangulation.‘ Horizontal ang: are measured only
~once or rarely twice on - each face. PR o .

, mpm@mumaMeWMﬁum.@mtmmm%am
rcarried out for f£ixing the. position of the tacheometer or
plane-table stations for filling in details. Tne_t;averse
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i Btétions may elso be used as end points for tape and
compass traverses from which cofisets are taken to the
varioua surface and qeolog:.cal features,

4 2 3 Levelling

Primary vertical control points to which different

,kinds of surveys are normally referred to are the “primary

- protected oench marks" estavlished by the Survey of India

on. the basis of precision levelling. The mean sea level
.determined on the basis of tidal obssxvations at selected
~‘seas ports forms th@ datum for these bench marks. The

eentral ‘and state public works or civil engineering depart- .
‘ments, railways, city and town planning authorities establish
. “ocal pench marks r-'onnected to thege via secondary and tertiaxy

: bench ma.zks‘. . |

HRIEIE C Spirit lavelling : Spirit levelling consists of taking
--‘_-measuremmts with a levelling instrument and a graduated staff,
' _.~Usue.l.ly a dumpy level is used for this purpose.

The sSurvey of India toposheets show the heights
fixed pv splrit level in uprigyht type preceded oy the letters
iB.M, Data on primary and secondary banch marks are also cone
tained in levelling pamphlets issued by the Sirvey of India,

Lk In surveys carried out for exploration, one or more
-_-,bench-marks are established within the area being explored, by
- garrying fly-levelling from the nearest Survey of India bench-

- ‘mark or local benche-mark. If such a benchemark is not avail-
~ableé within a reasonaple distance, an assumed datum is used
~£or the purpose, The bench-marks . so estaolished should be

. pited on fimm yock not likely to bs disturbed by natural or

- human agencies, Bench-marks established in unconsolidated :

. ground are unreliable, especizlly when subjected to vibrations
idue to mining operaticns, movement of heavy vehicles or raile
'-_:;ways, etc.

S ‘I‘he modern rngineer's level has repiaced t:.ne dumpy
§1evel wh:..ch was earlier used for ordinary levelliny jobs,

- However, as the sturdy dumpy level is still used in some mines,
:dt 1s briefly descriped here, It consists of a telescope whose
‘barrel is cast solid with a vertical spindle carried on a trie
;angular plate (Triprach), The Tribrach is supported on a
“bottom plate or trivet stage uy means of three levelling screws,
A sensitive spirit level is mounted on the telescecpe oy means of
a hinge at one end and a Capstan Screw at the other end. The
‘Capstan Screw is meant for making the axis of the spirit level
parallel to the optical axis of the telescope. A smallerx spirit
-level is mounted at right angles to the main spirit level near
‘the eye piece of the telescope, The trivet stage incorporates a
}qulck levelling device, and can oe readily mountad on a telem

; 8Copic tripod, '
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anasure that it is centralised, 4he staff ie then moved to
point(Bl, and signhtad through the telascope. Thse gcaff ie
casd and the raading entered under column foresight., Reade
ingas for any number of intarmediate stations between the
Back-agtation and Porestation may be taken ad per requirement in
which .cagse the readings are recorded as intarmadiate sights.
A forward sight 1s& the most forward station sighted from an
instrunent setting. The setting of the lavalling instcument
ig selected taking into account clarity of, vision, weather
affect on tha image, topography, etc. In order to minimise
the errors dua to cuarvature, refraction, stc,. the inatrument
is set up approximately aquidistant from the back and fore-
stations. The instrument is then shifted to a poaition
betwaen the forward station of the jast setting and the next
forward station. The procedure of sl ghting and recording
staff-readings is repeated for this gatting.

Two mathods of obtaining the peduced levels from _
tha field observations, viz., {a) the rise and fall method, L
and {(b) the height of collimation method ara shown in Tadles -
4,3 and 4.4, The formar mathod permits an arithmetical chack -
to be mada before the reduced levels are galculated, The
latter method makes the gatting out of points of specifiéd
ldvel aasy since the staff reading necesaary to obtain a pari-
ticular level can be readily calculated from the haight of
collimation.

Levalling may D€ clagsified as fly levelling and
sactional levelling according to their purposs. Fly levell=
ing is done for detsarmining the ral ative leveis of two or
more isolataed paints. It, therefore, doea not noonally
involva taking intermediata sights and measuring distances
petwaen staff stations. . Sectional levalling is done for
plotting thae profile of the ground along a pradetermined .
route. It involves, in addition to levelling, the continuous -
measurement of distances from a fixed point to each of the
staff stationg. These distances are entared in the field-
pook undar the column i distances.

Trigonometrical levelling Trigonometrical levell-
ing is used for detenmaining relative differencas in elevation -
in steep jround or steep unierground workings, especially when
considerapie distances are invoived, It iavolves the measuré-
ment of the vertical angle and inclined distance betwaesn the
instrument station and the staff station. The vertical dis-
tance between the jnstrument station and the staff station is
given by inclined distance X sine @ (vertical angle) .A thecdolite
is used for measuring the vertical angle and a vertical staff '
sighted,

The accuracy of the nethod depends on the accuracy
of linear measuraaent, the angular measurament and the paralle~
lism between the line of sight and the ground profile. The
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linear measurement is carried out with a steel band., ‘e
vertical angle is measured on the face-left and the face-
right positions at ®ach instrument station. 7The accuracy
{n trigonometric lavelling ia inferior to spirit levelling.

The methcd is aluo applied to finding tne approxi-
mate elevation of stations in triangulation and traversing.
Vertical angles are normally measured along with the hori-
zontal angles,

4.2.4 Contouring

Bf the different mstheds of showing relief (l.s. surface
features) in & map, the most convenisnt methed is by centeurs.
A contour line can best be defined as the intersection of a
level plane and the ground surface. Every point on a con-
tour is, therefora, at the same elevation., The difference
betwean the elevations of points on twWwo sSuccessive contours
is called the contour interval. The contour interval for
any particular plan is selected by taking into account the
purpose of the survey, the extent of the survey, the nature
of the country and the scale of the plan,

The advantages of showinyg contours on a geological/
mine map are i

(a) Changes in level are clearly depicted,
(b) Strike and dip of a formation can be easily marked,

{c) The amourt and direction of dip of an outcrop can
ba readily calculated,

(d) structures like anticlines and synclines can be
readily deciphered, :

‘(e) ‘Gradients of roads can be found,
{£) Profile sections can be drawn,

(g) Drainage pattern of the area Gan be readily
visualised.

Methods of contouring i Contouring invelves two
. #eparate tasks, viz. (i) determining the elevation of selected
points (i,e., vertical control) and (ii) fixing the position of
thaese points on the map (i.e. horizontal contrel). The tasks
may be carried out independently using a dumpy level or tilting
lavel and a staff for vertical control and a theodolite and
tape, a compaiss (dial) and tape or a c¢hain or tape, for hori-
zontal control, The vertical and horizontal controls can be
simultaneously and guickly estaclished by tacheometry or plane
table equipped with a telescopic alidade or an Indian patterm
clinometer, A plane table with a simple alidade can be used
in conjunction with a theodolite (with stadia lines on the dia-
phragm) for rapid contouring, Levelling for this purpose can
be carried out by three methods, which are described below,.

(a) Method of cross-gegtions : In this method, elevations
of points located on straight lines set off at right angles to
traverse lines or radlating from the instrument station are
determined, The section lines are spaced so that abrupt changes
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in gradients, like spurs, streams, etc, can be picked., Ths
saction lines selected for detepwining the elevations are
surveved and plotted, The spot levaels are shown on the nap,
Contours are intarpolated from the spot levels® (Fig, 4.4),
This method is suitanle for contouring a narrow strip of
ground,

b) Method of Griuding s In this method, spot levelas o
of the corners of grids or squares formed by a system of =~ |7
mutually perpendicular straight lines are determined, The S
grid interval depends upon the area, the stespness of the
ground and the contour interval, If the ground is of a
varying character, the grid interval may be changed to suit
the ground covered., This method is suitable for contouring
small areas with a gently or moderately sloping ground, The
procedure® is shown in (Fig., 4.5), ]

(c) Method of pegging out tha contours 3 In this
method, each contour line 1s directly demarcated on the
ground by means of pags. Fly-levelling is carried out from
the Survey of India permaifient bench-mark or a local kench-
mark to a peoint within the area being contoured, usjing the
height of egllimation method. The levelling staff is moved
up or down aiong the line of sight till the staff reading is
equal to the difference between the height of collimation
and the elevation of the contour. A peg is driven into the
ground. The procedure is repeated along the other lines of ;
sight radiating from the jnstrument station, Several contour -
lipes around each instrument station can be pegged out if
appropriate.care is taken to identify the pegs of one contour
from those of another. The contours as marked out by the
pegs are plotted by plane tabling or other suitable method
of detail filling. . This method, also known as direct cone
touring, is accurate but time consuming. So, its ‘use is
limited to close contouring of small areas, The procedure
is illustrated® in (Pig, 4.6). | |

4.2.5 Tacheometry

‘Tacheometry is a method of rapidly me ri-
zontal and vertical distances Y by instrumental

obsarvations, IT does not involve any linear measurament,
and in most cases, it is possible to make the observations
for a number of points from one fixed station, It ia used
for expeditiously plotting contours, topegraphical details
and genlogical features within the horizontal control frame.
work, provided by the principal and subsidiary surveys. 1%
is particularly suited for detailed mapping of rough country
where linear measurement by chain or tape is slow and ine -
accurate and ordinary levelling is tedious,

The basic principle on which different gystems of
tacheometry are based is that the horizontal distance bet-
ween an instrument station A and a point 8, as well as the
slevation of B relative to the instrument, can be deduced
from (1) the angle subtended at A by a known distance (e.g. .
.8 staff intercept) at B and (2) the vertical angle from A to
B, ' Methods of tacheometry can be broadly classified into
(a) the stadia system, and (b) the tangential aystem7.,w,
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10. Traciny papecr.
1l. vancils 4H, 2h and H,

iz, synthetic eraser,

13. Lettering pens, stencils, crow quills, and

line pens,
14, Indian ink and water COlOULS.
15, Drawing pins.,

6, Cellotaps,

17, Ferroprinting/ammonia printing equipment,

18, Glare free lighting fittings,

personnel

The minimum personnel requirement for one survey
field party is as follows™:

Surveyor v 1
ASSistant Surveyor es«. 1
Chainman oo 1
Labourers oo 6

4.6 Norms for various surveying jobs

the experience py Indi
with the eguipmnant and

l.

2.

3.

Norms for various types of survey work based on

Description of worit: o Noxrm
Average progress
per day
Boundary traverss with 330 m

cantral and check-line
which have been chained.

Houndary levellingd 1200 m

Boundary traverse by 400 m
plane tapling

Datail filling and 2 hectares
contouring by
tacheoina2try, e€tc,

an Bursau of Mines are listad peloW
personnzl specified in para 4.5,

o)

ey

terrca

Nature
a

e
o)

|

Medium terrain

Medium terrain

Medium terrain

Mediwn terrain

Medium Terrain = ferrain which is neither too flat nor too

rugged,
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The average daily proyress for s
depend, apart from the nature of
conditions, upon the skill of the
assisting him and the type and con
ment used, The apove norms are,
48 a guide and may not repres

urvey:ny jobs will
the terrain and the waather
SUrveyor and the personsg
dition of surveyingy eJuip-
therefore, offired merely
ent the standard,
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Chapter 5

£.% Evaluation

Evaluation is one of the most important aspects of
mineral exploration. The aim of evaluation may be the assess—-
ment of the progress cf exploration, or the determination of
the commercial vzlue of a mineral deposit., 1In both the cases,
the meuhodology i3 essentially the same, although the praci-
slon of evaluazich may have to be of a higher order in the
iatter case. CZxploration may be carried out in various stages
and it may become necessary to check pariodically the progress
at each stage so that thosa deposits which are not of immadiata
economic value can be eliminated, Incidentally, when such an
evaluation is made the -areas of poor information becoume evident,
Such gaps in exploration are f£illed up systematically and thus
planning is also dependent on evaluation, However the major
evaluation cf a deposit is made at the stage of taking it up as
a commercial prospect for mining, Evaluation of a deposit for
this purpose is made in two stages =

(1) interpretation of data, and
(11) computation and classification of
regerves and grades,

5.1 Interpretation of data

Exploratory data have to be evaluated continuously
while the operations are on and finally after the whole of them
ars over, The former is done stage by stage as the data are
built up while the latter is done after all the data are gssseme
bled, In either case, the organisation and processing of the
data are very essential. Various types of data which come out
of an exploration operation are briefly listed below ;

survey deta

Surface and sub-surface geological data

Surface and sub-surfacs drilling data

Trench and pit data

Exploratory mining data

~ For purposes of data interpretation, various types of

plans and sections are necessary the most important of which
are the structire contour plan, isopach (isochore) plan, isograd

plan, assay plan, ore distribution plan, cross section of ore-
bodies, isometric projection and slice plan,



193

5.1.1 Structure contour plans

structure contour plans may be of two types, floor
contour plans and roof contour plans, They. depict the conm
figuration of the roof or floor S\frfaces py contour lines by
joining points of equal elevation™. These plans are of great
use in interpreting the structure of sedimentary rocka,
Generally, some key ore bed is chosen for drawing the contours,
The principle involved in constructing the plan is the same as
in surface contouring. The only difference is that the points
of elevation of a particular horizon (roof or floor) will have
to be computed from exploratory data.

Structural contour plans have good interpretative
qualities wnich can be made use of in reserves estimation,
particularly in opencast operations,

5.1.2 Isopach (Isochore) map

Isopach maps show the variation in the true thickness
of a formation by contour lines drawn through points at which .
the formations are of equal thickness, I1sopachs can be pre-
pared for deposits of any shape provided sufficient data are
available. Aan isochore map isbasically an isopach map drawn on
the drilled thickness of the strata without referring to itg
true thickness and is drawn for formations with gentle dips™.
The principle involved is the same as in preparing the structual
contours except that the actual contours are drawn on thickness
rather than a reference horizon. The isopach maps alone or imn
combination with other plans have considerable interpretative
value particularly for estimating depthwise reserves and for
planning opencast minas,

5.1.3 Isograd plans

These are the plans which depict the grade (quality)
details of a mineral deposit and, 11ik® the isopach plan can be
prepared for ore bodies of any shape, Thé principles involved
are the same as in preparing isopachsa, but in this case the
thickness values are substituted by grade, individual metal
value, and combined metal value (quality values), Like isopachs,
these plans also have a tremendous interpretative valua, Such
plans are of considerable use in estimating gradewise reserves,
and can be used in combination with isopachs or £floor contours
or with slice plans and face plans,

5.1.4 Assay plans

Assay plans are plans which show the results of same
pling and generally show the underground openings with full
assay details, This plan should be prepared on very darge
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scales (11500 or even larger, 11200 is the most common in vein
type deposits). Alongwith the assay plan there should be a

plai: on similar scale showing the geological and structural
details of the concerned area, in addition to the posi tions

of borenoles and other exploratory openings2, ‘This assay plan
helps in delineating the ore bodies based on different assay

cut offs and in drawing up mining plans and quality and ygrade
controlled production programmes. This is the most important
plan always referred to while evaluating and mining (see Fig.5.1.),

5.1.5 Ore distribution plan

This is a composite plan showing the mining face,
Various mining details like the positions of benches, faces,
etc,, are shown in addition to the exploration details, The
varioug grades and types of ores are shown with their thick-
ness, tonnages and average grades. Such a plaen may be formed
on a slice projection or bench plan in the case of opencast
mines or in the case of face or stope plans in the case of

underground mines

5.1.6 Cross-section

An earlier discussion dealt with the preparation of
geologigal cross-sections. For the purpose of constructing
cross-sections of ore pbodies, the principles involved are
almost the same. However greater precision is called for and
hence more data are required, Usudlly the cross-sections may
be along the dip of the ore body in which _cCase they are called
transverse séctions.see F1g.5.2) Cross-sections may be_along the strike

in which case they are called longitudinal vertical sections,
Y Transverse sections are used for a variety of interpretational
purposes. They depict the underground structure and ore diSe
tripution of the deposit, By projecting bore hole data the
quality and grade information can be shown on cross-sections,
In addition the depth of mineralisation can be shown graphi=
Cally and in pench position pro jected, opencast mines and
economic quarry limit fixed, Cross-sections can also pe used
for computing the reserves, A problem which is common in the
construction of cross-sections is the determination of the
Correct dip along the section line. wWhen the line of section
is at right anyles to the line of strike the true dips can be
used, Normally the line of section makes an angle with the
line of strike and the section should be constructed with the
apparent dip component along the line of the section. For
this it is necessary to convert the true dip into the apparent
dip. A chart showing this conversiom is given 'in Table 5.1.

3.1.7 Longitudinal vertical projection

- ggggé%gé}nal vertical projections are drawn along
the strike of the orebody. For this, a Common Surface referw
ence polfit is chvsar slong the strike of the orebody. The
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line may pass alonyg the footwall os hanging wall contact or
the centre of the orebody depending upon the purpose for
which the sections are chosen. All boreholes, pitstrenches
and supsurface details are brought on to the longitudinal
vertical section by suitavle projections so that all these
details can be viewed in one plane, This along with the
transverse sections help in depicting the orebody in threae
diménsions and can be of great help in studying the geometry
of the deposit, see Fig. 5.3,

3.1.8 Isometric projection

Isometric projections are used to depict the
structure and disposition of complex ore bodies., Such pro-
jections afford a three dimensional display of the orepody
underground, The isometric projections are made on a cube
which 1s also represented by a single projection4, the dir-
ection of projection running nortn-south, The idea is to
pring out a perspective of a solid body as ooserved from one
angle where only three sides of any figure can be seen in-
stead of all the six sides, Such projections can be made
only after all data wpoth from the surface and from ur iderh
ground are plotted accurately in the geological plan*.

5.1.9 Shice plan

These plans show the outline of various slices in
an open cast mlne.lndlcating in each slice various -geo1ogi=
<al” andfmlnlng detdils. Tne geoloyical detalls may be
structural Faaturés, ore types, quantities,etc,., determined
on the pasis of exploration and face sampling, It will
show the position of benches as they advance, ore and
waste, and other details,Flg 5.4 shows a hypothetical slice
plan. It is natural to kesp the height of each slice equi-
valent to the height of the proposed benches in mining, -

In addition to the plans and sections described
apove, there may be geophysical and geochemical maps 1f such
surveys are undertaken, All the plans, sections and pro-
jections discussed aoove are very easential for the correla-
tion and interpretation of the exploratory data. Obviously,
all the exploratory data cannot be depicted in one plan,
Therefore, it would be necessary to suondivide the plans
according to convenience, Each of the plans may be made on
a copy of the base map Keeping comnon grids for an easy
tally or traced on tracing cloth % that one can be super=
imposed on another, £ven after doing a great deal of sample
ing and exploration, there would still be points in the ore-
body where specific information will be lacking, To make
reliable estinates acout the shape, size, grade and tonnaga
of the ore-body, it is necessary to bridge this information
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gap. This 1s done by correlation and interpretation. For
example, there may be two points where outcrops are clearly
visible but, in between, the outerop 1s not seen. By inter-
preting the strike, dip and structure of the ore-body. the
missing outcrop can be placed on the map by iuterpolation,
This principle can be adopted to various glituationas where
specific data gaps will have to be bridged up.

The preparation of the plans in itself is a part
of the procass of interpretation. By representing the ore-
body in three dimensions, a type of interprotative correlation
is automatically established. For example, a transwerse
section which meets with the outcrops in a series of repeti-
tions due to folding can reconstruct the actual fold which
establ ishes the correlation and interpretation in one actien,
These interpretations ultimately lead to certaln concrete
conclusions regarding the reserves and disposition of the
deposit,

5.2 Computation and classification of reserves and grades

Once a deposit has been proved by exploration, it
becomes more or less a comMercial propositicn, The depssit
is now viewed in terms of investments, return on capital,
dajly rate of production, ete, In effect, the deposit has
to support a mine which will yield ore in enough quantity and
in appropriate grades to amortise the invested capital whithin
a fixed period of time at & projected rate of production and
also yield a profit which is acceptable to the investor., In
order to take investment decisions of this magnitude, an
accurate estimate of the ore reserves together
with their grade is essential. All exploration activities
lead ultimately to such an estimate. The more precise the
exploration the more accurate will be reserve estimate. In
very simple terms the reserve can be estimated by computing
the volume of the ore and converting that volume into tonnage,

Tonnage = Volume X Sp. gravity (Bulk Density)
i.e. Q VoD

Q = tonnage
V = wvolume of the orebody
D

and = gpecific gravity or density of raw

mineral materials (bulk density)

The computation of the volume of the deposit is, however,
complicated by factors like geology, size and shape of

the deposit and pattern of minerzlisation which are inherenE
in all deposits. Within these broad limitations, a large
number of methods are availabie for the computation of volume.
They are discussed below.

Some assumptions regarding the behaviour of the
orebody and the nature of exploratory data are necessary
for any reserve computation, They are as follows 1
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(2)

(3)

(4)

Any pasic characier 0f sn oreoondy, established
at one point oy wxplouration, changes8 or extends
to an adieining point In accordance with certain
principles, Two such principles are recognisged,
These are 3 (a) the rule of gradusl chainge or
the iaw of linear function. Aaccording to this
rule, all parameters (such as thickness and
grade) of an orebody expressed numerically
change gradually and continuously along a
straight line connecting two stations within

the orebody. aAccordingly, if at two stations

A and B in £ig.S.5 the thicknesses of the ore-
body are £, and t, then at point C in between

A and B theé thick&ess will be t,, which will
have a numerical value between ’2 and t, and
will be nearer to €, when C is néar ap gnd
closer to t, as the point C shifts gradually
towards B. %b) the rule of the nearest points
or equal influence, According to this rule che
value (mineralisation pearameter like tnickness
and grade) at any point petween two adiacent
stations is8 constant and egual to the value of
the nearest station, Between A and B, the

value of A will be valid up to C the midpoint
between A4 and p ana the value of B will be valica
up to C from Bs This is the underlying principle
behind the area of influence method in reserve

computation?,.

Opservations are made in conformity with the
nature of the deposit and samples are taken with
equal precision everywhere; such samples re-
present the ore within the zone of influence
they control, ‘

That the physical continulity projected on the
basis of exploration -is a geological possibility
in a given set up.

An orebody of complex shape can be represented
by drawing hypothetical figures, plans and
sections,

5.2.1 Methods of reserve computation

According to the United States Bureau of Mines,

there are four major methods available for computing the

reservesd.

(1)
(1i)
(111)
(iv)

These are

average fractors and area method,
mining block method,
cross-—section method, and
analytical method,
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£1) Average factors and area method

Thi method has peen de.cripad by various autihio ri.-
ties a8 ar.thmetic average, weighted aversge, averaye duepth
and area, statistical, analogous, geoloyical plock methodus. cta,
For purposes of this discussion, the methods will be referred
to as geoloygical block and analogous block methods”s The vasia
sssumptions in these methods arxe tuut certain areas/blocks of
areas have geoloyical and technicul features similar to certain
other blocks which have been explored or mined out and thelrx
results kuown., The result of the known block is now taken as
valid for an unknown block of similar dimensions. ‘fhe blocka
in such cases may be constructed on the pasis of geology,
structure, thickness, depth, grade, value, overburden, etC,.” .

(a) Analogous block method

Tha mathod is wased on the principle that a
guantitative similarity exists between a ygiven block ans
another Diock whlch is better xnown (mined out). The
variables such as thicknuss anda grade (the area of ' he
block 1s derined on the basis of the paramete.s mentioned
earlier) wmay e the arfitiietic or Weighted average of a
number of ouservatloas lixe drill core date and pit data,
A single opscrvation in the yiven block of these para-
maters is also acceptaolab.

The wmethod i1s accurate in uniform deposits, ULae
accuracy decreasing with tue irreyular deposits, This
methiod is ldeal for cowputing districtwise reserves
particuiarly on the Hasls of very approximate paraneters
Like tonnage/sy.km. Whcre an oreboay és inadequately exe
plored, tnhis wmelhod is very eftective?,

{b) Geoloyicqal pblock method

A geological block way be an entire mineral de-
posit or a smell portion of it outlinad in a wap on the
vasis ot exploratory data. The plock can be delined by
fixing wounuaries on the basis I geoloyical and stru~
ctural features (fold, fault) or on the basis of varia-
tion in grade and thickness2,

Variables like yrades and thizlkngss are Come
puted trom production Lijures, explorutory data, Seditpy ) -
ing data or data from anotner part ot the orebody. ‘the
average grade, whickness, etc, are deteneined by arith-
metic or weighted averayge orx by statisticdl analysis,
This method is very effective in the early stoyes OL e
ploration, the accuracy increasing with tihe increasing
availabllity of exploratory data, Bedded and piacer ds-
posits are particularly amenable to this metnod, ‘The
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major advantage of both the metnods is their simplie
c¢ity, ease of direct application and gelutive accuracy
in circumstances of insutfficient data”,

{2) Ihe mining block method

This method is also known as longitudinal section
method and mine exploration metriod., A mining block may be
defined as an ore plock bounded on four sides by openings/
workings or bounded on three or less sides by openings/work-
ings and other sides oy arbitrary lines. Such bplocking can
be done on the pasis of exploration {(porehole sampl ing, eatc,),
geological features, and technical and eConomic considera-
tions. Mining plocks may be rectangular in shape with their
base lying in the plane or inclined or vertical longitudinal
section (. see fiy.%.6).

(a) Block exposed on all four sides

inhe area is computed by tne length and oreadth
of an individual olock and the thickness determined as
the arithmetic average or tue assay width, when the
ore thickness is less than tne underground openings
and unifomn, tne variaoles are found Dy calculatinyg the
8imple arithmetic averayge, 1In irregular orebodies, the
average grade of a working is computed 0y the weighted
average method, +The weiyght factor can be area, volume
Or toanage, When the interval of Ssampling on all siaes
is equal, a simple arithmetic avelraging will pe suffia
cient for obtaining the avarage thilckness and grades,
When the interval of sampling or the Lengths of the
8ides are unegual, then the tnickness and Jrades are not
directly computed, it will be necessary to find the
weighted average thickness and gJrade, The weight factor
may oeé the lengths of tne individuel pDlocks. when tne
lengths of the sides are uneyual and there are wide vari-
ations in grades and thickness, the averagye factors
should bhe found oy working out the weignted averages,
the weight in this case beinyg the area of influenca of
the sample points,

When the ore tnickness is more than the width of
underyround openings anda the biocks are developed by
CIosSsS~Ccuts on o levels, the cross-cut data nay Dpe used
for reserve conputation particularly wnen mineralisation
i3 continuouws. In an irregular or discontinuous orenoday,
the plocks should be sugdiviaed and the areas of influe
efcekshould be computed® separately for each subdivided
block,

(b) slock exposed on three sides

In this case, the metnods discussed below can be
used effectively; arithtunetic average of three sides;
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weighing the variables against the length of
workings on each side of the block; computing the
factors for the fourth side by end samples (A and
B in £ig.5.7) and tnen averaging the variaoles on
all sides; and, weighing .he areas of influence
of the three existing workings,

, In the case of an area blocked out py an

adit and surface workings also, the above methods
Can be used, Geological evidences such as the
degree of ore alteration, thickness, grade, zoning
or the number of observations as shown in fig.5.8
help in demarcating the ore boundaries, particularly
when the ore is extensively exposea on the surface,

(¢) Block exposed on two sides

When a plock of ore is defined only by two
levels as shown in the £ig.5.9, the average factors
for poth the levels are computed seéparately, Then
the pblock averajes are worked out as the average of
both the levels in uniformly mineralised orebodies.
If the ore is not uniform, the area weights are usad
for computing the weighted averages,

When two openings meet as in £ig.5.10w0 form a
triangular ore block, the length weighted averages
of both the sides will have to be worked out. The
block can also be subdivided into two by the area
of influence and area Wweighted averayes of the
blocks can be detemnnined to find the block valueas

{(d) Blogk exposed on one level and intersected by

borehole at depth

In this case, from the drill hole intersection
levels perpendiculars are drawn to the working
levels as shown in £fig,5.11. The plan containing
a, b and ¢ is intersected by the boreholas and the
pPerpendiculars aa', bb' and cc', are drawn from the
point of the intersection of the orebody by the
borehole to the working level ,Blocking of boundaries
Can also be done py geological Criteria or by €co-
nomic considerations,

‘ = 2-2
Average thickness .t‘av = oo
1 2
C,L, + C.L
Avarage grade C = _}-5__._-2..2..-_.
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Where ,
t, = average thickness of ore in each bplock in the
- level,
t2 = average thickness of borehcle intersections
of adjoining poreholass,
C1 = average grade of ore in each plock in the
level corresponding to £
02 = average grade of ore in borehole intersection
of adjoining boreholes Corresponding to t2.
Ll and L2 block length on both the levels,
Tav = average block thickness, and
Cav = average block grade,

When a large number of levels and vorehol es
are availaole the average grades and thicknessas
are computed by using the following formulae

[ ] [ ]
tl + t2 T eeessent tn + L. + €

- A e ke . i D i il P o s S TSk W ol i ka2 b

av n +m
[ ] ] L
Cl + 02 t ceecsceeT Cn + Cl + C2 toesat cm

C = e e e e e e e e et e e S

av n +m

I

and when there is only one porshole apart from drift
sanpl es, eta,

_ tl + t2 + weae + tn + ti

- .-.—«--.—.-n--——o---—--—---an—--.--»‘--d-.n_—.-q’ arld

av
n + 1
. c1 + 02 * 6000 + cn s ci _
av n o+ 1

Whare,
t, t2°°°°t}1 = thickness observed in the arift,
. » :

<, 02....cn = Correspondinyg assay values,
’

t! ! t$ = thicknessaes of drill hole inter-
’

2‘.00
sections,

ci’ci....cé = Ccorcesponding assay values,

n = numoer of samples in the drift, and

m = nunper of drill holes
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. In order to make use of this method, the ora-
body ias plocked out by a network of openings and
the block reserves may be computed on the basig of
factors like thickness, grade and mining costs.etc,
The degree of error in this method depends on the
genetic type of the ore, &xcept in highly irregular
pockety deposits this method is nighly effectiva?,

(3) Cross-section method

: In this a»ethod the orebody is divided into
various segments by transverse cross-~section lines spaced at
equal intervals or in some cases at unegual intervals, The
orabody can be divided by such lines in different levels in-
cluding underground workings. Tihree methods have been recog-

" nised,

{a) Standard method

Each internal block is confined gy two
section lines and an irregular lateral end., Thae
end sections are controlled by one cross-section
line and one irregular end surface{See fig. 5.12)
Sections may be parallel or nonparallel, as well
.as vertical, horizontal or inclined,

The reserves are computed as follows g

The areas of all sections are determined
first, The average thickness and grade for each
section are computed next, ‘fhus, the volume of a
block confined by two adjoining sections is

(Sl T 32) XL

Volume of ore V = ——~--1 e -

2

Where S, and S, are arecas of wo adjacent blocks
of nearly equaf size and L is the perpendicular
distance opetween them, The volume is multiplied
by the specific gravity for computing the tonnage,
Sample points can be as c¢lose to the section lines
a3 feasible,

The end area of an oreboay may occupy a
number of irregular shapes, the areas of which Ganw
not be determined easily. In such special cases
different formulae are necessary to compute the
volume of the end area., There are alsoc cases when
S, and 3, vary in size put are similar in shapae,
Sdme of the simple cases and formulae are briefly
listed below: _
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WEDGE SHAPED END AREA:

M ve %—x L, WHEN THE BASE 5 RECTANGULAR
AND THE LATERAL FACES FOAM
ISOSCELES TAIANGLES

FIG 513 AREA OF A WEDGESHAPED BLOCK

- a+ap)b Sin oL WHERE 8 AND b ARE
(2) ve g {200 THE LENGTH OF THE SIDES
OF THE BASE, o I8 THE
ANGLE DETWEEH & AND b
ANG R IS THE LARGER
SILE OF THE TRAPEZOIN.

FIG 514 AREA OF A TRAPEZOID BLOCK

1‘ (3) va JL  WHEN THE AREA TAPERS 10 A CONE

—

FIG 515 AREA OF A CONE

-1 {4) v'-i—-—(s,'l,'v?,s,) WHEN 5) AND §y
W VARY N SIZE BUT ARE
\ i SIMILAR IN SHAPE.

FIG 516 AREA OF A FLATTENED CONE
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More complex shapes anc sized will also be
available ih some cases which will have o be tackled
on the basis of more sophisticated formulase.

(b) HNon-parallel sections

Because of the cnange in the strike of the ore-
pody some of the transverse sections may show a ten-
dency to diverge or converge, In essence they are
not parallel and reserve computation becomes complex.
If the sections are AA', B3' and the areas of Ccrossg-
sections involved are sl and $2 and the angle betwaen
AA' & BB' is less than ~10° the volume is defined as

(Sl + 52) (hl + hz)

where h. and h., are two perpendiculars drawn from the
centre Of gravity of tne cross-section to the adjacent
section line. The centre of gravity ot the section is
determinad oy plotting out the area on a piece of card-
poard and locating the point wnere the cardooazd hangs
in balance from a thread,{see Fig. 5.17.)

Wwhen the angle is more than 100, the above
formula is modified to
(Sl+sz) (hl+h2)

Vv = gzﬁ_;c ......-.2 _______ .2-.—....

(¢ to pe expressed in radians)

The method has been criticised as being too cumbex-
some and of limited accuracy. When angle« is less
than 10°.it is petter to regard the sections as

parallel™ .

(¢} Linear method

In this, each bplock is defined by a section
and a length egual to half the distance beowWween the
adjoining sections. Volume 1is determined by the
formuia V = 3 X Le

In the case of parallel cross-sectiong no com-
puting is involved. 1In non-parallel sections the
procedure is as follows, Let A,B,C pe the section
lines. Block ee, e; e is the ore block (fig. 5.18.)
fne area of influence %@.tWeen 8 and A is determined
by ee, a line wnich pisects angle e which is the
angle between section lines A and B, Similarly ej;e;3
bisects the angle which is the angle (f) between B and C
cross—-section Lines. The areas, volumes etc,, are
now detepnined by the usual methods and tapulated,
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Weli defined, Yarge orebodies with uniform thick-
ness and grade generally give accurate results in Cross-
sectional methcds. Where the ore distribution is highly
erratic and the orehody has a highly irregular shape, the
mechod may not give satisfactory resultsS.

This 1s particularly useful in evaluating hore-

holes drilled on tabular orebody and obtaining intersections
at different 1levels in a vertical plane.

(d) Method of isolines

Isolines (isopachs, iscchores and isogradg) can be
used for reserves ccimputation by combining the prlan with the
principle of cross-secticns. The formula

51 # 8

can be used for finding the volume between any two cross-
sections when the orebody is regular. fPlease see PFig.5.19.)
More sophisticated formulae are required for complex sttuations
where the value diszribution is in two parts of the cross-
section.

If as shown in Fi1g.5.20 the area corresponding to
thickness 'h' is in two parts (S2' and S2%), the volume of
the slice between hy and h? will be given by the formula

Vo = h [51 + (S2'+ Sz)]
2

In & case where the ore thickiness, say h2 is missing in one
secticn and h) {s available then the slice between h2? and h3
is given by the fcrmula:

h \ . ¥ "
vi =2 [ (s5+s3) +(s3 - 83) ]
In both the formulae,

V = volume,

h = a constant thickness interval between the
two 1solines,

So = area enclosed by ho contour line, and Si,
52, etc. are areas corresponding to the
thickness hj], h2 contour lines.

Isograd maps can be used for computing the average grades by
the following formula: c

COAO + -:-2 (AO + 2Al + 2A2 t oeeaes + An)l

Cav =
Ao
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FI1G:5-18

//\.____/\ ™

FiG: 5.20

METHOD OF ISOLINES  (ISOPACHS AND (SOGRADE)




where

(4)

2ls

= minimuis grade of ore,
= constant grade interval between the is>lines,
area of the orebody with grade qo and higher,

= area of the orebody with grade co plus C and
higher, and

area of the orebody with grade C, plus 2C
and higher, etc,

> > 00
i

>
N
f

Isoline maps have some advantages over other
plans, They depict the orebody quite faithfully
Showing the distribution of poor and rich ore value,
They are easy to read, measure and interpolate and
in computation the total calculations are not very
large as there are fewer blocks unlike other Crosse
section methods. These plans also help in a better
mine planning-.

However, it suffers from certain drawbacks,
From the same set of data, two persons may construgt
isolines with different configurations, Alsc, where
the data are scattered, isolines may give a very
erroneous impression of value distribution. 1In case
of abundant data, the process of construction of the
isoline maps becomes cumbersome’,

Analytical methods

(a? rMeunod of triangles

In this method, all workings, pits or boreholes
Or any other exploratory openings are connected to
one another by a scries of straight lines, thus divi-
ding the orebody into a series of triangles. For
Computational accuracy, equilateral triangles are
preferanle, but in practice the construction of such
triangles is not feasible, Each triangle rests on
the plane of the map but represeants an imaginary
prism with edges t,, t., ty with a thickness equai
to the vertical thickngss Of the oreboday {please see
fig. 5.21). The upper pase of the prism is conceptually
truncated (smoothened to an even shape) pecause of
the irregularity of the orebody. The volume of a
truncated triangwlar prism with uneven height is found
out by the formula,

=1

whnere S is the area of the base,
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FIG!

