. atur:l | .esources . T |

IC GIO0LOGY Ox U

J. .HF . H

- RESOURCES, ENERGY & SCIL TE .\v"71E. ULy o



Natural Resources Series — No. 1

S TONOMIC GEOLOGY OF SRI LANIKA

1. W. Herath

Matural Resources, Energy & Science A4 .r- y

47/5 Maitland Place

Colombo



FOREWORD

One of the activities of the Working Committee on Natural Resot ~¢
of the MNatural Resources, Energy & Science Authority is L€
publication of material pertaining to the natural resources of Sri

Lanka.

The Committee noted the fact that, in some cases, information on a
natural resource is not readily and easily accessible in a published
formyeven in the institution dealing with the resource, To remedy
this situation the Committee suggested that information availahle 1in
the different areas be collated and published as a series of
manuscripts. A manuscript on a particular natural resource will
contain up-to~datce information on the subject and it should serve as
a quide to those seeking information on the resource. It will be of
gpecial use té those interested in natural resource development.

In this series we are hoping to cover the fields of economic
geology, water resourées, climate, soils, land and land utilization,
energy, and population and manpower. The Committee has selected
experts in the respective fields to prepare these mnanuscripts. The
manuscripts were examined by referees before being accepted for
pubiication, '

I wish to thank the Working Committee on Natural Resources and in
particular the authors who prepared these manuscripts and the
referees and editors for the work they have done to make this

project a success.

Dr. R.P. Jayewardene
Director—-General

Natural Resources, Energy & Science Authority,
47/5, Maitland Place,
Colombo 7.



PREFACE

The development of interest in the mineral resources of Sri Larnik=
has led to an increased demand from students for information on the
subject The texts available hitherto have been those published by
the Geclogical Survey Department of Sri Lanka on the Economic
"Minerals of the Island including Economic Bulletin No. 1 on the
Mineral Resources of the Island. The present text 1is an attempt to
supply information at a level suitable as an introduction for
graduate students, for undergraduates in the wvarious sciences, and
nossibly for senior school students who wish to learn something of
the aims and achievements in this field of scientific study.

This text was prepared in response to a suggestion by the Working
Cormittee on Natural Resources of the Natural Resources, Energy and
Science Authority of Sri Lanka. This volume presents up- to- date
~information on the mineral resources of the country and on
activities dependent on the available industrial minerals. The text-
1s intended to be an 1introduction to the subject. If the reader
concludes the text with a feeling that our knowledge of the economic
minerals of Sri ILanka 1s incomplete at the moment, one of the
objectives will have been achieved. There is still much to be learnt

about our mineral wealth.

The topic "Water Resources of Sri Lanka" has not been dealt with in
this book since it will be the subject of a separate volume 1in this
series,

Although I have had personal experience of most aspectz of the
subject discussed, ‘I have relied very much on the resulce and
interpretations of others in order to present an adequate coverage
of the subject. I am indebted to many geolbgists and to others in
related rields whose works I have consulted in texts and Journals in
assemb_ing the material for this book. In particular I wish to thank
Mr. L.K. Seneviratne (Director) and Mr. D.E. de S. Jayawardéne
(Deputy Director), Geological Survey Department, for  their help in
the preparation of this book.



I should also 1like to reéord my sincere thanks to Mr. L.J.D.
Fernando (Consulting Geologist and former Director of. the Geological
Survey Department) to whom NARESA referred the manuscript for
comments and observations, for reading the text in typescript and
making numerous detailed suggestions for its improvement, nearly all
of which I was pleased to 1incorporate. I am also indebted to
Mr. L.C.A. de S. Wijesinghe, Addl. Director General, NARESA, for
kindly agreeing to edit the text before publicatioh.

Writing this preface after the rest of the work has been completed,
I feel a certain measure of satisfaction with the result, and I
therefore should like very sincerely to thank the Natural . Resources,
Energy and Science Authority, whose idea it was that this book
should be written, for having chosen me to do it.

Oceanography Unit
National Aquatic Resources Agency
Crow Island - Colombo 15
January 1985
- J.W. HERATH
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iMoo }CTION

A st of the "iisL f n ap oivii U “' ' s man's urge

to J~rstand nature and to utilize the know ¢z ' "3 gained to

“

meet . is mater 0 7 s. Barly -~ of the °St .~ _-~' gathered his
T S O A T "~ . man‘s r.. .ionship

rith = v Ge. a0 ok ! wh =  utk~ 2 g & -~

the ™ [ic . Revo. iou . " disi 2re the domestication of
.3, . " .tlement - ... lages, 1 "t oueure  of - s, and

agr: | ural act: "ty. Next came the ‘Tn nsk ial Revolution' when
the demand for raw materials increa< .d encosmousiy. We are now
urC. 2rgoing the °Sc_=2ntiic Rev-_ut. °n , zesuil_.l.7 1_om t..2 union of
sci.n. .1 technoloay tfor econcmic drow-h and advancement ¢
kn :edgeJ ‘The 'Growth Syndrome' nes J by this revolution is
posing several chalienges particularly as a resuit - . 2 fast
dep. ~.ion of | - ra. resourc:s, mainly n eral and znergy resc 2.
7 a trouier b0 R X ) . c s r v . are mek by tne
L. I8 of ©. b iic ~_ivitles - ag. ot v & . ing. An
adequate suvpr’ of mipe -s ‘=~ tr~ 7 -e ezzent: "  for the
maintenance and improvement of his standard of living.  +mera1
resources ar=2; for all practical purroses, considered nc~ ~rawable.
As a generalization, it may be said that the richer miner=al Cdaposits
of the world have been, or are being, exhausted, and fut e needs
for metals and minerais must be met from larger ¢. <« s of
progressively lower dgrade.

Mineral deposits occur at various depths 1 *the earth - ~: its
surface, in various forms, and their ii ~ar » .0 = . . economic

¢ " FrdusL:’ . devel.rmment isonly -~ I - - Yvas ment



~: v~rr-_: has been largely based on minerals ~and’ th@ir

'm 7 °  various metals - and other products. Minerals
w3 and determine our country's progress. We ne |

i for our travel, for commerce and industry, and_even for our
:» and relaxation.

