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FOREWORD TO THE SERIES

The dissemination of scientific information
is. one .of the main functions of the Natural
Resources, Energy and Science Authority. The

Journal of the national Science Council published
by this Authority provides a medium for the
publication of "scientific research papers, and
*yidurawa”, the quarterly science | bulletin
contains scientific articles of a general nature

which are of interest to the pixblicn

There is still a wide gap in the availability
of reading material on scientific subjects of
local 1interest. One result of this 1is that
science students confine their reading -only to
their school notes and to the few available text
books which are mostly published abroad. In an
attempt to improve this situation, 'the_ Working
Committee on Science Education Research of = the

Natural Resources, Energy and Science Authority
decided to publish a series of booklets on

scientific topics of local interest as

supplementary reading material for students and
the general public. The authors who have been

selected by the Working Committee to prepare

these booklets are experts 1in their respective
fields. The manuscripts that. were submitted by

the authors were examined by referees before
being accepted for publication. The views
expressed in these publications are those .of the
authors and are not necessarily those of the

Natural Resources, Energy and Science Authority.
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THE GRAPHITE INDUSTRY IN SRI LAﬁKA

1 (a) Introduction and Historical Background

When someone says "Graphite", the first thing
that comes to our mind is the Graphite pencil.
The name graphite, was given by A.G. Werner in
1789 and is from the Greek word "to write®
because the mineral was . used for. making
pencils. Earlier names still in use are
plumbago and black lead. But since the mineral

"Contains no lead these names are singularly

inappropriate,

This mineral was known to the world from very
early times in hiétory, and due to its soft
character .it leaves a mark when scratched on a
hard surface. buring early days graphite had

been used to mark cattle and sheep.

The existence of graphite in Sri Lanka was known
for a few centuries. The first record was 1in

1675 when the Dutch Governor Rykloft Van Goens
in writing to his successor mentioned about the

existence of Graphite in Sri Lanka. There 1s

also evidence to say that during the Kandyan

era, iron ore had been melted in graphite
crucibles.
Trade 1in graphite, mainly for the pencil

industry, seems to have been in existence from

the 1lé6th century. But it 1is only during the
British time that this mineral was nmined and

.exported, to be used in making crucibles for the
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' éasting of bomb shells' and cannon balls,
Graphite has been exported from Sri - Lanka for

the last 160 vyears, and 1in 1899 the n.neral 
earned Rs. 2.2 million which was 22% of the
total foreign exchange -earnings at that time.

Before world war Il there had been over RS

graphite pits . and mines located in the South
West .and Central Highlandé in Sri Lanka, but now
only  two underground mines and a few

experimental mines are in operation.

In 1974 Mr Rex A. Casinader did a study on the
"Evaluation of the Graphite Industry in Sri

Lanka"™  and has categorizéd the 1850 to 1973
pekiod into three phases.

(i) The fledqling phase (1850s to 1870)
(ii) The prosperity and maturity phase
(1870 to 1917)
(iii) The decline and éelective phase
(1917 to 1973)

(i) The fledgling state

'FrOm about the middle of ‘the. nineteanth century
to early 1870's is ‘a period during which
graphite established itself as one of the minor
export industries ‘of the 1island. Among the

factors contributing to the development of the
graphite industry at this stage, was the growing

demand for Sri' Lanka graphite the high carbon
content of which was$ by then well known. This
quality graphite was particularly required by
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"the crucible industry which was rapidly emerging
in Great Britain and USA perhaps activated by

the American civil war.
(ii) The prosperity and maturity stage

The period 1869 to 1918 may be characterised as
a period of great activity for the graphite
industry in Sri Lanka. This was the period that

witnessed the scatter of nearly 3;000 graphite
pit mines in the south-western quarter of the
island, the <crystallization of mining methods,
viz the pit mines with mechanical aids ("mol
pathal®) and primitive . pit mines  operated
manually (dabare pathal). It is a matter for

conjecture whether some of the graphite mining
methods were borrowed from traditional gemming

methods and practices. Gemming had been going
on in Sri Lanka from ancient times and by the
mid 19th century when graphite mining was
entering the fledgling stage, there was in
active existence an established traditional

system of gemming.

(iii) The decline and selective maturity

From 14917 to the present day the graphite
industry slipped down from being one of the
major exports of Sri Lanka. In 1912  some
graphite which matched thé quality of that in
Sri Lanka, was discovered -in Malagasy. This
resulted in sStiff éompetition, the Malagasy
graphite beiﬁg extracted at a lower cost. The

Sri Lanka production declined.slowly but



inexorably, with some outbursts of revival
during World War I and II. '

*he share of Sri Lanka, which was half the world
trade in graphite prior to 1912, had fallen t¢

less than 2 per cent in 1980.

(b) The State Mining and Mineral Develor. it

Corporation History

The State Graphite Corporation of Ceylon was
established in 1971, after the nat{ I
of the graphite industry. On this ocei .’ wm &

three mines of Kahatagaha, Kolcr

Walakatahena were grouned into a 8i .. A 8
the Kahatagaha-Kolorgaha Mine. The ' | *  mine
was already the result of the meicei <~ v
old small mines, producing from the & .
bodies. At first these twc 7 ‘s wg & o €
‘ producing units of the new SRS XU} 9 ‘
experimental graphite mine of Rangalaz = °= oOf
in 1973. The one at Rageder:z ' 8 OL. :
1976. The Corporationfs name was chal., .. tc¢

State Mining and Mineral Development Corpo i .
{(sM & MDC) 1in  197Y. Exploration of new
prospects for graphite have started from ihis

time.
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Production, Exports and Share of Customers

Production (in metric tons)

1977 1980
Bogala ‘5,162 3,969
Kahatagaha - Kolongaha 2,932 3,155
Rangala 199 295

Ragedera 53 227

Exgo:ts‘(in metric tons)

Bogala

(with the experimental
mines) ‘ 5,749 3,929

Kahatagaha - Kolongaha 3,020 2,367
(with the experimental

mines) =~ 0 ==m== —=-—-

Average price ex Colombo
Rs. per metric ton 5,057 13,049

Share of customers (per cent)

Japan 26.4 46,3

U.S.A. 19.2 20.2

U.K. 17.8 8.7

Others 36.6. 24.8
In 1978, 79 and 80, the Corporation has sold
outside Sri Lanka 11,163, 10,3933 and 6,566 tons
respectively. Sales to the national market
during the same period were in the range of 200

- 250 tons per year.
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2. OCCUPATIONAL CULTURE AND THE LANGUAGE
 OF THE MINERS

As in ény dthet industry, graphite miners have

their own culture and specialized  vocabula) '.
With the mechanization of the mines these

- qow. changing.