BH2 BH3

FIG: 521 METHOD OF TRIANGLES

522 METHCD OFf POLYGONS




The. area 8 is comp ted by uling the qtandard formula
Jy base x height, It is preferable to use a common
base line for a pair of adj&cent txiangles, The
average grade of each prism is determined by the
formula, ‘

¢, +c, +a

o - --_--- whan the ore distripution
is unifsgm In cgsa the ore distribution is erratic,
weighted averages are found and the formula becomes,
B b Wader ) Tl ) 3
T T S

av 121'3

From the volume, the reserves are computed by mul tie
plying it by specific gravity, This method finds
maximum use in deposits of sedimentary types, parti-
cularly the simple bedded types and large disseminated
types explored by a good network of boreholes ox pits.

The method suffers from various disadvantages,
The trisngles do not permit delineation of the physi-
cal oxe types. They may also camouflage value dise
tributions. ' The method requires. the subdivision of -
the orebody into a large number of ‘triangles as a re-
sult of which the calculations ‘become. cumbezsome. it
is believed that in lenticular orebodies this_method
will tend to underestimate the total reservess

(b)' ‘Hgthod of Polxgons |

S This is also known as the area of influence
method, The procedure is to determine the area of
influence of each exploratory point Apit, ‘borehole,
etc.) -and construct polygonal blocks with the: pit or
‘borshole in the centre of each. ‘polygon, ‘The area of
1nfluence is determined - by Jjoining twWwo adjoining pits
rand Efinding ‘out the midpoint betwaen ‘them, A perpen-
.dicular ks . dropped at this point of division. The
cesgs is repeated for all sets of oorehales or pits,
fhe perpendiculars. intersect and the. polygonal forms
antomatically result, A correctly constructed polygon
- will ‘have angles less than 180 betweea any two sides5,

(see Fig. 5.22. )

o éome altficulties crop up in the case of
ar;workings.horlzontdl boreholes,_trencnes, etc,,

1
In:such cases the linear workings have to be divided
into four areas of influence or four elementary prisms

sach.characterised by appropriate workings. This is
comparable to the mining block method5. _ T
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: For computing the reserves, the area of the polygen
is determined and is multiplied by the thickneas of tae ore
within the polygen and the specific gravity of the ore.

This method is ideally applicable when there are a
large number of workings/exploratory openings arrangad in a
regular grid. Reaserves of tabular bodles, large lensas and
gtocks are effectively computed by this methed.

The advantages aud disadvantages discussed in the
case of the triangular method apply for this method also, An
adieq disadvantage in this case is that the congtruction of
prover pclygons is a job which requires skill and experience”,

Determination of area

Arezs in most cases can be measured by planimeter-
ing. The other methods involve the use of special templates
and geometrical calculaticns., .

_ in planimetering, the measurement should be done
once in each of the opposite directicns and i{f the difference
between the readings is less than 2% the average of the two
is accepteble., , '

memplates may be of three types., They may be
gauares with a measured unit area {Figs.23}or dots wherein
each dot is the cenire of a unit of equal area (Fiy.5.24), or
parallel lines drawn equivalent and o scale (Fig.5.29.In
the cese cf the lined template the area lis determined by add-
ing the length of all the lines occupying an area «nd then
multiplying this by the unit value of the sacale.

In geometric computations, there ara two impo.tant
methods. One is the trapezoid method in which +he standard
formula: of a trapezoid is used. Any irregular area may be
divided into & number of trapezoidal figures by equidistant
parallel lines, and assuming that the boundaries of the strips
petween the ordinates are straight-lires the whole area can ba
compute’l by the trapezoidal rule,

The standard formula for the area of a trapezold is:

The same can be applied to any figure like the cne shown in Fig.%.326
by extending the formula suitably?:
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FIGI 523 SQUARE TEMPLATES

FIG. 524 DOTTED TEMPLATES

FIG. 5:25 LINED TEMPLATES
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FIG.5:26 AREA OF TRAPEZOID

b — |

FIG: 527 SIMPSONS RULE
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where h = the distance between paraliel lines,

a,..2 = end-ordinates (offsets) div'ding the
irregular figure into trapez-~idal shapes and

Za = Sum of intermediate offsets.

By applying Simpson's rule, the area of
irregular shapes can be determined. The f19.3.27shown here
explains the procedure. The assumption is that the uneven
ends of each strip are parabolic and pass through consecu-
tive points.

The formula5 is :

a_ )

1
S = 3 h( al+2 Z:aadcfm z'ale‘.ren‘" n

where h = a constant interval between the ordinates and
al...an = ordinates div.iding the irre~ular area.

Determination of bulk density

Bulk density is determined as follows. A measured
volume of in situ ore is mined out and weighed., The weight
is divided by the in situ volume and the gquotient so obtained
is the bulk density of the in situ ore. Thus, :

W
b=y

where D = bulk density of ore
V = volume of the in situ ore, and |
W = weight c¢f the cre corresponding to voélume V.

In this method the ore is dried. Ore in the wet.
condition may have to be separately treated for bulk density
and an average of the two flgures may be accepted,

Another method is by apolying the formula>.
Dm ( 1 = Po )

where Dnat = the bulk density in situ,

Dm= the specific gravity ~f the ore,

P = Porosity of the ore in per cent, pore
space to unit of volume, and
M_= Moisture in per cent weight loss of the
ore on drying,
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5 2.2 Criteria for the choice of a reserve computatic method

The choice depends upon the jzoloyy »£& the deposit,
expioration method used, availability of data, reliabiiity, :
purpose of calculation and the reqguired precision, In the Ccase
of preliminary estimates, any simple method can be used. But
when the resarves hava to be categorised for mine plennini, a
method compatible with the extraction tecnniyue will have to be
used., 1In open cast operations of large unitona oXencuies, auy
simple method will give reliaple results, But if tne mineral
is of low bulk and the values are erratic and tne ore has to oe
extracted by underground mining very precise methods should oe
chosen, The type and extent of exploratory openings also influ~
ence the method selection™.

5.2.3 Class:-icoticw of ieserves

do resorve estimate is likely to be completely fool-
proof, Within the inherent and well known limitations inveolved
in the worx, zh:2 estimate should, however, provide certain under-
standable precision. The accuracy of an estimate depends largely
on the guantum and guality of the exploratory data., The more the
exploratory data the petter is the precision of the estimate, Oxre
reserves should be classified according to a decreasing order of
precisioi, The classification suggested oy the Geo.oyical Survey
of India is quite adequs te in most cases,

According to this classification, there may be 4. types
of reservesa, viz,., developed reserves, proved reserves, probable
raservas and possiucle reserves,

Developed Reserves i1 These are reserves blocked out and
ready for immediate extractiong their quantity and grade are
estimated on the basis of data from mine development carried out
as preparatory to production,

Provead Reserves 3 These incluie such resen .8 W.&re
the orebody limits and average characteristics are suftici=i:tly
assured and chances of failure of these estimations are so remote
that a decision for mine davelopment can be taken,

_ Propanle Reserves 1 This category of reserxves incliudes
either extencionsg axound the proved ore panels or such z-rzs wheare
the orebody limits and average characteristics are knowrn with rea-
sonaple certainty. | -

Possiple Reserves i This category assumes the continuity
of the orebody pufely on geclogical grounds, past mining aCEIvidy,
comparison w#ith similar depogits nearby, smallscale regional mepping
with widespaced drilling or geophysical and geochemical evidences,
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. Another vatsgory oL rejerver snown as ‘pPotentlal gret
is also recoynise=ul, Such ore ias sssentially sub-marginasl and
pecomes exploitable aue to change 11 technoloyy orC min .pility
etc,

Reserves can also be clagsified in different contexts
Jradewlse, depthwise, thicknesswise, etc,, in specific mining
situations, Howevaer, the classification into ‘developed’,
'proved', 'probavle' and 'possivle'’ categories alone is nelpful
in making dnvestment decisions,

Gradewise classification is a rather flexionle concept
and 13 used to define ores already classified into developed,
proved, ete, grades, In the present context, size spacifica-
tions are also used along with grade, so that one refers to,
say, developed v serves of +64% Fe and +10Q mn size, in the case
of some iron oris,

In adi ition to the classifications discussed so far,
there could pe others. The meaniny of the term “reserves"
differs from one person to another i.e., geoloylst, miner,
metal lurgists and economist. While a miner works with a pro-
perty for immediate returns, the economist likes to xeep an eye
on the future ajso put not foryetting the current needs,
Irrespective of the long or short term econowic considerations,
the Coinputed reserv:s are usually geo logical reserves, computed
by yeoloyists. Such a geoloylical appraisal contains many
indetenninates,

Secondly, the geoloygical appraisals vary from oryani-
sation to cryanisation, It might also be said that no ayreement
can o0& envisajed Detween any two mebhods or any two orgyanisa-
‘tions. 1In other words, there are neither standard classifica-
tions nor noms of reserves calculation for any deposit, Con-
sequently, an element of doubt will always be present, mord o
Wwhen tne econoinlc indeternainates are associated with the geow
loyical indeterminates,

Keeping this in view, authorities all over tire world
have been actively engagged in evolving proper terms with suj-
table definitions for expressinyg reserves and fixkiny certain
boundaries beyond which these terms become invalid. From such
attempts have emeryed various_scts of classifications like
positive, probaole, possible;<, a, B, C, Cat (X.V. Lenoknindal
1909); A, 8, C, u, Ep proved, prooaoles and“possible; measured,
indicated and inferred, etc, The Indian Bureau of Mines somne
tine ayo had sugyested the recoynition ot § types of reserves
in the appraisal of specific prgperties and 4 types in the
appraisal of national resources These classifications are
as follows



Appraisal of gpecitic mininy properties

(i) Minaple proved ruserves

(14) Marginal proved reserves

{(1ii) Subemarginal proved reserves
(iv) Minable prowvable reserves

(v) Maryinal propable reserves

{vi) Sun-marginal procaple reserves
{vii) Minaole possiple reserves
{viii) Maryinal possivle reserves

(ix) Sub-marginal possible reserves,

Appraisal of natiognal rescgurces

(i) Minabl e measured resources

{ii) Marginal measured rescurces
(i1i)}  sSuc-marginal measured resources
{iv) Inferred resourceg

Tha general classification of reserves as measured, indicated
and inferred,as given oy United States sBureau of Mines is
currently under wiaus use, However, it has oeen sugyested that
the terms *“ineasured® and "indicated" should oe yiven up andBin
thelr place a single term "demonstrated ore" should be used

It is oopvious from the above that the classification
of reserves is as complicated as the definition of “Qre,
Besides, the work of reserve estimation aoes not end just in
calculating the amount and grade of certain ore for any parti-
cular time put it must also show the amount of ore availanple,
even of a lesser graue, which could be used at a later date
when technoloygy may have 1mprovwd Hence, the total Jquantity
of ore falliny in the various categories, viz, reserves, mar-
ginal resources, supb-marjinal resources, and latent resources
which together coastitute “resources" snould alsp be estinated,
It can only be said that the parameters employed by various exe
Ploration oryanisations may vary according to the opjectives and
the necessi ty of the assijynment out there should be a close con
parison of the data and results,

The Unicted states pureau of Mines and the united
States Geoloyical Survey have recently suggested a mOre CoOMe
prehensive categorisation of res-rves According to this,
any min-zral property is considered DLOduly as a "resource", The
whole concept is shown diagrammatically in £ig.5.28. Resources may
ne of two t\fpﬁsg
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"Identified resources - specific podies of mineral
peartny waterial wnose location, quality and guan-
tity are xnown from geoloylc evidence supported by
enginearing’ measurements w1tn respect to the dJdemon-
strated category®

“qu;chverad respurces - unspecific boaies of
ia2ral bearing material surmised to exist on tha
ba:lS of broad geologic xnowledge and theory"

In <ddition, they recoynise "Ressrves® as follcws H

“That portion of the identified resource from which a usable
mineral and eneryy commodity can be economically and legally
extracted at the tine of detarmination., The texrm ore is used
for reserves of gome mineralis",
he reserves may ne of the Tollowiny typesg.

(1) Measured {(Proved), Material tfor which
estimates of Lh€ quality and yuantity have
been computed, within a margin of error of
less than 20 per cent, from sample analysis
arcd measurements from closely spaced and
geoloyically wellknown sample sites.

(2) Indicated (Propaple); Material for which
estimate of thme quality. and quantity has
peen computea partly from sample analyses
and measurements and partly from reasonaple
geoloyic projections,

(3) Demonstrated! A collective term for the sum

of materidls in ooth megsured and indicated
ressurces,
(4) nferred {Possiple); Material in unexplored

extensions o emonstrated resources for
which estimates of the guality and size are
supported by geologic evidence and pro jection,

(>) jdentified Guo-economic resource@%materials
that are not Reserves, but may pecome so as a
result of cnanges in economic and legal con-
ditions

(5) Para marginal! the portion of sub-economicC
' Resources that (a) borders on paing capavle
of production economically or (b) is not

commercially available solely because of
legal or political circumstances,
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(7) Submarginal: rlhe portion of subeconomic
hich would require a suo-
Stantially higher price (more than 1.5
times the price at the time of determina~
tions) or a major cost reducing advance
in tecnnology.

(8} Hypothietical Resources: Undiscovered
material's” That may rTasonably be expectad
to exist in a known mining district under
known geoloyic conditions, Exploration
that confirmg their existence and reveal s
quantity and quality will permit their
reclassification as a reserve or identified
Sub~economic resocurce,

(9) gpeculative Resources; Undiscovered materials
that may occur e er in known types of
deposits in a favouraple gealogic setting
where no discoveries have bean inaue, or in
as yet unknown types of deposits that remain
to be recoynised. ExXploration that contirme
their existence and reveals quantity and
quality will permit tneir reclassification as
Reserves or identi tied-sub~economic resources,

The iﬁassification 0f reserves followed in the U,35,5,R,
%8 as follows Yia

Class A Production Planning and mine projecting

Class B Estimating mining investment and for planning
the development of depositas,

Class <, Long-term development pPlans of industry and
for projecting detailed exploration,

Class ¢, For pPlanning further prospecting, see Fig.s, 29,

5.2.4° Methods of Grade Computation

The grade of the ore defines the quality of the ore or
in short the quantity of tne valuanle product within the ore
expressed in teras of percentgge avallapility. Four types of
grades are usually recoynisede,

(1) sample dgrade ; The quality ot the ore in situ as
determined by underground, surtface, or drill heole sampling,
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(11) Mill-uead grade 3 The grade of the ore as it
comes out of the mine and sent to the mill.

(1ii)Recoverable grade t+ This is the quantity of
ore that can be recoveread b,'the metoliurgical process at
mill after due losses., Some amount of ore is usually lost
during the exiraction. To account for this, the concept of

recoverable grade is essential.

(iv) Ligquidation grade : This 13 the grade of ore
on which a purchaser or smelter fixes the price,

In addition, there are terms like cut-0ff grades,
average grade, etc,, wiilch define certain specific conditions
of tha ore guality. The cut-off grade can ke roughly defined
as the lowest grade of ore which can be mined economically“.
sometimes a given cut-off limit may coincide with some geo=
logical pounaary., In such cases, the term geoloyical cut-off
can be used, Pay value is defined as the grade of ore that
can pe mined in any given technoeconomic set up, 1in computing
reserves and average grades, the data should be assembled on
the basis of cut-off grades, In borehole intersections, pit
sections, channels,etc, the assay value will pe distributed
in such a way that some will be below the cut-0ff grade and
some Wwill be above., Those which are pelow the cut-off nave
to be eliminated before the average grade is computed. This
omission is very easy when values lower than the cut-off are
at the two ends of the ore column as shown in FigS5.30. However,
when the lower than cut-off values are within an ore column as
in Fig 5.31, the rejections should be done with a great deal of
caution. ~The following procedure is advocated, The average
grade with all the values is calculated. Then the average
grade is computed after eliminatinyg the low values, If£f the
difference is not appreciable, then, the lowegr values can be
included, 1If they bring in a sharp dilution so that the
average grade is near the cut-off grade, then the low vajlues
will have to be omitted, In case, the low value portions form
a column of ora which is recognisakle during mininyg, then that
portion should be omitted from calculation in any case. It is
easy to reject a leaner section only when manual mining and
hand sorting . operations are used,

The grade worked at any time is commensurate with
the then current economics and technical knowledge, With
improved technology, low grade ores might be used later, This
point should also be kept in view while computing theé grades,

The average grade defines the quality of the ore of
a well defined plock of ore, The computation of average grade
is essential for classifying the reserves. Some of the methods
for calculating the average grades are discussed pelow. Some
concepts about the precision of grade estimates are also
discussed,



230

<
—RAISE
e
| L.
A Il 8

ADIT 1
ADIT 2 ﬁj
W/ .\\ 8 8 ; WINZE
\\ .| /’
/
\\ C-, C1 /

\ J

\\ —r
\ Cs !
|

ORE ABOVE  ORE BELOW]! -

ORE ABOVE
CUT OFF cur
GRADE OFF ggRDOEFF

SR

%Z

3=g

m
';“':,':f%\\\\ffif’f

FIG:5-30 FIG: 5-3t
X Cm 1% CU l (
i
Y Cm 29 CU . ' .
SENT
Z Cm 05% CU —|—» i ?
||

FIG!5-32 SAMPLE CHANNELS




231

The average grade should be computed on the basis
of assay plans or isograd maps, In the simplest form, the
averayge grade can be calculated by arithmetic avercaging,

Zal + 8, + @3 + ereese @

— e ks - - —— . g S S -

av nL

where a., a sesccod, are grades of individual samples in a block
and n ié tﬁe numner of samples, HowWwever, the situation described
above is extremely simplified and is applicaple only when the ..
ore is uniform in every respect which is seldom the case, Some
non-uniformity is always present and to account for the influ~
ence of non~uniformity, the concept of weightayge is introduced,
Here, the grade is weignted against varicus factors like assay
width, ore thickness intersected by a hole/pit, area of infiu-
ence oif a sample or the tonnage over the influence of the
sample,

In cases where there is a question of minimum Stope
ing width the weight will always be the stoping width with
allowances for dilution. In such cases, the principle of
weightagehas to be employed even in the individual channel
sanples, {sce 7ig.5.32.) The minimum stoping width is x + ¥ + 2
whare x =1,0%Cu, and y=2,0%Cu and z=0,5%Cu, In finding out the
average grade, the stope calculation will be as follows

X X 1,0 + Y X 2,0 + 2 X 0,5

- .
G TR Ty v s it e S i g S e e o s W g, i g

av X +Y + %

The x, ¥ and 2 wre the welyhting {actors which in this case, ayd
widths, The weignuing facwor cen be areg or tonnage, also, as
indicated earlier,

The concept of weignting, however, does not
smocothen out some of the special cases of erratically nigh and
low values which are frequent in gold and platinun. The
erraticall. high velues may pe as follows

Assay Width AsSSay x width AViAssay
in gm/ton min
(1) 4 1,5 6
(2) 6 2,0 12
(3) 100 1.5 150
{4) 7 2,0 14
T U 182 = 26 gm/ton

e S el e



guch higi yalu -t
lead to an erratlc value

The methods of grade computati_ oy
been dealt thh elsewhere 1n gr 4

value not falling w:_t:.h;.n the range o_._ _ uch
erratlcally high values ¢an’ be peaked_out by having thi

average of a.set of 5 immnzdiate values;each"
of the erratic high value, = °

5.2, 5 Precxszon oJ grade comP“fatmn

SRR, Ihe avexage g:ade of ore,is generdlly
as say x %, Al.0., Fe or any. other Veluaole mlneral_ onte
or as 2% Cu, 4 gm of gold, etc, ‘he. ‘value of 'x' is dete
mined by either arithmetiCal average OI'Weignt”d v_"age.
The expression that. txt . is the average grade. of
as a point estimate. sSuch an estlmate generall
accukracy unattainable in most mineral deposits
grade pt ore should be expressed within a range
say 64 to 66 per cent Fe. With this a statisti
interval is also defined and the estimate b
acceptable in the light of fluctuations ea ily_no iced in the
grade values, The methodology is descri _d in tre chapter_on:_
statistics., Confidence. 1uterval defines_t e lower limit nd
upper limits within. which most . wvalues will ' fall;in_e- ampl
from a panel, level, mine or a set of boreholes. Th
fidence interxval generally in use is '95% or £0.05 - Wthh
means that in 95 cases out of a hundrea the values will. bf
within a set of values defined hy the. confidence . interval® 1, R 45
For an estimate of lesser precision a 90% confidence limit islu,,[g;#ﬁvl}
also usedl?l, The calculation of the confldence limit ﬁor one,” L
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set of ‘data is shown in the case of a bauxite deposit

in the chapter on statistical methods, an estimate
with confidence intervals achieves manyolk jectives which
help in decision making. These are

(1) The risk inherent is kaown guanti-
tatively,

(2} The fluctuation in grade can be
understood,

{3) By increasing the sampling the

' precision of estimate can be improved,
Confidence interval helps in knowing
the improvement in the iccuracy of
estimate ¢uantitatively 3,

{4) Cuteoff can be determined more
realistically.

Similarly the precision of reserve computation can also be
defined statistically.
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: Chapter 6

6.0 Statistical Methods in
Mineral Exploration

Statistical methods offer excellent grede computa-
tion procedures, Besides grade computations, these methods
also help in studying the error involved in grade and tonnage
computations. Since the parameters involved in these computa-
tions have wide applications in exploration, the subject will
be dealt with at some length in the following paragraphs,

6.1 Definitions

In order to understand the procedures involved in
statistical analysis, scme terms need definition,

6.1.1 Universe

In the case of mineral deposits, the universe may
consist of various measurable characteristics of the mineral
deposit such as assay from samples, thickness, width of
mineralised zone, width x assay products (accumulations) results
of chemical analysis, etc. The universe can be physically
defined as a whole deposit, part of a deposit, level, stope,
section, etc. with definite dimensionsl,

6.1.2 Population

The populatior is defined as a family of measure~
ments of specific characteristics, obtained from all possible
sampling units that could be selected from the universe, In
the case of mineral deposits, populaticns are measurements of
4 single attribute of a universe such as assays, thigkness,
product of assay x width, ete.l.

6.1.3 Frequency distribution

If the measurements of source population characteri-
stics such as assay values of any mineral deposits were to be
classifled into various grade intervals and the intervals
tabulatei with the frenquency of occurrence of assays within
those intervals (grade intervals on abscissa and frequency on
ordinate) a histogram would be produced. A curve fitted on
this histogram will show the frequency distribution of the
assay data. Assay frequency assumes many shapes, each indicate
-ing a separate law of frequency distributionl,
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6.1.4 Normal distribution and skewness

The most common distribution which 1s useful in
mineral deposit data analysis is the normal distribution.
This is indicated by a bellshaped curve when a curve is
fitted to the histogram. However, in many cases the distri-
bution is uneven and the curve shows steepness towards a
lower or higher grade range. This phenomenon is called
skewness, When the steepness 1s towards the higher value
range, the distribution is said to be negatively skewed.When
the steepness is towards the lower value ranye, the distribu.
tion is positively skewedl. See Fig. 6.1.

6.1.5 Arithmetic mean

Arithmetic mean 1s the value obtained by dividing
the various items by the number of items, Suppose there are
assay values aj, a3, &3.....8n, where 'n' is the total number
of values and ayp, ap, etc. are the individual assays, the
arithmetic mean is

$a +az .... ap

X =

n
where X = arithmetic mean.

When 24, 83....., an are rearranged in a frequency distribu-
tion, éhe arithmetic mean is determined by a different method.
The midpoint of the grade interval (if the grade interval is
40 to 41, then the midpeint is 40.5) is multiplied by the
frequency (number of data in each grade interval) and then
added up. This sum is divided by the total number of items
(say assaysl),

- Zf{mp)
n

[H

Arithmetic mean

where f = number of samples 1in each grade
interval,

{mp} = midpoint of the grade interval, and
n = total number of items {assays).

6.1.6 Geometric mean

When the law of distribution approximates binomial
instead of the arithmetic mean, the geometric mean is used,
The geometric mean of 'n' items (assay values a1, a2....an)
ia the 'n'th root of the product of the items. Thus, for data

81, a2 v...... ap

the gecmetric mean Mg = nJja) x a2 ..J.. an
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This may be converted te logarithmic values for
ease in computation.

6.1.7 Variance

Variance is a measure of the dispersion of values
arcund the mean. This {s alsc called dispersion. Variance
is defined as the sum of squares of the deviations of the
items from the mean divided by one less than the total number
of itemsl (assays). Variance is designated by

o2 . Lfan—%x1’
n-t

6.1.8 Median

Median is the midpoint value of a frequency distri-
butionl.

6.1.9 Mode

The mode is the most frequently occurring value in
a smooth frequency distribution. It 1s an average of position
and is independent of extreme values. The value of the mode
is 1n§icated by the highest point in a frequency distribution
curve- ,

6.1.1C Standard deviation

Standard deviaticon iz the square root of variance,
It is designated as! :

0’:\/;

6.1.11 Co-efficient of variability

The coefficient of variability is a quantity deter-
mined by dividing the standard deviation by the mean and
multiplying the result by 100. It is expressed as

v o= —%—xmo

6.1.12 Standard error of the mean

The standard error of the mean S; é%%
where O = standard deviation, and
n

= number of items (assays).
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The standard errcr of the mean 1s used for estimat-
ing the precision of grade computation.

6.1.13 Confidence interval

From the standard errcor of the mean, the precision
of sampling (grade estimate in practical terms) can be esti-
mated 1in the form of a confidence interval by the following
formula

Where tp,.0s has a table value depending on the
size of the sample ?ng at various confldence levels, For

95 per cent confidence level, this value is about 1,97 (2 for
all practical purjosesl). However, the values are available
in standard textbooks on statistics.

6.1.14 Regression

Regression is a statistical technigue by which ' a
mathematical expression can be developed to express the
relationship between variables

6.1.15 Correlation

Correlation is a means by which the degree of
inter-relationship between varisbles can be established?.

All mineral exploration data are not amenable to
statistical analysis, Before starting any analysis, it is
necessary to ascertain whether the behaviour of the data is
statistical. For this, a number of tests involving random
data, density contrast, etc. are available. These are briefly
described belcw,

6.1.16 Random data

Statistics 1s based on the theory of mathematical
protability which can be applied only to random data. Random
data can be generated from a deposit by random sampling. Due
to circumstantial constraints, this is not possible except in
rare cases. Alternatively, it may generally be assumed that
a3ll mineral occurrences show randomness in their digtribution.
Howcver, such an assumption alone is ingufficient. In specific
cases, a test can be performed to confirm the randomness of
data. This test is based on the relationship existing between
sample volume and variance
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52 A= constant,

where 82 = wvariance, and

-

A = sample volume.

In conditions of randomness, when two sets of
data of difterent sumnple volumes are considered the relation-
ship should be

n = s2ox

2
S 2 M2,

1

where Sg and Sg are the variance of samples of

ny and ny sizes from the same deposit (say NX and
BX core samples) and A, and >, are the
corresponding sample wvolumes.,

The relaticonship can be studied by plotting
varlance against the reciproccal of sample volume. In random
data, a straightline relaticonship will be estahlished as
shown in the hypothetical Fig. 6.2.

Automatically therefore, by controlliny the sample
volume, the data bhecome random,

6.1.17 Trend

Trend may be defined as the change in the average
grade of ore over some area or distance which has been sampled.
Trend maybe a sharp change in grade across an ore boundary or
it may be a gradual change, either increasing or decreasing
in assay value. The change must be persistent or continuous
over some distance in contrast to the rapid changes over short
distances which are ra-dom.

All deposits show trends from commercial to non-
commercial ore, and from one commercial grade range to
another., However, these trends do not influence the deposit
parameters. But they do influence subpopulaticon parameters -
parameters affecting certain high grade zoness When
such trends are present in a deposit, stratified samplin
should be done in minimum trend blocks of subpopulations?.

6.1.18 Density contrast

The distribution characteristics of a mineral
deposit are related to its structure and size, mineral size
and sample size. The mo:t commonly analysed data are assay
values in weight percentage of the valuable metal content,

If the conversion from fractional volume to element weight is
linear, then the share of the distributien will not change.
In such cases, there is no density contrast?2,
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A gset of data may be iuterpreted on the basis of-
two statistical concepts. One is the mathematical statistical
concept and the other the geostatistical concept. Although
some of the fundamental parameters are the same for both, the
methodolegy and procedures differ, Both methods will be
discussed in the following section.

6.2 Mathematical statistical methods and their applications

The mathematical statistical methods do not take
into accourt the degree of continuity of mineralisation
(sample correlation in a statistical sense) and are concerned
only with random, minimum trend data without any density
contrasts, The steps invovled in mathematical statistics are
civen3d in Tznle 6.1,

The important applications of mathemetical
~tatisticil ariyses are given bel~w :

{1) computing the mean grade of ore,
(2: decermination of the precision of grade estimate,
(3% jetermining the number of s:mples for specifie

orecision levels of estimate, and computing the
rumbber of exploratory openings in mineral

exploration,
{4} calcglating the distante beiween twoe exploratory
openings,
(3) calculating the number >f =xpl:ratory openivgs,
(6} determining the sample vcluies,
{7) regression and correlation, and
(8) use of lognormal distributions.

6.2.1 Computing the mean 'grade of the ore

See earlier desceription under definitions, 6.1.5
and 6,1.6,

6.2.2 Determination of the pireciz on of grade estimate

If the sample ¢ -andard deviation is a good estimate
of the population standard ‘eviaticn, then the standarwi error
of the mean Sg can be used to establish the p-ecision o' grade
estimatel.
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Assay Data

[“Screen for ditfereni assay population by minerals, grade of ore and geology |

Assay frequency distributions for minerals & grade using

uniocated assay

pulations of assays

value not considering aclual xyz positions
¥
T Y
Unimodal distributions  indicating po- Multimodal distributions  indicating

subpopulations for other minerals or
grade of ore

Compute sfatistics mean, variance, sta- Screen for  subpopulation oxide sec-
ndard deviaton, skewness ondary, primary

t
i relative skewness is approximately Use log probability paper for cum-
3, test for lagnormal assay frequency ulative assay !requencE distribution
dastribution plot to screen for sy populatien

-

to - generale larger assay

[ only @ small number of assays are available use
populations

simulation
to form beller

fechniques
distributions

i shewness is present in assay frequency distribution try various tran-
sformations to rnormalise the distribution, square root, logarithms,binomial
hypergeometric, elc.

Compare assay frequency distribution with thearetical mathematical
distributions

Calculate  confidence  himits for normal and ‘ranstormed normal assay
trequercy  distributions

Match computed confidence limits with the acceptable limits specfied

as the goal for the sampling and evalualion
, g ¥

|

i
limits are acceptable

If confidence if confidence limits are not accep-
for the expioration table and  more work is needed
Calculate quadratic & cubic regression Use sample volumes- variance relat-
analysis o determine trends in ionship s} Ar= S2A, & slandard error
grade thickness and mineralisation of the mean fof calculating new
sample volumes or new number of
samples of same volume, & number
- —~  Jof additional drill hole needed to
Compute area of influence of ore match specified confidence limits
asgay calculate new drill- hole grid spac-
i ing as required, by using standard
"Compule statistical | response surfa-! E0rOf of the mean
ce and grade of ore interpolatiors
for planning mining methods and
production }
[Deposit Evalution __J LPhase I of Exploration
TABLE : 6\ FLOWCHARTY FOR STATISTICAL  ANALYSIS
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wharse S; = gtandard error of the mean,
G = gtandapyd deviation, and

n = numbher of assays.

Such estimates are expressed in terms of confi-
dence interval at the 95 per cent level (or other appropriate
levels) of confidence, as shown below

X 2t0.05 x 53 )

where R = average grade of the ore (mean)

to.05 = a table value for the sample size
n at the relevent confidance level2.

The confidence interval is a function of the
standard deviation and the number of samples. The narrower
the confidence interval, the better the precision of tha
estimate. '

6.2.3 Determining the number of samples for specific
precision levels of estimate and computing the
number of exploratory openings in mineral exploration

The confidence interval is a measure of the degree
of confidence in the results of a sampling programme., When ro
data are available, a preliminary sampling programme is under-
taken to generate some data to establish varisus factora like
X, o, s, $% . ete. Then the necessary sample volumé
for various confidence intervals can be caleulated, This
method can also be .used for determining the number of boreholes/
exploratory openings in an exploration programne, The method
is shown in the following worked out examplie,

The sample chosen 1s from & bauxite exploration
programme., The inltial sample is of size n = Bl, assays
of alumina (Al504). The example {is purely illustrative,



245

~Alz03 Assay data in frequency chart

Alp03 in grade Fregquency Midpoint £(mp) £(mp) 2
interval of 3 £ mp
37.50-40,49 1 39 39 1321
40.50-43 .49 (3 ' 42 252 103584
43 ,350-46.49 11 45 495 22275
46.50—49 .49 1¢ 48 480 23040
49 .50-52 .49 10 51 510 26010
52.50-55 ,49 12 54 648 34992
35 .50-58449 8 57 456 25992 -
58.50-61 .49 3 60 180 10800
61 3060 155,214
n = 61
Mean X = E.{%P.) = *(6;‘5-9 = 80 .,16% Al203

sample g2 Lt(mp) [th_mel]z 185204 gp162 2 2447

varlance n 61

Standara = - Je2 = 1.7 = 534
deviation 0= NS 28
Correctzd n 61
(for population) ¢ = Js? x Aoy Co%Xxgp=sad
Standard errcor s S 5.34 0.68
of the mesan X=Th ~ 6 -
Cl -

=068 x table value of tg.g5 =21-34

At 95 per ce:nt confidence, the estimate of the
average (mean)} grade of the ore i3 50.16 + 1,34 or 48,87 -

£1.50% A1304.
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The value of confidence interval 1is 2.68 = 1,34 x 2.
Here, it may be seen that the grade estimate is in terms of
a range of values, rather than a sinyle value of 50,16 which
is called a point estimate. The point estimate of 50,16
implies an estimate of precision which is not attainable in
yrade computation because of grade fluctuations commonly
seen in any group of assay values. The computation of a grade
range with a known level of precision is one of the most

important contributions of statistics to mineral explora-
tion,

In this sample, instead of + 1.34, suppose a
precision of say + ©.40 is desired. The number of samples (n)
required for this can be determined by the formula4

cIfz
S =
x to.05
- _ 0.80
Sty = > /@0.0S = 0.20

now nj LI T 71
s;x? T (o202~

Therefore, the total number of samples required for
& preecisicn of + 0.40 i3 711.

If the original assay data had come from 61 bore-
holes, the total number of n samples computed above would have
represented 711 boreholes. Similarly, the number of pits,
tronches, 2 tc. also can be computed.

In this method, a certain quantum of data is
required before starting the computation. Such data may come
from strategically placed boreholes, pits,trenches or any
opening which can give a sample of 50 to 100 assay readings.
Samples may also be chosen from blocks of ore which have
glreaiy been proved/minei out.

The above formula does not take inte account the
dimensions of the deposit. The formulaS given below incorpo-
ratesg the dimensions of the deposit also:

S; - - o . s
W DL
\/(APT)H)(NN)(EE + 1)(-(-35 + 1)
whe reo
5— = gtaniard error of the mean of a sample,

= standard deviation of the sample conslisting
of assays above cut off,
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NN

DL

GS
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= average assay per drill hole,

= ratio of the number of assays above cut-off
grade, *to total number of assays, 1.e.
Number of assays above cut off

I

Total number of assays
a width of the deposit,
= length of the deposit, and

= grid spacing.

Here, 1instead of the n number of hoies, the actaal

distance between borehole or grid spacing is calculated.

There are various other methods ani nroceduaras

which can be used for determining the nunber of explouratory
caienings or the grid spacing, which make use of parimebers

like vartiance,

coefficlent of variability,etc. Some o:

these formulae are described helow.

6.2.4 Calculation of the distance between two

exploratory openings { Bureholes [Pits, etc.)

whiere L

:,;12 ;2
= =~ X L or —-=- X A,
w2 w2

the average distance tetween two horoholas,

accuracy of the relative mean error in the
rercentage of the arithmetic averaae,

varianee of the Qeposit calculated by the
formuia

wafw§+wg + w3

Where Wy, = wvariance with regard to the
thickness of the orehody,
We = wvariance wi*h regari to the
agsay value,
Wq = wvarilance with regard to the bulk

weight,

langth of the sector/beach/block/dejcsit
Lo be explored, and

area of the sector/bench/block/deposit to be
explored®,
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Here the main problem 1s to calculate the value of
'P' from a known depecsit or a block or ore, and then to subg-
titute this value for various similar deposits/blocks of ore.
The value of '1' will vary accerding to the value of 'W', In
a2 wholly unknown block, ir order to determine the value of
"W ,certain strategically placed boreholes/trenches/pits wouli
be necessary in the initial stages.

6.2.5 Calculating the number of exploratorv openings

Formula 1

e e gt e

The number of boreholes/pits/trenches required can
be computed by using the follewing formula® :

2
N = A_.

92
where W and P are as described above and

’

N = number of boreholes/pits/trenches, etc.