B0 U T de " L “1¢ _ ~v-; - the mineral wealth in

oty mb e o 0 ro e igent alamming consumption of mineral

o * | a2 € @eustion of the known mineral reserves means

', D..”s must be discovered. This is where an invaluable

« ) ~2n "> ren¢ ~*d by geologists., The geologist's part in .this

-~ . is dic n . and maintain supplies of mineral raw

R A A e .07 can ~ "gress or enjoy a high
3 4 3.7 ving, '

_ 7 M- oattempts - ive an scr~nt - 7 the mineral resources of

i c7a. roet'er with a | 1ef accouni: of the industrial

'“i's < 'pendent on mir :als. In .order to appreciate the

v - .stri™ition and Aevelop -at - ! © 2 materials described,

w I s wade of some asnects of the formation of -mineral deposits

" nI-ineral ~ ospecting an¢ exploration, and an account is given

' "= L ryomic minerals. The physical features of the island

. udina its geoloqy are al: - discussed together with the need for
onal ¢l ~3ical Surveys.

i EARTH

The earth is a planet in the solar system. The solar system consists
~planets, moons and other bodies, including a central star, whichk
Ls the sun, havin a surface temperature of 60000C. The planets and
¢ her bodies revolve round the - 'n, approxiinately in the same plane.
This would also mean that they all formed together, and different
~ * ~7 the solar system should therefore have similar ages. The
“~3t reoks from the moon record an age of around 4600 million
ye . meteorites (rock-like bodies or obJjects sometimes reaching
: . .Mm) have been dated ‘at 4550 million years . and the

o
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age of the earth's crust has been calculated as 4550 million years.
These ages suggdest that the solar system is about 4600 million years
‘0ld. How exactly the solar system was formed is not yet cle.
known. ' .

The earth has a circumference of approximately 40,000 km (25,000
miles). In addition to its journey round the sun, it also rotates

from west to east and makes one complete rotation every day. It is
this rotation which gives us night and day. The éarth also revolves

round the sun once every year, and on the average it remains about

149 million km (93 million miles) away from the sun. Most planets
have smaller bodies called moons which revolve round them. The moon

(earth's satellite) revolves round the earth once every 27.3 .days at

an average distance of 384,000 km or 239,000 miles. The moon has no
atmosphere and therefore no life forms.

The earth's interior has a layered structure. The outermost layer is
the crust, and beneath this is the mantle and then the core.

Scientists cannot study the interior of the earth directly.

The earth consists of air, water and land. We recognize these more
technically as the biosphere which sustains 1life possible on our

planet. The hydrosphere includes all the waters which cover roughly
71 percent of the earth's surface. The floors of the oceans are very

irreqular, similar to the surface of 1land, and they also include

mountain ranges. The deepest ocean is the Pacific which is more than
10,700m (35,000 feet) below sea level south of the Mariana Islands.

Of prime importance to the geologist is the lithosphere, the solid

part of the earth which is composed of minerals and rocks. These
comprise the continental masses and ocean basins. The continental

rocky platforms cover approximately 29 per cent of the earth's

surface. The highest point on the continents is Mount Everest in the
Hinalayas which is 8848 m (29,028 feet) above sea level. The deepest

drill hole has reached a depth of 11,662 m (The Kolsky super deep

well USSR - 1983). Studies on continental geology have suggested
that the continents are not immovable, but are drifting £fragments, h

shields or plates, derived from the break-up of an ancient
supercontinent. The evidence for this has come from the . way ‘certain



continents, now far apart, seem to fit together, and how geologica
structures and formations seem to Jjoinm up across such a fit (Fig.
I). The distribution of certain plants and animals in the past :

well as ancient climatic zones could not be satisfactorily explained
unless the tﬁeory of continental drift is  accepted. These
considerations suggested that = South America, Africa, India,
Antarctica and Australia were at one time united and formed what is
now referred to as Gondwanaland, a southern super-—continent. This
super-continent eventually broke up in stages some 200 million years
ago to form the present day continents.
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After Craddock 19877 {Simplipied)

Figure 1. Tectonic Reconstruction of Gondwanaland before Frazgmentation

{(Craddock 1977)

The theory of continental drift was developed in the late 180C's and
because there was virtually no scientific evidence for the movement

of the continents the theory was generally ignored. In the 1960's.,

however, extensive studies of the sea floor produced dramatic
evidence ‘that the continents and the rest of the crust had in fact

nmoved about and are still moving. This new evidence led to the
concept of plate tectonics (tectonics refers to the formation and



structure of tne earth's crust). Beneath L . cpve” |+ o
(6 to . miles th'~:) liss themant™ ' (. ~mile - '  of
mine, . . ' "3~ i< geparat | from bhe - : - o -
" .t rMohor v ! ¢ econtinuity or i-:- 0~ - S oo o
the . . xa ‘ot o '+ er of velative , - )
ear i s a1t '3 Tl YTy & "Tha mpere., The rigid @ on he
T L A he v * the 14— - -
-~ rcw ieb 1 wedto I. ' e to the 1 wKous
- AL B R A oto L1 Ui
riRoT s T T 0 T khat T 2 ] L mhe g e T B
. s I PR i o D .
~%., | ° _ - baev . Mm% the lithosrhere consists of a numk . ¢ -
huge ates "t ¢ dong nat: .: about ¢ "7 : asth ~~c here.
mov * - 7 v,z o~ _oa 4, . o m . i J featr : cal! !
' " het T3es ben th L~ B I T P <) R

the I » her:) — -3 >irs vwher r O Hen materi ) dis  for . 3

“rom -' . asthenospne. t+ = *ds awe ~ area along « ~ mid® °
of “he _'dge. 't appears theretore t. ~ the continenis - ul  he
e ~ 'y entire ceust v e~ wWing s v o the = ¢  he
~=*", "he process continues t ° 5 ¢.a-'e Sseen ° , e~
phi ~-.71 as the widening of the At :n° ‘'~ o~reazn,- the o
sliding of coastal California and the continued upthrusi - : 4l

Andes mountains.

FORMATION OF MINERAL DEPOSITS

The earth manifests many wonders of the world in which we live. We
live on a planet whose continents and oc--n k- sins are in a stie of
constant change. The earth’s histbry is divided into a 1'- 2r of
major eras. The oldest era (Azoic - without 1life) r. u ..~ the

earliest prehistoric period during which the crust was =~ = < ~
life forms are known from this era. The sequence and dur* ' = A
geological divisions are given in Table I. The general :- - ion of
geologi-=! 1 . . -“ir - present in Sri Lot 4" 'r e, s
Table. It is seen %that formations ~ ' : ' . repres..- < the
Palaeoroic era are enti v ahge . in Sri Lanke. | . 7. M _~ene

is well repr=zsented, ¢ Ta . frogr e sk T T is



flole ‘.t : .4 Pliocene, 0iigocene, Eocene and Palaeocene
F "' < I . ‘'~ ever, been identified only in drill cores
oL e P~ ~.ory from the Mannar area.