-~

'In the'early days there weres two types of mines,
the hand operated and machine cperated. They
were called “dabare  pathal® and “mol pathal®,
Dabare is a manually . serated contrivance used
to lift graphite, «rock- and miners. When this
dabare was subsituted by the hoisting "machines
balléd winches they were called mol pathal The
machine operated mines were first powered with
steam and later with compressed air. Most of
the mining activities now ar& mechanized and
powered with electricity and compressed air.

The communication within tne mine was achieved
with the help of two men, called ‘“bakiki
karaya® and "adikaraya®. - ‘The “bakki - karaya"
controls the movement of men, graphice and mine
dumps, at the head of the shaft. - and “adikaraya“®
supervises at the bottom of the- shaft. In-
communicating verbally with one another, with
the aid'of a hollow P.V.C. pipe xtending from
the pit hgad to the bottom, they use phrases as
"oy uda" means, means hey, you up there, "oy
yata" hey you down there. when -the adi karaya

says "ariya" the elevator (lift) goes down .and
when he says ®"habesh®™ "the -elevator or the box

moves up. Though now this. communication system
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is. changed to bells and . intercoms, -the old
system is yet in use at some places .of the mines.

The jargon of the graphite miners . change from
mining area to area. They have many comnmon
words as well as words restricted to partic

mining areas.

Words used by the miners and their meanings.

'Pathal kavi _? . mine poems
Dabare ' - cecntrivance
Vinchi - winch
Miniran' graphite
Kutti miniran . - lump graphite

Kota renu short grains

Talatu miniran

or
" Potu miniran - nica
Madulu miniran’_— pulp graphite
Kiri miniran - milk graphite
Tel miniran . —= oil éraphite
Gas illan .: ~ steep veins
Roda illan- - veins.closer.to
_ horizontal
Miniran geta - graphite found in
isolated lumps
Doruwa, vala -~ shaft or well
Dona ' -  Tunnel
boru - pit
Listeka - elevator
Gal donava - tunnel in the rock
Miniran donava - tunnel in the graphite

velin.



Mukku we

Mattan
Bamba
Dakku

Dakku ka
Kontarat

Bas
Kankanam
Lin
Mathekka

Mashima

Mining life is
similar to the
all over the w
made miners mo

time more disc

The local mine
after undergro
be
Annually the

a short

thank the god
safety at the

a fixed ladder made on

tta -
a shaft ora raise for
the men to move about
- Level
- fathom
- trolley
raya ~ trolley man
- contract
-~ head man of the gang
- supervisor
- down ward excavation
habesh - lift with me
- drilling machine
insecure and has a tragic quality
one 1in sea going life. Mining
orld has this quality which has
re superstitious. and at the same
iplined. '
rs believe that "Bahiravaya®"™ looks
und wealth. "Bahiravaya" seems to
made person with a big tummy.
miners oryanize an almsgiving to
and a "Bahirava pooja®" for  their
mine,



-3,  GENERAL GEOLOGY

Geology 1is the science of  the earth, its
composition, structure and devélépment;_ of ' the
'prdéesseé'going on  in its atmospheric, aqueocus
and .stone ‘envelopes. The earth consists ldﬁ
 severa1 different Shells;- ' | '

The atmosphere 1is the  layer ~of air which
“envelopes the earth. Essentially it consists of
hitrogen and oxygen with & sail™’ admixture of
water vapour, -carbon dioxide &nd certain rare

" noble gases; notably argon.

The hydrosphere is the agueous she’ which
includes -~ all natural waters - the waters of
oceans, seasg, lakes and ©ivc ..i, which cover [T le!

than 70 per cent of the earth's 'surface, &nd
also underground waters, suffusing the rocks of
the earth.

The biosphere is the envelope of the .earth which
is the site of organic life. .

The lithosphere is a stony envelope, the -outer
' solid shell of the earth and is composed of '

rocks.

It is notﬂeasy to define precisely what 1is meant
‘ by rocks -and mineréls. 'Rocks are complex
natural bodies -éomposed of chemically and
physically simpler bodies called mineralS. AS
an example one can see that these terms rock and

mineral are respectively closely comparable to
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the terms, mixture and compound used in
Chemistry.

Advanced text books define a mineral  as a
substance having a definite chemical composition
and atomic structure and formed by the inorganic
processes of nature. The rocks are described as

combinations of different minerals.

Geology mainly concerns itself with the study of
the lithosphere. To gain an .understanding of
the structure of the lithosphere, the -process
going on in it and the history of its
development, it must be studied in several
aspects. The following gubdivisions of Geology

may be recognized.

1. Sciences that concern themselves with the
constituion of the earth is called
Geochemistry.

2. Sciences studying the processes océurring in

. the earth may be called Dynamic Geology.

3. Sciences studying the history of the
development of the earth is called
Historical Geology.

4. Sciences directly aimed at practical
utilization of the earth's interior~Economic

Geology.

Classed in the domain of geochemical cycle 1in
the broad sense of the term usually are such
sciences as Crystallography, Mineralogy and

Petrology.
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Crystallography - Nearly :  all minerals have a
reqularity of internal structure on the atomic
scale which 1is often shown as an external
regularity of form. Such forms are called
crystals. Crystallography 1is the science of
crystals their externél form and internal
structure. The majority of natural minerals are
crystalline bodies; therefore, the study of
their forms is useful in identifying them.
Mineralogy - Mineralogy 1is the science of
minerals.