Formula 2

e e —

Here N is calculated on a di fferent basis7 H

-

where N = pumber of bercholes/pits/trenches
required for a specific precision of
estimate,

@ = precision of estimate,

P = probability factor which 1s 2 for normal
dlstributions, and

Q@ = Coefficient of complication of the
derosit determined by the fcrmula

Where V. = coefficient of varigtion of
the thickness of the deposit
(coefficient of variability
described earlier),

K = coeoefficlent of variation of
impurities in the deposit
letermined by the formula

K = a - (Fl, F2, Fn etc.),
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wnere 00 = total surface area of the Jdeposlt,

Fl, F2, etc. = surface arecas of impurities
within che deposit,

M = modulus of complication of the ore waste
contact determinel by the formula

where fE = perimeter for theoretical ellipse of the
deposit outline, determined by the formula

e o= 2 T7 Jh (a2 + b2 )

where 'a' and 'b*' are the maximum
length ani width of the deposit, and

1w o= gitcwnference cf the 1epns it contact
with waste (actual perimeter 2s measired) .

For computing this formula also, on initial sample
is required which may be obtained from an initial set of
strategically placed borehcles., Data from a known similar
deposit can also be used .

6.2.6 Calculation of sample volume

Statistical methods can be usei for predicting the
desired sample volume in producing a pre-requirel sampting
precision. For this, the relationship existing between the
sample volume and variance can oe made use of?.

2

The ftormula 1is 5 Ay = 5% Ay

Since 52 (variance) i3 relaiel to the atandard

deviation o= Js2 and to the standard  error

of the mean and confidence interval (5g = U%%' and

CI -

~51~ = 83 x t0.05 y, it is easy to calculate the vdalues

of A {(sample volume).

For various values of confidence interval, new
values of Sg , O and finally s2 are determined ani the

value of 52 is substitutei in the relationship S|2 Ay = S% Ay
to arrive at new sample yolumes.
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6.2.7 Regression and correiat’on

_ By studying the relationship between the variocus
variables, it 1s easy to vredi~st in a mineral deposit new
information from a set of expliuration data, The techniques
used are regression and correlation analyses. The variables
whose interrelationship is to be studied may be grade or
assay values, or specific gravity, thickness, width, mineralogy
of. the ore, micro or macrostructures, etc. Any variable/
variables showing predictable relationship can be used to
generate reliable new data, The variables may be independent
or interdependent, Various regression techniques which are
needed in such cases are dealt with below.

For initiating such studies, it is ideal to plot
the information on a graph sheet and find out the equation
best suited to express the relationship between any two
plotted variables, These relationships may be expressed by
the regression line?.

_ Suppose the relationship between the grade (x) and
bulk density (y) of an iron ore deposit is being studied.

After plotting the information, the relationship
has been found to be in the form of equation

'y - {(a+bx) = o

where x = grade of ore,
y = bulk density,

@ and b are the coefflielents of linear regression.

For purposes of prediction, it is necessary to_ find
the values of 'a‘' and ‘b’ by using the following formulae?

TXETY = IX TRy

a = -

nEx2-[5(x)]2
where n 1is the number of pairs of observations,and

nNExy—-yxgy
nEx?—(2x)Z

The methocd was used to forecast the nrice of lead,
zin¢, copper, etc. from Lonidon Metal Exchange data for an
ongoing feasihility study undertaken by the I.8.M.8.

The equation of the line of regreasion of y on x

- IxITy—FxIxy + nExy—2x 3y x
Y nEx2— (5 x )2 rIxI—(Z )2

is
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After establisning this foimula, new values of 'y'
such 88 ¥i, Y3, ese- ¥ etc. can be computed by knocwing only
the value of X4, X2 ...- Xn etc.

In the case of mineral depcsits, the relationship
between various variables is seldom independent. When various
variablas show a correlation, the formulae used are more
complex. A typical equation ghowing the relationship between
'y' dependent variable to various independent variables, like
X1s X3, X3 es...Xp 18 given here :

where bo is a constant and b1, b3, ... bp are
partial regression coefficients.

) The values of bo, bl, b2 .... bn are found by solv-
ing the bagic equations. The nunber of basic equations
increases with the number of coefficients in the type equation.

The basic egquations are 3

Sy =nbo+b1Zx;« b2l x2
Ixy = bo}:xl . b,):xioszx, X9

pI 2y = bOZXzi'b'Zx! xl’bix%

Such scquatisns are most amenable to standard
computer treatment.

After finding out the numerical values of bo, bi,
b3 +es.. bp etc., 1t is possible to generate the values of

Yy, Y20 Y3 ++e- ¥Yp OR the basis of various seta of X3, X3,
X} .... Xp values,

This can be applied in the following way. lLet ‘y?!
be the gibbsite content of a bauxite sample, 'y' shows corre-
lations to say four variables X1 = Alp03 content, X3 = L.O.I.,
X3 = Fez03, and X4 = TiCp + minor minerals content, Gibbsite =
y = bo + by Alp0y + b2 LOI + b3 Fe203 + b4 Ti02.

By solving the basic equation for bo, bi, b2, b3
and b4, the gibbsite content can be predicted without costly
and time-taking X-ray analysis which is normally required.

When the data are in three dimensions, as is often
the ease with mineral exploration data, a procedure known asg
¢he 'Three Dimensional Regression Analysis' 1s resorted to.
Here, the cartesian {graph} coordinate values (values of X,

Y and 2 cartesian coordinates) are introduced into the
regression equation?.



The equation méy take the following form 1
= B + a3x + ajy + 2,z
5 = mean value 8t any point, x, vy, 2.

where

), 85......, €tc. = regression coefficients the

values of which are a function of the strike,
dip and plunge of the linear surface.

The equation is re~written for easge in mathematical
treatment, as :

= a; + az(x—')';')+a3(y-?)+a4(z-"z')+!2,

where, E = error term associated with any
value of X.

This formula ic used in a varletv of forms in
mineral exploratiorn.

Coe fficient of Correlation

In all the above mathemzt:cal considerationz, the
underlying principle is the degree of inter-relationship
between the variables. This relationship can be expressed by
a mathematical expression, the correlation coefficient, The
formula for this is

f=-DLXY—2x Ty
VInIXI = (Ex) [nSyI (T y)2]

where X and Y are variabples,
n 1is the number of chservations, and
r is the linear correlation coefficient.

The coefficient of correlation r may have positive
or negative values, ranging from «1to+l, When no correlation
exists, the 'r* value ma3y come cleoge tO zero. As the degree
of correlation improves, tha 'r’ values may approach one.

When the value i=s positive, the variables vary directly, If
the value is negative, the variation 1s in inverse preportion.
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7 Wn.n interdependent data aze made use of , & multiple
correlation coefficient is determined. It iz designated as
.l' L]

These methods are extremely useful when studying
ccre 1°’1f3 in drilling and choosing regional exploration
targetsl »10

Linear programming is a statistical tool whic: i=s
grown out of the principle Jdlscussed above and has some
limited application ir grade control operations in produc
ing mines. The method was used by the Indlian Burean of
Mines for findiny out the optimum product mix from a number
of manganese mines of M/s MOl1L, Nagpur. The work involved
the formulation of 36 linear eguations of 33 quantity (tonnage)
and 3 grade restrictions, Mn, ¥ and S5i02 with 70 variables
and was resolved in an electronic computerll,

6.2.8 Use of lognormal distributions

It was mentiored earlier that some data on being
arranged in a frequency distribution show skewness. The degree
of skewness can be tested by a formula2.

mean-mode
standard deviation

Coe fficient of skewness =

Whe the numerical value of the coefficient ot
skewness 1s leus than 0.3, the distribution is lognormal . The
eondition of lognormality can be tested by other methods alsoc
like plotting the histogram (high degree of positive skewness
indicates lognormal distribution) and plotting cumulative
frequency (if the cumulative frequencies are plotted on a
igq ?robability paper, the lognormal data will form & straight-

ne) .,

In the latter case, there -are a few points to be
observed t

{a) A change of slope of the line indicates a bimodal
distribution.

(b) The aecuracy at the top end ot the curve is usually
poor, because accurdcy of assaying high values is
poor.,

{r) This plot can be utilised to determine sample para-

meters such as geometric mean, variance and
eonfidence limit,

The lognormal distributions can be converted to
normal distribution by hransforming the assay readings to thetir
natural leogarithmic value, After this conversion, all equatlons
applicable to normal distribution become valid,



254

However, in the case of lognorm#l distribution,
the arithmetic mean is a poor estimater. In its place, the
geometric mean ghould be determined and the standard devia-
tion, standard error of the mean, etc. determined on the
geometric mean' .

In the case of true lognormal distributions, the
best mean grade estimator is a gquantity known as the Sichel's
'*t* estimator. p

This 1s expressed as
t = eX y(v),

where X = mean of the natural logarithms of
the asgsays,

v = natural variagce of the natural
logarithms of assay, and

r(v) = a complex mathematical function.

The complete formula is

2
~1
N—1 2, vie]

% 1
t =meX|le=—vyas
[ 2 2221(N+1) 22 33(N+ 1) (N +3)

However, the application of this formula is
subject to serious praetical difficulties. To be used
effectively, N, the sample size, should be arcund 100,
which limits its application.

Interpretatiocn of geochemical data

The lognormal distribution has applicationsin geo-
chemical exploration. An earlier section dealt with the
geochemical explorstion methods. The dats resulting from a
geochemical exploration are arranged in a cunulative freguency
curve,., The cumulative percentage frequencies of metal values
are plotted against their real mekal values in ppm. The
resulting curve may be a strightline if the data are unimodal
(only cone populaticn). The line may show varjous inflexion
points in which case the population may be biomodal or poly-
modal (many porulations)s as shown in Fig., 6.3.

The curves c¢an also be used to find out the geome-
tric mean and the coeffirient of deviatien. These are used
in a formula to find the threshold value :
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t = bSs'?,
where t = threshold value,
b = background value (geometric mean), and
8' = log of the coefficient of deviation.
The values which are above *‘t' may be considered
as anomalous and can be determined at three probability

levels 68%, 9%% and 99%; 95% being preferred in most geo-
chemical casesl2.

Unimodal curves are easy to interpret and polymodal
curves difficult. The separation of various populations
requires the use of a computer.

6.3 Geo statistical methods and their applications

Geostatistical methods are alsoc utilised in grade
estimation. The basic tool in geostatistical studies 1s the
variogram. In this,the spatizl correlation between the various
sample valueg is studied by means of a variogram which is a
mathematical function def{ning the natural (intrinsic)
dispersion of assay values 3,14,

6.3.1 The Variogram

The varicogram is constructed as followsl3d

Suppose there 13 a set of copper assay values as
shown below !

Cu%

N NN N

The values are rearvanged by pushing out the last
asgay value. This is the one lag position.
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et A Set 2* A - Al (A - a2

and ignoring
sign

! )

] 2 1 0

? 1 1 1

1 2 1 1

2 2 0 1

2 1 1 1

1 2 1 1

2 R

s

This value is 4ivided by

)
2 {0 ~hy *

where L. = Jlength of the data string - B iu this
case, and
h = Jlag valuz which is one.

This division prmduces the value denoted as Yy (h)

5 5
AL D ¢ s e ¥

Now we rearrange the data to two-lag positicn i

Ay Ayl Ay - Ayl (Ay - a2
2 1 1 1
1 1 1 1
2 2 0 C
2 1 1 1
1

3

1
LI 3 S
TR T sy T e S 7 ¥ ()

The process is continued till the data are exhausted,
Now we get varicus values of ¢ (h) (variance) for various lays.
This is plotted with lay values on the *X' axis and ¢ (h)
values on the Y axis., The resultin, curve is called a variogram.
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The variogram yields a statistical parameter
called the semi-variogram function expressed as y (h) and
de fined by the equation.

1 t-h 2
F () =sr—s [(xsh)=#(x)] dx

where

£{x) and f{x+h) are assay values at distance *‘h’
and L 1is the total distance of the plot.

The equation defined above is that of a unidimen-
sional variogram which is applicable in most cases. Five
majocr types of variograms are recognised. They are

(1) Continuous type (Fig. 6.5)
(2) Linear type (Fig. 6 .6)
(3) Nugget type (Fig. 6.7)
(4) Random type (Fig. 6 .8)
(5) Transitive type. (rig. 6.4

By constructing the variogram, the law of disper-—
sion of the variable under study (assay value, thickness, etc.)
within the deposit can be understood. And once this law of
dispersion is understood, the mathematical law and statisgti-
cal parameters can be worked cut and used for various grade compu-
tation purposesl3,

The statistical parameters to be determined are -

Variance : Variance is a measure of the disper-
sion of values xi of the random variable (tenor values, assay
values, assay x width values, thickness, etc.) about its
mean ¥. It is the expected valuell (xy - x}2.

The variance 202 = _}1—.[2( i) Z(’:_:)z ]

The procedure for determining the variance is slightly
different from the one shown in the earlier section on mathe-
matical statistics. '

Logarithmic variance : When the random variable

shows lognormal distribution, the variance is found by crnvert-
ing the values to theilr natural logs. The logarithmic
variance o?IN in such cases is expressed as followsl3 :
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. Kk k

LN = 53:2 z fi(log xi) - = ti log xi\2
- 1= 1=1

")

Standard deviation ¢ The standard deviation is
the square root of the variance and is exvpressed by ‘o’

Standard error of the mean The standard error
of the -mean is defined by the formula _ o
as shown in an earlier section. U(x)=:7ﬁ=

These parameters can be used for determining the
error involved in various types of grade, tenor and tonnage
estimates by analysing the relevant exploratory data. The
procedures for making the estimates are described below.

As mentioned earlier, the dispersion laws of various
deposits are different, Two very common types of dispersion

laws are represented by the De Wijsian model and the Transitive
model .

6.3.2 The De Wijsian Model

The general De Wijsian law 1s stated as follows :

2 VA
OLN (t) = o Lin (-*‘}-“) ¢
whers
OgLN‘(t) = logarithmiec variance of tenors,
o = a geostatistical factor of dispersion
of mineralisation,
v = volume of the ore block, and
v - volume of the samples taken in this

block the shape of which is the same
ar that of the block, i.e. the samples
are homothetic to the blockl3d.

The quantity e« can be determined by three methods.

(1) From the slope of the variogram.

(2) From Matheron ~ Ve Wijs formula given below 1

2 D
OLN (t) = 3=Ln ("5")'
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wherea

FLN () = logarithmic variance of the gamples
(obtained from statistics),

= ahsclute coefficlent of dispersion,

D = linear equivalent of the block of ore
considered,

D=A+B + 0.7 €, where A, B,and C are
the three dimensions cof the ore block,
and

4 = a +b + 0,7 ¢, where a, b,and ¢ are the
dimensions of the diamgnd drill hole,
{(used for computing oI (t) .

(3) From the variance - variogram chart prepared by
Matheronl3. Of these, the Matheron De Wijs formula
described above appears most useful for practical
purposes .

The formulae described above can be used for
calculating the total error involved in any ore estimate
based on the exploration data, The calculation is done on the
principle of "Extension Geovariance".

6.3.3 Extension geovariance

It 1s the normal procedure to extrapoclate the ore
value of a diamond drill hole, channel sample, etc. to 1its
natural zone of influence. However, unless the mineralisation
is very uniform, an error is introduced in such extrapolation,
This error is related tc three factors, viz,

(1) variability of mineralisation,
(i1) geometry of the sample, and
(Lii) zone of influence of the sample.

Extension geovariance measures the error involved
in this extrapolation quantitatively taking into account the
three factors described above, In actual terms, extension
geovariance has three error components, which are 1

(a) Line geovariance : Error committed when the values

of a series of points are exteniei to a line, e,g.the assays
of a linear series of grab samples on an ore face.

{b} section geovariance : Error committed when extend-
ing the value of a 1ine to its rectangle of influence, e.y.
weighted average grade of a drill hole intersection.
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(e) Block geovariance 1 Error committed when extend-
ing the average grade of a section to its volume of influence,
e.g. the welghted average grade of a series of drill holes in
a section.

In addition, the sampling wvariance which indicates
the error committed in various samplihg practices also
contributes to the total error in the estimate. For finding
the extension geovariance, the formula isl3

2
o LN (E)= \/&—'—%(;2 +6"Lu '(L)-H;LN (n)+a3w (@)

where O LN (E) extension geovariance (total error in

the esztimation)

ol (3)

—=3 = gampling variance,
X

2
gILN (L) = 1line geovariance,

GgLN (X) = section geovariance, and

2
01N (B) = block geovariance.

Since grab sampling is seldom used, LN2(L) does
not usually figure in the computations.

a
— is determined by dividing the variance
X by square of the sample mean X.

2
O LN (X) is found by using the formula :

2 _
OIN (X)) = .o AL

where N = 13 the number of drill holes inter-~
secting the relevant section,

= interval between the drill holes,

= average length of ore intersection,
and :

=2 = absolute coefficient of dispersion.

LN (B) is founi hy using the formula

2
n H 1 o H L 114 S
s = 2 — o, e et a i 2 e O,
G LN (8) 7 L] 2 L L 2 L2
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where N' = nunber of Sections - say levels in a block
of ore, '

L' = average atrike length of the depositlin
horizontal section,

L = total length of ore recognised in various
levels,

H = level interval, and

8 = gurface of the ore body in a longitudinal
section.

6.3.4 The Transitive Model

In this model the variogram will have a shape
shown in Fig. 6.10.

The intrinsic dispersion conforms to the following
law :

¥ {r)=co+cCy(r, a)

where r = distance,

a = range of correlation,

Co = nugget effect, 1l.e. value of
¥(r) at + = o

C a a constant equal to the difference
between the variance of assay values
and the nugget effect, and

Ttra)

pure transition funetion which is
equal to r/a for r £ @ and equal to
one when >a

In practical terms, this law describes the geometri-
cal fragmentation of various grades of mineralisation in a
depogit. When two samples M and M' are close to each other,
they are likely to be in the same grade range {grade micro-
basins). When the distance r between these two increases,
the two samples are likely to e in different grade ranges
(grade microbasins). This formula can also be used for calcuw
lating the extension geovariance (total error of estimation}.

For calculdtion of the geovariance, the following
sequence 1s adopted. In an estimate of an ore biock, the value

of length 'f' of intersecticn is extendei to its rectanyle of
influence o width 'h' the intrinsic law T(r, a) is replaced
by F (h, f) which is an aixilisry function representing the
geometrical eguivalent of the bLlock. The numerical value of
this is determined from Serra's graphil3.
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The earlier formula now becomes

o*(¢)

co + CF (h, L), where

0%(¢) = relative arithmetic variance of assay
' valuoes (obtained from statistics),

Co = nugget effect,

C = pitch of the transitive variogram, and

F(h,L) = value from charts for h/a and l/a,

‘a' being the range of correlation of
values as shown by tha transitive varlo-
gramsi

The total/error - J@EEtion geovariance +
of estimate block geovariance

section geovariance is determined by the following
formula 1

sectd ari - i o2 (e) (24
e on geovar ance NP N ?

where N = average number of ore intersections
in each level,

L' = average length of ore in aach level,
and

P = number of levels intersected by
Jdiamond drill holes.

o2(e) h which is an elementary estimation of
variance of a segment of length "h* and agsumas
three values depending on ‘h! the length of the
segment for which the estimation is made,

Thus, 0'2(9)11 when h<£ a = —é—-— _2..
when a< h« 2a = > 5 + n i 3 h2
2
when h > 2a = 1 - : - ; ac and
he
1 h
value of Flh) = —3= —~ when h=< a and
2
-2 1 a when h > a.
1 ™ + 3 .
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Blozk geovariance = -m%* o? (e) (H, L)

where H 1is the standard vertical interval between
the levels. When H is smaller than a (range) tnen

2 2
2 - s S : S
o“{a) (H, L) 0.07383 — 1. 3

40 al

2
O (e) (H, L) is the value of the function read
from Serra's chart when H > a,.

6.3.5 Krigging and its application in grade estimation

In certain special cases, it is dAifficult to make
a reliable estimate of the grade of ore in small blocks in
working mines for absence or inadequacy of data within the
block. In such caseg a procedure known as continuous Krigging
is needed for estimating the grade.

The casgse dealt with here 1s that of a block of ore
which has little data of its own but 1s surrounded by levels
and drives which have data, The usual procedure in such cases
is to find out the weighted panel averages around the block
and interpolate the results. To increase the efficie?cy, the
following procedure {continuous Krigging) is adopted 3,

The ore block {(sguare) is asgsigned additional
weighting factors (calculated and standardised) as shown in
the Fig. 6.11 in such a way that the welght for tiie square
block does not exceed 1000 (250 for each side). Grade computa-
tion from the surrounding blocks is now given in additional
welghting factor, the nearest factor of each reading. Now,
the weighted mean is found out, This yields the best weighted
average of the square block of oreld,

Another procedure known as discontinuous Krigging
is used when the block of ore in guestion has been explored
by boreholes put in a square grid. The problem is to ascertain
the influence of each borehole.

In the case shown in Fig. 6.12 the central bore-
hole has an average grade of u, the first ring of boreholes
an average welghted grade of v and the outermost ring of
boreholes an average welghted grade of wl3.

Here, an estimator 2 = u 1is made use of to
predict the grade of the central block. The estimator g is
known as the Krigged estimator 2nd is considered to be the
most efficient under the cireumstancesld,
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The formula for Krigged estimator

z2 = (1 —A-A)u+ AvVHRwW

Here 1z

u

AB M

Krigged estimator of the panel conaidered,

weighted average grade of the cantral
hole,

weighted average grade of the first
ring of holes,

weighted average grade of the second
ring of holes, and

geometric coefficient the valuas of
which are read off from a atandard
chart, sea Fig. 6,13.

average thickness of ore

h (holes u, v, and w)
a

=

cell edge of basic square
drilling grid

The chart is prepared by putting the values eof

h

X = ——en the 'x' axis and the #aluea —%z(rzk on the
ty! axis.

Here o = value of absolute cocefflcient of
dispersion determined from the
variogram, and

2
ok

= variance of each intersection plotted

on 'x' eaxis . The corresponding value
Of.._ll_ »
a3

Geostatistical methods described above are of use
in certain types ©of mineral depcosits like gold, copper, lead-
zinc, etc. The use of this method for other mineral deposits
is under experimentation. The methods find the best applica-
tion in producing mines where grade control has te be done

continuously,
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Fig: 8.13, Chart giving the gecuwstrical cosfficients
to be used 1in Xriggling +the D.D.H. wnich have been
drilled following the two drifling patterns 1iius~
trated above, Note that in the drliting grid
shown on ths right, thers tg no central hole 1n
the ore panel sonsidered. The chart gives the
coefficlante A and pM, to be used in the kriggling
ejuation. Thess costficients are read from the
value of 2 on the abasclesa, whare x is the ratie
of the average length of ore iuntersecticn in the
drill holea to the size of the drilling grid (in
this oase, the osll edge 07 the unit drilling
square}, The prealsion 5t the kriged estimator

of the ore panel considersd 1s read dirsctly fron
the ohart, using the abpolute cosffiolent of
dispersion{resd ¢rom the variogram) & the
gtatistioal varianoe of the D.,D.H. semple valuss,
This chart 1s for the De Wijwian modsl.
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Chapter 7

7.0 Geology of the Mineral Belts of India

7.1 A broad outline of the geology of India

A broad Knowledge of the geology of India as well
as a knowledge of the occurrence, distribution and the geo-
logical pbackground of the major mineral deposits is vexy
essential for an exploration geologist intending to prospect
and explore for mineral deposits, 1t should be recognised
that a given mineral deposit has a specific place of its
own in the geological setting in which it is found and the
exploration geologist should first understand it if the ex-
ploration has to be well directed,

Physiographically, India has been divided into three
units, viz,

(1) Peninsul ar region,

(11) Indogangetic alluvial plains, and

(1ii) Extrapeninsular India or the Himalayan
region,

The peninsular part of India is a shield area
which has been exposed to long and sustained denudation,
T™is shield area contains some rocks which are geologically
most ancient., Most of the major mineral deposits are
located in ti:is shield area, A large area of the wastern
ana middle parts of this shield is covered py the lLava flowa
of tne Deccan Traps. This trap-covered portion has remajined
unimportant from the point of view oi finding economic
mineral deposits.,

The Indeogangetic alluvial plain covers a vast
stretch of land north of the peninsular shield. Like the
Deccan Trap, large parts of this vast plain have also not
offered any taryet for mineral exploration so far,

The Himalayan region represents geosynclinal
formations extending from Camprian to Tertiary which have
peen folded and overtnrust. The core of the mountain cone-
tains granitic intrusionsl, The true mineral potential of
the nhimalayas has not been properly assessed as yet although
exploration in certain isclated areas nas shown mineralisa-
tion of various types,

Major Geological Formations

The major Indian rock tormations from the Precam-
brian to Recent Alluvium have been arranged in Taocle 7.1 in
the descending order of their age,
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Tabla 7.%: Major Geological formations of Indis
Recent Recent Alluvia, Sand dunes, Soils

Plelstocens older Alluvia, Karewas of Kashmir, and
Pleistocene river terraces,etc,

Mio--Pliocene  Siwalik, Irrawaddy and Manchhar Systemsp
Cuddalore, Warkilli and Rajamahendri

Sandstones

oligo-Miocene Murree and Pegu Systems; ¥ari and Gaj
Series

Eocene RanikoteLaki~Kirthar~Chharat Series;

Eocene of Burma

Lower Eocene: Deccan Traps and Inter-trappeans

Upper

Cretaceous

GCretaceous Cretaceous of Trichinopoly, Assam and .
Narmada Valley; Giumal and Chikkim Seriea ;
Umia beds

Jurassic Kioto Limescone and Spiti Shales; Kota~
Rajmahal and Jabalpur Series

Triassic Lilang System including Kioto Limestoneéy
Mahadeva and Panchet Series

Permian Kuling System; oamuda System

Carbonifarous Lipak and Po Series; Talchir Series

Pevonian muth guartzite

Silurian Silurian of BSurma and Himalayas

Ordovician Ordovician of Burma and Himal ayas

Cambrian Haimanta Systemy Garbyang Series

pre-Cambrian Cuddapah and Vindhyan Systems; Dogra and
and Simla Slatesy; Martoli Series

Archaean Dharwar and Aravalll Systems; Salkhala,

Jutogh and baling s$€ries, various
ggeisses, etq,

* COPYRIGHT, FRCM THE BOOCK GECLOGY OF INDIA & BURMA BY M,S.KRISHNAN
COPFYRIGHT 1968, REFRODUCED WITH THE KIND PERMISSICN OF
MRS . AKHILANDESHWARI SUBRAMANIAM,
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7.2 Tectono- metallogenic units

All geological formations, howevar, do not contain
mineral deposits. It has been found that there is a relationw-
ship petween tectonlic phenomena, formation of major rxock units
and oregyenesis,

In the Indian context, 3 major tectonic units which
include all the structural metallogenic zones have been identi-
fied, They are: (i) shield areas, (ii) mobile belts, and (iii)
platform areasé,In addition to these three¢ units, there are two
other areas of interest from the mineral exploration stand
point, They are: (1) the lateritic belts and (2) the area of
Quaternary formations like alluvium, loess, beach sands, etc,

Formations like the Gondwanas, Lleccan Traps, Creta~
ceous, Triassic, Jurassic, and the whole of Tertiaries have so
far not revealed any significant endogenetic mineralisation,
Limestone, phosphatic nodules, pbuilding stones, chinaclay, fire-
clay, gypsum,etc, are present in some of these formations.

But such deposits are present in most formations and a tectono-
metallogenic approach is not necessary to understand them, The
sedimentary and evaporative type of deposits are dealt with
indiyidually in another section, Coal, oil, etc. which are
present in some of these formations are not dealt with in this
publication, .

7.2.,1 5Shield areas t A shield is descriped as a part of the
earth's crust which owoviously has not been seriously disturoed
since the Precambrian times. 0Of course, this apparent stabiiicy
is only relative, The most typical characteristics by which
the Precambrian shields are recoynised are migmatisation and
yranitisation, indicating a high deyrea of metamorphism under-
gone oy the rocks of the snield area3.

The shield arcas naturally contain the oldest geologi-
cal formatcions starting with Archaeans which has so far provided
to pe the largest repository of mineral wealth. The other forma~
tions which contain mineral deposits are Delhis, Cuddapahs,
Vindhyans, etc., of the Pre-Cambrian and Camprians, ‘

{1) The Archaean : The major rock units in the
Archaeans are the ancient gneisses, metavolcanics and metasedi-
ments. Five principal belts of these rocks can be identified in
the shield area?, These are i

(a} bharwar system of Karnataka and adjoining
States.South India,

(o) Eastern ghat belt-South-East India.

(c) 5inghbhum-Gangpur-Bi jawar belt East and East-
central Peninsular Inaia, '
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‘a) Sausar-Sakoli systems of Central India, and
{(a) Aravalli system North-Western Peninsular
India.

Dharwar gystem of Karnataka and adjoining States South India

The majol rock wunits ot the Lharwar
gystan are maetavolcanics, metasediments, intrusives of variocas
typas {(ultra-basic to acidic] orthoqguartzite-carbonate rocki,
ironstone bands, etc.l The metavolcanics, metasediments and
the orthoquartzite-carbonate rocks broaaly form schist beltis,
or greenstone belts, Various greenstone pelts are recognisanle,
Presently, it is thought that these greenstone pelts form part
of a huge geosyncline?®, These rocks have oeen affected py throe
phases of acidic intrusives and granitisation togethier with an
early and late basic phase, The earlier basic and ultrabasic
rocks have been responsible for magmatic deposits of cnromium
and iron., The f£irst phase of gnelssic intrusion has Dbeen Co~
related to mapy hydrothermal deposits, principally gold, coppesls
lead and zinc, ‘These may also have been caused by later intii-
sions like the peninsular gneiss or Closepet granite, The
sacond phase of ultrabasic ilntrusive gave rise to more chro.aium
and iron deposits®*, The major rock units of the bharwars are
shown} in Taple 7.2.

[he metavolcanic and matasedimentary rocks referred
to aoove were fommed in the mobile belts, A moblle belt is
described? as a portion of the earth's crust, generally long
compared to its width and many scoresa of miles wide, that is
more mobile as evidenced by geosynclines, folds and faults,
than the adjoining staole blocks of the crust®, The major
endogenic mineralisation which occurred within the Dharwar and
its equivalents is considered to have rasulted from differant
phases of magmatism corresponding to the different stayes of
the development of a mobile belt in this particular case, ons
geosyncline or several geosynclines, Four major stagyes of
development of a mobile belt are recognised, They ared,

(1) Initial stage - This staye of development
is characterised by the presence of pasiec
and ultrabasic intrusives,

(2) Intermediate stage - The intermediate stage
is characterised oy granodioritic complexes
and the formation of granitic rocCks of
intermediate composition by various

processes,

{3) Late stage - In this stage, the major
intrusive and extrusive roCka are acid-
granites,

{(4) Final stage - fhis stage is characterised by

the intrusion and extrusion of granitoids
and aplites,
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All stajes may or may not pe present in a given belt,
Cyclic repetition of one or more stages is also recoynised,
Clear-cut distinctions into the four stages may not be easy in
many cCases,

In the Dharwars of South India,two stages of the
development of a mobile belt are recognisedian_initial stage of
two cyclessand an intermediate and late stage?, Each stage
has given rise to typical mineral deposits genetically
associated with the intrusive or extrusive rock typical of
that stage,

(1) Initia)l Stage 1

Magmatic deposits i1 In the bharwars of South
India, the early stage of development is seen in two cycles.
The first basic and ultrabasic magmatic invasion gave rise
to magmatic deposits of chromium and iron ore, A second
magmatic invasion took place supseqguently which also pro-
duced chromium and iron deposits, oue to complex metamorphiam,
the cycles are not easily recognisable although the Salem
ultrabasic complex belonging to these cycles is considered to
be the younger of the twoz. The resulting mineralisation is
that of chromium and diron and is seen in the Shimoga-Tumkur-
Arsikere-Mysore-Salem zone?,

Mineralisation occurs in refolded rejional synform
in the eastern part of the belt, while, in the westemm part,
the mineralisation is in a cross~folded synform,

Sedimentary metamogLphic deposits 3 In the
initial stage, a sedimentary metanmorpnic mineralisation
episode is also recognised. This episode yave rise to lron
mineralisation. &Sconomic deposits associated with this
structuro-metallogenic event are thie iron ore deposits of
Sandur areal, Manganese mineralisation seen in clos2 assoclia-
tion with the iron ore also may belonyg to the same structuro-
metallogenic epoch,.

(2) Intermediate-late stage 1

The two stages cannot be separated owing to the
high grade metanorphism undergone by the rocks. This inter-
mediate and late stages have been typified by the development
of gneisses {Champion gneiss) which gave rise to hydrothermal
mineralisation of gold, copper, lead and zinc, Hyarothermal
mineralisation was caused by granitic invasion also (Closepet
granite), This structuro-meétallogenic epoch has produced five
zones of mineralisation?, Tnese are i
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(i) Gadag-ChitradurgaMysore zone. Economic
mineral deposits - gold (Gadag gold-
fileld) and copper {Chitradurga).

(11) Bensimalal - Hadhanate - Kowdali zone.

~(114) Ramagiri - east Bangalore zone - gold
(Ramagiri).

{iv) Hutti, Chityala - Kolar - Mamandur - Kondadu -
Vellore-Tirupathl zone. The mineralisa-
tion seen is of Au (As, Fe, Cu, Pb, W)
and Po (Ag, 2n, Cu, Fe)}. Economic
mineral deposits : gold {Kolar - Hutti)
copper, lead, zing, silver, etc,
. {Mamandur and Kolar).

(v) Garimanapenta - Nellore zone -~ mica deposits.

With minor elements like Be, Nb, Ta, Y, etc. Of
these, the belts i-iv occupy folded synformal structures
flanked by antiforms with associated granitic cores. Belt v
occupies a refolded synform of metasediments and gneiss2.

Apart from the endogenetic mineralilisation explained

above, the Dharwars contain chemico-sedimentary deposits like
limestone, dolomite, clay, =tc.

Eastern Ghats

This belt consists of high grade metamorphic
products of predominantly calcarecus aluminous rocks. Various
stages of hybridisation and granitisation are @lso recognised,
Metavolcanics and metabasics are rareZ, The geological
succession 1s best represented by the Jeypore-Bastar sectionl
which is shown in Table 7.3.

The mineralised belts of the eastern ghats do not
clearly show the development of the various stayges of the
mobile belt, The eastern ghats rocks occur in the linear
belts of high -grade metamorphites, predominantly calcareous
and aluminous, in various stages of granitisation and hybridi-
sation. Matavolcanics and metabasic rocks are rare and the
mineralisation may have taken place in the exterior and shel f-
shore areas of the mobile belt. Thus, the iron ore deposits
of thig belt are considered tc be of exogenic origin associated
with banded hematlte quartzite?2,
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Table 7.3 Geological Succession in Jeypore-Bastar

PURANA Upper : Limestones, purple shales and
' slates
Lower H Pale sandstones and shales,
purple shales quartzites,
grits, conglomerates
e a—mmm—m—-—n  Unconformity =m—--me-s-—osees—eesooseosos

IGNEOUS ROCKS  Doderite dykes

Granite and pegmatite
Chamockites
Greenstones and Granite-gneliss

et mmmm === Unconformity e=e—-——-m-e--—-ssoo-oooosmemmTT
KHONDALITES (Position uncertain)

------- e emmm——=—=  Unconformity —-ee=---wem—-ssesssssossmesms
BAILADILA IRON Banded hematite-guartzites, grunerite-

ORE SERIES quartzites and white quartzites, =2tc.
------------------- Unconformity ———emeommmesessoosmwse e
BENGPAL Ferruginous schists, schistose conglomerafes,
SERIES biotite-hornblende-quartzites, shales, slates.

Slates, schists, phyllites, grunerlite-garnet-
schists, magnetite-quartzites, garnet-
biotite-gneiss, with basaltic flows and
tuffs. '

Sericite-quartzites, andalustite-gnelss,banded
magnetite-quartzites, grunerite~-schists and
quartzites with intercalated basalt flows

————————— ewee Line of division uncertain ——--~-~=e-ossosoooTes

SUKMA SERIES Sillimanite-quartzites, grunerite-schists
magnetite and dliopside-guartzites, hom-

blende-schists, blotite-cordierite gneiss,
etc.

*COPYRIGHT, FROM THE BOOK GEOLOGY OF INDIA & BURMA BY M.5.
KRISHNAN COPYRIGHT 1968, RE PRODUCED WITH THE KIND PERMISSION
OF MRS. AKHILANDESHWARI SUBRAMANIAM ,

The zones of mineralisation are :

(1) Pipslgaon-Lohara-Asola-Dewalgaon zone,
(2) Dhalli-Rejhara-Perrerkaro zone, and
{3) Bailadila-Kondpal-Farowada-Taki zone.

These zones give economic deposits of iron ore.
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Endogenic mineralisation may havs taken place in
the other exterior arzas belonying to tlhie eastern ghats
resulting in manganese formation, ‘e resulting economic
mineralisation is seen in the Srikakul am-Kal ahandi-Rdaigada
Z200e

Singhbhum-Ganpur- 8f jawar pelt « east and east-central
Eerinsular India

The belt contains various typas of rocks belonging
e the Archaeans, The rock succession in these arcas is as
shown in Table 7.4.