TABLE T

SEQUENZE AND DURATION OF GEOLCGICAL FORMATIONS

;Era Period ' Epoch Sri Lanka Million
i | ]Years Ago
(11 TERNARY RECENT PRESENT |
PLEISTOCENE PRESENT 1
PLIOCENE
< TERT. Y MIOCENE PRESENT 10-25
2 OLIACCENS eeiaua
2 EOCENE
o PALAEOCENE _
- e (]
O T LL30US _
~ JURAS .C ' RESENT 135-180
™~ TRT15SIC - L eiraec
: ——220———
?E T N ,
27" "NIFEROUS | ABSENT
3 TOVONIAN ‘ i
5 STI RIAT 1
OR™ " IIAN | ‘
- ~ 3RTI .
_ —600
- PR LERDZOIC PRESENT £ 1,000
o = © _HAROZOIC ' i 3,000
(== R 1y Vo) ] 3,000-6,000

' - T " o of »roarals and these occur as solid

- rodm -~ 2 ~% the geclogical sciences
T4 0y v 7, of the earth's crust - the science of
3 nt .. .. ' ristic of a mineral is that it haes a

v _0s Lilc and atomic structure and is formed by

"t 0 0 ¢f Thure. I s occuring in the earth's crust
S et of " . of various minerals. Rocks are, however,
~+ . 1" eneous and have no definite chemical composition. Rocks of
' 5 or:icin are recognised: igneous, sedimen‘ta'ry and metamorphic.

SRR ks = . f med from molten magma or lava. The
‘e ™™ angAappiis T to the moiten material while it still lies



below the surface of the earth, and "lava" means moiten 1-*--
which is forced out of the earth's surface and which coc™. t
rocks. Molten magama originating at depth and moving towarc -
surface consolidates to form a variety of in ™sive  ~tk tmr-s.
most comon igneous rock type is granite. The ' T Lo
of lava which consolidates on the surface is ' < "' v ° e
volcanic igneous rock or a surface form of extrusive '~ o
that is commonly found in lava flows. A single magma ¢~ ' o=
different rates, may produce many types of rocks as i -
minerals crystailise out at different temperatures. This prc~
givo -~ rise %©p a large igneous body with . nes ot r- miner: s
and different textures.

Sed+' 'nta; 7 rocks originate at or near the earth's g, = g
nmuch lower temperatures and pressures than the igneous LN PRI REY-T
of ‘hem are deposited in rivers, lakes and seas. "he sediments

pro” <ing these rocks have been formed by the destruction ‘Jb  the
continents by erosion agents. These sediments are conv .‘ed = °

rock by cementation and 'compaction. Sedimentary rocks have been

classifizd into a variety of rock types such as shales. —-7Z's ~-—7
sedimentary limestone.

Metamorphic rocks have a more complicated formation history. .© is =2

modified sedimentary or igneous rock that has been sublected o @ ~h
pressures and temperatures and to the chemical action of svsta -:s
escaping from inside the earth. Such conditions originate -~-  =2c*

depths. Under metamorphism, rocks lose many or =2ll of ++-~"
characteristics and they change in response to new (i 1l
conditicns,; developing new structures and new minerals. @H=ry ™ s
of metamorphic rocks are recognised, for example, n elrsses,
migmatites, marbles and quartzites.

Economic mineral deposits are geological bodies which may be mined
to recover one or more minerals or metals and the term 'ore' is used

for such deposits. Ores may yield a single metal or several metals
and the worthless material which goes as waste is referred to as

"gangue". All mineralization may be conveniently grouped ipto “hree
main types: magmatic, sedimentary and metamorphic.
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Magmatic Mineralisation

Most minerals are formed as a result of the solidification of the
magma - a molten rock mass lying deep in the interior of the earth,
which is frequently ejected to the earth's surface by volcanic
eruptlons Volcanoes erupt on the land and on the floors of seas and
oceans. Eruptions take the form of a succession of explosions,
accompanied by discharges of solid material (volcanic ash and "bombs)
and effusion of lava. The lava may be thin, flowing out over great
distances, or viscous and of low mobility. However, volcanic

eruptions produce relatively small amounts of Mminerals, since the
magma which reaches the earth's surface is largely devoid of its

constituent gases and vapours (which play a major part in the

nineralisation processes) angd rapidly congeals to form what are
known as effusive igneous rocks. A far greater number of minerals

separate from the magma as it slowly cools in the depths of the
earth, giving rise to intrusive or plutonic (deep—-seated) rocks.

Magma consists of a multitude of constituents which are in mutual
solution. Its predominant constituents are compounds of oxygen and
silica,. but it also contains much aluminium, iron, calcium,
magnesium, sodium, potassium, hydrogen, and carbon. In minute
quantities, magma contains every known chemical element .

In addition to heavy refractory metals, the magma is saturated with

gaseous, volatile substances: compounds of chlorine, fluorine and
boron, hydrogen sulphide, carbon dioxide and superheated water

vapour. This entire complex molten mass is in a state of equilibrium

under the enormous pressure of overlying layers of the earth's
crust. At times, certain zones and belts of the earth become the

site of powerful mountain-building processes. The layers of the
earth's crust begin to buckle, fold or split into enormous blocks.
This causes the appearance of fractures, faults and fissures, and
sometimes results in the formation of cavities. Through  these

fissures the magma is squeezed, as it were, to the surface from the
depths of the earth.



A5 the me~n~ - - hec the earth's surface, its temperature and the

&

2X .-  ~.71%8 L drop. This ¢ sturbs the equilibrium  between
“t. -~ -~ ents of the magma, and as a Lsult they begin
4 “=F . A4 crystallise in a definite sequence. Some minerals
u S~ -~ almost simultaneously o form the igneous  rocks.
7~ les o varving composition rise rapidly, contacting the
e TsirT rote. o trating the fissures, and transforming these

g o dinr rag s bl eccumuliations  (beds, veins
or 9 g Y T o 17~wg minesi Ts. 3eld. tf tungsten, molybdenun,
zevol .~ e, apd “ther met- cres .orm - this way.

1.« main megmatic chamber continues to cool slowly and turns into an
enormous mass of. igneous rock, chiefly granite. This is accompanied
¢/ te seong tion cC a hot residual magmatic melt rich in silica,
soc*'m, £7"s7.t71, ~luminium and rare metals, which until then had
be. | sce’ ~e; J in the magma.

This residual meit wusually congeals to form veins of pegmatites
w1 ~» have . rde inclusions of feldspar, quartz, and dark and light
mica; it may also ccntain cavities encrusted with crystals of
vre 7 s scones., Pegmatite veins abound in various minerals - tin,
berv. lium, tar-alum, nicbium, lithium and other cres; sometimes they
develicp cb~_acteristic  inclusions - intergrowths of quarté and
feldspar minerals.

Magmat: . processes dc not stop at the formation of pegmatite veins.
Water wapon from the cooling mass turr .nto hot aqueous soluticns,
which rise aic~¢ fissures, sometimes travelling far from the place
of _reir oiigin and carrying along with them compounds of gold,
turgstan, copper., lead, zinc, antimony, mercury, and other metals.
These solutions give rise to hydrothermal deposits, generally in the
form of quartz veins impregnated with minerals containing the above
mentioned metals.