Petrology - Petrology is the science of rocks.

Basically the rock formations can ‘be divided
into three - the igneous, sedimentary and

matamorphic. The igneous rocks are rocks formed

due to volcanic activities. The sedimentary
rocks are formed by the deposition of the
sediments in the sea or 1in the lake. These

sedimentary and volcanic rocks undergo changes
due to change 1in pressure and teméerature and
such altered rocks are called netamorphic
rocks. when sedimentary rocks change, it 1is
called metasedimentary, and for altered volcanic

rocks the term metavolcanic is used.

Other than a few isolated patches, the rocks
found in Sri Lanka are sedimentary and
metasedimentary. About 9/10 of the 1island 1is
covered with metasedimentary rocks the rest
being sedimentary (Fig. 1). The Jaffna
peninsula and the coastal stretch trom the

peninsula to Puttalam are covered with
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sedimentary rocks, which are lime-stone, These
lime-stones are 14 million years old and their
geologic period is called Miocene. Except £for a
few patches the rest of the 1Island 1is underlain
by metasediments. On age dating some of our
metasedimentary rocks are found to be more than
2500 million years old. Thus  all our

metasedimentary rocks are of Pre-cambrian age.

According fo the mineral assemblage, the rocks
of Pre-cambrian age can be divided into three
groups, called Highland Series, Vijayan Series,
and the South West Belt (Fig. 1). The Highland
Series runs across the Island and the Vijayan
Series 1lies on either side of the Highland
Series. The South West Belt is a small stretch
at the south western part of Sri ' Lanka. There
are controversies among Geologists on the

boundaries between these lithological areas.

For more details about the Geology of Sri Lanka,
the reader is referred to "An JIntroduction to
the Geology of Ceylon, by P.G. :Cooray, 1967
(Revised edition  1985), published by the

National Museums Department, Sri Lanka.
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4. (a) CERTAIN PHYSICAL PROPERTIES OF MINERALS

Minerals possess certain physical. preperties . and

the study of this is useful in identifying them.

The -Colour of a mineral is often its e
striking property.  Unfortunately for purposes
of identification, however, the . colour of
minerals Varies.very greatly. Even in the same
species, specimens':a:e found having different
colours. The =~ mineral quértz, _ compésed  . of
silicon dioxide, is . ¢ommon1y " colourless _of
white, but iE ié also found with pinkish-yellow,
.green, brown énd even black colours.

The Streak of a mineral ié the colour of its
powder and may- be quite. different from that ' of
the mineral in mass.  Por instance, the minetal
hematite is black but it givés_ a red powder.
Streak is observed by producing a sméll quantity
of the powdered mineral ﬁy scratching with a
knife or file or by _rubbihg‘-the mineral on a
piece of unglazed porcelain' or r0qghened glass

called a streak plate.

The lustre of minerals differs both in intensity
and kind,.depending upon the amount and_,type of
" reflection of light that takes ‘place at their
surface. . '

.Feel—Smooth, gredsy; harsh or rough, .are kinds
of feel of minerals that may be used in their

identification.
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Hardness 1s one of the most 1important tests in
the identification of minerals. This may be

tested by rubbing the specimen over a tolerable

fine-~cut file and noting the amount of powder
and the degree of noise pfoduced in the

operation. The less the powder the greater the

noise, and harder is the min€ral.

A soft mineral yields much powder and 1little
noise, The noise and the amount of powder are
compared with those produced by the minerals of
the set used as standard examples for hardness

test.

The scale in generél use, and known by the name
of Moh's scale of hardness, is given below. The
intervals on this scale are about equal except
for that between the minerals corundum  and
diamond which is estimated to be thirty or more

times as great.

MOH'S SCALE OF HARDNESS

Hardness Standard Mineral
1 Talc (Hydrous magnesium silicate)
2 ﬁock salt of gypsum (Hydrated
calcium sulphate)
3 ) Calcite (Calcium Carbonate)
4 Fluorspar (Calcium fluoride)
5 Apatite (Fluo~phosphate , 6r

chloro-phosphate of calcium)
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6 Feldspar (Aluminous silicates of
potassium, sodium, calcium, or
barium)

7 Quartz (Silicon dioxide)
Topaz (Aluminium fluosilicate)

9 Corundum (Aluminium oxide)

10 Diamond (Pure Carbon)

Window glass may be used 1in an emergency as a
substitute for apatite and flint for quartz.

The hardness test may also be made by

endeavouring to scratch the specimens enumerated

in the list with the mineral under examination.
If for example, the mineral scratched feldspar

but does not scratch quartz, it has a hardness
between 6 & 7. '

Hardness may also be tested by means of a

pen-knife or even the finger nail, the former
scratching up to about 6 1/2 , the latter up to
2 1/2.

(b) CHARACTERISTIC PROPERTIES OF GRAPHITE

Graphite has hardness between 1 and é, and thus

gets scratched when rubbed with a finger nail.
The specific gravity 1s between 2.15 and 2.27
" and varies according to the amount of impurities
present. The lustre is usually bright, similar
to that of metalé, rarely dull or earthy. The
colour is steel black to blue black and opague.

The streak is black and shining and feels cold
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like. metal when handled. It is a 'good conductor
of heat and electricity; extremely resistant to

acid action and has a high fusion temperature,

being one of the most important refractory
substances known. It is combustible in air at a

high temperature, leaving little ash.
Chemical Composition

The general run-~of-the mine samples analyse
"75-90 per cent carbon, but could be even more,

Depending on the formation, the carbon
percentage in a vein can also vary. . Four
samples collected from Ruwanwella, Kalutara and
Galle districts wére- analysed by Wadia (1945)

and the following results have been recorded.

Sanple 1 2 3 4
Fixed C 99.792 99.67 98.81 99.28
Volatile matter U.158 0.108 0.90 0.301
Ash U.050 0.213 0.283 0.415

Specific gravity 2.26 2.26 2.25 2.24

The composition of ash of Sri Lanka graphite may

be represented by the following analysis

SiO2 50.3
A1203 41.3
Fe203 8.2
cao ]

]Tracés to nil

Mgo ]
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(c) SYNTHETIC GRAPHITE -

Analysis of the crystal structure of graphite by
means of X-ray shows that the atoms are arranged
in layers (Fig. 2), which accounts for its scaly

nature.