Tabie 7.4:Succession in Singhbhum

Newer dolerite
Soda granite and Cu~U mineralisation
Chota Nagpur Granite-Gneiss

bhanjori Crogeny {Singhbhum O rogeny
of Sarkar and Saha)

Dalma and bhanjori lavas

Dhan jori ‘'stage (? Kolhan series)

Singhbhum granite

Singhbhum Orogeny (Iron-ore grogeny of
Sarkar and Saha)

Iron-ore Series

Older Metamorphics

* COPYRIGHT, FROM THE BOOK GEOLOGY OF INDIA & BURMA BY M.S.KRISHNAN
COPYRIGHT 1968, REPRODUCED WITH THE KIND PERMISSION OF
MRS . AKHILANDESHWARI SUBRAMANIAM.
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The northern and eastern portions of the 3inghbhum
craton are considered to show the development of a geosyin-
cline, The basal conglomerate sequence 138 followed by black
carbonaceous shales <nd turbidites intercalated with volcanic
flows and tuffs, Gauvbro-anorthosite intrusions took place in
the marginal fractured zones of the gwosyncline, Vanadiferous
magnetite lenses were emplaced after these intrusions. The
geosyncline was then supjected to folding and granitic intru-
sions. The granites are recognised as the Romapahari granite,
Chakradharpur granite and the Singhbhum soda~granite associated
with the shear zone and copper-uranium mineralisation-,

* Table 7.5:The Gangpur Saries

Iron-ore Series (7) Phyllites, slates and lavas
Raghunathpali conylomerute

—————————— s rinmm e e = SR AL ZONE e o e it e
fPhyllites and mica-schists
:Upper carponacepus phyllites
:Calcitic marbles
t Dolomitic marbles

[
Gangpur Series y Mica-schists and phyllites

g

Lower carbonaceous gquartzites and
"phyllites
H

'Gondites with associated phylliites
)

'{Base not seen)

*COFYRIGHT, FROM THE BOOK GECLOGY OF INDIA & BURMA BY M.3.KRISHNAN

COPYRIGHT 1968, REPRODUCED WITH THE KIND PERMISSION OF
MRS . AKHILANDESHWARI SUBRAMANTIAM.

Gangpur series occurring to the west of Singhbhum forms a
geanticline with a closure in the east and granitic intru-
sians in the westl,

The core of the geanticline shows gondites, They
are followed by carbonaceous quartzites, phyllites, dolomitic
and calcitic marbles, carbonaceous phyllites, mica schists,
atc, At the top of this seguence is a shear zone. This is
overlain by phyllites and mica-schists of the Iron-ore
Series, The Gangpur series has_ veen intruded into by basic
511ls and Chota-Nagpur granites-~,
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in the Singhbhun-Gangpur successiontwo stages of
development of the mopile belt are recognised. They are (i)
initial stage and (1i) intermediate-late-final stage<,

(1) Initial staye : The initial staje shows the
development of metavolcanics and metasediments. Thus, there
are magmatic mineral deposits and sedimentary metamorphic
deposits<,

Magmatic deposits = The mineral deposits were
formed as a result of ultrabasic and basicg
volcanic invasions of the initial stayes of the
mobile belt. The resulting structuro-metallogenig
zone is the Cuttack-Keon jhar- Singhbhum- Dhal bhume
Mayurbhanj zone, 1In this zone, the important
mineral deposits are chromite, nickel, titaniferous
and vanadiferous magnetites, etc,

Sedimentary-metamorphic deposits -~ The structuroc-
metallogenic zones of sedimentary-metamorphic
deposits are the (i) Singhbhum-Keonjhar zone and
(11} Mayurbhan j-Sambalpur-sSundergarh zone.

The economic mineral deposits in this belt are iron
and manganese ores,

The Gangpur manganese ore mineralisation also may
belong to this group but may be an older endogenic development?,

(ii) Intermediate~late-final sta%g s+ This stage shows
the invasion of various granites Like the ota-Nagpur and
Singhbhum granites, The structuro-metallogenic epoch is
represented by the Benkakocha-Lawa-Kumar-Singhbhum copper zona
and Pahardia-Monoharpur~-Beldih-Kulad zone. The mineralisation
seen is Au, Cu, (Fe, Ni{, U), Pb (Cu, Au, Fe, Zn), U, Th, and

Ca (Ca, Pr, rRd, Sm, Be), The important economic mineral deposits
are of copper (Mosaboni, Rakha, ete,) nickel, (Mosaboni),uranium
(Jaduguda), etc,

Sausar-Sokoli System - Central India

The rock formations of this belt {Zausar-Sakoli
belt) are extensions of the Chipli Ghat series of the
Chattisgarh basin,

The succegsion of the Sausar series is shown in
Table 7.6,
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Table 7.6.The Sausar Series

Minor intrusions

'Grahitic intrusives
SAUSAR SERIES?

BICHUA STAGE

JUNEWANI STAGE

CHORBAOLI STAGE

Leucocracic granite, granite
pegmatite and quartz veins,

Gneissic granite and ortho-gneiss.

Dolomitic marple, serpentine marble,
diopsidites, actinolite~schists,
calc-silicate granulites with
tremolite, anthophyllite, wolla-
stonite and grossularite, Occurs in
all arcas except in the south and
east.

Muscovite-bDiotite-schists, quartz-
biotite~granulite, locally biotite-
gneiss, often garnetiferous; in

places staurolite, kyanite and
sillimanite; sometimes interdigitating
with B8ichua stage. Widespread but
lenticular,

Quartzites, quartz-muscovite and
felspathic quartz-scnists, occasion-
ally garnetiferous; sillimanite and
kyanite in places; also autoclastic
guartz conglomerates. Widespread
except in the Central part of the
pelt,

Manganese ore and Gondite Horizon :

MANSAR STAaGE

~ Muscovite and biotite schists,

phyllite, often garnetiferous, become
gneissic where feldspathised. Generally
highly argillaceous. TwWo or three
Manganese horizons in the schists. Most
widespread stage of the Series,

Manganese ore and Gondite Horizon 3

LOHANGL. STAGE =

(a) LOHANGI

- Pink and white calcitic marbles

{(locally dolomitic) and calciphyres,
etc, Occurs mainly in the northern
part of the belt,
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(k) UTEKATA - Caleygranulite and calc-gnelss with
silicates; contains microcline-
bearing bands, Bxtensively dis-
triouted but thin and impersjistent,

{c) KabuBIKHERA - Quartzebjotite granulite with
‘epldote and maynetite intercalated
with gquartz.bjotite-gneiss, O¢curs
only in the western part bput thin
and lenticular,

SLTASAONGI STAGE - Yuartz-muscovite-schist, feldspar-
muscovite-schist and intercalated
guartzitesy locally a gneiss with
kKyanite and garnet, Well developed
in Bhandara, extending to the east
as a schistose feldspathic grit,
Passes laterally into the Lohangl
Stagye to the west,

Uncon formi ty

TIRODI GNEIS3 ~ Biotite gnelss with subordinate
intercalations of amphioolite,
hornblende~schist, calc-gnejss,
teldspar~muscovite-schist, biotite-
granulite; comnonly garnetiferous,
locally porphyropclastic; varies
from arkose-grit to gneiss according
to metamorphic grade, Occupies the
middle strip of the belt mainly but
found also in other parts extensively.,

Unconformity
METAMORPHLIC GROUE - Hypersthene~granite gneiss, blotite-
gneiss, hornovlende-gneiss, amphibolite,

etc,

{Note ; The members of the substages of Lohangi tend to grade into
cach other laterally, They pinch out in the eastern
and south-eastern par. of the peit where they are
replaced by the Sitasacngl Stage.)

*COPYRIGHT, FROM THE BOCK GEQLOGY OF INDIA & BURMA BY M.5.KRISHNAN
COPYRIGHT 1968, REFPRODUCED WITH THE KIND PERMISSION OF
MRS, AXKHILANDESHWARI SUBRAMANTAM.
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The succegsion of the Sakoli series is snown in
Table 7.7.

Table 7.7: The Sakoli Series

phyllite, chloritichorn-blende-schist

Quartz-dolerite
Tourmal ine-muscovite granite and
pegmatite
5 E Crushed albite-microcline-quartzite
% ! Phyllite and slate
¢ Sakold {
Series ; Hematite-sericite-quartzite
Sausar ! Chlorite-muscovite schist with chloritoid,
Series i epidote-chlorite-schist, jaspilite,

R

Amphibolite and garnet-amphibolite

Dolcmites, cryscalline limestone
: calciphyre and chlorite-tremolite-
' schist

Microcline-muscoviteqquartzite

N
t
~
N

COPYRIGHT, FROM THE BOCK GECLOGY OF INDIA & BURMA BY M.S.KRISHNAN
COPYRIGHT 1968, REPRCDUCED WITH THE KIND PERMISSION OF
MRS . AKHILANDESHWARI SUBRAMANIAM,

Although the rocks belong to a moblle belt, the man-
ganese and iron ore mineralisations are thought to be earlier
than the development of the typical geosynclinal conditions
represented by gteywackes, etc, <[hey are considered to be
part of a suits of sedimentary rocks which were pra—orogenicz.

The important mineral deposits of this belt are man-
ganese ore {Mansar, Kandri, etc,),chromite (Pauni)} and copper
(Malan jkhand ).

Aravalli system - north-.western Peninsular India

The Aravallis are predominantly argillaceocus in
nature and are nighly folded and metamorphosed, The succession
of rocks is shown in Table 7.8,
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The rocks represented in the Aravalli system are
considered to be a group of flysch and metavolcanics of the
interior part of mobile belt. Mineraliscation of the early
stages of the mobille belt are rare, Acid magmatism of the
intermediate stage has produced hydrothermal and pegmatitic
mineralisation,

Two structural metallogenic units are recognised
in the Aravalli system,

(1) Rewara-Betumi-Pahari-Dariba belt showing
mineralisation of Pb, 4n, and mica, EBconomig¢
mineral deposit - Lead & Zinc (Darina),

(2) Zawar~Debari-Rikhabdeo belt showing the min-
eralisation of Pb, {(Cu, 2n, Ay, <d). Economic
mineral deposit - Zawar,

The manganege deposits of Jhabua belong to the
shelf-shore areas and are formed exogenetically with quart-
zite and limestone sedimentation,

The Precampbrians and Cambrians (Proterozoic) s The
Precambrian and Cambrian, o more precisely, Proterczolc
formations are the next in importance to Archaeans from the
point of view of mineral odcurrence, Three formations
belonging to the failrly easily recognisaple structural
metallogenic zones are grouped in this, The three units
are 3

{1) The Cuddapsahs,

(ii) [he Delhis, and
(iii) The vindhyans,

(1) The Cuddapahs 3 The Cuddapah formations consist
of a series of sedimentary rocks which have besen metamorphosed
to varying degreds, ‘Ihe main Cuuuapah pasin located in Andhra
Pradesh is crescent shaped and tne rocks rest on the irregular
surface of the gneisses and schists of archaean age, The
Cuddapans have peen folded and also overthrust in the eastern
margin, The major folds are parallel to the basinal manglns.
he main basin shows the followinyg (Fable 7,9) succession-t,
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* Table 7.9:The Cuddapah Systam

Kurnool System Various Sedimentary Rocks
Kistna Series Srisailam Quarxtzites
{600 m)

Kolamnala Shales

Irlakonda Quartzites

Unconformity
Nallamalai Series Cumbum Shales
(1000 m)
Bairenkonda Quartzites
Unconformity
Tadpatri (Pullampet)
shal es
Cheyalr (Cheyyeru) Series Cumbum Shales
{3,300 m)

Unconfcrmity

Papaghni Series Vempalle Shales and
(1,400 m) L,imestones

-

Gulchieru guartzites

Unconiormity

Archiaeans ——— Gneisses and schists

* COPYRIGHT, FROM THE BOOK GEOLOGY OF INDIA & BURMA BY M.S5.KRISHNAN
COPYRIGHT 1968, REPRODJCED WITH THE KIND FPERMISS1ION OF
MRS . AKHILANDE.,HWARI SUBRAMANIAM,

In the structural and metalloygyenic context, the
Cuddapahs are thought to show an incomplete development of
a mobile belt, The western part of the basin provably shows
the exterior of a mobile belt. Mineralisation associated
with the early stage of development of tne mopile pelt 1s
not seen. The intermediate stage of development of the mobilae
pelt is physically represented oy two mineralised belts i
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(}) Cuddapah zZone - Pb, Zn

-

{2) Agnigundal a-Belapalle=-zone - Cr, (F=), Pb,
2n, (Cuj.

ILmportant mineral deposits are copper, lead-2zing, asbestos,
barytes, limestone and diamond,

(i1) Ine oelnis

The Uelhis occur along the main axis of the
fold of tie Aravallis in a major synclinorium, The rocks lie
over the gneisses and the Raialos separated by an unconformity,
The Relhi System is broauly comparaple to the Cuddapah although
the latter is less severely folded., The succession of the
pelhi is shown below! (Table 7.10).

* Table 7.10:The Dealhi System

Jodhpur Main Chitor and Jaipur Alway

synclinorium, N imbahera

Mewar and

Ajmer-Merwara
Vindhy ans
of
Wastern
Ra jasthan
Malani
igneous
suite  ‘Calc-gneisses' Lower Vindhyans. Ajabgarh Ajabgarh

'Calc-schisgts! r: deries = 3eries

Phyliites ana i Hormstone

piotite-~schists. grg breccia

Sa Kughaligarh
Nl 3:“‘ limestone
Sy=teringy Sawa @ Jiran Alwar Alwar
presernt ) gshcias sand- Sarles Serieag
ana ¢ stones
grits !

WJuartzites

ArkKose=~grits
Raiale T T T
Sarises SRRl oRLiss I\d--’-_llo s .- Raialto
{Makrana Series Series
Marbles),

* COFYRIGHFT, FRCM THE BCCK GECLCGY OF INDIA & BURMA BY M.S . KRISHHNAN
QOPYRIGHT 1968, REPRCDUCEZ WITH THE KIND FERMISSION CF
MRS . AKHILANDESHWARI SUBRAMANIAM.
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Metallogenically, the Delhis shows the development of the
extarior and intarior areas of a mobiie belt. basic
volcanism of the early stage of the mobile belt and acid
magmatism ~f the late stage are present. However, mineraiie-
saotion is confined to the late stage of acidic magmatism,
Three melior structural metallogenic belts are recognisad in
the Delhle,

(1) singhana-Knetri-Sabai belt shows minerzlisation
of Cu, (Fe, As, Cp). Economic mineral
deposits 3 Copper (Khetri, eta,},

At jeriwDariba-Banrat-Gudkishoxrdas Jodnawas
helt shows mineralisation of ¢u, (Fe. Ni,
‘Co), Pb, (2Zn, Sb). Economic minersi
deposits : Copper, Lead, Zinc (Raribai,

(1)

(1i1i) Kishangarh-AjitgarheTarsgarh-ambarata belt
showsa mineralisation of Pb, {(Cu, Ti}, Clu.
Economic mineral deposits : Copperl, Lead-

2inc (Ambamata),

all these belts show a complex dagree of folding and Lalupy
‘synciinoriumse,

The Vindhyans

The vVindhyans shoW sxtensive development in
central india and consist of arenaceous and caliaregsus ruGks
with very small argillacecus bandg, The Vindhya. succession
is shown in Tables 7,11 and 7.iz2t.

+ Taole 7 11 Upper Vindhyan Succassion

e A e e . m—

Bnand=2r Sandsczo
Sirpbu shales

Lower Hhander Sandstones
Bhander Limestone (Nagode)
Ganurgarh Shales

Upper

es

Bhander Series

S TR WO T W

——————————————————— -—-~Djamond-bearing Conglomerate.a—w . . ana.

i
i

Hewa x-Ti88 }

. B . -

Kaldr Serjies

A e MR I MO

R RV R S

Upper Rewa Sancetolies
Jhiri Shales
Lower rewa Sandstones
Panna Shales

vhandaraul Juarczics
Scarp Sandscwoneé and

Conglomerate

}
Upper |
§
| Bijaigarh Shales
i
i
[

Upper Quartzites and Jdandstongy

Susnal Breccia
Lower guartzitosg

Lower i

i g o g e i e

—

St e m e Dl @MOB G- AT IRY COAGLOMEL NS s e e

and Shales

———r =
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o Frlsls 747 Tha Semil $«i5a3 and its Equlvaients

Jone Val.ey Karaull Chitor
Rontas Yrene Alrernating Tiroran Breccis .. Suket
iimes on2n Shales
ar ¥ Shez‘:'-'; T4irchan .. ;Qimbatlera
Limne=. . .ne Linesctone
Frna:nias Steg2 I aucinirta oeds L aloton L hee Nimbahera
Fap'n Llmestone pearing beds Shales
fiive =Saal€@s
Porecel laniue Forcellanites sandstones and Grits and
Stage and silicified conglomerates <onglo-
TOCKS merates
Basal Stace t.ajrahat
Limestone
Basal Coh=-
glomerate

* COPYRIGHT, FROM THE BOOK GEOLCGY OF INDIA & BURMA BY M.S.KRISHNAN
COPYRIGHT 1968, REPRCODUCED WITH THE KIND PERMISS3ION OF
 MpS . AKHILANDESHWARI SUBRAMANIAM,

The Vindhyans sepresent typical platform/shelf facies. HNo
mainr folding or metallogenic epochs are recognisaple in the
Vindhyansz.

7. > The Himalayan Mobile Belts

Zix the Himalayan region, two structural metallogenicg
episcdes are recognized rather broadly. One belonys to the
Hercynian mobile belt wnich is essentially older than the
development of the Himalayan, latter mobile pelt. The
Hercynian mobile belts were intruded by granites and gnelsses,
During the developuent of the Himalayan mobile pelt, these
granites and gneisses were reworxked. In the eugeosynclinal
areas of Himalaya-Naga-Lushai belt, ultrabasic and basic
intrusives are present., They belong to the lower, middle and
upper stayes of the development of the mobile belt. Important
minexal isation, bhoth of magmatic and magmatic metamorphic
types, 1is recognised concomitant with the intrusives. The
rasulcting depcsits are of chromium, iron and copper<,

Ihe important structural metallogenic pelts of the
ple=Himslayaen éra are as follows
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Dharampur-Bajila-Shishkhani belt,
Tetan-Dakoti-Basantapur-Aiyur-Pindki belt,
Subathu-Ser-Kakag-Kondo belt,
Jari-Manikaram-Uchich-Kotkandi-~Jacrinala belt,
Rampur-Benali-Lari-Kammarli, Kara Kunian
Narkasi Forest - Prankutiran belt,
Kistwar~Shumahal«Dul belt,
Benihal-Khabrel-belt, and
Najawan-Kulam-Lashteal (7} belt,

Po, {zn, Fe, Cu, Ag, Au, Sb, Ba):

Cu, (P, Fe, As).

These zones occupy the axial portions of the
regional foldg and are assoclated with metamorphosed

Palaeozole and Precambriap sediments. Mineralisation has
been correlated to the granites which occur nearby2,

In the Himalayan mobille belt itgelf, the follow-
ing structural-metallogenic belts are identified:

Hanle -~ chu belt,

Dras - Tashgam belt,

¥ohima ~ Ninghthi-Kongal ~-Nungon belt,

Chakkargaon - Rutland Island belt, and
Cu, (Fe); Cu, (Co, Ni, ¥e, Zn, As%.

7.2.3 The Platform Areas

The platform areas contaln various sedimentary
rocks with little of endogenetic mineralisation. The
Ironstone-Shale-Barren Measure zone of the Gondwanas is
not economically significant2, However, the clays of
Gondwanag, esp@cially‘the fireclay which occurs along
with coal seams, are being commercially exploited today.
Numerous occurrences ©f gocod grade clays belconging to
the Tertiary period are also known,

Cambrian to Recent geological times are repre-
sented by varicus groups ¢of rock fcrmationsg typically
developed in the peninsular and extra-peninsular regions,
These formations have not so far given any indication of
major endogenic mineralisation. The deposits seen in
these formatirns are limestcne, salt, gypsum, building
stones, cccasieonally phosphatic nodules, etc.
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A large nurber of mineral deposits ar.
assoclated with the lateritic formations and the
(uaternaries in many countries. In India, the
lateritic terrain has been explored in scma detalls.
but not quite extensively, and the Quaternaries
remain yet to be explored. These formations are of
great Interest to exploration geclogists and are
briefly discussed below.

7.2.4 Areas of Secondary Mineralisation

The areas described hitherto are mainly
zones and belts of primary mineralisation and re-
present areas in which secondary processes have pro-
duced economic mineral deposits. The processes res-
ponsible for these accumulations are weathering, trans-
portation, ete. The two groups of formations of
interest are (1) laterites and (ii) Quaternaries,

(1) The lateritic areas

The peninsular part of Indla shows wides-
pread occurrence of laterite. Laterite is a product
of subaerial weathering of a wide variety of rocks. It
contains hydrous iron oxides, aluminium oxides, quartz,
titanium, and a variety of other minerals6,

Laterites have been rather broadly grouped
within and also above the Tertiary formations on the geo-
logical scale. They occur as cappings and also occa-
slonally as boulders over rocks which have undergone
lateritigsation. The process of lateritisation affects the
mineral constituents of host rocks in such a way as to
concentrate them into economic mineral deposits, bauxite
being a typical example?,

Many laterites have vielded valuable mineral
deposits like iron ore, manganese ore, nickel, ore, etc,
The important lateritic zonesz of India and the associated
mineral deposits are listed below?:

Ranchi-Palamau zone - Al, Fe
Bonai-Keonjhar-Singhbhum - Mn, Fe
Bolangir-Patna zone - Mn, Fe
Balaghat-Mandla zone ~ Al, Fe
Bilaspur-5hahdol zone -~ Al, Fe
Jabalpur-zcne - Al, Mn, Fe

North Kanara-Belgaum pcone - Al, Mn
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Kelhapur zone - Al

Salem zone - Al

Bababuden zone ~ Al, Fe

Sambal pur-Kalahandi zone - Al Fe
Chitaldurga-Chickmagalur~Shimoga-Tumkur zone - Mn
Sandur-Bellary zone - Mn, Fe

Goa zone - Fe

Jammu and Poonch zone - Al, Fe

Sukinda zone - Cr, Ni, Co

Although lateritisation is not always an ore form-
ing process, the widespread occurrence Of important mineral
conCentrations within lateritic capplngs makes it an import-
ant area of interest for the exploration geologist, The

economic mineral deposits are bauxite, clay, manganege and
nickel,

(1t) Quaternary areas

Quarternary system is recognised as a time strati-
graphic unit and consists of the youngest sequence of strata
including sediments which are being deposited presently8,
The Quarternary formations of India may include glacial de-
posits, river deposits, desert deposits like sand dunes,
loesses, heach deposits, and various alluvial terrances and
formations, These formations present everywhere are very
interesting from the point of view of mineral exploration.
It is in these fomations that diamonds (piverine-accumu—
lation - Panna), tin (deposits of Bastar), iron ore, gold
(Ranchi), monazite (Kerala), etc. are found in the form of
floats and fine particles. These formations have not yet
been fully studied and classified in India,

7.3 Other mineralised form ations

From Cambrian to Pleéistocene Age, a large number
of formations are recorded in the peninsular and extra-
peninsular India. These formations, along with the mineral
deposits associated with them, are summarised in Table 7.13.
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Chapter 8

8.0 Exploration for Various Mineral
Deposits

8.1 Field Guides

Each mineral deposit will have typical characteris-
tiecs of its own and even deposits of the same mineral occurr-
ing c¢lose together exhibit some diverse characteristics.
However, broad similarities of certain characteristics are also
noticeable which make it possible to draw general inferences,
In the case of Indian mineral deposits also, vast diversities
between any two deposits of the same mineral in a particular
type and broad similarities in a particular type are noticeable.
Based on these, it is necessary to recognise certain field
guides which help in the search for a given mineral deposit.
Such guides are presented in Table 8.1.

The salient characteristics and some criteria by
which the important ore forming minerals may be identified
easily in the field have been tabulated in Appendix B8.1,. For
further description of characteristics of variocus minerals,
standard books on mineralogy may be referred to.

8.2 Preliminary observations

It has been generally mentioned that no two depo-
sits, evea though of the same mineral or ore, bear absolute
comparison with each other. Naturally, an exploration strategy
which has proved successful in one deposit may not meet with
¥he same success in another., In formulating an exploration
strategy therefore, some basic geological knowledge and other
data of each deposit are necessary. 1In order to collect data
systematically, the following check list of observations to
be made and recorded is recommended :

Check list of preliminary obhservations

(1) Status of the area :

(a) developed area with Jood communications, or
{b} undeveloped area.

{(2) Topography of the terrain

(a) plain/wooded /barren
(b) nhilly/wooded/barren

{(c) meountainous/wooded /barren
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(3) Regional geology and structure of the terrain
(a) igneous,
(v} sedimentary,
(c) metamorphic,
(@) residual,
(e} alluvial terrain,
(£) structure and tectonics-simple or complicated

{a) Size of the ore body

{a) length,
(b) width, and
(c) depth

(5) Outline of the ore body

(a} simple,

{b) irregular, or

() complex .
{6) Types of ore bodies

{a) capping,

(b) reef,

(e) veins (various types of veins),

(a) disseminations,

(e) lenses and pockets and other irregular

bodies, or

(£) stratified sedimentary beds.

(7 Nature of the enclosing rock

(a) lithology,

{b) hard, medium, soft,™friable, etc.
{8) Wall rock alteration

ta) pronounced,

(b) prominent,

(c) not prominent or

(a) totally absent

(9) Mineralogy

(a) monomineralice,
{b) polymineralic, and

(e) nature of gangue minerals
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(10} Structure

{a) simple,

(b) fairly complex,
{c) complex, or

(d) very complex

{11) Disposition

e e g

(a) extent of overburden

(1) no overburden,
(11) partially covereq by overburden, or
(111) fully covered by overburden

{b) depth extension

(1) confined to the surface,
{(i1) partially confined to the surface, or
(111)  fully extending underground

{127 Ground/surface water

(a) present, but not likely to cause any trouble,

(b) present and likely to interfere with drilling,
pitting, trenching, aditing, etc, or

(e) not present at all

{(13) Fleld evidence ahout ore genesgis

(a) clear, or

BY  not clear
(14) Climate of the ares with records of rainfall ang

temperature variations

(a} deserc,

{p) arid,

(e} semiariq,
(d}) humid, ete,

The various factors mentioned above infiuence the
choice of explecration methols and also the quantum of explora-
tion in many cases. The latter is alse depenient on the
required degree of precision of the exploration Aata,

After a promising mineral deposit lias been located,
anil its breoad characteristics stulied, the next step is to
choose a particualar scheme for detailed exploration based _on
specifiec necis and arher i iing factors like cost, time, ete,



There are many factors which go & long way in
helping the exploration geologist in his cholce of an explora-
tlon method, The factors discussed below may be made use of
elither individually or in verying combinaticns. '

1. Capaclty of exPloration method to give reliable type

cf samples in sufficient rgquantity

—— el e o ———

The prime cbiective of any exploration programme
is to collect samples of desired quantum and type and to prove
the guality and extent of the deposit, Hence, it is important
te choose a method which vields such samples laterally ani in
depth, Samples should be available continuously at regular
intervals. In the surfaeial deposits (alsc shallow), pitting
Yields most veliable samples. But, as mineralisatien extends
downwards, most of the observations have tc come from 4 amond.-
core drilling which can later be substantiated by samples
obtained from exploratory mining.

2. Efficiency of the method in operation

This depends on a host of conditions like the
organisation of the team, nature of the country rock, strati-
graphic sequence, nature of mineralisation, structural features,
ete, Pltting in hard rock like quartzite is time-consuming
and costly, and it can be resorted to only under compelling
circumstances. 1In such cases, core drilling will yield equally
reliahle data, '

3. Cost bearability

The total cost of operations should not hecome
unbearably high., The geclogyist should remember that the mone y
sunk in exploraticn cennot be recovered in any form except irn
the sale value of the ore to be proved. The amount expended
on this account shouli be such a8 to be easily absorbed by the
sale price later,

4. Maintenance of required speed of operations

The exploration programnes are tuwstly time bound,
Sometimes, either due to breakdown of machinery or any other
reason, the programme may Jet stalled. Hence, the method
chosen should be quite flexible with either spare machinery
Or manpower or by opting for substitution of the programme
with another suitable method ,

5. Conformity with the shape, size and pattern of
mineralisation
This factor almost tatally controls any exploration
operation. For leposics of large acrial extent ant surfacial
nature, pitting and tronching are adopted, Asbestns, bauxite,
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magnesite, and diamond are explored by these methods, However,
spacing of the pits or trenches is of vital consideration as

it influences the total cost of operation, Care should,
however, be exercised in exploring some minerals like mica
either by pitting or by drilling.  For deep seated deposits
such as chromite, copper, lead, and zinc ores, drilling will
have to be done, Drilling in such deposits 1is often control led
by the structure and ‘stratigraphic sequence,

.

5, EQPQQE§ELL og’thu Area

Some arcas remain {naccessible due to thelr alti-
tude, thick vegetation, poor ground condition like marshy
terrain and lack of communication. Though man can reach
these areas, 1t would be very di fficult to take material and.
machinery., This particular situation has been faced in the
case of bauxite deposits., Even many 1iron ore deposits had’
been inaccessibie in Inidia until recently, The exploration
geologist will have to choose such a method which entails
2asy transportation of man and material, availability of
firm ground for setting up camps and drilling machines,
availability of other facilities, etc.

7. Marketability of the ore at the exploratory stage

In some exploration programmes, it may be necessary
to sell the ore raised during the operation. In such caseas,
the choice may be in favour of a method which may yield large
quantities cf ore. This 1is generally the case in the explora-
ticn of copper ore which is sent to smelters even far removed
from the deposit. Similar is the situation with mica, ashes-
tos, etc.

8.3 Important Mineral Deposits and their Exploration

india possesses a large number of metallic and
non-metallic mineral deposits which are found scatterei
throughout the length and breadth of the country. Cf these,
the most important deposits are chromite, asbestos, nickel,
magnesite, diamoni, barytes, fluorite, copper, lead-zing,
yold, tin, tunysten, mica, limestone and dolomite, gypsum,
phosphorite, iron-cre, manganege ore, kyanite, sillimanite,
graphite, talc, pyrerhivliits, sauvite ang Ay,

tor ceonvenience of liscussion, these mineral
deposits have been jrouped on the basis of their host rock
assocriaticons as b ow

(1) Mineral deposits associated with igneous nltra-
basic ani basic rocks.

{(2) Mineral depecins as50ciated with igneous inter-
melicte rocoys,
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(3) Mineral deposits associated with igneocus acidic
rocks,

(4) Mineral deposits associated with sedimentary
evaporite rocks.

(5) Mineral deposits associated with metamorphic
rocks.

(6) Mineral deposits associated with residual rocks.

(7)  Mineral deposits associated with placers.

8.3.1 Mineral deposits associated with igneous ultrabasic
and basic rocks

The major ultrabasic and basic rocks are reridetite,
dunite, saxonite, byroxenite, enstatite, nortte, dolerite,
basalt, gabbro, etc, These rocks may be extrusive or intru-
sive in nature. The important mineral deposits associated
with these rocks are chromite, asbestos, magnesite, platinum,
titaniferous magnetite, cnrunduﬁ?‘ﬁié&elucopper sulphides,
silver, cobalt, etc, Cf these, the most important deposits
are chromite, asbestos, nickel, magnes ite, diamond, ‘barytes
and fluorite, The geology,prospecting and exploration of
these deposits are dealt with below. Guidelines evolved by

the Geological Survey of Indid have been used in this Bulletin
wherever available.

Chromite

Geology

Chromite Jeposits oceur mostly in the Precambrian
ultrabasic intrusives. Five tvpes of commercially important
deposits are recognised, They are?

evenly scattered,

schlieren banded,

stratiform (with bedded appesarance),
sackform (pockety), and

(
(
(
{
( fissure form (vein-like).

VT b W)
e

These may occur independently or in various combinations. The
usual host rocks are dunite, saxonite, leherzolite, pyroxenite.
enstatite, norite, etc. Some detalls about the major commer-
cial chromite deposits of India are given in Table 8.2.
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Tabie 3.2 : Geological distribuon ol chiomite depositsin India

State Distriet Geologieal Host rock

formation
Bihar Singhbhum _ Intrusive in Sarpentinized
LRoro- Iron 0§e Ganite and engta-
Jojohatu) Series tite sazonite
Maharashtra Bhandara Sakoli Steatitised-
(Paund ) Series silicified
serpentinites
Karnataks i) Hassan Dharwarsg Serpentinised
(Byrapur) peridotites with
lenses of pyro-
Xenltes,
amph%bolites,
etec. :
11) Mysore -do=- Serpentine-talc-
_ chlorite rock and
amphibolitag
Orissa Keonjhar, Iron Ore Talc~-serpentine
Cuttack Series rock altered
Dhenltanal from ultrabasics3
(Sukinda,
B'_‘ula 3
Nousahi)

Cnremite is a product of magmatic segre:atiss and
18 invariacly assoniated with intrusive ultresas: o LENECUS POCKS .
All the Indisn deposits are consldered as primary Al ffarantiates
Of wltrabasic magmas which intruded successively, Procucing
savVeral generations of chromite deposits, The earliest phase of
the intrusion gave rise to coarse-gralned chromite. This was.
followed by medium-and fine~grained deposits’. Many ultrabasic.

Some chromite ore bodies show signs of genetic
usgociation with shear zones. This is particularly evident in
Orissa and Karnataka deposits where they occur very close to
Zones of mylonitisation. Some ore bodies, particularly those of
Keonjhar area, show signs of having been folded along with thelr
host rocks, producing complexly folded ore bodies. The ore bear-
ing ultrabasic rocks of Bhandara district have showﬂ some
Benetic assoclation with regional synclinal troughs*.

Many chromite ore bodies exhibit lensoid shapes and
the ore is traceagle for long distances. Some ore bodies of
Sukinda in Orissa® have shown a continulty of about 1.8 km. In
depth persistence, some ore bodies have been traced? down to
200 m. Dips of foliation generally show high variation, from
flat 1lying lenses to vertical veins.
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Prcspecting“and Exploraticn

The important field guides for locating chromir.
ore bodies are shown in Table 8.1. Since chromite depasit .
occur exclusively in ultrabasic rocks, the primary aim of
prospecting is to locate such targets. Chromite-bearing
ultrabasic rocks are easily recognised in the field. The
target area may be mapped on a scale of 1 : 25000 to separdte
out promising ultrabasic rocks = which show obvious evidence
of chromite mineralisation. Outcrops of chromite may be
usually present and may be of mappable dimensions. In case
mineralisation is suspectei but outcrops are not visible,
gecchemical amd geophysical prospecting may be carried ou:
to locate specific deposits. Geophysical prospecting by
gravity and electrical metheds have helped in locating chromite
ore bodies in Maharaghtra and Orissa. When the densitites of
theor¢ bouy and the host rock differ sharply, the gravity
method s successful. The ultrabasic bodies generally show
contrastable magnetie characteristies which help in mapping
them from their host country rocks. Electrical methods are
useful in locating chromite ore bodies in serpentine zones
because the electrical resistivity of chromite is 2-3 times
that of serpentinel®. various guidelines for the exploration
of chromite deposits are glven in Table B.1,

Asbestos
Geology

Asbestcs is a name applieG to a group o1 minersls
of varying compositions. Asbestos has been clasgsified
mineralcgically as followsll:

(1) Amphibole group

fa) Crthorhompic
(i) anthophyllite

{(i1) amosite-rieh in iren than anthophyllite,
and

{ii1) tremolite
{b) Monoclinie

(1} actinoclite, and
(11} crocidolite

{(2) Chrysotile group

{a} chrysotile, :ad
(b) picrolite
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The major commercial asbestos deposits of India are
listed in Table 8.4.

Table 8.4 : Geolpgical distribution of major asbestos deposits in India

State District Geological Host rock
(area) formation
Andhra Cuddapah Cuddapahs Chilled contact of
Pradest (Brahmanapaite magnesian limestone
and intrusive dolerite
Chinnakudala) silll2,
Bihar Singhbhum Iron Ore Contact between
Series serpentinised perido-

tite intrusives and
shales of Iron Cre

seriegld
Karnataka Hassan Dhaxwars Junite intrusivegl4,
(Holenarssipur)
Origsa Mayurbhan j Iron Ore Contact between ultra-
Series basic intrusives and

Iron Ore Series.

* Rajasthan Ajmer Frecambrians Contacts between

AN~ (Khotra, Manpura) (Aravallis) intrusives and various
Bhilwara schistose country
(Daulatgarh) ~ rocks, limestones and
Dongarpur dolomites.
Jhunjhunu
Pali
Udaipur
{Dhelana, Abbasi,
Sapod)

Indian asbestns deposits are associated with rocks
of two geological ages: (i) Precamirians, particularly Dharwars
and equivalent formations, and (i1{) Cuddapahs, In both cases,
the mineralisation is confined to chilled borders of ultrabasic
intrusives. The chilled borders, serpentinisation and develop-
ment of ashestos deposits are very intim.*ely connected and can
be used as guides to search for ore deposits. The most important
deposits are of chrysatile and amphibole typea,
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, Chrysotile ashzstrs is essentially a fibrous type
of serpentine. Serjentinisation is a type of autometamorphism
which occurs in ultrabasic bodies like dunite. This autometa-
morphism is accompanied by emanations of hot residual solutions
from the rock body i1tself. In the first stage, scme 40 to 60
per cent of the rock is serpentinised. In the second stage,
the serpentinisation takes place alonyg. fractures and openings.
The fibre of asbesteos is considered to be developed within the
fracture zene7.

anitibcle < resrns iy thought to have originated
due te desp seated motarorphism,  Melecular reoryanisation of
the host reck withcut transfer of its constituents is thouyht
to be the process responsible for the formation?.