This is essertially the pattern of the formation of minerals when
the magma ~~'s3, It is krown as magmatic mineralisation and is
governed by the flux of energy from the hot interior of the earth.



Th.:pi = ‘e of mineraiisation is, of course, much too simplifi ,
E ever, 2 linm ctart circumstance should ke borne in mind, namely .
that 1 the w 3~ : prc >  mineralisation proceeds gradually.

o

Some mi~ -al =] < . ™ . &t dgre~  depth, within the
coolll _megme, - o~ ". « amker; ¢ iers are formed in a
defi~ -e -~ lex - .. "o dista._:s licam L7 " .cer.

4
i
m

b

Veins 2c =1 " 7 felds, . m'.: and cores of rare metals form at the
~ooo o yoaomeeit 5 0 tre 007 ing magmetic mass  itself; the
Tho ..ol ok S - aa ske .0 naline, bervyl,
v T dc. o .. 1 foim somewhat farther from the

iragme Ro - chemoer., loser still to the earth's surfece come the
m* 2rale ¢ -u.gsten, r v denum, copper, zinc. lead and silver,

"o c¢chare de” T.o0 0 Ta . db- sl ence by gases and hot aqueous
s vt y S= T T, Fre T n ama are ©the minerals of
ar:n -, - AR I o b ct arsa - the !'_.ah% red
me ™.y & 1 7 ~ieeabel, . ich are -~ _-ecipiteted from magmatic
wati -s n thev Lk ome qguate cor” TUx gradated or  zonal

de 2 ~epent T perreR’~ mea~rali~~tion is of great practical
sic U7 oge 3o U I 1 -=2s prospeciing erd erxploration easier.

The mnst essent: 2. ind .27 " 7 which magmatic rocks are classified:
is thely sil e conter .. By { iz 1 llcatic they are divided into
four « o r 1) "~.die recks clan: *~ids (mcr- than 65 per cenc £
sil: - : ir carmec ate rocks ar rites (55 to 65 per cent),
(3) basic : ~ks (43 *. 55 per cent), and (4) ultrabasic rock (less
than ~ per cent).

Rocks may also be classified by their colour. Acidic rocks are most
ofter light pini or grey, intermediate rocks are dark grey, and
basic and ultrabasic rocks are dark to green-black. This gradual
d=vkening (frem acidic to basic rocks) is due to the fact that, at
tke € ‘ense ¢f silica, they contain increasing amounts of 1iron,
which together with magnesium, gives them a dark colour.

"he presence or absence of quartz is another indication for
class: 7''ng . . "th a £air degree of accuracy. In acidic rocks



the excessive siiica segregates in the form of quartz, ''~h is
important. -~ . tituent of the majority of these rocks. =~ '
found in - 111 amounts or not at all in intermediate rocka.

rocks, as a rule, contain no quartz. x \

Sedimentary ‘neralisf ‘o2

‘Nerything Creatgd by orogenic proc¢ * is subjected to vigorous
hz- 7 ¢ l'mechar® - . destruction.

The entire complex of the natural processes of mineral and rock
destruction is called weathering.

The comoined artic- of sharp temper: ir- . uctuations, wind, water
freezing in 1 & crevices, and plant rc :s penetraiing into the rock
mss~ decomposes great blocks which gradualily split into chunks,
then into smaller fragmehts, and are finelly reduced to detritus and
sanc .

In addition to mechanical destruct ~n, maa-"%tic minerals are
sto” .cted to chemical alteration, of w .ch water is the principal
agen.. Saturated with atmospheric gases aud acid salts, =~ 2 water
penetrates into countless cavities and fissures, and seeping through
the minutest crevices infiltrate deep into rocké causing various
complex changes. Practically all the mire: *'s formed by magmatic
processes, known as primary mirerals, y. < J to the action of aqueous
solutions. Feldspars ares converted into a vwhite <!y <¢alled kaolin;
iron compounds into iron ores; and primary copper, 2zinc and lead
min :als of ore veins are oxidised into secondary minerals -
carbonates, sulphates and phosphates. Only a few minerals, such as
diamond, quartz, gold and platinum, resist weathering and separate

frcom the host rock to accumulate in placer deposits.

j
i

“"he products of weathering seldom stay in place. Most are
transported by wind, mountain stfeams, creeks and rivers, which
continually carry them to the sea and other bodies of water, as
suspended solid matter and as mineral solutes.



Sul ‘ece or exogei- - proc s - mechanical and 'chemiw'
destiiction, 7' ' n, irarn oorti ‘o . redeposition of mi.. .
subst ceg -+ ., o Le v, for ye - centuries, for thousi. ©
and il 'C - - 2 1% is picked up by running water
" L ST ..« I sse sediments -
S PR N ol o L't is - companied
oL ame o T s Ll ~r orgsnisms. This gives
) , et nites. Such
is e ' e L e ge 7 tyr « > reck fermation.
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D S . s N : ‘ ' ' ~ earth's
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PROSPECTING AND EXPLORATION

Geological prospecting and exploration concerns itself with the
problems of discovering economic mineral deposits. Prospecting
covers the whole range of work directed to locating valuable mineral
deposits. Once promising areas are recognised, prospecting 1is
irmediately followed by exploration. Exploration involves
investigations for determining the industrial importance of a
mineral deposit, for example, the quality and quantity of the
mineral and the natural and economic conditions in which it occurs.

- The quantity of the mineral is measured by the volume it occupies.
The aim of exploration, therefore, is to ascertain the shape and

dimensions of the deposit. Quality is determined by a study of the

chemical and mineralogical composition and other technological
properties, '

In the discoveries of many mineral deposits, chance has played a
significant role. Many mineral deposits have been located by the

old-time prospector who went in search of outcropping or detrital

minerals. Their discoveries were due to keen observation and --ere
mainly based on surface evidence. As the geological — sciences

advanced; many new techniques have been perfected to locate surface
and buried mwineral deposits. These . methods inciude aerial
photography and geochemical, geophysical and drilling techniques.
However, one of the prime needs for ahy systematic search for

rminerals by modern methods is adequate base maps such as those
covering topography, geology and geophysics.

The Geological Survey of Sri Lanka uses topographic maps as the base
for geological mapping, and the standard scales used are 1 inch = 1
mile (1:63,360) and 2 inches = 1 mile (1:31,680). All topographic
maps are obtained from the Survey Department of Sri Lanka. The scope
of geological mapping undertaken depends on the purpose for which
the map is required. In some instances areas of interest may be

mapped in great de;ail. Seventy four sheets (1:63,360) cover the
entire island which is 25,332 square miles in extent (65,600 square

kilometres). Each full sheet covers, approximately 480 square miles
(1,240 square kilometres). Regional geological mapping " is normally
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unc - on the sgza 1:63.3u il:v 9h some areas ‘in the
S( * ,wsect © of the island have | _ n m .- the scale
1:3.,580.