The s&nthetic graphite which 1is also known as
artificial, manufactured or electrographite, 1is
a carbon product which has been subject to a-
further stage of heat treatment at a temperature
about 24UOOC. The graphitization process has
the effect "of altering not only the
crystallographic structure but also the physical

and chemical properties.

Synthetic graphite differs from its natural

counterpart in a number of ways. Firstly, it is
characterised by a high degree of purity and 1low

crystallinity, whereas for natural graphite the
reverse 1is usually true, Secondly synthetic

graphite serves different markets, overlapping
with the natural varieties in only a limited

number of applications.

Testing for Carbon Percentage in Graphite

The purity of graphite or the carbon per ceﬂE¥”in
it is determined by heating a sample in a high
temperature oven, Five hundred grams of fine

powder graphite is weighed in a. crucible and is

heated upto 960°C. The sample 1is kept at this
temperature for three hours and allowed. to

cocl. At this temperature all the carbon is
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oxidized into carbon dioxide and only ashes are
left. On weighting the ashes the weight of
carbon can be worked out and the per cent of

carbon is determined.
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5. (a) ECONOMIC MINERAIy DEPOSITS

An economic mineral is a natural férmation which

is used in the ‘national economy either in its
natural state or following treatment.

An ore is a natural mineral formation from whicﬁ
it is technically and economically expedient to

extract metals or other cohstituents;

Three groups of aconomic’ minerals are

distinguished.

1. Metallic
2. Non metzllic
3. Hydrocarbons

1. Metallic minerals are a source of metals.

2. The group of non-metallic mirnerals comprises
minerals uSed either in their natural state
(such as common salt, building stones etc,)
or as raw materials for various industries
such as graphite.

3. Hydrocarbons - coal, oil and natural fuel
gases are non-metallic minerals but are
classified separately in view of their dreat
economic importance, and the specific
features of their formation treatment and

use.

A deposit ~is. an accumulation of igneous
sedimentary or metamorphic rocks containing an

economic mineral and occupying a definite volume
in the earth's crust.
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. A deposit is considered to be workable if it
‘meets certain demands with ‘regard to size  and
grade of the economic mineral. . These demands
differ for various economic minérais, and even
for different deposits of the same mineral and

depend on several factors such as:

(1) The general economic requirements
(2) Geological conditions such as the stability
| of the surrounding rock
(3) Value of the mineral
(4) Available mining equipment and possible
mining methods.

Changes in the economic requirements and
technologies may result 1in a change in the
demands presented to minerals. Therefore, the

concepts of economic minerals and deposits are

relative ones. Some rocks which only recently
had no economic uses have now become. important

economic minerals.

Economic minerals are vital to 1industry and ¢to
the national ‘economny as a whole. Most important

for economic development are coal, gas and oil.

Graphite, limestones, mineral sands are some of

the economic minerals found in Sri Lanka.

Four forms of mineral bodies can be
distinguished.
(1) Isometric, more or less. equally
developed in all three directions
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(2) Tabular, extending mostly in two
directions

(3) Pipe 1like, extending mostly in one
direction ’

(4) Composite bodies are irregular
deposits; they may be conceived as. a

combination of more simple, pipe 1like
bodies with sheet like ones.

Graphite mined in Sri Lanka are tabular bodies
extending mostly in two directions. These

bodies are called veins. A vein 1is a body

formed as a result of the filling of a fracture

cavity by the ore. These veins exhibit great
diversity of shape and dimensions, and may be

tens or hundreds of metres long. The thickness
of veins ranges from a few centimetres to metres

and in some cases upto teps of metres.

(b) VIEWS ON THE ORIGIN OF SRI LANKA GRAPHITE

The origin of Sri Lanka vein type graphite has
been the subject of much debate. wadia (1945)

postulated a theory that involved adsorption of

limestones by an intrusive rock called
charnockite resulting 1in the éliminatioh of
carbon 1in gaéeous and volatile form. Erdosh
(1970), carried out more detailed - studies at

Bogala mine and argued that vein graphite 1is the

result of transportation of slippery graphite
grains in a solid phase along grain boundaries

down a pressure gradient. Silva (1974)\ showed
that graphite mineralization is tectonically

controlled.
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Hapuarachchi (1975) regarded graphite as being
of inorganic origin, having been formed by the
carbon-dioxide derived from decarbonation  of
calcareous material. Recent studies have  shown
that the'origin of graphite remains unresolved,
though there is evidence to say the 'origin could
be biogenic or 1inorganic. Dissanayake (1981)
favoured an organic origin and also Mancuso and
Seavoy (1981) proposed an organic origin and
suggestéd it to be originated from a special
variety of coal called-authoxalite..
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6. OCCURRENCE AND DISTRIBUTION OF GRAPHITE

The natural graphite can be classified into
three groups on the basis of the physical

properties and appearance.

(a) Flake graphite
(b) Vein graphite
(c) Amorphous graphite

(a) Flake graphite

Flake graphite consists of flat, plate like
particles with varying sizes up to about five
cms. They occur in a disseminated form through
layers of regionally metamorphosed sedimentary
rocks such as schists and gneisses. The flakes
may also vary 1in thickness, toughness, . density

and shape from one deposit to another.
(b) Vein graphite

Vein graphite deposits are found in fractures or
cavitieés 'in rocks. The form is massive and the
size can vary from fine grain to coarse and
flaky. The term ("amorphous") is sometimes used
for fine grain vein graphite. But the proper
term should be microcrystalline. The graphite
veins exhibit a wide variation in the dimension

such as width, length, thickness, etc.
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(c) Amorphous graphite

The Amorphous graphite has a soft, black ‘earthy
appearance, . in contrast to well crystallized
graphites which - have a. striking | metaliﬁk
lustre. Most of the amorphous graphite deposigs
in the world are metamorphosed altered co%l
seams. ‘The purity of this graphite - depends up@n

/

the material before it was metamorphosed.,
Graphite mineralization in Sri Lanka

The graphite ore distriet of sSri Lanka is
confined to the central belt and extends over -an

area of more than 14,000 sq. kms. (Fig. 1).