‘ Geclogicel stractures have prlayed a major role in
the control and localisaticn of some important asbestos depo-

sits. Field evidences supporting this hypothesis are shown
belowl3: :

(1) FMireralisation is richer within the synclinal folda,
the secondary synclines showing the richest deposits.

(2) The noses of anticlines are deveid of astestes
minerilisation. . :

(3) Where folding is not intense, mineralisation is
poor.,
(4) The major ore shoots show pltches parallel to the

enclosing structure.

(5) When the synclines are shallow, yellow and light
asbertos are seen in greyish serpentine, Black
serpentine 13 absent.

{(6) In shallow synclines, the veins occur over a wider
range of serpentinised zone, and do not remain
localised as Iin the case of deer trcughs,

. Reglonal.scale folds also may influence asbestos
mineralisation. The asbestos deposits of Hassan district are
preferentially concentrated along the major regicnal auticlinal
axis. Some of these features can be used as guildes to
leccating new ore bodies.

Asbestos occurs In the form of very narrow seams
and mass fibres, Individual veins may have lengths varving
between 0.3 and 30 m and width ranging between C.GC5 and
0.3 m. Individual fibre lenjth may varyl2 between a few mm
‘and some 5C cm.

T
T
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Frospecting and Exploration

Asbestos derosits of tremolite andg chrysotile varie-
ties are found only in ultrabasic rocks, their weathered
derivatives, chilled contacts and magnesisn limestones near
the ultrabasic intrusives. Therefore, the area of initial
search is exclusively confined to the terrain where ultrabasic
rocks occur. As in the case of chromite, the ultrabasic rocks
should bhe mapped out on suitable scales initially. The
asbestos bearing shear zones, or chilled contacts, can be
Mmapped only if they are of large mappable dimensions.

Airborne as well as ground magnetic surveys help
in locsting ultrabasgi e bodies which may be potentially asbestos
bearingll Although dsbestos is nonmagnetic, it {g associated
with magnetite and this association makes magnetjc methods
effective, For 3eromagnetic Surveys flights are arranged at

4 km, intervals at a flight elevation of 150 m. In case the
terrain {s very rugged, the flight hetght is reduced to 90 m.
Ground magnetic traverses are spaced at 60 or 90 n and readings
are taken at every 15 or 30 metresl?2, gych surveys also can
discriminate asbestos—bearing serpentinous. horizons al though
actual ore zones cannot be distinguisheq this way.

The exploratory sequencel6,17 followed in asbestos
and other relevant details are shown in Table 8.5.

Table 8.5 . Exploration Guides—Asbestos

Method Details
—_— ‘ —
1. Mepping 1 : 200 to1l : 800 in ideal host rocks.
2. Fltting Random trial Fits followed by systemat o

pits in 3-15 M. grid and si.e varying
frem 1.5 m X 1.5 m to 2.5 m X 2.5 m with
variable depths, to ascertaln grade and
Structure of the deposits,

3. Trenches Shallow to deep,depending on the need
but usually at 15 o intervals,
4. Drilling 15~ 30 m interval or at larger inter-
vals, for regicnal exploraticn.
5. Exploratory Drives; ¢rosscuts, winzes and raises to
mining explore the contacts, and bulk sampling.
5. Samplingc Visual sampling te Jet ideas on fibre

content .

B e P




Visual sampling is a technique used in cross fibre
asbestos deposits, and gives reliable results about the fibre
content within the ore zone without the aid of mining and
milling tests. iIn this, all visible fibre exposed in stopes,
drives and other openings, drill coresyetc., are counted and
measured in terms ©f 1.59 mm fibre lengths as being useful and
those below as unusable. The widths of all individual Veins
encountered are totalled up and the percentage of fibre to
the width of ore is computed for each section. In a drive,
the average value is Calculated by the weighted averayge metho.. .
The values so obtained can be converted into Percentagye fibre
Per tonne also. The length ranges of the fibres and their
individual Eercentage availability for every tonne are also
c¢alculatedl?, For conducting visual sampling, the flbres
from {indivigual veins, seams, etc., should be systematically
and carefully scooped out by a pocket-knife and measured by
a scale, 'In case of partings within seams, fibres up to
each partings should be Scooped out geparstely. The widths
of the individual seams are automatically fixed by thelr
fibre lengths and this makes it easy for the welghted average
compntation for a certain drive length, stope or sample
width, ‘

Nicke!

Geology

Nickel deposits are known in two commercial forms.
They are :

(1} residual concentration of nickel silicate formed
by the weathering of ultrabasic igneous rocks,
and

{2) nickel - copper sulphides formed by magmatic

concentration and hydrothermal action,

The important nickel deposits of India are listed

in Table @,

Table 8.6 : Geological distribution of important nickel deposits in India

T e e e e e ja— - ——

State District Geological Host rock
(area) formation
Orissa Cuttack Ultrabasic intrusive Nickeli ferous late-
{(Sukinda) in Iron Ore Series rite and serpenti-
neus ultrabasgice
rocks1l8,
Bihar Singhbhum Iron Ore Series Mica schists, gusrtz-
(Mosabhoni schist, hornblengde
Copper schists!? . Occurs
deposit) along with copper
ore.

e e S
e ———




Both the mineralisations are FPrecambrian in age
although the Cuttack deposits have become economically valuable
only due to lateritisaticn of a later geoleogical age,

Many ultramafic layered intrusive rocks contain
nickel in a highly disseminated form. 1n Sukinda, Cuttack
district., the original host rock 1s an enstatite dunite ,Nickel
deposits occur as thin bands within the laterite covering the
original host rocks. Sometimes, nickel occurs alonyg with
lateritic chromite deposits also (nickel percentage ranging
from 0.5 to 1.5 per cent). Two nickelbearing minerals are
recognised in the Sukinda deposits (1) nickelliferous montmori -
llonite associated with chromite and (2) serpentine associated
with goethite. These minerals are found grading into one
anotherl®, Lateritic nickel ore bodies tend to occur as a
regular residual horizon just beneath the laterite cap, and
just above the fresh unaltered ultrabasic rock. The contacts
are wavy and irregular. Lensing is common although ore
pockets are uncommen. Colour and compositional banding are
uncommon in the Sukinda nickel depositsl8.

Magmatic deposits of nickel are aot known 1in India_
Nickel sulphide cccurrence along with copper mineralisation
in Mosaboni, 2tc., is considered to be hydrothermal in origin
and shows structural influence in localissation.

Prospecting and Exploration

Yrospecting for nickel in lateritic terrain is
usually done by geochemical sampling. Nickel bearing laterites
do not have any typical diagnostic characteristics which are
di fferent from any other laterite. Therefore, it is not
possible to detect the presence of nickel in the laterite by
mere physical examination. The persence of nickel in Sukinda
went unrecognised for many years dlthough nickelli ferous
laterites werc being strippe? off for mining chromite. Grab
samples taken rather Casually from an vellow ochreocus zone
below the chr-mite deposit showed the presence of nickel for
the first time. This Jiscovery was followed up by a systema—
tic channel sampling effort in all cxposed ochreous zones .
All the samples i{niicated nickel in commercially viable guan-
tities and the presence of a deposit was confirmedl®,

Geochemical subsoil and suboutcrop samples are
1deally suited for njickel prospecting and have been success-—
fully employed in a few instances. In a nickel prospect in
Orissa, the geochemical samples fust below the topsoil showed
the best nickel concentration?C, A similar experience is
reportedl  from Jemaica from a similar geolegical terrain?l,
This 13 rather suygestive thit the top lavers of soil,
laterites, etc., may net show the presence of nickel in
recognisabla and geochemical ly ancmalous guantirties . Genphysical
prospecting may help in locating potential ore bearing ultra-
basic rocks,
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The exploration for lateritic depesits js
summarised in the section dealing with bauxite,

Magnesite
Geology

Three _types of economic deposits of magnesite are
known. They are’:

{1) replacement in dolomite and limestone,
{2) as veinsg, and
(3) sedimentary beds.

Of these, only the first two types are known in
India. The distribution of the important Indian deposits is
shown in Tahle 8.7.

Table 8.7 : Geological distribution of important magnesite deposits in India

State Distriet Geological Host rock
(area) formation

Tamil Nadua Salem Frecambrian Dun:u:e!‘7
(Subramangalam intrusives
belt)

Karnataka My=ore Precambrian Serpentinite
(Kartgkola) intrusives Dunite

Uttar Almora Krol peds- Dolomite’

Pradesh {Dewaldhar) Permian

It is seen that magnesite mineralisation occurred
in two geclogical ages, Precambrian and Permian. The Pre-

cambrian mineralisation is within dunites and the Permian
mineralisation within dolomite,

The Salem and Mysore deposits are of Precambrian
age and occur within dunites as veins, stringers, etc. These
deposits are considercd to have regsulted from the action of-
carbonic acid on olivine mineral present in gunite rock, under
conditions of high temperature and pressure The mineraliaf
ing sclutions may have originated from within the dunite
itself. The deposits occur as an irregular network of veins.
The individual veina vary in length from a few welres to a
few hundreds of metres, and show thickness ranging from a
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fow mm to about 3 metre or s30. %Yein networks extend
great distances and coalesce and branch off frequentl
available evidences tend &o support the visw that th
individual veins andg lenses may have been formed within
fracture zones, ghear and joint planes.

¥7. The
e

The replacement deposits formed in dolarite pocur
in a massive form, as in the case of Almora depceits. Miners-
lisation 18 considered tc have taken place aleng the bedding
Planes of the host rock =dolomite in this case, Mopnesite
bands show a bedded appegrance and arce interbanded with
unreplaced rock., Theore bodies tend to be massive, showing a
?reat strike continuity (2.9 km at Almora} and thickness

5-20 m at Almors)}22,

Prespecting and Expleration

The vein type of deposits are exclusively associsted
with ultrabasic rocks, particularly dunite. The ares ¢f pre-~
liminary search is nNarroeed down to areas of ultrsbesic intru.
sives. Field guides for locating magnegite deposits are given
in Table 8.1.

The ultrabasic body suspected to contain magnegite
may be mapped on scale 1:25, 000 or 1:10, 000. Individual mine-
ralised patches are mapped if exposed and large encugh., The
Presence of magnegite is fairly easy to recognise in ultra-
basic rocks. The vein network usually shows bright grey to
white colour in a greenish, dull grey background, Tast for
effervescence by acid on the white veinsg confirms the presence
of magnesite, A few chip sampies collected from impoertant
exposures may be analysed chemically and studied in thin
sections for confirmation. Trenches may be put to study the
extension of veins in depth. Scout boreholes to test tha
extent of mineralisation and the continuity of the ultrapasiec
body in depth would be quite useful.

Prospecting for replacementdeposits is rather Aiffi~
cult because dolomitic limestone and limestone which form the
host. rock andg magnesite shows gimilar physical appearance.
However, such deposits invariably occur in dolomitic terrain
and the initial target can be confined to areas of dolomitic
limestone, The initial mapping of the target area should ha
on a fairly large scale, 1:5, 000 to 1110, 000, Systematie
channel samples are collected at 5C-100 m intervals. Thair
sections are prepared for samples at very close intervals, for
every separate channel. From the microslides, the presehce
and percentage of dolomite is determined. The samples are
subjected to chemical analysis {n sections, correspending to
the channel sections from which microslides were made, A
relationship hetween the magnes ite availability shown by
chemical analysis and the corresponding microslide ig egtabli-
shed., With the help of the micrcslide and chemical analysia
data, the bands of maynesite and dolomite are marked ocut and
mapped. Gradually, the bProspecting geologist should acquire
the necessary skill to separate dolomite and magnesite banda
without difficulty., Thismethod was used with suceess {n the

Almora magnesite investigation by a party of IBM geologista2d,
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Exploratien for vein tYbe magnegite ore bodies
similar to Salem deposits may be done on the lines suggested
for asbestos in Table 8.5, However, for a deposit of the

type occurring at Almora, the exploraticn guides may be as
follows :

Method Details
(1) Mapping 112,000, 1:1,000
{(2) Trenching 50 m intervals along the strike
(3) Drilling 50 m and 100 m grid interval-‘
(4) Sampling Channel and drill core samplea
Diamond
Geology

Three types of diamond deposits are known in
India, They are :

(1) primary deposits in Kimberlite and other ultra-
basic pipelike intrusives,

(2) conglomerates, and

(3) alluvium of stream and riverine origin.

The occurrence and distribution of the important
diamond deposits of india are shown in Table §.8.

Table 8.8 : Gecingical distribution of important deposits in India

- —— Tt s s e s S

Stats Jistricc Geolegical Host rock
formation
Andhra Anantapuy Recent alluvium Gravels.
Pradesh Bellary and Kurnool Series Ultrabasic pipe-
Cuddapsah {Cuddapah/vVindhyan) like intrusives
Kurnoel and conglomerates
Krishna
Godavari
Madhya Panna Recent alluvium Gravels, conglo-
Pradesh and Rewa Series meratic and ultra-~
bagic intrusive
ripes.

Urisaz Sambal pur Recent ajiluavium sravela.




The original source of 4iamond ls the ultrabasie
rock nf peridotitic composition known as kimberlite. These
bodies occur in the fcrm of pipelike intrusives and diamonds
occur disseminated {n this rock in a discrete c¢rystalline
form. The conglomerates and gravels which yield diamonds in
India have preserved diamonds derived from these pipelike
rocks. Within the pipelike intrusive, the diamond may have
been formed by fnsitu crystallisation or originally formed
in the eclogite layers and brought up by the upwelling
kimberlites or originally crystallised in the magma chamber
and brought up by kimberlite magma. This suggests that an
explosion of magma may have marked the beginning of the
Process of kimberlite intrusion. The fragments of rocks
presumably fell intc the cavity through which the pipe later
intruded. The magma at this stage 1s considered to be of
low temperature so that the host rocks were not aftected<4.

The Ma'hyawan pipe rock, the best known in India
5c far, looks like a breccia with profuse calcite veinlets,
It is a greenis',tuffaceous and agglomeratic rock of gserpen-
tinuous composition?25. Along the walls, the pipe is fine-°
grained, vesicular and barren, The soarse-grained unweathered
central core zone i{s diamond bearing’. The conglomeratic and
alluvial diamonds are of secondary origin. Riamond occurs
@8 discrete crystals in the case of ripes, conglomerates and
alluvium. In India, all types of depesits have shown a
tendenecy to cecur in close proximity, making the task of
exploration fairly easy, :

In the Vindhvyan conglomeratic deposit, diamonds
oCcur alonyg with pebbles of ifasper, quartzite, vein quartg,
chert, hematite, limonite and clay, set in apn arenaceous,
shaly and ferruginous matrix. The pebbles are of highly vary-
ing sizes and shapes25,

Alluvial diamonds oceccur as irregular patches in the
various river valleys dreining the pipe-bearing terrain.
Alluvium of minor river valleys and nala beds shows diamonds
whereas the alluvium of large rfver systems seldom gontains any
diamonds.

Prospecting and Exploraticn

As ment icned earlier, all the three types of depo-
sits occur in close proximity and the discovery of one often
leads to the other two. The target area should generally be
one which has yielded dismonds at some time and should be
known to contain kimberlite intrusives,

The area may be mdpped on liarge scale, 1:20,00C -
1:10,000, aerial photographs. The preferred targets are
circular or elliptical water-filled depressions which may
acwer hidden kimberlite bodies and minor drainage channels
and their alluvial accumula:iicns for alluvial diemonds. The
Pipekike kimberlite bodies generally weather eagily and circular
water-fillel depressions are fcrmed which are easlly recognised
in aerial photographs. Having chosen a large number of such
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targets, each water-fillel depression ig subjected to deep tast
pitting to check the presence of weathered remaants ot pipe
or calcareous tuffa. This methoi was fcllowed successfully

by the Geological Survey cf India in its Parnna diamcnd
prospecting26,

Aeromagnetic, ground magnetic and electrical
registivity methods can be used for the proapecting of kimber-
tise pipes. The Hinota ard Angora pipes of Panna are~ were

hr 4

discovered by these methodsg?’,

For placer diamonds, the preferred targets are
minor confluences, alluvial fans and cones, river terraces,
abandoned river coourses, etc.

During ground verification, the targets selected
on aerlal rhrZographs are checked by panning survays. It,1is,
however, seldom that diamonds can be directly located by this
method, because of their extreme rarity even within the pipe
rocks. Diamonds are associated geneticelly with a number
of satellite minerals. They are pyrope, picroilmenite, chrome-
diopside and olivine. Since thege satellite minerals occur
in much larger quantities even within the pipe, their dispar-
sion within the stream and alluvial accumulations is also
proportionately more. Hence, the occurrence and concentration
of these minerals along alluvial accumulations should be
carefully examined by panning survey. The panning points
can be chosen from favourable target3 located on the basis
of photogealogical studies., The points should be chosen
systematically at regular grid intervals along current and
ancient drainage channels till their source of origin or a
source of origin of dismond 1s reached?28,

If diamond 13 located or any of the satellite
minerals are seen in unusual concentrations during panwashing,
the next step is to collect bulk samples of the gravel by
deep pitting. This sample is subjected to washing and jigging
to ascertain the presence of diamond. Here the fractions
which are above 4 mm in size are straightaway rejected, and
-4 mm + 1 mm material is concentrated, The details of these
investigations are systematically recorded in the geological
map for choosing promising sites for detalled explorationZ28.
It may, however, be noted that, in the Indian context, the
satellite minerals may be olivine, maagnetite, hematite,
ilmenite, perovskite, and rutile,

The presence or absence of dlamond in any terrain

can be established only by bulk sampling and beneficiation of
the samples, an?d forms the most important prospecting opera-

tion. In order to confirm that the beneficiation is complete
and proper in every respect it is customary to add 2-8 marked
diamonds to the sample. If during the beneficiation these
diamonds are not recovered the process of concentration 1is
considered incomplete, The concentraticn 1s carried out

till the marked diamon-s are recovered?8,



In India, diamond has been mined gince a very long
time and it 1is not unusual to find ancient workings. These
workirga can be found by ground reconnaissance and photogeolo-
glcal atudies and form good field guides.

Alluvial diamonds may be found in two types of
alluvium : :

(1) Placer deposits associated with the prasent
drainage, and

(2) Placer deposits which show no relationship
with the presentdrainage.

In the first case, the depos it may be arranged
linearly along drainage channels and therefore pitting, drill-
ing etc., may be done along lines. In the second casa,
deposits tend to be irregular and a square grid system may
be more effective in drilling and pittingzg.

Exploration guides for difamond is summarised in
Table g.9.

Tabie 8.9 : Guides to the exploration of diamond

Methods Details
1, Mapping 1:10,000 to 1: 20, 000
2. Pitting Widely adopted. No defined

intervala,
3. Drilling Yseful in exploring vertical
depth of pipaes.

No specific grid intervals are
suggested.

4. Expl. mining Short levels with connecting
raises and winzes.

5. Sampling Pits and bulk samples from
Mines
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Barytes

Geolugy

w——

__ Three types of baryte deposits are known in India,
Thaey are’O:

{1’ vain deposits,
(2 bedded deposits, and
{3) replacement deposits.

The geology and distribution of the important
Indian baryte deposits are listed below in Table 8.10.

Fable 8.10 1 Geologicai distribution of important barytes deposits in India

—a PR S T Y - N et

State District Geological Host rock
formation
Andhra Anantapur Cuddapahs (1) Vempalle
Pradesah Cuddapsah iimestone
{Pulivendla) (2) Doleritie
Kurnool traps
Khammam P
Rajasthan Alwar Delhi Series Alwar quartzites
Himachal Sirmur N.A. N.A.
Pradesh
Maharashtra Chanda Precambrian Granitea3l
Madhya Stdhi Precambrian Talec chlorite
Pradesh schist3?
Karnataka Chitradurga Precambrian Fuchsite guarte
zite33

The occurrences associated with the Cuddapahs are
in vein replacements and beds. The velns occur in dolerite
whereas bedied bodies accur in limestone and shale, The
occurrencesin Alwar quarczite are reported to be in fissure
velins,

The Cudiapah deposits are thought to have fouomed
from the minerelising solutions origlinating trom the dolarites
which nave intruded intoe the Vempalle limestones. Sulpihur is
helieved to have been leached out of the limestone which on
reaction with barium soiution produces the barytes deposits.



It has heen observed recencty that extens ive deposits of
birytes occur within shales with tnin dolomitic limestone and
qusrtzite in a bedded form in Mangampet area, These deposits
are considered to be volcanogenetic sedimentary in origin3O,

Alwar depoaits are considered to be of hy lrothermal
origin although no clear source of hydrothermal solution has
so tar been recognised.

Mineralised veins in the Cuddapah area have shown
preferential concentration within faults and slickensidag
fissures hading 20-3¢° south-southeast34. The vein tyre ore
bodies are generally confined to shear zones. The orebodies
show irregular pinch and swell structures alonyg the strike
and dip. They also coalssge and separate forming intricate
patterns. These patterns are well developed in the barytes
deposit of Cuddapah district35, 1In the granitic and schistose
terrain also the vein deposits show intricate patterns and
are traceable in depth. The bedded types occur in complete
conformity with the host rock showing all sedimentary features.
A typical example is the Mangampet deposit where the hoat roeck
is a tuffaceous shale within which baryte occures as large
lenaes.

Prospecting and Exploration

Some field guldes which would be useful in barytes
prospecting are given {n Table g.}. Baryvtes mineralisation
tends to be associated with areas of upli ft and magmatic
activity of the granodiorite and admalite type. In the
regional search for target, such areas should be given priority
attention. Veins and beds of barytes, when exposed, usually
leave a solution creep because the outcropped material is
dissolved away in water., This is a very important filelAd
evidence to look for. Float ores are not common although in
some cases they may be found,

In order to define ground targets, geophysical
methods are useful, In an investigation for vein barytes in
8 granitic terrain, magnetic and resistivity measurements
were ugsed which indicated clear anomalies in areas of vein
quartz with barytes mineralisation. This was followed by
gravity surveys in which readings were taken at $§ m grid
intervals which gave further definition to the ore zones36,

Bedded deposits usually show genetic agsociation
with tuffaceous beds which may be useful as a field guide
during prospecting.

. The exploration guides for vein type barytes are
summarised in Table B.3, For bedded and replacement deposits
the exploration guides are similar to bedded 1imestone
deposits described elsewhere.
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a distance of 20 ¥m. The deposits at Ambadongagrflso occur in
the form of lenses of extremely small dimensicns®i,

Prospecting and Exploraticon

Field guides for locating fiucrite deposits are
given in Table 8.1. In order to choose bread targets, photo-
geological studies of regional rift structures may help, as
ozt fluorite deposits show genetic relationship with regional
rifts, Areas of carbonatite intrusions, volcanism, radiocactiva
mineralisation, etec., are excellent targets. The presence of
fiuvorine in ground water is a confirmatory evidence indicating
the pregence of fluorite mineralisation nearby. Float ores
are seldom seen. In a favourable target area, regicnal shear
Zones with quartz and calcite vein intrusives form favourable
host rocks. For confirming the presence of fluorite, chip

tion37, Geophysical Prospecting has not been successful in
locating ore bodies so far in India4t,

The exploration guides for hydrothermal vein type
deposits of fluorite are given in Table 8.3, However for
deposits found in carbonatite no specific guidelines are
Possible,

8,32 Nineral depostts aszoctated with tgneous
tntermediate rocks

The intermediate rocks are diorites, monozonites,
grénodiorites, syenites and nepheline syenites, The mineral
deposits are essentially sulphides of copper, lead, zinc, gold,
silver and iron. A large number of minor minersls are also
recognised within this group of rocks, The Important ones
are molybdenum, nickel, cobalt, cadmium, selenium, tellurium,
mercury, arsenic, etc. These may occur in camplex sulphide
form with several minerals or in single sulphide form with
only one dominant mineral. In India, copper, lead, zinc, gold
and pyrites are the most important ones,

Copper
Geology

Copper deposits of many types are known, some of
which are listed below24;
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Fluorite

Geology

T™wo types of fluorite deposits are recognised in
India. They are (i) hydrothermal deposits associated with
acid igneocus rocks, and (ii) deposits formed in carbonate
rocks, following the emplacement of alkaline igneous rocks,
and associated explesive volcanic action.

The geology and distribution of Indian fluorite
deposits are glven in Table 8.11,

Table 8.11 : Geological distribution of important fluorite deposits in India

State District Geological Host rock
formation

Magdhya Durg and Archaean Quartz veins in

Pradesh Rajnandgaon granites and egidia-
(Chandi rite intrusive3’
bongri)

Guijarat Baroda Tertiary Carbonate rock38
(Amba
Dangar)

Rajasthan Dungarpur Archaean(?) Cavity f£illings,
(Mando-ki- joint and fracture
Pal) - fillings in

granite-~.

The fluorite deposits of Madhya Pradesh and Rajasthan
may be of hydrothermal origin whereas the deposits of Gujarat
are in carbonatites and associated with explosive volcanism.

The mineralising solutions in this case are thought to have
originated from the Deccan Lavag2?.

Major fluorite deposits all over the world occur
along major continental rift zones and lineaments. The minerali-
sing solutions are thought to have come up from the lower crust
through the rift zone to form the mineral deposits. Some of
the Indian fluorite deposits also occur along the Narmada.rift
zone of Tertiary age and may have a gimilar origin40®, The
structural association in such cases is guite clear, the
mineralisation being broadly influenced by fault planes, as
seen in the case of flucrite depeosits of Gujarat and Madhya
Pradesh.

Fluorite depcsits occur generally in the form of
veins and stringers within shear zones, and show considerable
depth persistence, nparrow cutcrops, and steep to vertical dips.
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(1) Macgmatic
{2} Contact metasomatic
(3) Hydrothermal
(a) cavity filling
{b) replacement

(4) Sedimentary
(s) Surficial oxidation
(3) Supergene enrichment.

Of these, in India, the hydrothermal deposits are
most common. Many hydrothermal deposits show signs of oxida-
tion and enrichment.

Some of the importent Indian deposits are listed
in Table 8,12. '

All the Indian copper deposits are considered to
be of hydrothermal origin with replacement as the dominant
process., Structure has played a dominant role in localising
many important deposits. A detailed structural andlysis of
Singhbhum copper belt has shown that the mineralising sulphide
bearing solutions have passed through certain prominent slip
planes (strain slip cleavage S5) of the host rocks which
existed prior to the mineralisation. This resulted in the
development of sulphide stringers along the slip cleavages.

A set of axial plane schistosity (S2 planes) has been recogni-
sed as the next preferred site of mineralisation, where
streaks and stringers of sulphide are seen. In addition, the
intersections of the planes of S2 and S5 and zones of intense
crushing have also acted as sites of mineralisationSO.

The major ore shoots in the Mosaboni area follow
the general strike direction of the strain slip cleavage Sg
giving rise to massive, rich ore. Ore shoots striking paral lel
to S; are thicker with massive and braided ore. It has also
been observed that where the angle between S2 and S5 is
steeper, the c¢re shoots are thicker. The ore shoots have
definite axes and plunye probably under the influence of
locally developed crossfoldsSC.

In the case of Khetii Copper Belt also, structural
controls are noticeable, There, mineralisation is controlled
by a set of reverse dip faults and shear zones developed
parallel to them. Wherever the shear zones have developed
parallel to the beddiny plane schistosity, mineralisation has
been intense. Structural contrcls are noticeable in many of
the cther cepper deposits also.

Copper deposits. generally show complex geometrical
shapes. The mineralisation 1is generally in the form of
stringers, dlsseminaticns, veins and massive lenses31. These
occur in conformity with the formation and bedding of the hosat
rocks. Wide zones of low-grade mineralisation are sometimes
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recognised although a majority of the lodes are very narrow
in width. Strike and depth cont inuity of mineralisation are
traceable along shear zones as in the case of Sinyghbhum
copper deposits.,

Frospecting and Exploration

Copper occurs in a variety of rocks, but most of
the important commercial deposits in India are confined to
the Archaean and Precambrian formaticons, All important
copper mineralisations in India are associsted with prominent
narrcw, linear greenstone belts and most of the deposits are
either within the belts or in granites anad gheisses in cloge
proximity. These greenstone terrains therefore form the most
important initial target area for search.

Copper has been mined in India since ancient times
and old workings, which are very common, form the most important
field guide. 0©ld tailings, slagheaps, water filled depress

Geochemical samgaing is very effective in defining
areas of copper mineralisa ion, The methods used are soil,

bed rock and stream sediment sampling. For thils, traverse
lines are laid across the suspected area of mineralisation

Geophysical Prospecting may be undertaken in areas
where sulphide bodies are to be located. The methods may be
al r-borne magnetometric surveys ( for large regional targets),
electromagnetic Surveys and electrical methods (for specific
small areas). 1In the Malanjkhand sulphide deposit, induced
polarisation (chargeability) Jave very good results, particu-
larly in rinpointing the area of mineralisation. The prospect
was earlier surveyed by self-potential angd electro-magnetic

tien, However, the anomaly was better defined by the use of
induced polarisation method53.

Exploration methods for copper ore summarised in
Table 8,13,

Lead-Zinc
Geology

Lead and zine deposits tend to occur teogether. The
following types of lead-zinc deposits are recognised,
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(1)
(2)

considered

by limestone and other calcareocus host rocks,

contact metasomatic
hydrothermal

(a) cavity f1lling

(b} replacement

(¢} disseminateq??

The known Indian deposits have been generally

as hydrothermal,

the minerallisation being controlled
The geoclogy

and distribution of some important lead-zinc deposits are
listed in Table 8.14.

Table 8.14 : Geclogical distribution of important fead-zinc deposits in India
State District Geological Host rock Important
formation minerals
Rajasthan Udaipur Aravallis Impure dolo-~ Sphalerite
{2awar) mitic lime- and -
stone an galena®l
dolomite>4
Aguchha Gneissic- Biotite Sphalerite
complex? gneiss? and
galena
Gujarat Banaskantha Delhis Talc and Sphalerite,
(Ambamata tale galena and
multimetal schists chalco-
lodes) pyrite35
Orissa Sundergarh Gangpur Quartzwacke, Galena,
{Sargipalle) series quartzose sphalerite
clay and and chalco-
cal careous pyrite
rocks
Tamil Nadu South Arcot Dharwar(?) Contact of Galena,
{mamandur garnetifer- sphalerite
multimetal ous gneiss
lodes) and biotite
granite
Andhra Cuddapah - - ——
Pradeah {(Zangamaraju-

palle)
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Some lead-zinc deposits show evidence of having been controlled
by lithology and structure in thelir gemesis. The Zawar depo-
81ts occur within impure limestone (lithological control) and
are also within a shear zone (structural control). The Sargi-
palle depo=its alsc occur in an impure clacareous rock,

All lead-zinc deposits have been grouped as hydro-
thermal, although of late thig &ssumption has been questioned,
Some authorities35,56 point out that the deposits at Ambamata,
Zawar and Sargipalle occur within geosynclinal sequences, as
indicated by the presence of ophiolites and greywackes in the
sequence whichcontain the deposits. The absence of wall rock
alteration at Zawar has been observed by the proponents of the
hydrothermal theory also. The general conformity of the ore
bodies with the host Iock, parallelism with bedding planes, and
the absence of any relationship with intrusives tend to support
the view that mineralisation in these deposits 1is syngenetic.,
Some recent work has indicated that gsome parts of the Zawar
deposits show rhythmic lamination, load cast, slump structures
and graded bedding which are all sedimentary structures. Thig
Suggests that at least a part of the Zawar deposit may be sedi-
mentogenetic, later remobilised under favourable tectonic and
hydrothermal conditions37. The Sargipalle deposit has been
considered as sedimentary on the basig of the following field
evidence-0,

(1) mineralisation is confined to cne stratigraphic
horizon,

(2) €ross cutting velns are absent,

(3) variation in mineralisation is correlatable with
the variation in sedimentary facies,

(4) metamorphism is isofacial in the ore and host
rock,

(3) itense shearing or faulting along the ore zone is

absent, and
(6) wall rock alteration is absent,

Lead-zinc ore bodies generally show lenticular
shapes, although some of the deposits may pe banded. Thus,
the lead-zinc prospectsat Sargipalle occur in the form of bands
and lodes38. The Zawar deposits show clear strike continuity
and considerable depth extension.

Prospecting and Exploration

The assgociation of lead-zinc deposits with impure
calcareous rocks gives a very good field guide in the prospect-
ing operation. 0ld slag heaps, workings, etc., are equally
helpful as in the case of Copper. Geochemical and geophysical
methods are alsa useful in the case of lead-zine, just as in
the case of copper. The lead-zinc deposgits at Sargipalle were
located and defined by self-potential surveyS58,
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Exploration

Exploration for lead-zinc deposits is summariaéd
in Table g.,113.

Two pyrites deposits of commercial value are known
in India. One is located at Amjhor in Shahabad district of
Bihar, and the other at Saladipura in Sikar district of
Rajasthan, The deposits of Amjhor are of sedimentary origin
while Saladipura deposit may be hydrothermal,

Prospecting and Exploration

Prospecting for pyrites 1s done more or less i.
the same way as copper, lead, zinec, etc, Geophysical prospect-
ing (gravity and magnetic methads) glve very goad response ,
&nd may be used for locating and defining ore bodies.

The guides to exploration for vein type depos its
of pyrites have been given in Teble 8.13. In the bedded ‘type,
the Indian Bureau of Mines59 has adopted the norms given in
Table 8.15.

Table 8.15 : Guides to exploration of pyrites (bedded type)

Method Detaills

1. Mapping 11 8,000
2. Pltting To be done near sca..
faces to expose thicknessg
3. Drilling 500 m grid
4, Exploratory Mining Aditing
Gold
Geology

Five major types of gold deposits “*%are recognised,
They are 3



(1)
(2)
(3)

(4)
(s)

hydrothermal type.
important Indian gol

330

magmati¢ deposits

contact metasomatiec deposits

hydrothe rmal deposits

(a) replacement
(1) massive
(11) 1leode

(b) cavity £1i1ling

(1) fissure velin

(11} stock works
(111) saddle reefs
(1v) breccis

mechanical concentration

placer deposits.

Of these, the only type recognised in India is the

The geolcogy and distribution of some
d deposits are given in Table B.1l6,

Table 8.16 : Geological distribution of important gold deposits in Indis

State Distriet Geological Host rock Important
formation minerals
Karmataka Xolar Dharwar Quartz veln in Sul phide60
(Kolar hornblende
Gold chlorite and
Fields) mica schigt60
{metavolcanics)
Andhra Rajichur Dharwar Quartz vein in Sulphide and
Pradesh (Huttd) metavoicanics®® native form
Anantha- Dharwar (uartz veins in Native®O
pur serecite,
{(Ramagiri) chlorite
phyllite
Kerala Kozhikode Charnockites Quartz vein in  Sulphide®©
(Wyanad) (Archaen) biotite
granulite and
hornblende

granulite




Gold occurrences ares rerorted frompractically every
state in India, although only & Few ©f them are of mconomic
importance. Excepting the cocurrence of goll in charnockites
in Waysrad{Kozhikede!, :11 depcsiss are found in suites of
metavolcanics in Dharwarian gresns:shists®0,

All Indian deposits =2re considered to be of hydrother-
mal crigin, The exact source of hydrothermal soluticns is
not clear, In Kolar, the mineralisation has been genetically
correlated with a suite of ro7ks known as Champion Gnelss,
although this view is not universally accepted.

In Ramagiri gold field, the host rocks of the gold
derosits are andesitle lava flows. It is considered that the
lava flows contained gold in a disgeminated form originally,
During metamorphism, the lava flows were regonstituted and
mineralising solutions containing gold emanated from them, and
deposits ware emplaced in quartez reefs®l. This hypothesis
is more akin to the “Source Bed Concept¥ for sulphide minerali-
sation rather than to the hydrothermal concept®<, The "Sgurce
Bed Conicept™ supports the view that sulphide mineralisation
tiXea place syngenetically in sedimentary basins in particular
norizons and they subsequently migrate to theilr present host
rock during a rise in temperature (metamorphism?) of the
énclosing rogks. Gold-bearing quartz veins occur within a
sufte of greenstones. In most cases, the velns remain parallel
to the schistose host rocks. Cross~cutting veins are also
seen. Sulphide-bearing lodes contain, in addition to gold,
minerals like pyrite, pyrrhotite, galena, etc. The lodes |
generally form parallel fracture filled vein systems. These
veln lode systems show great strike continuity, narrow outcrop!
widths and conspicucus depth persistence as in the case of
the Kolar Gold Flelds where mineralisation has been proved
beyond a depth of 3,000 m. Most orebodies are characterised
by steep dips. Dextral and sinistral cross-folds have affected
the lodes and are considered to have influenced gold minerali-
sation along with en echelon drag folds®3. Pinching and
swelling along strike and dip-are quite comron in some of the
reefst4, '

Prospecting and Exploration

Since gold mineralisation is generally associated
with acidic metavolcanics of greenstone belts, the regional
target areas should be selected in such areas. )

Gold has been mined since ancient times in India,
and it is usual to find old workings in many zreas. These may
include old pits, talling dumps, slag heaps, etc, Kolar Gold
Fields were located on the basis of eold workings present all
over the area. Trenching across old workings shows'a compact -
clayey £ill containing mined rock fragments and pleces of
charcoal which were used presumably for 'fire setting' whiah
was an ancient gold mining practice. It is said that in Kolar
the ancient mining was so selective and systematic that cut-
crops are traceable onlg at the bottom of large slumped waia
heaps in gold \.n.rc.':rkina;;ss6 .
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In favourable target areas, pan washing for gold -
18 an excellent prospecting tool. Gold placers in the form
of spacks, flakes and pinheads are usually found in sediments
of streams running through the auriferous reef terrain, Sys-
tematic pan washing at intervals of S0 m. from the confluence
to the watershed of several streams gave promising results in
a gold pggspecting operation in the Chandil area of Singhbhum
district®®,.