The systematic sﬁudy and recording  of regional deolcgical data is
the principal responsibility of stats surveys. The main objective of
geological mapping is to demarcate areas which are of interest from

the point of view of mineral expioration. The application of modern
techniques, aerial photography in particular, to the construction of

geolcgical maps has not only speeded up the process but has
increased the reliability and usefulness of the products. Aerial

photographs are used for the ar ,tion of base maps 'pon which
geological data are plotted, for +he identification cf geological
formations and structures, and for ! zating rock outcrop and
plan:ng out tcraverses. Tha Js ir has ..a¢  cover . by  air
L' " grapghs {scale i T 770), = 31 s L& are . e0 ava: .able. Sri

Lanka has also access to landsat uagery. New air surveys are also
being undertaken when required.

Systematic geochemical prospecting was first c-~“ried out in the
U.S.S.R. in 1932 and has since been applied through~ t the world in
mineral exploration. Geochemistry concerns the study of chemical
elements in the earth or the chemical processes which occur in the
earth. The laws governing the combination of elements and minerals
at various temperatures and pressures in the earth's crust form the
basis of modern geochemistry. In brief, the basis of geochemical
prospecting is that when mineral deposits are formed they give rise
to an anomalous dispersion of some indicator material in the

neighbourhood of the deposit. For example, in the search for
concealed lead-zinc ore bodies, arsenic and antimony are very

important indicator elements, in addition to Pb and Zn. A dispersion

‘of this nature may offer a target which could be detected in
superficial materials overlying a buried deposit.

Geochemical prospecting inVolves mainly the analysis of rocks, soils
and waters for indicators and the choice of the indicator 1is

normally governed by the metal being sought. A knowledge of the
theories of ore occurrence, of geochemical data, of known minera.
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occurrences in the area, of behaviour of different elements under
varying conditions, and of the theory and techniques of cheminr=?
analysis are pre-requisites for those encaged in deochemici !
prospecting programmes. In Sri Lanka, gecchenicael. prospecting has
been initiated and for a start, a series of stream sediments, soils
and water have been investigated.

Geophysical methods are now virtually standard techniques both in
the search for oil and for metalliferous ore bodies. This method may
also be used as an aid to the interpretation of regional geology. If
methods of geophysical prospecting are ©o be successful, there
should be a significant difference in the physical properties
(magnetic, electrical, electromagnetic or radioactivity) between the

mineral deposit and the surrounding rocks or differences in density
or rate of transmission of artificial earthquake waves.

The magnetic method is based on terrestrial magnetism and the
instruments used measure particular variations in the earth's

magnetic field. The most sensitive and mnost widely used instrument

is the magnetometer; it 1is used in aerial surveys, where ground
instruments measure the vertical or the horizontal components of the

field, ahd air-borne instruments, the total £ield. The method is

used in prospecting for magnetic iron ore, and in some fields for
mapping geological structures by following magnetic marker beds.
Aerial magnetometer surveys provide information a&bout geology at
depth, reveal unobserved differences in rocks, and show new major
structures. A magnetic contour map is a permanent record of the
effect of the rocks. It may be interpreted many times, with

improvements on each interpretation, as more is discovered about the
geology of the area.

In electrical methods of prospecting, the differerce in the
electrical conductivity of the rocks and the associated mineral

deposits are measured. In the self-potential method the ore-body

itself producés currents which are detectable at the surface by
neans of a sensitivity potentiometer. In recent years, the Induced

Polarization (I.P.) survey technique has been used. This method
relies on the actual earth polarization, and for it -to be used
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B ront o . ¢ ound radicactive surveys have been carried ¢ - . -
selsmic work s also undertaken. The Geciogical Survey 1is equ |
with moder» electro-magnetic, resistivity and seismic equipr.
incl® “ndg magnetcmeterz o£ both the 1. ~“sion and reconnaissance
types. '

The rec-1lts of gz7 23 .al, ge~~hemical and ~wphysicel surveys. when
for~d nromi. .ng, must general'ly » &' .. ¢ hy a programme of
drill’ g vefore oil and other m . eral deposits <an be worked. This
may take years as holes must be driiled dc 1 ~ the lievel of the
depcs "=, and cores of ¢ ¢ evtracted for evaminat . A diamond
dr.l. .¢ programme 1s usually the final step in minerai appraisal
prior to mining operati-ns. The rapidly drowing use of geophysical
methods in ore sesarch is resulting 7 - a greater fcotage of diemcnd
drill_ng to test the anomalies so revealed. Knowing where to drill
is of course the key to successful mineral exploration and drilling

is undoubtedly the cheapest method of testing a deposit at depth.
Once an area of interest is noted detailed " applicaticn of surface

geclogy, geophysics and even deochemistry enable the selection of
prospects and the defi~itior of drilling tergets.

Exploratory drilling is normally undertaken to prove the presence or
absence of an economic grade of ore of acceptable width  and
follow-up drilling to delineate the shape, size and composit.. 1 of
the deposic after the presence of an econcemwic agvede and width has
been estabiished in previors Zrilling operi - .ons. As  diamond
driiling is wundertaken to test ur’ -~ 1 <ond! :icns, it  cannot
normally be planned accurately. Samples taken “'r! 3 exploration are
subjected to a series of tests, chemical, mineralogical and
techneiosgizel., The estimation of reserves which is the ultimate
oblect comprises the determination of quantity, quality ¢ 1 gré'2
and the distribution, and checking the reliability of +the estimated
reserves and the economic importance.