The distribut}on of"graphite occurrences 1inside

this district is not uniform in character.

Three types of graphite occur in Sri Lanka.
They are :-= . '
(i) vein type.
(ii) flake type

(iii) = pegmatite and quartz vein type
(i) Vein type

This is the most important type of deposit in an
economical sense, The veins 6ften show a banded
structure with fibrous or needle graphite at the
ﬁargins arrafiged at right -angles to the walls

and with plates of foliated graphite at the
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centre. (Plate 1). They are usually well
defined and there is little or no penetration of

the well rocks (Plate 2).

This type consists almost entirely of graphite

with little or no associated minerals.

Groups of parallel veins occur and these may be
connected by transverse veins, sometimes blocks

of country rock are found completely surrounded
by graphite filled fractures. Individual veins

vary greatly in width and may -swell into wide
pockets, often they thin out into mere stringers

and the thickness of workable veins varies from
some 10 cms upto 1lm. The lenticular masses and

pockets of graphite are included in this
category. Their thickness can reach even upto 6

m as 1in the Mee vein 1in the Bogala mines.

(Discussed later in the book).

The length of the veins along their strike 1is

variable and the workable part can extend from a
few metres up to 300 m. The general extension
down the dip cannot be estimated. In the Bogala
and Kahatagaha, Kolongaha mines the Aveins are
still of economical value at depths of 370. and
610 m respectively. Most of the veins are with
a high per cent of carbon content. but in some
cases the carbon content can be below 85 per

cent.
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(ii) Flake type

Giaphite occurs disseminated as small scales and
flakes 1in several rocks such as crystalline
liméstones and gneisses. The amount of graph'f 2
in these is very small usﬁally less than 1 o
cent, and, although in some quartz -~ cgraphite
gneissic rocks it may rise to eight to ten 'per'
cent, this mode.of occurence ig - not concentrated

enough to be of economi ¢ value.

Artificial flake graphite is produced, at the

present ~ time  under experimental  form ‘in
Kahatagaha, = Kolongaha  mine. This “Flake
graphite®" results from a lamination of fine

chips (0.5 to 1.7 mm size graphite) between two
rollers runhing at different speeds. "This
process induces a reduction of the ash content
.of_.the feed material,  together with lthe
formation of flakes, whose aspect and uses are
very similar to the one of natural flakes as

produced in other countries.’

_(iii)'-Pegmatite and gquartz vein type

Pegmatite 'is a rock which has mainly large
.quartz and_feldspars.' Sometimes these can be as

large as few metres. -Large pegnatites are mined
for quartz and ‘feldspars and sometimes for mica

which also may occur in the pegmatite.

~Graphite is also known to occur in pegmatites
and quartz veins as flakes, patches .and crack

fillings: Usually these deposits are not
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considered to be of economic
the actual mines where they

the mine workings.

importance

even

are encountered

in

in
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7. SOME STRUCTURAL ASPECTS OF THE
VEIN TYPE MINERALIZATION

The graphite veins normally follow a pattern and
although the directions of the veins are

variable in a given area, ‘the majority of the

veins tend to follow one or two directions.
7 (a) Graphite characteristics
Crystalline -characteristics

The vein graphite is - essentially crystalline in.
character. However, due to the size of the

elemental crystals, some varieties have slightly

different properties.
Crystalline-graphite

In some veins mainly in Bogala, the size of the

crystals is large, which is considered to be of
good quality. In this case the gréphite 1s

called crystalline. The carbon content 1s in

the range of 90-92 per cent.
Needle graphite

Mainly in - thin veins ‘either in  Kahatagaha,
Rangala or Ragedera Mines the graphite 1is found
in the form- of needles. (Plate Ii. These
deedles appear on the wall, and 1in the thicker

veins, in the core too. On the walls, these
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needles are felatively-shq;t (+ 10 mm) and in
the core. of the vein their ‘length can resach

several cms.
"Aamorphous™ graphite

It is not"correct to use the term Amorphous for
the Sri Lanka -graphite. ‘The  graphite found in
large-blocks, £from the thick vein of Bogala,;

under cryptocrystalline form, is usually called
Amorphous, even if it is not at all Amorphous.

The general property_of'the _blocks is the same

as that of Amorphous material, though the origin
differs. ' '

. This graphite is generally very easy ~to grind
and is used  for the preparation of 1low grade

‘powders, used in foundries.

7 (B) Ash Composition

Ash composition of graphite is its composition
other than carbon. . fThis may have a wide
influence on its potential  uses, It appears
that the compésitioﬁ of ash .varies widely
beﬁween the two main graphites produced 1in S;i
Lanka, ie. Bbgala and Kahatagaha Kolongaha
graphite. '

The ashes of Bogala graphite are basically
composed of silica (more than 90 per cent). The
ashés of Kahatagaha Kolongaha gréphite_. are
composed of Silica and iron oxide in equal

amounts. The ash composition is of prime
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importance ih influencing the  uses of the
products. For example, Bogala graphite is less
Vsuitable than Kahatagaha Kolongaha graphite oar
the preparations of lubricants, due to the high

silica content of its ash.
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8. (a) EXPLORATION FOR GRAPHITE

The vein.graphite deposits are confined to the
Highland Series and South West b@lt of .rocks,
(Fig. 1), and most of the depbdsits are located
in the South West belt. Thus the geologicakl
study helps to isolate the graphite bearing
areas for detailed studies. Within these two
belts the deposits havé been exploited during
the two world wars, the probable graphite
bearing areas are already known, Once the:
probable area is isolated, a Geophysidal method‘

is used to detect the veins.