Since gold has a high specific gravity, even flakes
and specks tend to concentrate at the bottom of the gravel
bed. Hence, panning alone may not givé conclusive results in
many cases. Pltting to reach the bottom of the gravel bed is
as equally important as pan washing. Random scout drilling
may also be successtful 1in reaching the bottom of the gravel
bhed ,

Gaochemical and geophysical methods are not very
effective except where gold occurs along with other sulphides,
like copper, lead and zinc. Many gold-bearing quartz reafs
show the presence of scheelite, Since scheelite is fluorescent,
an ultravioclet lamp survey in the suspented reefs may reveal
the presence of scheellite which may lead to the location of
gold.

Exploration methods for gold are summarised in
Table 8,17,

8.3.3 Mineral deposits associated with igneous acidic rocks

The major rock types in this group are granites and
pegmatites, The associated mineral deposits are of tin,
tungsten and mica, Varjous important minor minerals are .
quartz, felspar, beryl, tourmaline, sapphire, lithium, rubidium,
cessium, etc, Of these, tin, tungsten and.mica are important
in the Indian context.

Tin-cassiterite

Geologx

Three typ9324 of casaiterite deposits are recognised,.
They are

. A Hydrothermal deposits
(a) stoek works
(6) fissure veins, and
(¢) disseminated replacements
(2) Pegmatitic depoaits

(3) Placer deposits.
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i Ot these,the last two types are known in Inaia,
althorgh so far There nay been onily one major potentially
economic find the tin flelds of Bastar district in Madhya
Pradesh, Here, the primary source of cassiterite fs a zoned
pegmatite. Some fossil placers are also considereqd promisings7.

The lepidolite pegmatites which show cassiterite
mineralisation in Bastar have been emplaced 1in metabasic sills
which have intruded the Bangpal group of metasediments. The
Palim granite locateq closeby 1s thought to have glven riase to
the pegmatites., Cassiterite occurs- as discrete crystals in a
disseminated form within the pegmatites along with rich veins
of solild cassiterite ore, Mineralisation took Place by replace-
ment. The pegmatites have intruded along the contact of metam
sediments with the metabasics., The joint planes of serecite-
quartzites have also helped the pegmatitic intrusiont7, Pegma -
tite bodies cont#ining cassiterite occur as irregular lensoid
concentrations within shear zones. They have highly irregular
shapes. Placer deposits of cagsliterite are derived from these
pPegmatites and show highly irregular concentrationsg,

Prospecting and_giploration

Tin-cassiterite deposits of pegmatitic and placer
types usually occur together or in close Proximity as is geen
in the case of Bagtar tin fleld., Most of the tin deposits are
confineg to Precam?;ian terrain where large granitie plutons
have bean emplacedb®?, Regional targets, tnerefore, should ba
selected from Precambrian areas showing granitic intrusions,
Large target areas should be subjected to geochemical surveys,
The methods generally in uge are stream sediment iand suboutcrop
sampling., Stream sediment sampling was used by Geocloglical
Survey of India intensively in their investigations for tin in
Bastar district of Madhya Pradesh and was mainly responsible
for the initial discovery of the deposit. 1In a prospect in
Hazaribagh district, the target, a granitic gnelss,
was subjected to suboutcrop sampling which helped in confimming
that the mineralisation was too spotty to be economical68B,

Any promising ares should be selected for phutogeoiogical
studies (1:30,000 or larger scale photography) to locate
pegmatice ocourrences and also to build up a geomorphological
map of the aréa, The geomorphclogical approach is necgssary
because the level of erosion of the terrain has a profound
influence on the formation of placers. Features which need to
be specially studied are alluvial cones, fans, river terraces,
meander bends, river confluences, abandoned river channels,
etc. Various potential targets should be marked on the photo-
graphs and test pitting carried out in these targets. Bulk
samples should be collected and the samples concentrated by
Jigging or pan washing to see whether cassiterite pebblea and
fragments are present. Presence of cassiterite in any quantity
varrantedetailed exploration of the target. Geophysical pros-
Pecting 1s useful in locating buried river channels and certain
t¥pes of riverine accunulations, Trenches and plts may become
necessary during outcrop mapping.

Exploration procedures are summarised in Tahle 8217
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ngsten ~ Wol framite - Scheelite

Geology

Four types of tungsten deposits are known. They
are
(1) Pegmatitic deposits
(2) Contact metasomatic deposits
(1) Hydrothermal deposits
{(a) replacement deposits
{b) fissure vein

{4) Placers

In India, the known deposits are either contact
metagsomatic, hydrothermal or placers. The important Indian
tungsten deposits are listed in Table 8,18.

Table 8,18 : Geological distribution of tungsten deposits in India

State District Geological Host rock Important
formation mineral
Rajasthan Nagaur Archaean . Granites and Wol framite
{(Pegana) phyllitegl®
West Bankura Dhonjori69 Quartz velns Wol framitel?
Bengal {Dharwars) and alluvium
Maharashtra Nagpur Archaeans Veins of quartz Wol framite
interbedded
with schistsl?9
Karnataka  Kolar Dharwars With gold- Scheelite’
{Kolar bearing quartz
Gold velins
Fields)

None of the deposits has so far shown any economic
promise, although the present known occurrences might lead to
new discoveries in nearby areas.

All the known Indian deposits are genetically linked
to nearby granitic intrusive bodies. At Degana (Nagaur), the
mineralising quartz veins and lodes occur at the contact of
the intrusive granite with phyllitie countsg rocks, The minera-
lisation is considered to be pneumatolytic’®. Wolframite can
be found in the alluvium nearby as placer deposits.
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Scheelite has been reported from Xolar gold fields

of Karnataka and Buruguranda in HWest Godavari district of Andhre
Pradesnh7l,

Woiframite occurs in the form of velns, stringers
and lodes in highly irregular forms, sometimes forming stock-
wOrks. The individual lodes are usually within quartz veins
of some 25 mm - 30 cm width as seen in Degana’70, It may also
occur within quartz-rich pegmatites of 5 to 15 cm width with
lodes of 0.3 - 3 em widths. In the Bankura area, the deposits
occurs in the form of stockworks (Thamapahar and Chorradungri)
and in the form of emanations in thin quartz veins (Purnapant)69,

Prospecting and Exploration

Tungsten deposits of primary origin as well as their
secondary derivatives tend to occur in the same terrain. Prog—
Pecting should aim at locating both types of deposits, As
mineralisation occcurs close to intrusgive granitic bodies, the
regional targets should be chosen from areas with a known
history of granitisation. Geochemical sampling is useful 1in
locating areas of mineralisation., Both soil and stream sedi-
ments should be sampled. In the Buruguranda area (West Godavari
district, Andhra Pradesh), the Geological Survey of India
conducted soll geochemical sampling for a wolframite-scheelite
brospect, Samples were collected at 5 m intervals, The results
showed anomalous valuesg up te 1,000 ppm. tungsten against a
background of 10 ppm7l, )

Geophysical methods {(magnetic and electrical resis-
tivity) have proved ineffective in the case of wol framite.

Areas of scheelite mineralisation can be recognised
by ultraviolet lamp surveys. Scheelite,being fluorescent.,
shows up in ultraviolet light. The method was successfully
used in Buruguranda prospect by the G.5,1.71,

Photogeological studies along the same lines sugges-
ted for tin Erospecting may be ugeful in the case of tungsten
deposits alge72.

4

Exploration methods for tungsten are summarised in
Table 8.17.

Mica
Geology

Mica occurs in book form in pegmatites and is the
only type of deposit of economic value. S5everal typea of mica ere
known but in India only muscovite and phlogopire are of economic
value, Of these, presently only muscovite is being mined,
The various types of mica} are listed below73;
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(1) muscovite (potassfum mica)
(2) paragonite (sodium mica)
(3) lepidolite (1ithium mica)

(4) lepidomelane (iron mica)

(3) phlogopite (magnesium mica)

() zinvsldits (lithium-iron mica)
(7} biotite {magnesium-iron mica)

The important mica deposits of India are shown
in Table 8,19,

Table 8.19 : Gaeological distribution of mica in india

State District Geological Hest rock
formation
Bihar Giridih Precambrian Pegmatite in
Hazaribagh mica schist74
Mongh yr
Nawadah
Andhra Nellore Precapbrian Pagmatites in
Pradesh hornblenda-~
biotite schist.
Rajasthan Ajmer Precambrian Pegmatites in
Bhilwara mica gchist
Sikar
Jaipur
Tonk
Udaipur

There are other deposits reported from varioas
parts of the country. Their economic value is not known.

Fegmatites are formed from fluids emanating from
deep seated intrusive granitic plutons. Such intrusive bodies
have been recognised in Rajasthan and Bihar fields. Similar
intrusives have so far not been identified in the case of
Nellore mica flelds. It is thought that the mineralising
solutions emanating from the intrusive granite are rich in
voX¥atiles and are channelised into voids where the hydroe
statlic pressure 1s presumably low and formed books of mica.
The earlier solutions were silica rich with varying
alkalies and alumina and possibly gave rise to the massive
quartz core, a characteristic feature of all mica-bearing
pegmatites. This theory contradicts the opinion held by most
Indian geolegists that mica crystallised out of the country
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rock and got concentrated alon{ Liw well rccks of pegmatites,
the solutions from deep seatei Lcurces acting mcstly as
mobilising media74. A noteworthy feature of most Indian

mica pegmatites is thelr general conceordance with the plane
of schistosity of the host rocks. Another feature which
merits consideration is the concentration of mica along the
contact zones of pegmatites with the country rocks. Mica-
bearing pegmatites show a tendency to occur in clusters in
specific localities. The emplacement of these has been along
cleavages, foliations, fault planes or other natural openings.
In many pegmatites of Nellore, mineralisation is intense

along the fold noses75. These features suggest that mica
mineralisation and lccalisation &are controlled by the structure,

Mica-bearing pegmatites may be of three types
viz., (i) fracture filling, (1i) replacement bedies and
(111) zoned pegmatites. Of these, the last two are of econo-
mic value74,

Prospecting and Exploration

Prospecting for mica consists of two tasks. One
is to locate pegmatite bodies and the other to locate mica
deposits within the pegmatites. Field guides for locating
mica deposits have been given in Table 8,1, Regional targets
are chosen from areas where mica aschists have been intruded
into by granitic plutons. The presence of lit-par-lit
injectiens within the country rock is a negative indicator
and such areas should be rejected.

In locating areas of pegmatite intrusion, aerial
photographs are very useful., Even concealed bodies can be
recognised by studving the pattern of exposed pegmatites, by
photogeolcogical studies.

After lccating peymatite beciies, it 1s necessa.y
to check whether they are mica-bearing or not. The presence
of various indicator minerzls, zoning, ete, generally
indicates the likelihood of mica deposits. Laboratory scale
studies teo recognise the mineral assemblage also help in
recognising potential mica-bearing pegmaiites.

Exploration methods are shown in Table §,20.

Table 8.20 : Guides to exploration of mica

Method etalls
1. Mapping76
{ Surface) 1 100¢
{(Undergrcound ) 1 @ 50«
1 : 10 to U [0
2. Trenching77 3¢ m aleony strike
1, Expleoratory 8 m interval levels, winzes and raises,
mining croo—cuts at cleose intervals,
4. Drilling Extengicn rols fittel to jackhammer and
other methodisz in betvween cross-cuts and

advAancing faces
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Simple deposits occur as large cortinuous beds
showing low dips (5-159), good outecrops of fairly uniform
quality. Such deposits are usually seen in Vindhyan-Cuddapah
basins.

Complex deposits show moderate to steep dips and
may be folded, but are consistent, Thay may be medium to
large in size. Such deposits are found'in Lower Vindhyans,
Upper Cuddapahs and Infrastrappeans, younger limestone occure
in Asgam, Himalayas, and eértain Ccrystalline limestona of
Tamil Nagdu. .

. Intricate daposits are highly folded, faulted or
dislocated, They may also be lenticular or interbedded with
shales,etc, Such deposits belong to the Precambrians A
including the Dharwars of South India, Ajabgarhs and Raialos
©of Rajasthan and many other Archaean crystalline limestones.

Proapecting and Ex ) oration
~=ofpecting and Exploration

in selecting broad target areas of limestone and
dolomite, Photogeoleogicai mapping is of great help. The pre¢-
8ence of sinkholes and karsts in a generally flat and subdued
topography indicates the bresence of limestone. Limestone
terrains alsc encourage subsurface drainage.due to the
presence of solution cavities, These featurus are very easily
recognised in aerial photographs, The ideal rhotographic
scale for this type of work is 1:50,000.

Soils which develop on limestone tend to contasir
@ high level of moisture which glves a dark tone te the gt
and can be easily spotted in the aerial pPhotographs and is
another indication of the presence of limestone,

Some chip sampling and rapid analysis for Cagc,
Mgo, ete., would help in confirming the presence of limestona
and dolomite, :

: Exploration guidelines for limestone are shown in
Table 8.21. ‘
Gypsum
Geology

Four major types of gypsum depesits are recognised
in India, They are :

(1) bedded evaporite sedimentary type,

(i1) crystalline gypsum in veins or disseminations
in clays and shales,

(111) as grains of gypsum in semiporous aggregates in
desert salt pans, and

(iv} as bouldery disaeminations in soll.
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8.3.4 Mineral deposits associated with sedimentary evaporite rocks

The sedimentary evaporite environment encourages
many types of deposition, like pure clastic accumulations,
chemical precipitates, photosynthetic accumulations and
evaporites. One common factor is the presence of water in
circulation or stagnant water or both in all these processes.,
The most important mineral deposits in this group are lime-
"stone, dolomite, gypsum, phosphorite and rock salt.

Limestone and Dolomite

Geology

Limestone and dolomite are formed firom solutions
carrying calcium and magnesium carbonates. Minerals and
rocks containing carbonates in major or minor quantities are
the original source of all limestone and dolomites. Limestone
may form by three processes, viz., inorganic, organic, and
mechanical,

Carbonates are precipitated when carbon dioxide
escapes from the solution. The amount of carbon dioxide
contained in sea water is dependent upon the temperature of
water and the saturation of carbon dioxide in the atmosphere.
When the equilibrium between these three is disturbed,
carbon dioxide escapes and carbonates are precipitated in
the form of limestones, as warm sea water is usually satura-
ted with calcium carbonates. Inorganic limestcnes are
formed this way.

In the organic process, action of algae, bacteria,
corals and other micro-organisms are responsible for calcium
carbonate precipitation. In the mechanical process, shell
or coral matter gets deposited and cemented to form lime~
stones24, Dolomite is a carbonate of calcium and magnesium
and its origin 1is still an unsettled issue. However, most
‘of the dolomites are thought to be of replacement origin.

In India, limestones and dolomites are reported
from all geological formations in almost all states, and
hence it i1s not possible to list even a few of them. Generally,
limestone and dolomites of economic importance oeccur together.
However, singular occurrences of dolomite in India are also
known78,

Limestone occurs as regular beds in sedimentary
sequences. In metamorphosed terrain they tend to occur as
thin narrow bands and show complex structures. Limeshell
accunulations generally show highly irregular outlines.
Depending on the size, shape and dispogition of limestone
deposits siitable for cement manufacture, the Cement Research
Institute has recognised three types of limestone deposits’9.
They are t simple, complex and intricate deposits.
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8.22 L

ian gypsum depo-

Table 8.22 : Geolegical distribution of gypsum deposita

in India
State District Geological Hoat rock
formatian
Rafasthan Nagaur ) Nagaur series Gypsacus lime-
Pali i Vindhyans stone, dolomite
and clays
Barmer (1) Recent Blown sand
sands Lake bed
Bikaner |
Ganganagar- } Recent Lake bed80
Bharatpur | :
Tamil Nadu Tiruchirapalli Uttatur Gypseous clayg80
Cretacecus
Coimbatore Recent Soil
alluvium
Jamma and  Baramula Sallchala Schistas 80
Kaghmir schists
Boda Frecambrian Limestone
. or Nummulitaes
(Eocens)
Gujarat Kutech Jurassic Shales, Clay,
Subnummul ites Sand, Marls,
(Eocena)
Pliocene
Fleigtocene
Racent
The Indian gypsum depcaits oacur in a variety of
geclogical formations although all of them appear to be of

evaporite sedimentary origin.
‘gypPsum are thought to have originated
which are periodically fnvaded by sea

considerable gypsum in a dissolved state,

evaporated

bedded deposits.
All the other depo

layers sink into the basin and n
from subseguent invasions of sea=-water,
The vein deposits are
aits are secondary in origin, derived from

Primary sources,

-water

The thick-bedded deposits of

in iaolated basins
which contains

The freshly

ew layers form

resulting {n thiek

of uncertain origir.
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Table 8,23 ;: Gaological distribytion of phosphorite deposits

_in India
State District Geological Host rock
formation
Rajasthan Udaipur Aravallis Dolomitic
marble
Chittorgarh Vindhyans Phosphatieg
(Maton, shale
Jhamarkotra) _ _
Uttar Dehra Dun Tal-Krol Limestcne,chett.
Pradesh {(Mal Deota) cherty and
- ealcareous
limestone
Tamil Nagu Tiruchirapalli Uttatur —
(Cretaceous)

Phosphorite deposits originated in mlogeosynclinal
conditions as indicated by the deposits of Rajasthan which are
associated with the Aravallis. Fhotosynthesis by marine
organism is cited as the source of deposition in the case of
Tiruchirapalli deposits. The configuration of the floor of
the depositional basin isg thought to have influenced the
localisation of the phosphorite deposit of Mussocorie. ‘Phosg~
phorites are known in many varying geological conditions and
in practically every geological formation,

The presence of pyrites and organic matter and
association with black shales suggest that phosphorite was
formed under conditions of negative Eh. It has been suggestad
that the basgin floor was folded into synclinal and anticlinal
forms by regional tectonic phencmena. The remalns of planktons
and noktons (micro-organisms) which thrive in the basin fall
into the synclinal depressions. Decay of their soft parts
generates soluble phosphates, ammonia and ammonium salts,
Nitrogenous bacteria convert ammonia and ammonium salts into
nitrates, The soluble phosphates and nitrates present in the
water encourage the growth of phytoplanktons. As these 1ife
forms die out, the synclinal troughs get filled up with
phosphates., The soluble phosphates react with the calcium
carbonate to form calcium phosphates which being inscluble
are precipitated, The accumulatign of these precipitates
gives rise to beds of phosphorited2,

Phosphorite deposits oecur as independent beds,lenses
&nd In stratified forms in complete conformity with the sedi-
mentary host rocks, The rock may be limestone, calcareous
phyllite, black shales, calcareous cherts, orthoquartzite, etc,
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Gypsum deposits of primary origin are usually
regularly bedded and have regular size and shape. The veln
concretionary and bouldery deposits are all highly irregular,

Progpecting and Exploration

Gypsum usually occurs along with limestone and clay
beds., Tha initial target areas may be those which are known
to contain limestone. Since gypsum resembles limestone to a
great extent, chemical tests are essential to identify the
two separately, for which chip sampling may be done.

Gypsum also occurs in drying lakebeds which receive
a periodic supply of sea water. Areas where such lakes are
known are good targets in the search for gypsum, Aerial phota-
graphs may be used for recognising such targets.

The nodular deposits tend to occur in the sub-~g0il
and its presence is indicated by boulders of gypsum within the
soil. :

Vein-type deposits are difficult to locate. Areas
having limestones and pyrites in close proximity generally
contain vein-type gypsum deposits. Large-~scale systematic
mapping accompanied by chip sampling would appear to be the
best method to locate such deposits.

Exploration guidelines for gypsum are summarised in
Table 8.21 (for limestone).

Phosphorite

Geology

Phosphorite deposits are invariably chemico-sedi-
mentary in nature and are found only in the sedimentary forma-
tions. Phosphorite occurs in seven forms. These are @

(1) granular phosphorite,

(2) pelletal phosphorite,

{3) banded phosphorite,

(4) phosphatic nodules,

(s) algal phosphorite,

(6) brecciated or fragmental rhosphorite, and
(?) fossilliferous phosphorite8l,

All of them tend to occur in varying proportions
and combinations, Some important Indian depesits are shown
in Table g,23,
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Progpecting and Exploration

Areas of miogeosynclinal deposition are chosen as
the first broad target area for prospecting. Economic depo-
sits are associated with limestone, calcareous cherts, black
shales, etc,. and areas containing such rocks are separated
out for detailed examination. Most rhosphorite beds contain
radio-active minerals. Therefore, a rapid survey by a
Geiger-Muller counter or scintillation equipment would help
in locating promising areas cf mineralisation. This is followed
by a millimetye by millimeter traverse of favourable outerops
in which different beds are recognised by acid test and
scintillation counts. Phosphorite does not react to acid but
activates the scintillation instrument. This is a positive
criterion for the recognition of phosphorite in the field.
Chip samples are collected from the suspected phosphorite .
bands and subjected to chemical analysis by Shapiro's methodB83.
The method described above was used in a prospecting operation
for phosphorite in Turkey which resulted in important
discoveries84, ,

Exploration guidelines for rhosphorites are shown
in Table B.2a4,

8.3.5 Mineral deposits associated with metamorphic rocks

In this group, mineral deposits like kvanite,
sillimanite, graphite, talc, etc., are the most important,
8ince these deposits are undeniably metamorphic in origin.
Iron and manganese ores are included in this group, although
thelr origin cannot be attributed toc metamorphism,. Their
host rocks are generally metasedimentary and hence these two
are included in this group.

Iron Ore

Geology

Six tgges of iron ore deposits are recognised in
India. Theseare

(1) deposits associated with the banded ferruginous
formations of Precambrian Age. These include
both hematitic and magnetitic types,

(2} sedimentary iron ores of sideritic or limonitic
composition,

(3) lateritic ores derived from the sub-aerial altera-
tion of the iron ore bearing rocks, such as
gneisses, schists, basic lavag, etc.,

(4} the apatite-magnetite rocks of Singhbhum copper

belt,
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(3) the titaniferous and vanadiferous magnetites of
south-east Singhbhum and Mayurbhanj, and

(s) fault and fissure fillings of hematite,

All the maior Indian iron ore deposits belong to
the first group and are associated with handed 1iron ore
formations of Frecambrian age. Hematite ore is under extensive
exploration and mining. Magnetite ores have started receiving
attention only recently. Some of the major iron ore deposits
of India are listed in Table B.25.

The other occurrences reported in various geological
formations are not of any economic importance,

As mentioned earlier, &ll the iron ore deposits of
India belong to the Iron Ore Series and their eqguivalents of
the Dharwar group of meta-vdrmanics and metasediments. The
immediate host rock is the banded ferruginous quartzite, These
banded formations were probably formed as chemical precipita-
tes in partially enclosed sedimentary basins of the back water
type, in long periods of geological gquiescence. It has not
been possible to identify the original source of the iron and
gilica minerals which were precipitated in such basins8b.

The deposits are thought te have baen derived from
the enrichment of these Banded Iron Stone Formaticns by a
process of progressive removal of slilica., Controversies,
however, remain about the development of massive ores and blue
dust. One view is that the massive ores are the resultants
of direct precipitation. Blue dust is thought to be a product
of the action of circulating waters which leach away the
sllica from the magsive ores?’.

The iron ore formations within the Dharwars have
been folded repeatedly and are preserved in narrow elongated
patches of schist belts, a few of them forming synclinoriums
like the Sandur synclincrium in Bellary district. It has been
observed that a very large number of deposits in Karnataka and
Goa show typlcal structural features. The major deposits in
these two areas appear to have been preserved in tightly folded
regional synclinal structures. The individual iron ore
deposits are preserved in local structures, predominently
synelinal, However, cappingg and narrow bands which show
no obvious structureg are also quite common.

Most hematitic ore bodies can be grouped into two
categories on the basis of their shape and mode of occurrence
as capping and reef types. The major difference between the
two is the dip, which will be very steep in the case of reefs
and rather shallow in the case of cappings; outcrop widths
may be narrow in the case of reefs and broad in the case of
cappings87, 88, These Adifferences may not be very sharp in
many cases as bhoth reef and capping types may have a common
origin and tectonic background.
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Table 8.25 : Geological distribution of important iron ore
deposits in india

State District Gaological formation Hozt rock
Andhra Anantapur Dharwars Banded ferruginous
Pradesh quartzite
Bihar Singhbhwn Iron Ore Series Banded hematite guartzite
(Dharwar eq:}
Madhya Baster Bailadila Iron Ore Bended hematite quartmite
Pradesh {Batladila) Series
burg {Dharwar eg:)
Maharxashtra Retnagiri Dharwar Not clear
" Chanda Dharwar Noet known
Goa Pharwar Banded ferruginous
quartzite
Orissa Keonjhar Iron Ore Series Banded hematite gquartzite
{(Malangtolt) {Dharwar equivalent)
Sundargarh e -
Mayurbhan } - T e
Rajasthan Jaipur - -
Karnataka Bellary - -
{(Sandur)
Bifapur ;-
Chitradurgs B ru us
North Kanara | Dharwer qazgzii::r 9ino
Tumkur i
Chikmagalur Dharwar ) ~do-
(Kudremukh),
(Babab ndan, etc.)
-
Shimoga Dharwar ~do~ 19
Tamil Nadu Salem Dharwar Banded magnetite quartazite

(Kanjemalgi, etc.)
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Prospecting and Exploration

Hemztitic and magnetitic iron ore bodies are generally
either confined to the surface or are very close to the
surface. '‘Their location is not likely to create any problem,
Fleld gulides which may help in the :ncation of such orebodies
are given in Table 8.1,

Iron ore bodies may be founi either exposed directly
or covered by laterite, soil or och=1 detrital material. The
directly exposed ore bodies can be recognised by the hard
massive ore outcrops of iron ore. Those under soil, laterite,
etc. can be recognised by the presgenie of fleoat ore or ‘
recemented ore boulders embedded within laterite or soil,

When ore bodies are not exposed and there are no
cbvious fleats or other indications, it may become necessary
to rely on a combination of indirect criteria to locate
favourable targets. These may consist of:{1) the presence
of BHQ/BHJ, etc., (2) topographic prominences, (3) laterite
with ore pieces, and (4) structural ridges. On concealed out-
crops, scout pitting and trenching may be done to confirm the
Presence of ore.

Exploration for iron ore is summzrised in Table 8,.26.

Manganese Ore

Geology

Three types of manganese deposits are recognised in
India, They are :

(1) deposits associated with Precembrian metamorphic
rocks of Gondite type,

(2) deposits associated with: Precambrian metamorphiq
rocks of Kodurite type, and

(3) lateritodd deposits in surficial concentrations
with mineralisation extending into the underlying
rocks .

All the three major deposits belong to *he Dharwar
group of rocks and their equivalents. The lateritoild
deposits are almost invariably found in asscciation with the
Iron Ore Series of rocks and their equivalents and occur
mostly in the stratigraphic horizon just below the Banded
Iron Formation., A few small deposits are knowr in Cuddapah
formations. They are exploited on a amall scale locallyl9,

The important mangarwsse derosits of Indila are listed below
in Table r,27.
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Just as in the case of iron ore, the association
of manganese with the Dharwer rocks and their equivalents 1s
unmistakahle. Besides, there would aprear to be a definite,
broad lithologic gimilarity between the host rocks, most
deposits being confined to pure argillaceous and arenaceocus
rocks and their metamorrphic products. <Carbonacecus host rocks
are seen in the Madhya Fradesh - Maharashtra belt and in
some parts of the Tumkur-~Chitradurga bel*s in Karnataka.

The economic manganese ore deposits appear to have
close genetic association with various types of low yrade
manganiferous sediments. The deposits of Madhya Pradesh and
Maharashtra are thought to have been derived from spessartite
quartz rocks or goniites and similar other rocks. The ore
bodies grade into gondites as they are traced along the strike,
These spessartite quartz rocks are all thought to be metamor-
phic procducts of low grade manganiferous sediments. One of
the products in this metamorphism was probably braunite bearing
mdnganese ore bodies. Alteration of the braunite 1ia thouyght
to have produced psilomelane, pyrolusite, etc. The orebodies
are bedded and occur in conformity with the host rock?.

. The depogits of Srikakulam area referred to as the
Kodurite type are also unmistakably associated with two types
of metasediments, viz. (1) a garnet granulite, and (2) a
garnetiferous quartzite. Thus, deposits of Srikakulam of
Andhra Pradesh, Koraput of Orissa and other deposits of
Madhya Pradesh, Maharashtra are related to the process of
metamorrhism.

In the lateritic type, there are two types of
deposits. ©One occurring within laterite cappings and the
other occurring in the underlying phyllites, quartzites and
shales. Of these, the deposits within the lateritic cappings
are of lateritic origin but derived from the underlying rocks.
The deposits within the guartzites, phyllites and shales
m3y be of. sedimentary origin as indicated by the con formity
of the orebolies with the host rocks and the presence of
continuous planar features within the deposits and the host
rocksél.

All manyganese deposits including those assoclated
with laterites have been influenced and controlled by struc-
ture, The major structural features recognised in the
Madhya Pradesh -~ Maharashtra belt are isoclinal folds as
shown by the Kandri Crebody?2, Structural control is
prominent {n the Srikakulam deposits also where the ore shows
pre ferential concentration along the noses of drag folds89.

In the lateritoid deposits, the laterite cappings
show deposits teotally devoid of any structure. B3ut the
underlying phyllites and quartzites have preserved crebodies
in regicnal scale isoclinal synclines and recumbent folds as
at Sandur. Here, cross-folds have played a part in bringing
the importent ore boiies te the surface9l.
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Prospecting and Exploration

g

Manganese ore bodies occur in a variety of forms
and in varying depths. Purely surficial depozits are con fined
to the lateritoid types, although here also some deposits
are known to persist for some depth. The major surfacae
indication of the presence of mangénese ore is the presence
of float cre. The prospecting history of many major deposits
indicates that the first discovery was made on the basis of
float ore. A comprehensive list of field guides for locating
manganese deposits 1s given in Table 8.1. '

Where outcrops are not directly visible but are
inferred, geophysical methods may help in locating the ore
bodies, Electrical methods are particularly useful in
locating the ore bodies in deposits of the gondite type.
These methods may, however, prove useless in the cage of
lateritic type of deposits where the country rock has a high
iron content. :

Pitting and trenching would be useful in locating
outcrops., The presence of recemented ore pleces in narrow
linear lateritic humps is considered very favourable in
locatér;g deposits underneath as in the Sandur Manganese
fielad®1, .

) Exploration guidelines for manganese ore déposits
are summarised in Table 8,28,

Kyanite and Sillimanite

Geology

Commercial deposits of kyanite occur in two forms,
viz.along with metamorphic rocks, ang as a product of
residual concentration ag float ore, ntc,.’,

Both types of deposits are known in India.

The geclogy and Aistribution of some important
Indian kyanite deposits are shown in Tahle 8.29,

Table 8.29 ; Geological distr*hution of important kyanite deposits in india

- - ———
. —— e — r-———

State District Geclogical Host rock
formation
Bihar Sirghbhum Archaean Soil-original host
{Lapsaburu) rock 1s a quartz

kyanite rock

Mahara- Bhandara Archaean Kyanite-topaz-
shtra {Dahegaon) dumortiorite rock

- ——

e — —
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Ky=nite occurs as a product 0f dynamothermal
metamorphism of aluminous sediments. The most important
economic deposits are of residual origin and tke ore cccurs
in the form of boulders in soil as seen in Lapsaburu,
Singhbhum. Large deposits of low grade kyanite deposits
have been located in Bihar, Karnataka and Andhra Pradesh in
quart z-kyanite rock, and in talc -pyrophyllite deposits 1in
Raj asthéin -

Siliimanite

Sillimanite occurs very much like kyanite ang
hag the same chemical composition, and often they occur
together as seen in Dahegaon deposits . of Bhandara district93,
The jimportant deposits are located in Meghalaya, Rewa,

Madhya Pradesh, Bhandara, Maharashtra and in the beach sands
of Kerala. Of these, the occurrence in Meghalaya is the
most important and is associated with the Shillong series.
The Kerala deposits are in beach placers and are of economic
importance only because of thelr recovery ag a by-product .

Frospecting and Exploration

In prospecting for kyanite and sillimenite, broad
targets are selected from areas containing aluminous sedi--
ments which have undergone high grade metamorphism. Minera-
lisation can bhe easily establishad hy tracing of float ore
and systematic shallow pitting.

Exploration guidelines for kyanite and s1114imi~
nate are summarised in Table 8.30.

Table 8,30 : Guideé to exploration of kyanite

it -t e o
T T S e e e o e e m— e - e

Mechod Details
1. Mapping 1:1000 to  1:5000
2. Pitting/trenching 3¢ m. interval, trench width

varying from 1 to 2 m or more

3. Sampling From plts and trenches for
analysis and recovery tesgts.

e e i A = b e e o e ——— e o s e ——

Graphite

—— ety

Geology
Graphite occurs in commercial quantities in high
grade metamorphic rocks. The geclogy and disgtribution of
the major graphite deposits of India are shown in Table 8.31.
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Table 8.371 : G_eologica# distribution of important graphite deposits in India

o —— ——

State District Geological Host rocks

formation
Oriasga Phulbanit Archaeans Felaspathic
Sambalpur khondalites and
Kalahandi pegmatit=94
Bolangir
Kerala E rnakulam Archaeans Charnockites?>
Bihar Palamau Archaeans Pyritiferous
: phyllite%6
Andhra Khammam Archaean Khondalites, and
Pradesh "Vishakapatnam Carbonaceous schist
Rajasgthan Ajmer Aravallis Actinclite-
Banswara graphite schist,

Graphite is a product of high grade metamorphism
of argillaceous carbonaceocus sediments., Deposits ge 2rally
occur as veins, lenses and disseminations in the metamorphic
rocks.

Structural contrels have been recognlised in the
graphite mineralisation of Crissa. Here, mineralisation is
noticed at the contact of khondalites and granites. Shear
zones developed in the contact zones show migmatisation which
has helped in localising the deposits. Deposits occurring in
Pegmatites are more pure in gquality. The ore bodies show
general concordance with the planar features of the host rock.

Prospecting and Exploration

Areas of high grade metamorphism particularly of
arglllaceous carbonaceous sediments are very good targets.
Georhysical prospecting gives excellent anomalies in graphite.
Electrical methods (SP} were successful in locating and
flelineating graphite ore bodies in Ernakulam district of
Kerala. The anomalies were subsequently proved by core
drillinggs.

Exploration guides for graphi‘e are similar to
those for tale, soapstone, etc. are given 1n Table R.33,

Talc/Soapstone/Pyrophvl1ite/Diaqu£E

Geol ogy

Talc and socapstone occur in pPractically every
Indian astate where Archaean metamorphic rocks are exposed.
Some important deposits of soapstone are located in Madhya
Pradesh and Rajasthan. Fyrophyilite is rather rare i{n
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occurrence, It is agssociated with post-Dharwar granites as
in Madhya Pradesh., Some deposits have been reported from
Jhangi digtrict of Uttar PFradesh,

Tahie 8.32 : Geological distribution of important talc. pyrophyllite-soapstone

" deposits '
State District/area Geological Host rocks
formation
Madhya Tikamgarh Post- Contact of granite
Pradesh {xaril-Khora} Dharwars and quartz pyro-
phyllite rock.
Uttar Jhansi®7 Archaean Fine-grained
Pradesh (Bifri- granites
Dhankura, etc.)
Rajasthan Bhilwara Archaean Ultrabasics,
Udaipur quartzite and
Dunga rpur metamorphoged
Banswara limestone and
Jaipur deolomites

et o pe—tmrr

Metamorphic terrain which contains magnesium
carbonate rocks forms the best target area for talc and
socapstone., For pyrophyllite and diaspore, rapld reconnai-
ssance, outcrop mapping, chip sampling,etc., help in
locating individual deposits. The typical features which
help in identifying talc »nd pyrophyllite are thelr softness.
and powlery glossiness. Teposits tend to occur in large
clusters of lenses.

Exploration guldelines for talc goapstone and
pyrophyllites are summarised in Table 8.33 based on the
experience of Indian Bureau of Mineg?7-
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Table 8.23 : Guides tor axploration of graphite, taic-
scapstone pyrophyllite-diaspore

TR e memmmin e e i ek A e et o tm m T e e e e i e % R B ke o erier

Method of exploration Details
i. Mapping/underground 11000 to 1:4000,
mapping 1: 200 to 1:500.