The tonnage and grade of core that may be exper-ed from a mineral
deposit need very .:'reful estimation with a degree of confidence, as

this is the basis for any miring venture. In the classification
norme” ly used to Jda<~- be e rese..2s (. F reau of Mir>" . terms
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8" 7. Aas peasured, *cJdicated and inferred, are used. Measured ore

‘ol aic s U .7 known or proved as a result of detaile”
Sinuo~ -y inc ing sampling and  extensive drilling; indicater
‘ i s "or which tonnage and grade are computed partly
~ - s and partl, £ . geo” g/ a! evidence, and inferred

o o ftoyht orestiic o7 707 w0 gical knowledge and

“ ' . no measurements are avail: .e. Other factors which

‘I ~*%*~2 | o account when assessing the economic value of a

W ir~Inde accessibility, transport facilities, hydrogeological

“71s, avallabil: y of nwer, housing, medical facilities in
« .7 vroie. study and the st ce ¢ which the material is to be

3T s e DL orae,

- s -

E < it has » en loc- :.ed and the reserves are proved as

> ¥ M - be considered, and this activity involves
de © >~ 1. ., : -, work associa .ad with getting the material out
. 1. Minir = methods may be surface or underground. Surface

e 7 - cn less costly than underground methods. Quarrying
L al of materiai from open pits and strip mining is

... . T I & ceposit 1s near the surface i horizontal beds.
“un v 7 generally iave. ves v i 5, dow = 4 and outward in
¢ '~ en giderable depths. Hydravlic mining is washing of loose

*~~ material by strong jets of water. Dredging is a iwans of

m T« 7 v arcer or 21lluvial déposits. Underground mining is slow

es veatilation and ground water control. A shaft is

e A1y » nderground from the surface, and drifts (tunnels)

: .. 'z tally into the deposit end the mined material is

~ ~7 ¢~ the shaft and lifted to the surface. If the ore body ‘is

+ E I

. - 7 m the side of a hill the entry driven horizontally or on
1. 2 3 termed an adit or drift entry.
: M ~e “me r-terial is mined, it may have to be processed; low dgrade
1 €T "y have to be concentrated near the mine. The methods employed
v . nce from simple processes such as hand picking to  remove
Uinted material to complex milling and flotation processes. If
" tther treatmer® is required, higher grade ore or concentrates are
trangnarted to favol :ab™ areas for smelting‘ or other processes to
*  he mineral.
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). nerals are an =2xhaustible resource. Bvery mine is in “ ne

out or ~:comes too costly to operate. As a resu.. “ucre
oc.:’ v 3 ., for new areas and deve.i. Tent | new mines.
der- .« v~ . :2 in location; they occ vy ve 'y small areas and

limited distribution of a particular mineral may lead to
monopol: stic development in contrast to forest or agricultural
activities. Mineral deposits are costly and there is usually a large

~

fa~tn~ -7 chence in mir :a. search.

MARTNZ MTh 3R RESOURCES

The oc¢.aniig . r+ marine resources is well known. The ocean contains
. d>osi 1 of non-renewabie resources such as building materials,
mirerals and hydrocarbons, and live resources such as fisheries. 1In
recent ye .rs marine organisms have been used for drug extraction

whi h is a new field. Although man has been aware of the vast
mreral p ducing potential of the sea, the oceans and the seabed
remain a relatively untapped source of industrial minerals. Marine
cesear.™ is expensive and necessitate teams of highly qualified " men,
special: 'd vessels and costly equipment. Nevertheless, it should be
regarded -~ . a highly profitable medium -~ and lonc - term investment.

Many developing countries have coast 1lines; in fact, a number of
them are islands. These countries have assumed management
regponsibi! “ties over an economic zcne extendinc 200 naukt’-al miles
(370 kms) from the coast line. Within this area of sea and sea bed;
occur resources of various kinds. If these resources are to be

exploited, a marine science and technological capabiiity has to be
gracnally developed within e@ach country. A great potential therefore

lies in developing marine resources. This deVelopment should be

national and international in scope. Marine resources . 7e to be
exploited efficiently through marine science and technology. The
application of marine science to development can only be undertaken
by people trained accordingly. The faiiure to exploit the mineral
deposits of the sea is largely due to a lack of information
concerning the depcsits and the lack of a fully developed technoiogy
for using the deposits. Another important factor is the - -—nous
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costs involved in their exploitation. However, there is also no
pressing need, either economic or political, to exploit them at t
present time.

The ¢ 2 "eve "ped countries were quick to perceive the importance
of " 12 ean, whereas many developing countries have failed to do
so. . e 1 sult is that the marine science capabilities of developing

¢ ', .23 re "1 at their initial stage of development. The geology
¢ ' the = utinental shelves is mainly an extension of the geological

featr .es of the lard. Survey methods appropriate for marine

cc I o.'ns cw.zusly ¢ fer from those used on land but the purpose
g ! ~t7zm 5 o9 the mavine geology programme e  esser' ial lv  the
samne.

In reqgard tc mineial resources, the sea can be divided into five
re: 3 mayrine beaches, sea water, the continental shelves,
surf’~ "' 7 sediments and the hard rock beneath the surficial sea
floor sediments. A variety of minerals are extracted from the first
three reyions of the ocean. Some minerals mined from marine beaches
inclnde the heavy minerals resistant to chemical weathering,
a1 ymonds{Sciithwest Africe), gold (Alaska). magnetite sands (Japan),
shel.l sands (USA), ilmenite-rutile-zircon (Sri Lanka, Australia,
I "a- USA, 3razil and other countries). In addition to commor salt,
bromine, magnesium compounds, and several other minerals are
eyt cted from sea water.

Important minerals cn the continental shelves include, phospherite,
glauconite and calcareous shell deposits. Barium sulphate
concretions have been dredged from about 1235 m off Colombo, (Jones
1887). The oil reserves of the continental shelves of the world have
been estimated to be akout equal to the resources of onshore areas
of the continents. From an economic standpoint, manganese nodules
are the most important on the floor of the three major oceans. Very
little is known about the fifth region, that of the hard rock under

the ocean floor sediments. These are the better known mineral
occurrences of the seas as described by Mero(1975).
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A great potentiai therefore lies in developing marine .

‘the appl zation 9f marine science to deve'-™mer : o -
unde: :aken I, pecpie trexned accordingly. Reccgnizing the Imp~
of the marine € .races, Sri Lanta * 3 esti ".¢' ¢ a new .
(19°"Y named the National Aquat’ DN maLces, Rese- ~
Development Agercy (NARA), charged -riF he asg rssh. oty

carry?~71 ¢t and oc rdinating rese~ ~h. AR
cezities ~ the subjec: of aquat @ es €. My ng
vc . "iwv: g, The estzb .shmen- of WARA = = ¢ 0 7. .5 a . €
need for a Natic 11 Oceanograp  s£-*ti ~ for § . L - F

pe: aaps an mique organr .. N . Aaccount 2f its Soe ar ]
2f responsibility. The organ’ .-ion deveioped prime' ¥ =
regspr ~~~ to-develcomer ‘s in the Law ~I the S22 wbhich b~ ~ 2 -~

Lanka (as | Y =2case of manv .'@r .. .0 ¢ 77 &
S N nesr o Juos6 A hicoAl Lol - OF
(M O was 2lgo lnavgurated in Mar. 2 1771 2o reate ' 7 a
=y fer hyd. Srechy. The /NHC wh'.h fur tions - 77
o Mla of NARA forms tha fc.-" priit throug- which ..
ral :~e land anrd  hydrographic expertise 1is ch: 1« led fr
net* -~ ydrographic survev procromTT.