Since graphite is a corductor of electricity, an
electric signal when passed through the earth
strata, on encounterihg a- graphite vein, will
show an anomalous behaviour that could be picked
up by a reqeiver. Based on this principle, an
electro-magnetic instrument called an E.M. gun
could be used successfully for. detecting the
.graphite veins upto a depth‘of about 200 feet.

very low frequency (V.L.F.) method 1is also used
in detecting the graphite veins. V.L.F. signals
.are emitted. for submarines from stations in

countries as Australia, U.S.S.R., Japan, U.S.A.,
etc.. When these waves strike a plane with -a/

density difference, they get reflected and. with‘
‘a simple instrument the reflected waves can : be
detected. 'Sinée veih graphite is found in Jjoint
planes, the V.L.F. signals get. reflected on fthé

graphite veins. For this method, in Sri Lanka
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generally we . use the- signals - sent  from
Australla, ._s' the velns lie © in east west

d1tection and Australla is south of Sri Lanka.
_There i8 a limitation to the ‘depth - which these

-geophy51cal methods can be used.. Since most of
the deposits are already exp101ted, it is very
impoftént to check whether the graphite deposit
exists within this limiﬁ. | |

Since mine .dumps are found around these graphite
déposits, the contamination from dumps  may ”give
an error in the reaaings; It is very important
to take these factors into account = in -conducting
these geOphy31cal studles. Once the geophysical
sﬁrvey is ’completéd if the anomalies of two
fgeophysical methods overlap and these agree with
the geology of the area, diémond driiling is
‘carried.out to confirm it,

The object of diamond core driliing is to .obtain
cores for analysis. Diamond drills powered with
high pressure air._aré used at the mines and
those powered with diesel or petrol engines are
used in the field. The core barrel is .at the
lowef end of a line of ‘drill rods,' and at the
end of the rods is the drill. b1t. Dbrill .bit. is
a small cylindrical barrel with diamond pieces-
mounted on one end and a screw thread on the
other. end. . The rock core cuﬁ by the drill bit
is coiiected in the core barrel which is usually
five oi ten feet long. Once the. core barrel is
filled iﬁ can be pulied out and the core samples
can be collected from the core barrel.
'Accbrding to the Americal system ~there are .four
types of core barrels with diameters 54.7 mm, 42

mm, 30.1 mm and 21.4 mm.
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8. (b) RECENT EXPLORATION
Siyambalapitiya (Bogala District)

There are approximately 25 old pits and adits in
a 400 x 120 m area. Good quality graphite can

be seen on mine dumps on all the prospect.
piamond drilling was completed-and in two drill

holes good veins have been’encountered.
pussahena (Bogala District)

pussahena is located 2.5 km south west of Bogala
mine (Fig. 3). No graphite 1is visible on the
surface but approximately 50 old pits and adits
extend on a 330 x 680 m area. An adit tunnel
was made to reach the veins at depth without

much success.
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9, BOGALA GRAPHITE MINE

The Bogala graphite mine is about - 104 km north
east of Colombo (Figs. 1 & 3). The mine 1is at
.an elevation of 150 metres above mean sea level.

-The }Bogala graphite mineralization 1is in the
Hiéhland series rocks and the main rocks are
gneisses, -quartzites, charnockites. This . mine
consists of three majot and seVeral mihor
subvertically dipping graphite veins (Fig. 4).
Horizontal extension of the main veins 1is 130 m
to 300 m with- thicknesses varying from 0.28 m to
0.98 m and exceptionally several metres.,

Graphite quality is not constant in all veins,
Total ore reserves are little more than 70,000

tons.
_The mineralization is usually pure graphite with
relatively 1litter other minerals as pyrite,

chalcopyrite, calcite, quartz and feldspar.

The three veins have following parameters.

Vein striike Length Thickness Attitude §raphite
quality
Kumbuk N 65 W 130-250 n 0.28 m straight =~ mediun
Na N 60 E 150-300 m 0.61 m ,st;aight' good
to wavy ’

Mee N 50 E 120 n 0.98 m . wavy .good
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Description of the Mine

At Bogala there are four shafts.-and a horizontal
adit. This is unusual for a mine and the reason
is that shere were previously three mines which
were united only in 1947. Only three of 'tﬂese

accesses are presently usedﬁ the Alfred shaft,
the ventilation shaft and the adit.

The deepest levél of the mine 1is 205 fathoms
(375 m) (Fig. 4). Access is through two shafts

in series: the Alfred shaft from the surface to
the 72 fathom level (132 m). and the number 5
shaft from 72 level to the 205 level (243 m).

Method of Tunnelling

Usual cross section of a

tunnel :1.4 m width . x 1.8 m
height

Depth of a drill hole 1.5 m

D{ameter of a drill hole =~ :32-35 mm

Number of holes for a blast :25 - 30

Machines used for drilling :Compressed air
powered " drilling

‘machine mounted on a
_ leg |
Depth broken in a blast :1.2 m+
Explosive consumptioﬁ.for_a :10 kg + of gelatine
' ' 80% blast

»Loading and tramming smanual
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Usual cycle of a blast:-
(a) prilling of 10+ holes and blasting of

burncut

(b) .Mucking of the burncut
(c) prilling and blasting of the remaining holes

(d) Final mucking of the tunnﬁl
Average advance of the tunnel per month (46
shift) is 7.90 metres.

Method of Mining
Cut and fill method

Wihen a vein is established, it is divided inte
blocks, horizontally between the two adjacent

- levels (generally distance from 30 to 40
metres), and vertically between winzes generally

45 m apart and sometimes less (Fig. 5).

Each panel is stoped by cut and fill me thod.
Slices 2.1 metres high are taken successively

from bottom to top, and they are filled with
waste rock, coming either from the development

works, or from slope walls. (Fig. 5). on each
slice, stopping begins near the winzes and
progresses towards the centre of the panel.

The graphite vein is taken out first on a length
of 0.75 metres, either by blasting 1if the vein
is thinner than 0.30 metres, or by pick if it is
thicker. Afterwards the walls are drilled ‘and
blasted to have a width of at least 0.90

metres. The rate of advance is approximately
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3.60 metres per month, but sometimes it may

reach upto 10 metres.