2, Pitting May be given at suitable
intervals

3. Trenching Cross trenching, 3050 m
apart may be given.

2. Drilling S0 m interval with a
staggered pattern depending
upon the mineralisation.

5. Sampling Trench sampling,, core
sampl ing and channel
sampling.

e . B

8.3.6 Mineral deposits associated with residual formations

A large number of mineral deposits cocur as
residual enrichments. The most important ones are iron ore,
manganese ore, nickel, bauxite and clay. Of thesa, however,
most of the deposits were formed originally in other
environments and residual action has onlyaxgunented them.
Typical residual deposits are bauxite and clay.

Bauxite

———— ok e

Geology

Bauxite generally occurs Iin a8ssociation with late-—
rite and is of residual origin. Most Indian deposits are
seen within cappings of laterite occurring on a variety of
rock types. Some deposits are known to occur 1in soil and
some in sediments, but all are clearly derived from original
lateritic sources nearby. Some important deposits are
listed in Table 8.34.
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indian bauxite deposits are products of sub-aerial
weathering and lateritisation of a variety of rocks although
the more important depcsits of Madhya Fradesh, Maharashtya
and Bihar have develcped on Deccan Trap Lava flows. The

But it is reecognised that any aluminous rock, subjected to
long periods of weathering in stable geological conditions

can give rise to bauxite. The ocriginal rocks are continuously
attacked by water charged with acids and gradually silica,
ferruginous matter, etc.,, are removed in solution leaving
aluminous material behind. The residual aluminous matter
eventually accumulates in economic sizes to form the bauxite
depositslCo,

Wichin the laterite cappings, bauxite may occur
8s & continucus horizon or may be distributed as small lenges,
The topmost horizon is usually laterite, s0il, etc., It is
followed by bauxite, then by clay, lithomarge, etec., ti1ll
the host rock contact is reached.

Bauxite ore bodies may be of three types, viz.,
continuous regular depogits with consistent grades and thick-
nesses, lenticular but fairly extensive deposits with sharp
grade fluctuations, and highly erratic and pockety deposits
of Inconsistent grades.

Prospecting and Exploration

Since bauxite is genetically associated with
laterite, any lateritic terrain is a potential target for
bauxite prospecting. Regional small-scale aerial photo-
graphs are ideally suited for locating potential bauxite-
bearing laterites. Bauxite discourages the growth of
luxuriant vegetation, Inthe aerial photographs, such areas
stand out conspicucusly and can be eastly identified.

Scarp retreat is a common phenomenon of bauxite=
bearing plateau country. In this, the edge of the plateau
recedes towards the centre of the plateau by progressivé
weathering. Such areas show the outcrops of bauxite clearly,
However, the absence of Scarp retreat is not a negative
indicatorloo,

In India, most of the important bauxite deposits
occur on plateaus whicn rise to 1000 m above the mean sea
level, This criterion can be used for isolating the poten-
tial target areas. '

Bauxite does not di ffer much from laterite in its
physical appearance and it may be difficult to distinguish
them without chemical analysis. Therefore, at the initial
stages, rapid chip and chaanel sampling and chemical analysis
of promising outcrop areas is very essential. Samples which
show a loss on ignition of less than 20 percent are considered
very poor. Depogits which show such poor valiues can be
refected on this basis alone.
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Geophysical and geochemical methods have only
limited value in bauxite prospecting.

7 Exploration procelures for bauxite are aummarise&
ir Table 8.35. : A

Clays

L o

Various types of clays are known of which the
most important are chinaclay and fireclay. The other clays
are ballclay, bentonite, pottery clay, fuller's earth,
dlaspore-claylQOl, etc, The exploration methods for china-
clay and fireclay, which @re applicable .to all other clays

-also,are described below :

Chinaclavy
Geola

~ninaclay is a product of residual weathering of
felspathic rocks in favourable climatic and geological
conditions, The main clay mineral which is kaolin can form
by the action of water of post-magmatic origin. Xaolinisa-
tion may also occur as a result of the action of St
magmacisc emanacions cr by a process of hydrolysisiOl,

Chinaclay occurs as pockets, lenses, and cappings,
usually under a cover of thin soil or occassionally under a
"cover of laterite, as seen in the case of Akulam chinaclay
deposits near Trivandrum in Kerala StatelO2, BHere, the
parent rock is a granitic gneiss andi the clay deposits of
economic value occur iust above the gnelss. The zCne ia
about 3-8 m in thickness and oonsists of white, grey and red
clay mixcaures,

The important clay deposita of Singhbhum district
of Bihar were tormed from the weathering of granites and
pegmatites. Some of the deposits here are gquite thick, mining
having reached a depth of about 18 m. The chinaclay deposits
near Kundara in Quilon district of Kerala alsoc occur above a
weathered granitic gneizs. The clay layer 1is 9-10.5 m thick
and is covered by Tertiarv sandstones, laterite, etc. which
attain a maximum thickness of 30 m, Clay may occur within the
matrix sandstone as a result of weathering of felspathic
sandstoné of upper Gondwanas. Such a deposit is reported from
Rajmahal area of Santhal! Pargana, Bihar, where the clay ias
recovered from sandstone and the remaining silica is used as
silica sand. Clay alsoc occurs as bedded deposit in Cuddapah,
Vindhyans, Gondwanas, etc.

Prospecting and Expioration

Being a product cf residual weathering similar
to bauxite, prospecting for clay is essentially similar to
that of bauxite. However, there «re many important differences,.
In selecting large areas for initial prospecting of chinaclay,
it is better to confine attentior to areas which have a known
history of residual weathering. and contain acidic rocks like
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granite and pegmatites, ‘In aerial Photographs, clay and
clayey soil give a very dark tone because of high moisture
supported generally by good growth of vegetation. Swamps,
marshy lands, water-filled depressions, etc., may also
indicate the presence of chinaclay. Rapid reconnaisssance
- with random pitslO3 and auger drilling will help locate
‘specific targets for detailed search.

Chinaclay deposits usually occur mear the surface
and methods of exploration may.consist of mapping, pitting,
drilling, etc. as given in Table 8,35 which gives axpioration
guidelines, for besuxite. ’ ' '

However, the clay being soft, cbnventional wet oore
drilling may be of limited value, dry drilling, auger drilling
or pitting being better suited. In the Akulam area, pitting

was used very successfully in exploration. Pits were sunk
at 30 m intervai1lo2,

Fireclay

Fireclay is generally assocfiated with coal seams
and is of sedimentary.origin., Some important clay deposits
are listed in Table R.36. -

Fireclay contains Al203 above 31 per cent while
good quality fireclay may contain about 38 per cent Al;On,
Fireclay occurs both above and below coal Beams in this bedded
sedimentary form, showing same dips of coal-seams which are
10-20°, Several seams of fireclay may eccur in the same
sequence as in the Amlo fireclay mine in Biharl®5, It may
also occur ag small pockets within felgpathic sandstones ag
seen in the Gondwana clay deposits of West. Godavari district
of Andhra Pradesh. The dip of the formationslO3 here ig
between 4 8nd g°,

) Although most of the fireclay deposits are associa-
ted with the coal-bearing formations, certain deposits are
reported from other formations like Vindhyansl©4, ag in
Jabalpur district of Madhya Pradesh where they occur in Kaimur
sandstones. The clay bed which is 4 to 6 m thick here is
covered by a lateritic cap and seems to have formed as a
result of weathering of the sandstone.

Prospecting and Exploration

As most of the important clay deposits occur in
asaociation with the ceocal-bearing Gondwana formations like
Barakar, Ranigani., and Karharbarl formations, the initial
target areas can be chosen from these formations., Since fire-—
clay beds occur above or below the coal geams, all methods
valid for locating the seams are valid for the.fireclays too.
Coal seams may be Airectly visible If they occur in the escarp-
ment faces as in Chirimiri coal fields,Madhya Pradesh.However, in
mogt cases, indirect evidences will have to be dependel upeon.

In areas where coal seams outcrop, there will be usually linear
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Tabie 8.36 : Geological distribution of important fireclay deposits in India
State District Geological formation Host rock
Agsam Lakhimpur Tertiary ocal-bearing Sandatone, shale)
formation coal seqguence
Sibsagar Tipam Series
Bihar Pe lamau Gondwana formaticne Coal, sandstone,
coal-bearing Barakara shale sequence
Dhanbad ~10= ~do~-
Hazaribagh =30~ O
Santnal ~A 0w —do-
Parganas
Ranchi -do~- ~do=
Giridihn Gendwana formation ~do-
coal-bearing Karharbaris
Madhya Bilaspur Gondwana formation -0~
Pradesh coal-bearing Barakars
Shahdol -3 0= -0~
Jabalpur Vindhyan formation Kaimur
Sandstone 104
Maharaghtra Chandrapur Gondwana formation Coal,shale ,
{coal_-bearing Barakar sandstone
equivalents) sequence
Orissa Cuttack Gondwana formations ~do-
Dhenkanal
Sambalpur
Wast Bengal Burdwan Gondwana formation -do-

(coal-bearing Baraker
ani Raniganj formatiocna)
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depressions which retajin high moisture. These depressions are
used for paddy cultivation and are an excellent field guide
for locating coal seams, The presence of fireclay can be
confirmed by putting shallow pits tcwards edges of such
depressions which coincide with the top or bottom of coal
gseams. In such sections, generally plastic fireclay may
occur at the top followed by non-plastic clay. Black solil,
carbonaceous particles, presence of coal matter, etc, are also
good indications for the presence of coal seams.

However, the best areas for search would be open-
&8t cozl mines where fireclay beds, 1f present. can be seen
~:teoropping below tne coal seams. A search through the old
dumps of abandoned opencast mines can also give a clue to the
presence of fireclay. An examination of exposed seam sections
also helps in locating the fireclay beds.

Since fireclay can be mined economically only when
it occurs within a depth of say 3¢ m {(maximum} or so, it would
be futile tc look for it in deep underground coal mines.

_ Fireclay beds also occur independent of coal seams
within coal bearing sequence. However, the methods of
oreapecting already discussed are valid,

Exploration guides for fireclay are anown below
in Table 8.37.

Table 8.37 : Expinration guidas for firsziay

Method Netails
i Mappring 1+ 2000
1 : 1060
2. Pleting 50 m intervals along
' the strike 11-12 m
=long dip

- —— ———— "

827 Mineral deposits associated with placer formations

Important niacer deposits known in India are
Tonazite-bearing sands of Kerale, Tamil! Naduv, Andhra Pradesh
and alluvial tin deposi.z of Maihya Prajesh. Cf these, the
monazite-bearing sands contain, 1In addition to monazite, @
rutber of other minerals 1i’e sillimanite, zircon, ilmenite,
etc. These sanis are essentially beach placers in which are
concentrated the minerals from riverine sediments. All the
ocher placers are of riverine alluvial origin.
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Deposits of gypsum are known in certain sand dunes
of Rajasthan which should be considered as an eolian placer.
Prospecting and exploration for Placer deposits have been
dealt with in sections 8.3.1 and 8.3.3 dealing with diamond,
tin, ete,

8.3.8 Miscellaneous mineral deposits

By virtue of their diverse origins angd specific
non-correlatabjlity, the following minerals which are of econoc-~
mic¢ importance have been grouped together. No proespecting
guides or exploration guides can be offered for these minerals,
However, whenever one of them resembles a major mineral
described earlier, its exploration seguence may be comparable,
In this group, various semi-precious stones, silica sand,
felspars, vermiculite and quartz are described briefly. Please
see Table B,38.
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Chapter 9

9.0 Exploration in producing mines

The earlier chapters have dealt with the location
of prospects, prospecting and exPloration of mineral
deposits to arrive at a decision for orening a mine, Thia
chapter deals with the exploration needs of producing minea.
At the stage of opening a mine, all the basic data regarding
the deposit should be available. However, it is often
hecessary to translate these data into a gpecific mining
need. Each mine is designed to produce a quantum of ore
every day. The guantum so produced should have specific
average grade and size which are fixed according to the
utilisation of the ore. The basic problem i{s to find the ore
of specific quality €rom the benches or unde rground mining
faces. Bince mining once started,is a continuing process
over a period of time, the problem of finding thas necessary
tonnage and grade is a continuous one. There ig generally
& production schedule which has to take care of such needs
on a day to day, week tc week, month to month, and year to
Year basis., Data collected during the earlier exploration
stages give only a general picture of the deposit and are
not sufficient to give information on localised basis to
enable taking up mine pianning with production schedules on
2 reliable basis, Mine exploration iz aimed at bridging
this data gap. ‘

The twin ckjectives of mine exploration
£1) to verify and correct the earlier exploration data, and
(11) control of the mining procedure in grade control,
and mine eccnomics.

9.1 Verification and correction of cavlier zxploration data

At the mine exploration stage, more precise data
are required which will enable the exploitation of the ore
according to specific grade and tonnage needa. For this,
it is necessary to verify and correct the earlier explora-
tion data., The data needs of underground and opencast mines
tend to be different and hence each case is dealt with
separately.

Y.1.1 Underground mines

In the case of underground mines, at the development
Btage, the data avallable would be of the following types 3

(1) surface geologlical plans and sections showing
the geclogy, mineralisation, locatiocr of mine
and explcratory openings, boreholes, etc.,

{23 subsurface composite plans of various levels,
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(3} composite plans showing level details, stope
crosscut, winze. raise and drive positions,
borencle intersection points, etec.;/ and

(4) levelwise geclogical ang asgay plans, and

(5) - longitudinal or vertical projections of the
underground develomments., :

Where the ore distribution is spotty and in the
form of atringers, the data avajilable above may need continu-
OuUs verification and modification for day to day control of
Oore grade and tomage. Even in the case of massive ores, some
of these modifications may become Decessary. Verifications
may be continucusly necessary at the mining stage alsc.,

The factors which generally contribute to grade
dilution ang tonnage difference in underground mines are
imprecise definition of footwall and hangingwal} contacts
of the ore body, presence of non-mineralised rortidns within
blocks of ore, and the necessity of leaving roof support

pillars, e tc, within the stores.,

These problems canbe largely overcome by operaticns,
like geological mapping, sampling, drilling, croascutting,
raising, winzing andg driving, and re-interpretation of the
consolidated data for small blocks of ore,

Seological mapping : 'rhe various underground
openings available for detailed examination and mAPping are
drives, crosscuts, raises, winzes ana stope faces. The
details to be recorded are footwall and hangingwall contactg,
strike and dip of all planar features ingide and outside the
ore body, small-gcale structures like folds, faultg, shears,
contacts between various ore types, barren zonesa, ete,

Procedure for underground mapping has been di scugsed earlierx
and may be follo .

Samgligg ! The main purpose of sampling here 1s
to precisely define the assay boundaries between the hanging-
wall and footwall contacts and to know the grade of the ore.
The boundaries between the mineralised, lean and unmineralisad
Zones are also precisely defined by sampling. a more precise
grade estimation ig also one of the abjectives of tha samp].
ing. 7The sampl ing points and interval of sampling should be
judiciously chosen based on thorough “imspections apnd checka,
More precise spacing can be done by the various statistical
methods discussed earlier in commection with the intensity of
exploration. For practical convenience, the sampl ing may
be done by cutting channels of 10 om width ang 1-2 om depth
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across the strike of the orebody as is being done in the

case of a lead and zinc mine in Rajasthan. Here samplea are
subdivided into 50 cm lengths to enable the data to be
treated statisticallyz. In many base metal mines, systematic
chip sampling on 15-25 cm grid is being _practiced with
satisfactory results,

Drilling : The madin purpose of drilling at this
stage may centre around the guidance of headings, drives,
stope definition, stope development, etc., and may be coring
or non-coring. Specific grade and tonnage control drilling
will have to be undertaken in certain cases.' If this is
undertaken, spacing of drill holes can be done either based
on the experience in such daposits or statistical methods
described earlier. -

If the procedure based on experience is followed,
then the exploration and exploitation data have to be comparad
and correlated. When the data cbtained from a particular
grid of density of exploration show cloge agreemant with the
exploitation data in tonnage and grade, then that grid
density can be ‘accepted for other blocks. This asgsumeas,
of course, the existence of a fair uniformity in the mineral’
vaide distribution within the deposz‘t as a whole.

Cross cutting, raising, winzing and driving :+ 1In a
working mine such openings will be readily available for
observations. However, when exrloratory data are generally
insufficient or there is some necessity for specific verifica-
tion or collection of bulk samples, these openings can be
made for such exploratory purposes.

Reinterpretation of data :+ The methods for inter-
pretting the data, computation of grades, reserves, etc.,,
have been discussed earlier. At the exploitation stage, the
volume of ‘data will be very large and for each block/level/
stope, etc,, separate gradewise, typewise, reserves will have
to be computed and shown in large-scale plans so that daily/
weekly/monthly/yearly production schedules can be drawn up.
The information availlable at this stage i3 listed below @

{a) borehole intersections of the orebody, both
from the surface and underground,

(b) sampling details,
(¢} typewise cre Aistribution details,

{(d) pattern of distribution, ore tonnage and g rade
in stopes in each level, and

{(e) details about exploration done in adjacent areas.
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This information is brocessed and stope plans,
level plans, 2 353y plans, etc.. are completed and fresgh
gradewise reserve assasement is made, In most mines, produce
tion comes mainly from the 8topes and partly from the
develecpment - faces, For grade contreol Pmirposes, it is nece-
ssary that a certain quantum of ore comes from the Stope and
the rest from developmental headings. The ratlo is generally
decided at this stage, The geologist who conducts the mine
level exploration should have a broad strategy to prove it in
advance so that the necessary number of finally proved blocks.
are always readily available for mining. The geologist
should also be continuously studying the rate of depletion
from various sections Periodically. Studies should be systema-
tically conducted to see the correlation between the explors-
tion data and the results of exploitation. Besides, at sach
stage of mine exploration, the new data should be studied-
with data of earlier exploration to compare and reconcile,
These studies will lead to the formulation of local, mine/
sectionwise” norms for exploratfien.

9.1.2 Opencast mines

Verification and updating are required in the case
of opencast mines also. Such needs may arise during develop.
ment or actual mining.

The problems and ver{ fication procedures of opencast
mines are broadly comparzble 'ith thoge of underground nmihes.

At the development and mining stage, the availshle
data in the case of opencast mines would consist of

(a) surface geological plan and sections showing
all details such as borehole, pit, trench
position, mine openings, bench locations,
etc.,, on gcales of 1:1000, 112000, or 1:4000,
and

(b} slice plans on larger scales like 1:500, etc.

Additional exploration would be aimed at supploment-
ing these data so that the day to Jday grade and tonnage
requirements can be anticipated and controlled.

In opencast mines, the 'grade and tonnage variations
rour because of the following factors i

5 i de ores,
{a) development of waste bands, poor gra
etc,, betwaen sampling polnts, boreholes, pits,

¢,
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{b) unexpectei lensing out of high grade ore
rortions,

(¢} imprecise definitions of footwall/hanging-
wall contacts with the orebedy, and

(d) imprecise definition of overburden, side-
burden and interburden. *

Verification and re-evaluation at this stage is
done by geological mapping, bench sampling, pitting and
trenching, drilling by blasthole drills, and reinterpreta-
tion of the consolidated data for small ore blocks.

Geological mapping ¢ The methods described
earlier are valid here alsc. However, the scale would be
very large (between 1:500 and 1:200) and the plans will
pertain to sections, benches, slices and the details would
be different. Some of the details which would require to
be mapped are listed below :

(a) Footwall/hangingwall contacts (observation
at every 2-3 meters),

{(b) typewise ore occurrence,

(¢) small-scale features like local folds,
faults, shears, etc.,

(3) planar features, like strike, dip foliation
joints, and

(e) ore control factors like lithology, colour,
and mineralogy.

During mapping, all the data from nearby bore-
holeg, pits, trenches and other exploratory openings
shoulid be astudied and attempts made to correlate these
data with the exposed ore block. Thig way it is sometimes
rossible to establish correlation between ore types, ore
colours, ore mineralogy and related features with ore grades.
Such correlations can help in grade control,

Bench sampling : The usual sampling techniques
described earlier are useful here also. However, the object-
ives may be different. 1Instead of collecting general samples
here, type-wise, colour-wise, and mineralogy-wise samples may
be preferred to identify and establish the correlation bet-
ween these physical features and grades. As in mapping, the
avajilable exploratory data are studied continuously to esta-
bhlish possible correlation between what is observed in the

exploratory openings and exposed ore.
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Trenching end pitting : The methodology has
been described earlier, During mine exploration, trench-
ing and pitting would be undertaken on a highly selective
basis and for specific purpcses 1lixe bulk sampling, re-
covery testing, ete,

Drill;ggwgzﬂgigggﬂbqgg_ggills ! During develop-
ment and exploitation, the ore siices and blocks are
drilled at fairly close intervals for blasting purposes,
The collection and study of the cuttings generated by this
is becoming a useful grade control tool. It is seen that
17 m deeg holes of 32 om diameter generate 3-4 tonnes of
cuttings?,

The cuttings so generated are allowed to accu-
mulate in a heap around the collar of the drill holes. A
trench is dug through the cutting radially from the hole,
Some 1% of the cuttings are sliced and removed from one
of the trench faces. A sample is now collected just be-
neath the sliced face by a square nose shovel. See Fig.9.1
for details. The sample is then reduced in bulk and pre-
pared for chemical analysis?,

The physical characteristics of the ore cuttings
can be studied in the trench cutting itself. The cuttings
will show the various strata in revarse order as they are
encountered in the 4rill hole. FEach separate layer of
cuttings can be measured, studied and correlated with the
data avallable from nearby drill core or ore exposed 1n
benches. By a combination of this study and chemical
analysis, the average grade of the ore block can be esta-
blished just prior to its being blasted. Blocks of blasted
ore having specific grades can thus be segregated . :

9.1.3 Re-interpretation of data

Methods of interpretation have already bean dis-~-
cussed. At this stage, however, the data are voluminous
and the desired precision of estimate of grade and tonnage
is higher. The data available are :

(a) large-scale geological plan of the deposit
and mine as a whole, with cross-sections,

(b) slice and bench plans,
(c) borehole/pit/trench data, and
(d) blasthole data.

From these data, grade-wise and block-wise re-
serves are marked out for day to day, week to week pro-
duction planning. As in the case of underground mines,
here also the exploration needs of adjacent blocks are
kept constantly under review, and several blocks of ore
are kept proved a little in advance of production.
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9.2 Control of mining operation

In the control of mining operations, there are
two important factors to be considered. One is8 grade
control (quality control) and the other is mine economics,

9.2.1 Grade control

Whatever may be the gcale of mining operations,
the mined ore should be of a specific usable grade. 1In
order to achieve this constantly, grade control operations
are necessary. Under Indian conditions, grade control has
two objectives, viz. (i) to maintain constant ore quality
and (1i) to maintain constant ore size. Before going into
the grade control proper, certain operational mining prin-
ciples like cut-off grade have to be understood,

Cut-off grade

Cut-off grade 1s rather broadly detined as the
minimum grade of ore which meets the direct operational
costsd., CuUt-off grade is a highly variable quantity being
dependent on too many external factors, such as market
conditlons, transportation facilities and ultimately the
cost of operationsS,

Two types of cut-offs have to be recognised. These
are planning cut-off and operational cut-offb,

FPlanning cut-off : During exploration, ores have
to be defined without taking into account the conditions of
mining. 1In the proiection of geological reserves and min-
able reserves (during a feasibility study) this .cut—off is
used. Thg aim is to predict the total tonnage available in
& deposit®,

Operational cut-off : When production starts,

sectional reserves have to be defined. Such ores may be
confined to a particular bench, section, stope, part of a
stope, etc. This in short defines the available ore and the
concept is centred more on the principle of the total profit
of the minef. '

Another concept which is basic to an understanding
of grade control is the raw ore grade or the run-of-mine
grade, The raw ore is that ore which has just been mined.
This contains ores from the highest grades to the cut-off
grade and also some very low gradeg which cannot be practi-
cally isolated: quite often, wall rock dilution could also
be encountered. This ore also be contain ores of highly
varying sizes, from large boulders to very small pieces,
which may not be more than a few mm in size. Thus, the run-
-0f-the mine ore is a very heterogeneous mixtures. In most
mines, this does not go untreated to the point of utilisation,
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The final product which comez =ut of the mine after som§
treatment is the marketable ore or concentrate which may
have to conform to certain size and grade apecifications.,

A block of ore sbout to be mined normally conaslata
©f a variety of ore raterials which can be recognised in the
following categories :

(1) ores sbove cut-off grade,
(11) ores below cut-off yrade, and

(i1i) waste rock.

The mining method may be mechanical or manual or
& combination of both, In the manual and semimechanised
mines, it i3 not very difficult to mine selectively only
those ores which are above the cu+-of# srade, But, here
also some low grades and wastes are bound to get into the
mined ore to dilure it. In the case of mechanised mining,
a higher amount of dilution is always anticipated because
the machine cannot be as selective in mining as manual ©
agencies. In certain types of veins minead underground, the
width of valuable ore may be less than the minimum atoping
width. Here also, a higher dilution is to be anticipated.
These are the factors wnich have to be evaluated before any
grade control can be attempted. These can not only be
anticipated and understood but alsc computed and evaluated
on the basis of detailed exploration data, which if absent,
have to be collected.

A uniform grade and size of ore can be achieved
by two methods:

(1) By selective mining, or by adopting grade
controlled mining sequence, for obtaining the
required g rades.

{2) By blending of mined and sorted ore of
di fferent grades at the surface.

As mentioncdi before, selective mining is possible
only in some cases. In many cases, blending may be a viable
alternative. 1In crder to carry out blending, various
pProcedures are available., 3But only those which can be
Planned pricr tc mining are discussed here as they alone
can be controlled bv mins exploration. Some of these alter-~
natives are discussed bhelow

{1) Reserving nijzh grade blocks for blending only.
In this, a proven ore block of high grade in a
bench cr section is exciusively kept to draw
ores cnitly for blending with the lower grades
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of pres. The rate of production in this
section will be such that it will last til1
the last of the low grade portions are
mined out. From a practical stand point,
this would be 4ifficult,

(2)Having a large number of blocks from which
any combination of choices can be made,
This is more practicable, the only precau-
tion that is necessary being the adjustment
of the rate of production from a few selected
stops or faces?.

All these operations call for a very detailed
knowledge of the deposit which can be cbtained only by
intensive exploration. Earlier, it was mentioned that

plans made at this stage should contain exhaustive detailsg
like

(1)distribution of ore types
(a) ohysical,
. {pb} mineralogical,
(¢) colour-wise,
(d) hardness-wise,
(e) specific gravity-wise, etc.,

(2)distribution of poorly mineralised areas
such as

(a) poor grade ore,

{b) ore which may crumble to minable types,
etc.,

(3)distribution of mineralised areas, with litho-
logical details and the quantum which might
get mixed up with ore during mining,

{4)presence of surface/subsurface water, and the
possibility of its accumulation in and around
the wmininy areas.

There may be other details which would influence mining,
These should be separately recognised.

It is often possible to recognise and correlate
the grade of ore by one or more of the physical characterl -
sticsof the ore type. The presence or absence of a mineral
or a group of minerals sometimes controls the ore grade.
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The colour or weight of a type of ore may be correlated with
a specific quality7. Therefore, such observations should
be carefully made so that miniug and blending could be
planned in advance, '

A typical blending scheme being worked out in an
iron ore mine is discussed below. The planning of such an
operation is done on the bagis of mine exploration data,

The ores in this case have 55-69% Fe and 1.5 - 10.0X Aly03
with a heterogeneous mixture of hard, soft and friable ores.

The blending schedule was worked out on the basis of the
following data:

(1) data from plans and sections,

(i1) the quality of ore as determined from blast-
heole samples,

(111) the guality of the blasted material as
determined from the samples,

{1iv) recoveries of lumps ana fines from different
sections of the mines, and

(v) inspection of mine site for observing litheological
variatlions.

Blending was done at different stages 3

(1)  sequencing of trucks “rom different mine
faces (of different vre gquality) to the
primary crusher,

(i) travelling of tripper conveyors on the primary
surge piles and secondary surge pile at the
ore processing plant, and

(1i1) using three alternative feeders while loading
wagons®,

In the case of base metals, grade control is done
on the bagis of periodic grade and tonnage forecast for
specific periods of time. In a copper mine in Bihar where
grade control practices were studied. the forecast ig
generally confined to sections for periods of one month.
Production is digtributed between a few stopes and the
nearby developmental drives. The progress is reviewed after
every 10 days and if grade and tonnage deviate from those
forecast, suitable adjustments are made by redistributing
the production between the stopes and developmental drives.
Most of the data for these Operaticnhns come from glosely apaced
samples? and boreholes spaced at 60, 30, and 15 m.
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922 Waste geieraiion

L it

dent on many factors. Of these, the generation and handgl.-
ing of waste material incidental to mining is very import-
ant, The cost of production of the ore is closely influ-
enced by the presence of these wastes. A precise estimate
of the exact quantum of waste at each stage of mining is
an important objective of mine exploration. The following
types of mine wastes are ugually recognised:s

The economics of any mine cperation is depan -

(1) oOverburden

(11} Sideburden

(iii)interburden

(iv) Undergrade ore

(v) Undersize ore.
(i) overburden

Overburden is defined as any non-ore material
covering the ore boedy, which has to be removed to exposa
the ore. The constitution of the overburden may be any-
thing from loocse seil to hard rock. It - may also be lateri-
tes, low grade ore materials, ete. In many cases, the
overburden has to be stripped out completely before any
mining can comastice .,

(11)Sideburden

Sideburden 1s essentially overburden, but is
recognised separately depending upon the attitude of the
orebody. If the orebody 1is steeply inclined, then side-
burden may cCcur on the hangingwall or footwall side or on
both sides and is required to be removed before extracting
the ore, ‘ '

(11i) Interburden

Interburden is any waste rock which occurs with-
in two mineable ore bodies or two or more mineable parts
of an orebody,

(1v)Undergrade ore

Ore which has to be mined but cannot be sold
because of its grade beliy below the cuvt-off grade is Coa
sidered as undergrade or sub-marginal grade and is congi~""
dered & mine waste unless otherwise used for beneficiating
the same.
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(v) Undersize ore

Just like undergrade ore there may be under
slze ore which cannot be utilised due to its small size,
This also forms a mine waste unless it is used for bene-
ficiation end/or agglomeration.

During the estimation of mineable reserves all
these factors have to be taken into consideration. The
market value of every tonne of ore should absorb along-~
with other costs the cost of removing any or all these
wastes, The ore to waste ratio is the most important
aspect of mine economics in the case of cpencast mines,
In the case of underground mines, the major factor is
the inevitable overbreakage and underbreakage along the
footwall and hangingwalls which infllience ore dilutioen,
which in turn influences mine economics. When the coat
of handliny waste/undersize/undergrade material is not
effectively abscrbed by the market price of the ore,
mining becomes uneconomic.

In opencast mines, this economic limit is fore-
cast on the basis of exploration data by projecting the
ultimete pit limit on c<ross section plans or slice plans,
Consideration of the ultimate pit slope is alsc very imp~
ortant in these projections. The ultimate pit slope is
determined by considerations of safety as well as the sta-
bility of the recks involved.

In underground mines, the economie limit is
guided among other things by the minimum stoping width,
This is particularly applicable in the case of ore bodies
which are very thin. The minimum stoping width defines
the narrowest stope width in which miners can perform
thelr work expeditiouslyg. If the orebody happens to be
thinner than this width, the mining of the necessary extra
width on both the sides will produce waste and poor grade
ore which will dilute the ore grade and hence affect the
mine's economics adversely. In mine exploration, such
situations should be anticipated early by advance face
expleration,

Most of the mine economic aspects discussed
hitherto are basically mining problems. However, these
problems can be tackled well only by systematic mine ex-
ploration, Mine exploraticon should be planned in such a
way that answers to all these problems can be had whenever
required, preferably in advance.

9.2.3 Geotechnical tnvesttigatton in open pit aining

Geotechnlcal investigations are required for
large scale open-cast mining. Although such investiga~
tions are essentially engineering studies, geoclogical
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factors form important basic data required. Three types
of geotechnical studies require geological data. Thaey
are gtereographic projection (planar features, joints,

minor fold axes, cleavage, etc.), physical scale models
and finite element analysisl©,

(1)

(2)

(3)

Stereographic projection

The planar feature gtudies may be of
jointsa, cleavages, foliation, minor fold
axes, etc., The edge of the friction of
each joint is studied to select the most
critical wedges. Thege data combined with
the geological map provide information,
about the potential areas of failure,

Physical models

These are made to select homogeneous
units which are manageable as a unit in
the context of slope stability. For this,
the areas are studled and classified into
homogeneous structural unijits.

Finite element analysis

For this, the essential data are
stress straln coefficients of each rock
unit. Anilsotropy of rockas can be studied
this way. Tensile atrength and shear
strength values of each rock unit are also
studied. Deformability characteristic of
each surface of weakness is studied by the
dilatanc¥ characteristic of the jointas in
questionl©O,
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Appendix-2.2

Atomic Weights
(0=16.0000.)

Atomie

Yo, Element Symbol Aromic waight
13 Aluminium Al 26.97
51 Antimony Sh 121.76
18 Argon A 39.944
33 Arsenic As 74 .91
56 Barlum Ba 137.36

4 Beryllium Be 9.02
83 Bismuth Bi 209 .00

5 Boron B 10.82
3% Bromine Br 79.916
i Cadmium Cd 112.41
20 Calcium Ca 40.C8
6 Carbon c 12,011
58 Cerium Ce 140.13
55 Cesium Cs 132.91
17 Chlorine Cl 35,457
24 Chromium Cr 52.C1
27 Cobalt Co 58.94
41 Columbium Cb 92.91
29 Copper Cu 63.54
66 Dysprosium Dy 162 .46
68 Erbiam Er 167.,2
69 Europium Eu 152.0

g Fluorine F 19.00
64 Gadolinium ad 156 .9
31 Gallium Ga 69.72
32 Germanium Ge 72.60
79 Gold Au 197.0
T2 Hafnium Hf 173.6

2 Hel{ium He 4,003
67 Holmium Ho 164.94

1 Hydrogen H 1.0080
49 Indium In 114.76

{Contd,)
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No, Element Symhal Atomic weight
53 Iodine I 126 .92
77 Iridium ir 193.1
26 Iron Fe 55.8%
36 Krynton Kr 83.7
7 Lanthanum La 138.92
82 iead Pb 207,21
3 Lithium Li 6.940
71 Lutecium Lu 174 .99
12 Magnesium Mg 24,32
25 Manganese Mn 54,93
BO Mercury Hg 200.61
42 Molybdenum Mo 95.95
60 Neodymium - Na 144,27
10 Necn Ne 20,183
28 Nickel Ni 58.69
7 Nitrogen <} 14.008
76 Osmium Os 190.2
8 Oxygen 0 16 .0000
46 FPalladium M 106.7
is Phosphorusa P 30,98
78 Platinum Pt 195,23
19 Potassium X 39.096
59 Praseodymium Pr 140,92
91 Protactinium Pa 231.0
88 Radium Ra 226.05
86 Radon Rn 222.,0
75 Rhenium Re 186.31
45 Rhod ium Rh 102 .91
37 Rubidium Rb 85 .48
44 Ruthenium Ru ioLr.7
62 Samarium Sm 150,43
21 Scandium Sc 45.10

{Conta.)
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"o Element Symbol Atomic weight
34 Selenium Se 78.96
14 Silicon 51 28.0%
47 S5ilver Ag 107.380
11 Sodiam Na 22,997
38 Strontium Sr 87.583
16 Sulphur S 32,066
73 Tantalum Ta 180,38
52 Tallurium Te 127.61
65 Terbium Th 159.2
81 Thallium Tl 204 .39
90 Thorium Th 232.12
69 Thulium Tm 169 .4
50 Tin sn 118.70
22 Titanium Ti 47.90
74 Tungsten w ' 183,92
92 Uranium U 238.07
23 Vanadium v 50,93
54 Xenon Xe 131.2
70 Ytterbium Yb 173.04
39 Yiterium Y 88.92
3c Zinc Zn 65.38

40 Zirconium Zr 91,2




Appendix-3.1 A

Salieot features of M. M. R. D. Act, M. C. R. and
M.C.D. R.

. All prospecting and mining activities for major
minerals in the ccuntry are regulated by the Mines and Minerals
{Regulation and Develorment) Act, 1957. Certain sections of
this Act are of a common nature for both the activities, and
a few sections apply specifically to prospecting activities.

Mineral Ccncessions Rules 196C {MCR}! have been
framed in exerclise c¢f the powers conferred ny Section 13 of
MM.R.D. Act, mentioned above, and Mineral Conservation and
Developmrent rules, 1338 {(MCDR) in exercise of the powers
under 18 ¢f the semse Aot . The salient features as observed
in the M.M.K.D. Act, M.C.R. and M.C,D.R. are given below,

Rules Common t¢ F.L. and M.L.

{1} Generally, FP.L. or M.L. is granted to only Indian
nationals, and all such activities should be
carried out with the asslistance c¢f Indien nationals

excert with the prior approval of-lentral Govern-
ment.

(11) P.L. or ¥.L. is granted by a competent authc:iity
of the State Government who will obtain the
concurrence of the Central Government in respect
of the minerals under the first Schedule of
M. M. R.D. Act, 1957,

11i1) The questicn of possessing 3 v li prospecting
licence or mining lease zrises on in case of
major minerals. Any State Gov ernment mav have its
own rules in respect of mincr mineralsz. Any work
carried ecvt without 2 valid F.L. or M.L. will
make the person involved liable for punishment up
to one year imprisonment and/cr fine up to
Rupeeg five thousand.