THE NEED FOR NATIONAL SURVEYS

Ore of tha basic situations in a cov ¢ 2~ oo
international poiicv is the " .m1 . for i iTest e

miner 1 rescurces. Geolog al £ 2.8 CR
institutions of geciogists and technicai _e a. ‘ste spc
national governments. Their purpose is to p .."de -
knc . edge which will form the basis for na- ona:. pi- ' ~ '
industrial and other relevant sectors and to prcvide to o '
advice on geological subjects to concerned instit - - s |
public. They were among tne first national scient: >~ ~ =5 | .
organized in many countries; e.g. Canada‘'s G. 1 i 27 8§ )

- founded in 1842, India's in 1851, and Britai.' s 1 [ ° I

of the Commonwealth are among the oldest scie 3 . -~ ~ "~
the world. Because of &the demands .- the deve™
functions and structures of surveys hsve cha~. Y

r

m-—1g-~ ~nh
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years. Surveys have been instrumental in the planning and execution
of economic strategies. Field mapping which earlier assumed such an
important role has been relegated to a more subordinate role with
increased attention being given to geophysical and@ geochemical

surveys, land classification, hydrogeoclogy, pollution studies, -and
industrial mineral surveys. It is now not uncommon for a government

geological survey to be wholly diverted into ad hoc local
investigations of immediate importance.

Most surveys in many countries are now sufficiently diversified in
their activities to be organised into a number of  specialist
divisions. The larger the survey, the greater will be the number of
operational units. In the growth of institutions serving a large‘

territory, two main patterns of operational structure have emerged.
There is on the one hand, a large central headquarters complex which

serves the entire country (as in Sri Lanka), and on the other, a

relatively small headquarters occupied by the directorate and
specialist services, supported by regional outstation offices in the

districts. The question has often been posed, whether an earth

science department, such as a geological survey, should be directly
responsible to a Ministry or should operate under some organization

as a research council or a development corporation. Most surveys
are, however, responsible to a Ministry.

GEOLOGICAL SURVEY OF SRI LANKA

Our early knowledge of the geology and mineral resources of Sri
Lanka is derived from the reports of the Mineral Survey directed by
the Imperial Institute during the period 1903-1918. The Mineral
Survey was established in 1903 on the recormmendation of Professor
W.R. Dunstan, then Director of the Institute, with the late Dr.
Ananda Coomaraswamy as the first Principal Mineral Surveyor. The
survey had as its main object the examination of mineral occurrences
and the possibilities of developing the economic minerals of the
island. The laboratory work in connection with the survey was
carried out at the Imperial Institute. In 1922, the late Mr. J.S.
Coates was appointed Government Mineralogist and in 1924 ‘this post



was combined with ‘hat of Salt Adviedzr, & -~ 1w - th
cont nued untyl the time of Coates' retiremert 1r 7.0 ..o
geological wc. X was “one during this period and only annué . rer
were published © ich ccntained occasional references to miner=. .,
However, 'n the ~ urse of traverses over the Island; - Coates gathered
suffirie + ke 7 Joroas 1Ll ne of the “Geol gy of Ceylon"™ and
his paper was published in the Cevlon '~ mel of Science in 1935.

Prev.cus tc -k publi_ation of Ccates® @ogper. two important papers
on the _eniogy of 1 lanka ¥ = appeared. T e I st of these, by
Mr. B J. Weyland, cor3i: =d a description of the  _mportarnt discovery
of rocks of Jurassic age at Tabbowa. The second was by the late
Professor Frank Adams of McGill Univers ty, Canada, who spent two
brief seasons in £. ILanka in 1924 and 1%26. He made some rather
rapid trave ses through the Island and published a monograph or the
"Geology "7 Ceyl ¥ in the Canadiarn Journal of Research (1926), the
map ¢ - wompanying this paper being the first geological mwap of the
island. W th the retirement of Coates, there was a break of nearly
five years during which geological work was completely suspended. It
was then decided to commence a geological survey of the Island and
the department was re-organised 'm 197? with the appointment of

Dr. D.N. Wadia as Government Mineralogist. Preliminary geological

mapping on the scale of 1 inch to 1 mile was begun and several
sheets were completed., Systematic geolog tal mapping may be dated

from Dr. Wadia's appointment but the staff was 'very small and much

of their time was taken up with edvisory duties leaving little time
for geologicel mapping. Limited laboratory and museum facilities

were, however, available. In 1945, Mr. L.J.D. Fernando succeeded
Wadia, and in 1971 Mr. D.B. Pattiaratchi assumed duties as Head of
the Geological Survey Department. Four years later  (1975),
Dr. M.M.J.W, Herath succeeded Pattiarachi as Director. In 1979

Mr. D.J.A.C. Happuarachchi was appointed Head of the Survey and in
1983 Mr. L.K. Seneviratne succeeded him as Director of the Survey.

Reconnaissance surveys commenced in the early forties and a
provisional geological map of the island was prepared. Detailed

geological mapping was undertaken in 1954 and mapping commenced in
the southwest sector of the island on the scale *-°1;680. During
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. " every effort was directed to geological mapping in
©-.7. b rn ortake mineral prospecting and exploration wh
AN the availability of aerial photographs (195°
b .~ “sland, there was an improvement in the pace - .
- .. . particularly since 1.30.

: v “on prior to 1958 was | ...y done by classical
o -. > 1, trenching and au: i - These wmethods i re
¢ do not call for any specialized skills and are useful

~_dv ocours at or near the surface, but are obviously

v ~an «  bo v occurs at depth. In 1952 the Department

oo : 1 :il1ling equipment, 1 .r y -~~~ use in mineral
G o " "e sAame Yyear an air-borne geophvrlial -~ r v was
oo 177y earth's total magneti: field and radiation due to
.~ ... . _»nmeasured simultaneouslv. This survey was mainly

-2« - . sou- west sector of the Island with line spacing of

- . 7 2 .1d half mile and flying aiti’ .de, 7,0 feet above ground

! R *s of the survey were presented in a series of

". Te&ds. The aero-magnetic maps showed nc large amplitude

- 1Tdy D2 lardest being 840 gammas. Ground folliow-up work h=s,

; + urdertaken and the occurrences of small iron ore

A . . 7.+ b'n proved by diamond drilling i ves ¢ ions. A
' u=gcu_-es map of the Island is avalla.-le.