After the first slice above the bottom drift 1is
mined out, a concrete floor of 0.3 metres thick

is built; it will support the weight of the
future fill. . '

Tramming is by wheel barrow, from the face to
the winze. Material is dumped 1in the winze or
hoisted to the upper 1evél in a bucket moved by
an air powered hoist, Near the top of each
slice caps are anchored in the walls by hitches
and logging is laid on them for building a floor
which will be used for working on the . next
slice. The usual crew in a stope comprises ten

men wbrking two shifts.

Tramming

The mine car, which i$ called trolley, has a box
which may be. rocked for dumping. (Plate 3). Its
capacity is about 0.7 tons of graphite or one
ton of waste rock. Its ~weight empty, 1is about
240 kgs. Tramming 1is done mannually by two

men. The trolley runs on rails.
Hoisting

The . hoisting of the shafts is done by
electrically powered hoist (lift).
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The winzes
The winzes are equipped with air powered hoist
(Plate 4) which move - buckets having half the
capacity of ‘a trolley. :

Drainage

.Théfe are water> inflows coming on .each level,
hnoﬁ'ih large’ qﬁantities but suffcient to make
the air very humid and - uncomfortable. On the
average, the totél_wate; inflows in the mine are

150-200 cu. metres per hour.

The tanks are made at different levels. The

water collected at a particﬁlar level is allowed
to drain to the tank. The water from the lower

level 1is pumped to, the upper level using

electric and compressed air powered pumps.  This
water is brought to surface by pumping in stages

and drained out to a near by strean.

Ventilation

A naturally flowing air - passage -is planned for
ventilating an under-ground mine. Fans are used
at the dead end when it is needed to 1impreve the
naturally flowing air passage.

Light ing

Lighting is on a 220 V. A.C. current network.

Some battery and carbide lamps are used.
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G;aphite Processing at Bogala Mine
A. Raw Graphite Production

" The graphite coming mainly from the three veins
Kumbuk, Na and Mee 1is extracted at an averaga
monthly output of about 500 tons. It has bee:
demonstrated that the average carbon content of
the three veins is different, particularly
Kumbuk has an.average of 80 per cent and Na and
Mee have an aVérage of more 'thaﬁ 90 per cent

carbon.
B. Size Screening

1) The run of the mine is firstly screened on a
"grizzly (Plate 5) to. separate. the pieces
bigger than 3 inches. These pieces with 3
inches and more are called ‘'slabs'. These
'slabs' are hand cured. 20 per cent of the
slabs are 'Gal katu' with an average content
of 45 to 55 per cent carbon. 'Gal katu' 1is a
term locally used for the graphite pieces
with rocks in it. The rock pieces 1in this
graphite are removed by a process called

flotation and are upgraded.

2) The pieces smaller than. 3 inches are

mechanically screened. The ﬂproducts are

naméd as follows:

No. 1 OL grade : between 1 1/4 in and 3-in.
No. 2 OL grade : between 5/8 in and 1 1/4 in.
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tab dust grade : smaller than 5/8 in.
The average carbon content of the tab dust is

between 85 and 90 per cent. This producc is
sold as it is without any additional curing
or after’grinding and additional screening.

C. Curing

The slabs and the No. 1 0L are. hand cured and
sorted between the various carbon content

categories. _ '

ie. above 99 per cent, 97 to Y9 per cent, Y5 to
97 per cent, 92 to 95 per- cent, 90 to 92 per
cent, less than 90 per cent.

After curing, the products are dried on a hot
plate, heated with wood. After drying, the .

different qualities and sizes are stored before

packaging or further processing.
D. Milling

To follow the customers orders, -all the ‘grades
manually cured are ground 1in a crusher and

separated in vibrating screens. At the: end of

this processing the following sizes are produced.

bold chips : 1.7 mm to 5 mm
fine chips : 1.2 mm to 1.7 mm
dust : 0 to 1.2 mm

For some orders, no screening is made after
crushing'and_is called chippy dust and sold as

it is.
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For special purposes, the products .delivered

from the «crushing plant- are treated in the

powder plants called the Baby Raymond mills and
cyclone separation equipment.  This equipmen£

pfoduces two categories of powders.

(a) minus 200 mesh

(b) minus 100 mesh

High quality graphite (above 97 per cent - carbon
content), with very small size particles are
produced in a planﬁ called Micro Cyclomat. This
is fed with chippy dust from the crushing mill

and produce the following sizes.

less than 10 microns

less than 20 microns

‘less than 40 microns
Packing

The finished products are packed into jute bags,
with additional bags according to ‘the various

sizes.

(a) The lumps and' bold chips are packed in
double jute bags. ' '

(b) The fine chips and chippy dust are packed in
double jute bags with inner polythene.

(é) The powders are packed in inner multiple ply
.paper bagsc with inner _polythene and outer

jute bags.
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10. THE KAHATAGAHA KOLONGAHA GRAPHITE MINES

The Kahatagaha - Kolongaha (K/K) graphite mine
is situated 27 km north east of Kurunegala along
the Kurunegala - Matale road. (Fig. 1) The mine
area is about 220 metres above mean sea level.

(Plates 6 and 7).

The mineralization is entirely of the vein type
with a regular east west strike direction - and
southerly dip. The vein pattern 1is completely
~different to that in Bogala. The number 1is

higher (more than 100 veins or Veinlets) of
thch 32 have beeén mined or explored. The vein
system can be considered as quite reqular (Fig.
6). . Howéver, all veins do not develop
continuously with depth while others . appear only

at lower levels.

Horizontal extension of the veins ranges between
20 metres and 150 metres with an average of 60

metres. The vein thickness averages 0.23 metres
rising exceptionally 0.90 metres. The total

reserves are about 25,000 tons.

Most of the K/K graphite ore is of high quality
needle type and does not generally contain other

‘minerals as pyrite, chalcopyrite, etc.

Description of the mine

On the locaﬁion of the Kahatagaha/Kolongaha/Wala-
katahena minés - named subseguently K/K mine-.

graphite extraction.
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started in 1872 and until now more than 300,000
tons have been produced. The present mining
complex is the result of the merger of ‘ee

mines.