(iv} The hclders of P.I. or M.L. will have to provide
indemnity L0 the Governmeni against third party
claims.

(v) The State Government should maintain registers

showing applications for and gréent of prospecting
licences and mining leases. Theze registers are
open for inspection by any person on payment of
the prescribed fee.

(vij The Central Government with consultation with the
State Government msy decids rthat po prospecting
licence or mining ease ne granted Iin respect of
any land to he specified by a notification to
that e ffert.



(vii)

{viii)

(1x)
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The operations and reccrds inclulding that of
accounts of P.L. or M.L. holder may be examined
by the authorized agents of State Government or
Central Government for ¢o! lecting any information.
Alsc, such agents should be allowed entry to the
werkings for surveying, sampling, etc,

Any contravention of the provisions of these Act
and Rules willl rander the concerned P.L. or M.L,
vold and of no effect.

1f any P.L. or M.L. holder is aggrieved by the
decisionas of directives made Ly the Stite Govern-
ment or any other authority, he may apply for a
revision of these decision/s cor directive/s within
a specified time and on paying the prescribed

fee. L

Rules Regarding Prospecting Licence

(1)

(11)

(111)

(iv)

The application for issue of prospecting licence
should be accompanied by (a) Certificate of
Approval in Form A, Application for obtaining
the Certificate of Approval should be accompanied
by a fee prescribed in MCR. (b) a fee calculated
at the rates prevailing at that time, Currently,
the rate of fee is as follows : Rs. 20/- for the
first square kilometre and Rs. 4/- for the
subsecuent square kilometre or a part thereof,

(¢} an incometax clearance certificate (in Form C
appended to MCR) from the Income Tax Officer
concerned, #nd (d) a valid clearance certificate
of the payment of all mining dues. In some cases,
a sworn affidavit will suffice.

The financial obligations of a P.L. holder are
towards {(a) fee for Certificate of Approval,

(b) application fee for the grant of P.L.,

(¢) prospecting fee, currently renging from 25 p.
to Rs. 2.50 per hectare per annum, td) security
deposit, the present rate of which is Rs. 200/~
per square kilometre, and (e) royalty at the
existing rates for the material remcved over and
abcve the allowed limits in Schedule 111 of MCR,

A prospecting 1icencee may remove any material
withino certain limits from the prospecting area
for testing purpoges only.

Normally, prospecting l1icences may be lssued to

a person for a mineral or group cf assocliated
minerals to a cumulative total extent of 25 sg.km.
only in any one State. However, the Central
Government may decide depending on the merits of
the case to grant more area for prospecting work.
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Prospecting licence i1s granted for one year for
mica and two vears for others. It may be
renewed for an equal pericd as was originally
covered by the P.L. provided that the State
Government feels it necessary to renew the P.L.

Rules Regarding Mining Leases

(1)

(11,

(14 1)

(iv)}

(v)

The application for the grant of a mining lease
should be accompanied by {(a) Certificate of
Approval (if the certificate of approval has
expired, a copy of the application made to the
State Government for its renmewal), (b) an
application fee, presently Rs. 200/-, {c) income-
tax clearance certificate, and (d) a valid
clearance certificate issued by a competent
2uthority of the payment of all mining dues,

or a sworn affidavit wherever .it suffices.

The financial obligations for a mining leasee
are towards (a) fees for Certificate of Approval
(1f not a holder of P.L.), (b) application fee
for grant of the M.L,, {(¢) a deposit of Rs. 500/~
or more for preliminary expenses, (d) surface
rent not exceeding land revenue, (e) security
deposit, at present Rs. 1,000/-, (f) dead-rent

or royalty, no dead-rent need be paid during the
first year. o

Normally, mining leases are granted to a perscon
for a mineral or minerals to a cumulative total
of 10 sg.km. only in any one State. This can,
however, be revised by the Central Government.

For iron ore and bauxite, the period of lease is
for 30 years and in other cases it is 20 vears.
A renewal of lease can be made for an equal
period as in the origlnal grant, subject to
satisfying other conditions,

Persons holding a prospecting licence get
preferential right over the area provided they
have not violated any of the rules:; otherwise,
the claim for a3 particular area may be decided
on a "first come first served" basis.



Appendix-3.1 B

Rights and Obligations of Mining Lease Holders and
Prospecting Licence Holders

There are certain rights and obligaticns which are
of common nature to both the mining lessee and prospecting
licencee. A few rights apd obligations are specific. These
are highlighted below.

Rights common to the P.L. and M.L. holder

st

(1) To enter upon the land and search for win, work,
etc.,
(14) To sink, drive and make pits, shafts and inclines,
etc.
(111) To bring and to use machinery, equijpment, etc.
(iv) To clear brushwood and to feel and utililse trees.

etc. with the permission of the competent
authorities.

(v) To transfer the licence or lease on approval from
the competent authority.

Rights of a P,L., holder

{1) To work and carry away scme material for testing
parposes only up to a certain limit without payving
royalty and upto certain limit on paying royslly
as prescribed. He may also remove minerals like
gold, silver, preciocus stones and mica (not
exceeding 10 tonnes) also for commercial purposes
on payment of royalty.

{11) To cbtain renewal of prospecting licence.
{141) To get extension of the period of prospecting
licence.
(iv) To get refund of a deposit under certain circum-
stances.
(v) To enforce preferential right for obtaining mining

lease provided he has not violated other Rules.

Rights of a Mining lessee

(1) To make roads and ways and to use the existing
roadas and ways.

(11) To get building and road mat=rials, etc.



1211}

Li+)
(v)

{vi)
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To use water from sireams without any cbstruction
©of whatever nature. o
Te use land for stacking ari heaping purrosSes.

To use land for beneficiating and conveying
away the material,

To work for cother minerals after getting them
ircluded in the lease.

Cbligations sommon to both P.L. and M,L. holders

(1)

iv)

(vi)

{wil)

Iwiil)

ix)

x)

{x1)

{x11)

{x1i1)

To pay rovalty on minerals to the Government

according to the rates prescribed from time to
time. o

To work and carry operaticns in a workman-~like
magner., '

To maintain accounts of expenditure on prospecting
and minirg. .
¥ot to carry out prospecting or mining operations
within the vicinity (within 50 m) of a public
utility structure like rallways, canals, build-
ings, etc. unless otherwise permitted.

Not to cut or remove timberin @ reserved forest
without permission. '

Not to encroach on the proper~, of others without
consent of the concerned.

To give indemnity to the Government against all
claims from a third pariv.

Not to be financially controlled by any trust,
syndicate, corporation, firm, ete, without the
approval of the Government,

To provide for welghing or measuring of material
won .

To arrange for the removal of machinery,building
gstructure, etc. on the abandonment or closure of
a mine, )

Not to appoint foreign naticnals without the
approval of the Central Government.

To furnish all geophysical data to the D.G.,
c.s.I. and on atomic minerals to the Secretary,
Department of Atomic Energy.

To report accident taken place during the
execution of work without delay.
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Obligations exclusive to o+ rwmsrtocting licencee

(13 To annually pay the prospecting fee in advance.
(11) To forefelt security deposit under certain exigencies.
(114) Not to carry on prospecting work in any manner

other than prescribed by these Rules,

(iv) To give a report of work done before claiming for
the refund of security deposit,

iv) To make arrangements for plugging of boreshcles,
fencing and restoring the surface of land.

(vi} To send the notice of commencement of prospecting
operaticns thirty days before the intended date
to the C.I.B.M. in the prescribed form,

{vii) To intimate the C.I.B.M. in the prescribed form of
the commencement of progpecting operations within
seven days after the commencement,

(v111) To send a progress report within 30 days afrer the

expliry of one year of P.L. or expiry of P.L. as
the caze may be.

OCbligations exélusive to Mining Lessee only

(1) To pay dead rent or royalty whichever is greater.
(11} To pay surface rent, water charges, taxes, etc,
(iid) To maintain and keep boundary marks in good order.
(1v) To commence operaticns within a year and work in
a workman-like manner,
(v) Te keep in good cenditicn pits, shafts, ete.,
{vi) To support and strenjythen the mine workings %o the
necessary extent,
(vil) To report the Jdiscovery of other minerals,
(viii) To send notice of intention of cpening @ mine

30 days in advance.

(1x) To intimate the epening of mine witnin fourteen days
of opening.

(x) To intimate the transfer or assignment within
3¢ days of change.
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{x1) To send notice of the intended abandonment
cf mining operation before 30 days and under
certain clrcumstances 15 davs also.

(xii) To send notice of temporary discontinuance of
mining operation within 15 days for abandonment,
75 days for discontinuance.

(xiii) To send notice of reopening cf a mine thirty days
in advance.

(xiv) To intimate the re-cpening of a mine within
fourteen days after dolng s0O.

(xv) To send notice of commencement of stoping forty-
five days in advance. Notice shcould be

accompanied by plans and sections of scale not
less than 1 an = 10 m.

{xvi) To submit annual return in prescribed form im
respect of major minerals.

(xvii} Tc submit monthly return in prescribed form for
major minerals.

Apart from the periocdical or ad hoc filling of
these aforesaid returns, the P.L. or M.L. holders are
required to fulfll many cother requirements. The galient
featuras of these Rules are glven below !

(1) Copies of the annual returns and monthly returns
ghould be sent to the respective State Governments.

(11} Coples of plans and sections should be maintained.
Their scale should not be less than 1 o= 10 m,
In cagse of abandonment or discontinuance of a
mine, these plans and sections should be made
over to the C.I.B.M.

(114) rRecords of the mining activities like drilling
and shaft sinking should be maintained
properly.

(iv) The cores and specimens of ai fferent rock types

and minerals obtafined during shaft sinking or
drilling operations should be preserved with
proper identiflcation at leagt for six months
generaily or up to a specific period as diracted
py the C,I.B.M.

(v) A qualified geoclogist or mining engineer should
be appointed either full or part time depending
on the size of the mine.

(vi) sne mine or prospect should be open for
inaypection by any ocfficer deputed by c.I.B.M.
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(vii} Violation or contraventlon of the above Rulas

will make the concerned peraons liable for
prosecutinn with penalties ranging from a fine

of Rs, 1,000/~ to imprisonment up to six months,
or both.

However, if any person is aggrieved by any ordar
made or direction issued, he may apply to the Central
Government within 30 days or more (with satisfactory reasons)
for the revision of the orders or directions. The Central
Government may confirm, modify or set aside the order or
direction 1f necessary on hearing from an ad hoc Board set
up for the purpose.

(Condensed from M.C.R., 1960 and M.C.D.R,, 1958 revised ani
currently valid}
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The First Schedules

(M.M ,R.D, ACT 1957)

SFECIFIED MINERALS

1. Apatite and phesrhatic orea.

2. Bervyl.

3. Chreme ore.

4, Coal and lignite.

5. Columbite, samarskite and other minerals
of the "rare earths" group,

6. Copper.

7. Gold.

8. Gypsum.

S. Iron ore.

10. Lead.

11i. Marganese ore.

12. Molvybdenum.

13, Nickel ores.

14. P atinum and other precious metalsg. and thelr c¢res.

15, Pitcnblende and other uranium ores.

5. Precious stones.

17. Rutilie.

18, Silver,

1S, Sulphur and -ts ores.

20. Tin.

21. Tur.gster. ores.

22. Urani ferous allanite, monazite and other thorium
minerals.

23, Uranium bearing tailings left over from cres

after extraction of copper and gold, 1ilmenite
and other titanium ores.

24. Vanadium ores.
25. Zinc.
256, Zircon.
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Tha Seccnd Schadule
(M, M.R.D., ACT 165 7;

RATES (F ROYALTY

1. The rate of royalty for coal has not been included for

the purpose of this bulletin.

2. mial
(a) Crude mica
(b) Trimmed mica of gualities

other than heavy-stained,
dense-stained or spottead
second quality,

(e} Trimmed mica of heavy
stalned, dense-stained
or spotted second
quality.

(@) Waste and scrap mica

{e) Waste rounds

3. (a) goupl/

(b) SILVERY/

4. 1RON®/
(i) Ore Lumps -
(a) With 65% Fe or more
(b} With 62% Fe or more
but less than 65% Fe
(c) With 60% Fe or more
but less than 62% Fe
(d) With less than 60% Fe

(1i) Ore Fines -

(A} Fines (including natural

fines and fines produced
incidental to mining and
sizing of ore):

{a) With 65% Fe or more

Eight rupees per 100 kg.
Sixteen rupsas per 100 kg.

Eight rupees and forty
paise per 100 kg.

Two rupeses and eighty
paise per 100 kg.

Three rupees and fifty
paise per 100 kg.

One rupee and sixty palse
per gram of gold per
tonne of ore and dn

pro rata basis

Fifty rupees per kg. of
metal.

Four rupees per tonnea.
Three rupees per tonne.

Two rupees per tonne,

One rupee and fifty pei.:us
per tonne.

Two rupees and fil fty paise
per tonne
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&,

(1)

(e)
(R)

(144}

With 62% Fe or more
but less than 65% Fe

With less than 62% Fe

“oncentrates prepared by
bene ficiation and/or
concentrates of low grade
ore, containing 40X Fe,
or lessg than 49X Fe

Rad oxide

1f
(a)=" All preciocus and gemi-

(p)

precious stones (except
diamond and agate)

. Diamond

(c) 1/ Agate

MAKGANESE OREZ/

(aj

{»)
(c)

(a)

(e)

Manganese dioxide
{containing 78 per cent
or more of MnOz and

4 per cent or below Fa}

46% Mn and above.

35% Mn and abgve but
below 46% Mn

Below 35% Mn but above
25% Mn

25% Mn or below

CHROMTTES/

{both lumpy non-friable
ore and concentrates)

(a)

Containing 48%X Cr03
and ahove.

{b) Containing less than
48% Cr203 and more
than 40% Cry03

() Containing less than
40% Crz0;

LiMesToNeL”

poLoMTTEL”

One rupee and fifty paise
per tonne.

One rupee per tonne.

Fifty paise per tonne.

- Twe rupees per tonne.

Twenty per cent of the
sale price at the pit's
mouth,

_Fifteen per cent of the
'sale price at the pit's

mouth .
Forty rupees per tonne

Thirty rupees per tonne.

Twelve rupees per tonne.

Seven rupees and fifty
paise per tonne,.
Five rupees per tonne,

Two rupees per tonne.

Twenty rupees per tonne.

Twelve rupees per tonne.

S5ix rupees per tonne.

Two rupees and fifty paise
per tonne.

Three rupees per tonne.
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11.

12.

12,

14.

16,

17‘
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GRAPHTTEL/

{a) With 80% or more
carhon

(b) With 40% or more carbon
pbut less than B0%
carbon

{(c) With less thar 40%
carbon

CHINACLAYE

(

(

including balleclay)

(a) Crude

(b) Washed

kyan1TEL”

(a) 60% A1203 and above
(b) Below 6C% A1203 and
above SOX Al.0O

273

{c} 50% A1203 and below

Gypsumt/

(a) PFertilizer grade
(gypsum supplied to
fertilizer factories)

(b} Other grades

LIMESHE LA/

including calcarecus
and sand chalk)

PIRECIAYE/

ncluding plastic, pipe,
ithographic and naturel
(pozzolanic) clay]}

ILMENTTES,

coPrER OREZ/

Sixteen rupees per tonne.

Eleven rupees per tonne.

Three rupees and fifty
paise per tonne.

Two rupees per tonne.

Eight rupees per tonne.

Thirty rupees per tonne

Ten rupees bPer tonne.

Four rupees and fifty
paise per tonne.

Two rupees per tonne.
Three rupees per tonns,

Three rupees per tonne,

TwWo rupees per tonne.

Six ruvnees per tonne.

Four rupees per unit per cent
of copper metal per tonne of
ore and on pro rata basis.



18.

19.

20‘

21.

22.

a2

LEAD oReY/

zInc orel/

GARNET (ABRASIVE )L/

SILLIMANITE}-/
(=)
{b)

58% Al.O. or more

273
Below 58% 31203

BARYTESL”
(a) White (including
gnowhite)
{b) Buff
/
{a) QUARTZ AND QUARTZITE>/
{b} SAND FOR STCWING

GLASS SAND AND MOULDING
saNDL/

CORUNDUME”

BAUXITE Y
(A1l grades)

OCHRE

sTEATITEL/
(scapstone and tale)
(a) All grades except the

inferior grade used
in insecticide industry.

(b}

Inferior grade used in
insecticide industry.

One rupee &nd £fifty paise
Per unit per cent of metal
per tonne of ore and on
pre rata basis,

Three rupees per unit per
cent of zinc metal contailned
per tonne of ore and on

pro rata basis,

Seven rupaes per tonne.

Thirty five rupees per tonne.

Twenty rupees per tonne.

Ten rupees per tonne.

Six rupees and fifty paise
per tonne.

tme rupee and twenty filve
palse per tonne.

Twnety five palse per tonne.

One rupee and fifty paise

per tonne.

Fiftv rupees per tonne.

¥our rupees per tonne,

Two rupees per tonne.

Four rupees and fifty paise
per tonne.,

T™wo rupees - &#13& twenty five
paise per tounne.



29.

1.

32.
33.

34.

5.

36.

37.

38.

APATITEL/
{Rock phosphate)

{a) Ores with 25% or mcre

P05
{b) Ores with less than
25% PO
‘=
ASBESTCS

{a) Cnrysotile of superlor
quality l.e. AS, A, B,
and C.

(b)}-/ Chrysotile of inferior
quality i.e. other than
AS, A, B and C.

{e) Amphibole

CADMIUM

carcrrer’/
DIAS PORE

FELS PARY/

FLUORS PARL

{a} rontaining 85% CaF3
or more

{b}! Containing 70% CaF2 but
less than B5% CaF)

{c) Containing more than 30%
CaF, but less than

1% CaFsg.

{d) Containing 3C% CaFp or
leas.

MAGNES ITE S/

NICKEL OREL’

PYRI‘I‘ESJ'-/

Five rupees per Lonne

Four rupees per tonne.

Two hundred and fifty
rupees per tonna.

Sixty rupees par tonne.

Twelve rupees per tonne.

Eight rupees per unit per
cent of Cadmium metal per
tonne of ore and on

pro ratas basis.

Three rupees per tonne.
Ten rupees per tonne.

Two rupees per tonne.

Forty five rupees per tonne.
Thirty rupees per tonne.

Twenty rupees per tonne.

Ten rupees per tonne,

8ix rupees per tonne.

Two rupees per unit per cent
of nickel metal per tonne
and on pro rata basis.

Four rupees per tonne of
pyrites with forty per cent
sulphur contant and on

pro rata pasis.
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39, PYROFMYLLITE

{a) For all grades except Three rupees per tonne.
the inferior grade used
in insecticlide industry,

{b) Inferior grade uvsed in One rupee and flfty paise
insecticide industry, Fer tonne, :
40. RUTILE Seventy rupees per tonne.
41. VERMICULITE Two rupees per tonne,
42. WOLFRAMY” Five rupees per tonne of

ore with one per cent Woj
and on pro rata basis.

43. All other minerals not Ten per cent of sale price
hereinbe fore specified. at the pit's mouth.

1/ G.S.R. No, 175(E) dated 31.3.1975, see Gazette of India,
Exty. Pt, IX, Sec. 3(i) dated 31,3.1975 (w.e.f. 1.4.1975).

2/ G.S\R.No. 2(F) dated 1.1.1979, Gazette of India, Exty.
ft. II, Sec. 3(1) dt. 1.1,1979.

G.SR. No. 584 (E) dated 13.12.1975, see Gazette of India,
Sxty. Pc. 11, Sec. 3{(i) dated 13.12.1975 (w.e.f, 15.12.1975) .,

Lc:)

The Third Schedule

{M.M,R.D. ACT 1957)
DEAD RENT

Period of the mining lease Rate of dezd rent
. per hectare

1, lat year Nil.
Z. 2nd vear to S5th year Rs. 12.50
3. 6th year to 10th year Rs. 25,00

4 » ]1’;3} Year onwards RB. 37 -50



2,

5.

11,

13-

15.

Appendix- 3.2

List of oifices of the Geological Survey of India

the Director General,
Geological Survey of India,
27, Chowringhee,

Calecutta - 700013.

The Director,

Geological Survey of 'Ifidia,
Bihar Circle (East),

5, Rajendra Nagar,
Fatna-16,

The Director,

Geological Survey of India,
Orissa Cirele,

69, Kalpana Chowk,
Bhubaneswar-§.,

The Director,

Geological Suzvey of India,
Bhutan Circle,

Samchi, P.C. Chamurchi,
Jalpaiguri,

The Director, ’
Geological Survey of India,
'Punjab Haryana Cirele,
5.C.C. 98-100 Sector-17 C,
Chandigarh.

The Director,

Geological Survey of India,
Uttsr Pradesh Circle,

3, Gokhale Marg,

Lucknow,

e 4 i S e

The Cirector,

Geclogical Survey of India,
Himachal PFradesh Circle,
5.C.C., 98-100 Sector-17 C,
Chandigarh.

[

The Director,

Geolouical Survey of India,
Madhya Pradesh Circle,
Super Market,

Jabalpur {M,P,),

2.

lo,

12,

14.

i6.

The Dy.Director General,
Geological Survey of India,
Eastern Region,

12 A & B, Russell Street,
Calcutta - 70O0C0UTL.

The Direchecr,

Geoleogicel Zurvey of India,
Bihar Circla [West),

Aratil Building Boring,
Pataliputra Road, Patna-13.

The Director,

Geological Survey of India,
West EBengal Circle,

4, Chowringhee Lane,
Caloutte-=16.

The Dv.Director General,
Geo_ogical Survey of India,
Ncrthern Region,

3-Gokhale Marg,

Lucknow.

The Direector,
Geologlcal Survey of Yndia,

"Jammu Circle,

67-68, 1/C Gandhi Nagar,
Jammu Tawil, Jammu,

The Director, .
Geological Survey of India,
Kashmir Circle,

Niloger Rajbagh,

Srinagar (Kashmir)

The Dy.Girectcr General,
Geological Survey of India,
Central Reyion,

New Secretariat Building,
Nagpur,

The Director,

Geologlcal Survey of Indis,
Maharashtra Circle (W),
Deccan Coliege Road,Yerwada,
Poona.




17.

19,

21.

23.

25,

27.

29,

i1,

The Dy.Director General,
Geological Survey of India,
North-Eastern Region,
Lajthumkharah, Asha Kuttir,
Shillong-3.

The Director,

Geological Survey of India
Assam-Meghalaya Circle,
Nongrim Hill,

Shillong-3.

The Direestor,

Geological Survey of India,
Manipur Nagaland Circle,
Imphal (Manipur).

The Director,

Geological Survey of India,
Maharashtra Circle (E),
243, Canal Road,
Charampeth,

Nagpur.

The Director,

Geological Survey of India,
Rajasthan Circle-I,

D-87, Meera Marg, Banipark,
JYaipur-s.

The Director,
Geological Survey of India,

"Rajasthan Circle-III,

C-6, Sardar Patel Marg,
Jaipur,

The Director,
Geolegical Survey of India,
Gujarat Circle,

Union Co-opérative Insurance

Building, Ashram Road,
Ahmogabad-14"

The Director, )
Geological Survey of India,
Kerala Circle,

Falayam,

Trivandrum-1,
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18.

20.

22.

24,

26.

28.

30.

3’2.

The Director,

Geological Survey of India,
Arunachal Pradesh Circle,
014 Folice Lane, P.O.Tezpur,
Distt. barang, Assam,

The Director,

Geological Survey of India,
Tirpura Mizoram Circle,

2, Ramanago:e Read,
Agartala, Tripura ,

The Director,

Geological sSurvey of India,
Madhya Pradesh Circle,
Shaila Hills,

Bhoml -2 -

The Dy, Director General,
Geological Survey of India,
Western Region,

Himanshu Bhawan,

A/3, Sawai Jai Singh Road,
Banipark, Jaipur.

The Director,

Geological Survey of India,
Rajasthan Circle-II,
A/3,8awal Jaji Singh Road,
Banlpark, Jaipur-g,

The Director,

Geologiecal Survey of India,
Rajasthan Circle-1Vv,

R-8,

Jaipur - 3020(5.

The Dy.Director General,
Geological Survey of Intia,
Scuthern Region,

5-5-449, Mukharamzahi Road,
Hyderabad-29 .,

The Director,

Gecloglcal Survey of India,
Tamil Nadu Circle,

Shastrl Bhawan, Block No.I & IV,
35, Hadows Read, Madras-6.




33.
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The Director,

Andhra Pradesh Circle (Neorth},
Geological Survey of Indi-=,
3-6-22, Bashir Bagh
Hyderabad-29. :

34.

The Director,

Geoclogical Survey of India,
Mysore Circle (North), -

78, Diagonal Read, III Block,
*Jayanagar",

Bangalore-il.

3.

The Director, )
Andhra Pradesh Circle(Scuth),
Geological Survey of India,
3-45-22, Bashir Bagh,
Hyderabad-29,

The Director,

Jecvlogical Survey of Indis,
Mysor - Clrcle {South),

¥%, iagonal Road, III Block,
“eyansgar”,

Sangalore-11.




6.

Appendix. 3.3

Addresses of Servey of lodia Regioas] offices in India

Survevor General Office,
Hathibarkala Estate,
Post Box No., 37,
behradun-246001 {U.F.}.

Surveyor teneral Cffice,
No. 17. E,.C, Road,

Post Box 2%,

Dehradun - 248001 {(U.P.).

Survey Training Institute,
Uppal Post Box No. 1207,
Hyderabad-500974 A P.).

Pilot Map Production plant,
Uppal Post Box No. 1207,

Research and Develcpment,
Post Box No. 1207,
Hyderabad-500974 (A .P.).

{1} Geodetic and Besearch
Branch,No,1T7 E.C.Road,
Post Box No. 77, .
Dehradun-248001 (U.P.)}
,(II} 14 Party,
Ho .37-A Curzon Road,
DPehradun.
{III) 19 Party,
No.17,E.C.Road,

Dehradun-248001 {U.F,).

{(Iv) 71, Party,

No .68, Rajpur Road,

bPehradun-248001 (U.P.).

(v} 72, Party,

No .23-A, New Cannt 1Road,

Dehradun.

Map Publication,
Directorate Hathibarkala
Egtate, Fost Box No.28,
Dekradun .

9.

10.

11.

{I} Directorate of Survey,

{1x)

(1II)

{Iv)

(Air}, Wegt 3lock No.4,
Wing No.4. 22d Floorx,
R.K.Puram,

Few Deihi - 110022,

64 (A.H.5.) Party,

Weset Block Wo, 4,

Wing Neo.l, 2nd Floor,

R.X .Furam, New Delhi-110022.

67 (F.S.F,) Party,

NO. 16' 2""699,

Malakpet,

Hyderabad -~ 300036 (A;P-).

Ko.1¢5 (DLI) Printing
Group, West Block No, 4,
Wing No. 4, Ground
Floor, R.K.Puram,

New Delhi =~ 110022.

Eagtern Circle,

No.

13, Wood Street,

Caloutta-700016 (W,.B.)

(Ir) 11 Farty,

Fost Office : Hinoo
Rancni-834002 (Bihar),

Western Circle,

Gee igarh House,

Civil Limes, -

Post Box No.4, :
Jaipur-302006 {Rajasthan),

{II) 4 Party,

No .805-29, Mayo Coéllege,
Link Roagd, '
Ajmer-305001 (Raji.).

Southern Circle,

No .81,

Richmond Road,

Fost Box No. 2544,
Bangalore-560025 {Xarnataka).

{II) 17 Party,

No .9, Residency Road,
Bangaleore-560027.



12.

14.

18,

16,

17.
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South Centre Clrcle,

No. 3-6-222
Himavatnagar,

FPogt Dox No, 1004,
Hyderabad-500029 (A.F.}.

Central Circle,
No. 314, Nepier Town,
Post Hox No, 923,

. Jabalpur - 482001 {M.P.).

North-Wwestern Cirgla,
House No., 12, Sector No. 4,
Chandigarh-1560001,

(IIY 9 Drawing Officer,

House No.52,3ector No, 2

Chandigarh.

North-Western Circle,
28 Party, Tatoo Groung,
Srinagar {(J&x).

North+Eastern Circle,
Bonnie Brae Estate,
Post Box No. 89,
shillong-193001 {Meghalaya) .

South-Eastern Circle,
10 Drawing Office,
Flot No. 4C,
Shahidnagar,
Bhubaneawar-753007 (Orissed,
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Appendix - 3.4

List of offices of the Indian Burean of Mines

The Regicnal Controller of Mines, Indian Bureau of Mines,
7, Ganesh Chandra Avenue, Calcutta - 700 013.

The Regional Contreller of Mines, Indian Bureau of Minea,
Fatima Building, Bernado-Da-Costa Road, Margao «
Goa - 403 601-

The Regional Controcller of Mines, Indian Bureau of Mines,
17-Kumam Park East, Vimala Prabha, Bangalcocre -~ 380 001.

The Regional Controller of Mines, Indian Bureau of Mines,
H.,No. 3-6-17C, Hyderguda, P.0. Himayat Nagar, Hyderabad
200 029,

The Regional Controller of Mines, Indian Bureau of Mines,
House No. A.M.C. 424/1, Purfiza Mahal, Anna Sagar,
Link Road, Ajmer (Rajasthan).

The Regional Controller of Mines, IndiantBnreqn of,Minas,
House of Late Shri Nirmal Chandra Mitra, ‘Imli Kothi, Barkagaon.
Road, Hszaribagh {(Bihar).

The Regional Controller of Mines, Indian Bureau of Mines,
19/543, Janda Street, Nellore - 524 001 {(A.P.)}.

The Deputy Controller of Mines, Indian Burgau of Mines,
H.NG, 17-D, Race Course, Dehra Dun (U.P.;. PIN - 248 001.

The Deputy Controller of Mines, Indian Burezu of Mines,
Town Improvement Trust Building, Bleck No. 2, Madan Mahal,
Nagpur koad, Jabalpur (M.P,),

The Reglonal Controller of Mines, Indian Bureay of ¥Minegs,
Sector No. 11, Plot No., 5, Hiran Magri, Udalur {Ra:as+han).

The Regional Controller of Mines, Indian Bureau of Mines,
Flot No. 95, Bungalow No. 257, East High Court Road,
New Ramdaspeth, Nagpur - 440 o1lo0.
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Appendix - 3.6

List of I. S. 1. Publications Relating to Minerals

ii' Subject No. Year
i*. Copper (second revisicn) IS 191 1367
2x Zinc (second revisicn) IS 209 1966
L Antimony (second revision) Is 211 1966
4+, Ordinary rapid hardening and IS 269 1967

to wheat Fortland Cement

{(second revision)
5. Limestone slabs IS 1128 1957
6. Marble (Blocks. slabs & tiles) i5 113c 1969
7. Ferromanganese (revised) Is 117 196 4
8. Definitions ¢f mica terms IS 1174 1957
9. Methods for grading and classi- Is 1175 1957

fication of muscovite mica blocks

10% Methods of test for mineral Is 1288 1958

gypsum

11, Methods for sampling of mineral is5 1289 1960

gypsum

12. Certified samples for metallur- IS 1338 1959

gical analysis (Explains
certiflied samples, preparation
of samples, method of chemical
analysis, packing and storage
and removal of sample).

13*, Ferrovanadium (first revision) IS 1466 1969

14%, Ferrotungsten (first revision) IS 1467 1970

15+, Ferrotitanium (first revision) IS 1468 1968

16+, Ferromolybdenum (second revision) IS 1469 1970

17, Silicomanganese (first revigion) IS 1470 1969

18*, Ferrophosphoras Is 1471 1960
19+~ , Portland-Fozzolana Cement IS 1489 1967

(first revision) .

20~ . Antimonial lead {first revision) IS 1658 1966

21, Barytes for rubber industry IS5 1683 1960

22. Dead burned pea-magnesite is 150 1961

23, Fireclay, cupola refractions IS 1731 i968

(first revisicn)

{Contd.;
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51,

No. Sub.sct Ho, Year

24, Red phosphorus Is 2012 19861

25%, Metallic manganese Is 2021 19€2

26+, Metallic chromium IS 2023 1962

27, Sillimanite refractions for IS 2044 1963
glass melting tank-furnaces

28. Natural sillimanite blocks for IS 2045 1962
glass melting tank furnaces

29, Method for sampling quartzite IS 2245 1962

30, Recommendation for bibliographic IS 23181 1963
reference

31. Chinaclay 'for ceramic industry IS 2840 1965

iz. Barytes for chemical industry Is 2881 1964
and oil well drilling

33+, Ferrczirconium Is 3011 1965

34*, - Chromo-manganese IS 3012 1965

35. Ferrc-boron IS 3013 1965

36. Bentonite for use in foundries Is 3021 1965

7. Methods for sampling of Is 3191 1968
cryolite and alvminium-
triflnorcride

38, Limestcne for chemical IS 3204 1965
industries ‘

s, Method of sampling and grading IS 3316 1965
structural granite

40, Bauxite for chemical and Is 3605 1966
Petroleum Industries

41 . Magnesite for chemical IS 3607 1966
industries

42, Methods for sampling of IS 4166 1867
ilmenite and rutile

43% Ferronickel _ 15 4409 1967

44, Chremite for chemical industries IS 4737 1968

45 , Manganese ore for production IS 4763 1968
of ferromanganese

46 | Glossarry of mining terms IS 5940 197¢

(Geoleogy)

(contd.,)
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s51.

No. Subject No. Year

47, Classification of bauxite for I5 59513 971
use in the prcduction of
aluminium

48 . Bentonite IS 6186 1971

42 General reguirements for supply IS 138”7 1967
of metallurgical materials

50. Methods of chemical analysis IS 2c00 1962
0f bauxite

51. Methods of sampliny bauxite IS 1999 1962
Natura! Red oxide IS 46 1850

Ochres IS 47 1950

52. tethods for the direct determi- Is 133s 1359
nation of alumina in re fractory
materials

513. Methods of chemical analysis of IS 1473 1950
manganese ores

54, Methods of chemical analysis of IS 1493 1959
ircn ores

56, Methods of chemical analysis of IS 1527 1960
fireclay and silica refractory
materials

56. Methods of chemical analysisg of IS5 15%9 1961
ferro-alloys

57. Methods of chemical analysis of Is 1917 1962
quartzite and high silica sand .

58. Methods of chemical analysis of Is 2017 1967
metalllc manganese

59, Methods of chemical analysis of IS 2018 1964
calcium silicon

60C. Metallic manganese Is 2052 1962
(Prescribes requirements of
size, etec. of knowd Mn grades
which are commonly used in the
ferrous and non-ferrous metals
industry)

61. Method of chemical analysils of 15 2411 1963
fluorspar

62, Method of test for determination IS 3632 1969
of wet volume of asbestos fibre

63, Methods of chemical analysis of IS 41c4 1967

rutile

{Contd.)
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Si: Subject No, Year
64, Methods of chemical analysis IS 4354 1087
of magnesium aluminium
brazing alloys
65, Methods of chemical analysis Is 5328 19€9
of silver-i manganese brazing
alloys B
66. Method of test for determina- IS 5328 1969

tion of chemical composition
of asbestos fibre




Appendix - 3.7

List of Various Chemical Constituents Required to be Determined
by Conventional Chemical Analysis

81, Ore/Mineral

No.

1. Rock phosphate/
rhosphorite

2. Barytes

3. Bauxite

4. Chromite

5. Corundum

s, Dolomite/Limestone

7. Fluorite

8, Graphite

9. Gypsum

10. Ircn oOre

11. Magnesite

12, Manganese Ore

13. Glass and Quartz/
Quartzite

14. Base metal ores

15. Gold bearing orss

Zenstituents

P205: CaorMgOr¥:Al2037 Fep03:
S5i02: Cl; Organic matter:;
Molsturey; CO2.

BasS04; Water soluble matterys
Al>03; Fe203: Ca0O; Si0z2: CO3:s
0il absorption characteristics
and water-scluble matters are
important in some cases.

Al203: Fep03; S107:;Ti07:Ca0; L.O.1,
V205 (in composite samrples);:
Gibbsite¥%:; Ga; Ge.

Crp03; Fe(: Total Fey; S102: MgoOr
Al203: S; P; Physical characrerss
Hard and compact/friable,

Al037 FepO3:; S103: Ti0y: CaOyMgo.

Ca0; MgO; S510p; FepOzs AlUy; S»
P L.O.I.; Physical charzocers,
lixe grain size, and tex-ur: =tec.

CaF2; 8105; CaCO03; AloG3; PFe:
Fo (Ba); Zn; 5.

Moisture; Volatile matter:
Sulphur, Ash content: Fixed
Carbon; Physical characteristicas:
Flake amorphous, etc.

CaQ; Naz0; SO3r SxO; Cly H20; COj.

' Fe; FeO; 5103 Al203; P: S; Ti02

(some cases).

MgO; Ca0y Total Fer Si05; AlpO3s
Sr L.C.I.

Mn; Fey 51027 Al;03r Cad:; Pr 8,
S1027 Alg03 1 FeyO3y Py0Osg .

Cu; Py Znr Cd: Sb: Co; Ni: Moy
Ag (in Po~-2Zn ores):; Ga (in Po-Zn

cxes)s Fe; S; As; Hg: Au; Cu;Zn:
Ta} Se,

A5 Sbr Wy Carbonaceous matter.
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