The deepest level of the mine is 2000 feet (&19
m). Access 1is by two shafts; the Kahatagaha

‘shaft which has a depth of 330 ft (101 m). (fig.

6). Below these depths, access is by a series
of winzes equipped with small air =~ powered

hoists, mqving loads of 400 kg +.
Method of Tunnelling

Usual cross section : 1.8 m width x
1.8 m height

Depth of a drill hole for

blasting : 1.75 m
Diameter of holes : 32 - 35 mm
Number of holes per round : 34

Depth broken : 1.4 m

Explosive consumption per
kound ‘ : 13 kg + of

‘ gelatine 80 per
cent ’ '

-manual

Loading and cleaning
Advance per month (23 shifts) : about 5 m

Method of winzing

The method is as same as Bogala. The height of -

the winzes is 1.8 m. The width is 2.70 m.
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Method of stoping

The generally observed small thickness of the
graphite veins (23 cms on the average) and the
strength of ﬁhe. walls determine the stoping
method. B '

when a crosscut'penetrates a vein, a 'gallery‘ is
driven which follows the strike. In a place.

where the thickness is larger a raise 1is opened
and the stope is extended everywhe;e the
thickness 1is.  sufficient to allow a man to
crawl. Where the vein is too n&rrow, but still
economic to mine out, a wall has to be mined to
" provide access and the resulting waste has to be

trammed and hoisted, because there is no filling.

Stoping progresses are_always from bottom to top

of the panels. The workers placé iron bars and
ladders on the stope foot wall for climbing.

Tramming

The tramming is the same as Bogala Mine: 2 men
per trolley. At the moment, there are  six
levels connected .directly to ‘the Kahatagaha
shaft where trolleys are used. Oh levels - which
are not connected to a shaft, but only to a
winze the trolleys dd not leave their level.
They are dumped in hoisting sub-stations where
the muck is reloaded in wooden boxes which are

hoisted in the winzes by small hoist.
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‘Hoisting

~ The Kabatagaha shaft-ié ‘equipped with a 4 “le
drum hoist powered with an -electric motor. - The
 ‘Kolongaha ‘shaft is equipped with a compressed

"air powered hoist.

The cable wéy.of two ropes  1is attached to the
hanéing wall of each winze; on which rollé a
carriage moved by a hoist. ° Boxes are attached
to  this carriage; TWOo. persons may ”_ be
transported in a box,  but the workers go to

their work place by circulating on ladders.
' Drainage

This mine is relatively dry. Nevertheless there
is some water coming from the surface and from
drilling, and it - is enough to increase the
natural humidity of the air. The  water is

.pumpéd from level to level as in Bogala.
_Véntilation ,

The ventilation » systems of Kahatagaha and
Kolongaha are completely separate. Both rely on

natural ventilation.

In Kahatagaha the air is forced down to the bottom
of the shaft. and to a series of winzes. It goes

"ip through -other winzes and old workings, = passes
through the booster fan and finally " escapes. from

thé-mine_through the Bemmulla shaft. (Fig. 6).
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Lighting

The workings are lit electrically. M over
some battery lamps, . candles, coconut o0il " liamps
are used at stope ends and working ﬁ;aces where

the electrical lighting is not possible.
Processing of the Kahataga - Kolongaha Graphite

Graphite  coming - from the Kahatégaha and
Kolongaha °~ works, and also from Ragedera
experimental mine, is mainly of the ‘crystalline
needle types. (Plates 1 and 2). The average -
monthly production of raw products is 300 .tons.
The cérbon content of all the mined out veins is
similar and generally verv high due ~to the high
‘level of crystallinity.

The run of mine is received from the " mines and
is screened into five different size cateqories:

Slabs more than 50 cm
”Lumps 25:mm_to 50 mm: _
' 12.5 mm to 25 mm
5mam tc 12.5 mm
less tham 5 mm.

‘The @average carbon content'of_the less than 5 mm
'category'is 90/92 per .cent. This last product
is not cured and is only screened in 3 size

categoriess
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Bold chips : 1.7 mm to 5 mm

Fine chips’ : 0.5 mm to 1.7 mm
pust : : 0 mm to 0.5 mm
or sold as it is, as chippy dust 90 /- 92 per

cent, The .total amount of ®*less than 5 ‘mm®

|

represents 'approximately 35 per cent of the
total production. All the screening operations
are manually made on single stage deck. screens;

‘after breaking of slabs with hammers or hatchets.
Curing

On the four size of lumps, a hand curing 1is made
by female workers with the help of some male

workers for heavier works and operations on
machinery. By - hand curing on the lumps,. the

following qualities and quantities are produced.

97-99 per cent carbon : 30 per cent of
total production

95-97 per cent carbon : 20 per cent of
total production
90-92 per cent carbon : 10 per cent of
" total production
Gal katu . : 5 per cent of

total production

By experiénce the workers are able to say the
carbon content of a graphite piece by visual
assessment. But these products are checked by
the mine labbratory for the carbon content.
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Milling

When required, according to the specifications
of the buyers, the less than 5 mm category is

milled in the Mill called Baby Raymond Mill,
which produces powder whose content is 85 per’

cent carbon and less than 208 mesh\

Flaking

For special uses, and mainly for foundry

purposes, flakes are produced starting from fine
chips (0.5 to 1.7 mm) with average carbon
content of Y0 to 92 per cent. The flaking 1is in
fact a lamination of the «crystals between <{wo
flat rollers turning at different. speed and

strongly Jjoined.

The flakes are later screened on a vibrating

~séreen, (Plate 8).
Packing

The bags are marked at the mine in accordance
with the terms of contract ie: quality of

graphite, number of order, shipping conditions
etc. Additional bags are added according to the

packed product. For powders, the bag is made on
an inner multiple ply paper with inter polythene
sheet and outer cover of jute.

For flakes, fine chips and chippy dust, the
¢ .
inner and outer bags are of jute with inner

Polythene.
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Only lumps and bold chips are packed 1in double
jute bags. Once filled the bags -are hand or

machine sewed.
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