i 2, 21l wic'na of the island has now been completed and a
bo a2y (scele 1 : 63,360) has‘ been published, each mag
P 1 by either a memoir or an explaration. Other publicatidns
v . a2 mineral information series, economic bulletins and
a ~ U papers. An annual administration report is avaiiabie
"4~ ¢ vm. For convenience, the results -of the aero-magnetic
S - 772 : keen prepared in the form of composite maps on the scale
I 00 (4 miles = 1 inch), and the tectonic map of the island
= n available as four composite maps and a single map -
Zet . " A geological map of the island (scale 1:500,G00 or 8 mi?
= 2 i 1) has been published (1983). In the field or minera
e “loy i, cement raw materials (limestone and clay) have been
" *ed end reserves sufficient to operate two cement plants
+ - w» Jed .’ the Puttalam and Kankesanthurai areas. Econ . 1



va uable deposits of kaolin, fire clay, ha'l clay. quartz. fels -
ard (~lom e . 2 been proved and with thess: @' ~ aries, most of
raw materials required for an expandin~ ¢ . 0¥ f~ cgtry  are

avarlab. . 1 Zally. Very large deposits «~ ¢ b A ' and sizeak

deposits -~ ! iron ore have been located; these -« 7 =_ " support
71 7r.al glass and iron and steel irdustry. It was the ~ .. of the
Y. .zc 1l Survey which first hic hiic..” | the 2conomic imp- ‘tance and
horof uo2 Puimoddai beach -0 7y .si-c o - of the . - -ec”
mineral assets of the country « A « . ., "2 dgreat mineral )
depoc ‘cs of the world. Extensive - -~ i ~"*=i as k- : been
v~degt - ~ for the state brizk and ti ~ - - e arzp-‘te depos g

h-7e been 1iocr-ted, peat deposits r» » b . i yestig='ed: and in
rece . years the Survey discovered an eccn n der-~t of apati 2 at
r= .17 a ~oper-megnetite deposit at Sepv 1~ -~ c~rpentinice
. o7.es v .2 traces of nickei at Ude VAiare

Trese are a few of the more impertant - rg-igations w 3npteken w
the Lepartment.

The p. ncipal functions of the Geolocical Survey Nenartmant aye

. de~Jejyical mapping and preparaticn e ' ¢ 1F 0+ - M Bl
Tan3, economic bulletins, p “ess! 7. DAaf..& 1 O .. T e
information series and annuai adn ' ».straticn .S

‘b) mineral prospecting and exploration and appr: .sa.. of the 1isla * s
mineral resources and giving advice « - t ' uses and @>elopment.

i¢) e ineering geology and ground water s+ ¢ e

‘d) administration of the mining enactmer® and st~ . .sion of min'rgy

«2) mineral statistics; and

(£) research in the earth sciences and beneficiation studies of
mineral raw materials for industrial pur sses.

The Geological Survey of Sri Lanka has varied functions *to [ :form
when compared to  other Geological  Surveys of n - alize

countries. In Sri Lanka, there are no private orngnecting
organizat’' ns, and up to about 1977, there were no r. ‘vi :illing
companies. The state Geoligocal Survey had therefnre to undertake the
systematic study and recording of re. ora. ¢eolog'.al data and to
advise on all geological matters, inc.nling mineral pr ~ i - and
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¥

. _.zalc. ~=a23, the oo~"ns = © - ’ m "1 a relatively
vt . e . .l industrial :r nerals. ' .0 ' importance of
e . . .es, Sri Lanka -has €7 7o CL” © .- organization

“ned e ; lonal AgUEt.C Ree™ es hge . T Ge .ogical
= . ys -0 c.rmawzac -~ 3 and  institutions of geo crists  and
X .. 857 Al "Is 7. TTre C 0 onetio-al goverrments. T2V were
Cw 7T 3k onel lrns oot e LT L ot organised 0 mUy

“ les, ~~v . surve * ~ i L ka was first este~T'shed in

Y et proeaat . O ~ir . < way o ~gra o nt with its modern

Al ooratories - L fairly )1 2 L 4 - car.y out most geolo~ial

va foioas. . r ocer.  ars, 2 few wrivate drilling companies
Pove ATso bren estal ished., Lese, hrvaver, are mainly engaged in
.G earr 0 _..ogy & 7 water sur v  investigations.  Miner-
srus e 0 og oand exp . Trn o=.d the spprais:. of the island's minere
resourzes. © ~luding advising ~in their uses and deveiopment, 1is the

main foection of the ¢ecicgical Survey Department of Sri Laska,



CE'"TER 2

ECONGMLIZ MINBRALS

The develcopmer : of a country is vi*1liy ii~'". 4 v.th - : - oo
nf its 7 2 *rr: . =and other nerais - T o ™Y
dr: 41 * les drobe oniy a th. .- of the 2, &, .o i
which "= . ~cessihle + ug ~~ gtv~. ° o eI I A
vaL ety ° minerals ané rocks. Tes2 m D A S T
undoubtedly playe¢ a wm - ¢ rois in t. .. dev2.. 3 -t AF 7
sountries. var 1= systems nI olass: 1L~ U0 Tomr v ) LoDe
adopter  For «.- mirpase of this beok il .r: s e T :
b7 L osed groups: en@rgy group, ferrous ang  fer ~ S :
ler > ¢ ~up and the no.: mztallic arov:- .- u] . € ‘ v
- ~ssifi- - ons, non-metal o mine -lw o% . 0 - ToLe LT, Toor
fir oz class Maed- in 2 groups . ¢ o v )

coast. ctional m rera 3, process minere.s aac¢ che 1 L 0-
the first ~ -eg- y occur the ~uik &agare: .- S RS
ol 1 vaiue (limestone, clays, 9.1zl ¢ T . oo )
7 »stcx ., The process miner>”. i~ % & =7 vy -7 ¢ "
imovera 3 used iv the abras.:. . ceram'zs, ¢ s anéd -~ . i) S

The . st w.-tegory comprises the chemiczi and f-t . L - . _

such &s ~- .t and phosphate. Table II is a lis: ' 2 _
minerais v - .7 the various groups, and &he v orphe L2 s
from each group 2re briefly discussed.

It is extremely difficult to make an accurate = <. .neii- * the

miner» resources of the world. A rough piciure ce-~, nowever, be
obtained from the data available in the d&: fe 2nt countries. T¢ ‘s

believed that %% ver ce - of the inc deposits of various %'rds of
ninerais consists cf lcw-grade ore, 5 per c<ent of high-grade e : 7
30 per cent is of medium grade ore.
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Table II

CILASSIFICATION OF MINERALS

Energy-Group I Ferrous and Non ferrous Non metallic
Ferroalloy-Group Group
COAL IRON ALUMINIUM ~- ASBESTOS
HYDROGEN | CHROMIUM ANTIMONY CALCIUM
NATURAL GAS i COBALT ARSENIC CLAYS.
PEAT MANGANESE COPPER CORUNDUM
PETROLEUM ' MOLYBDENUM GOLD DIAMOND
THORIUM NICKEL LEAD FELSPAR
URANIUM SILICON MAGNESIUM GARNET
TUNGSTEN MERCURY GEMS
VANADIUM PLATINUM GRAPHITE
TANTALUM SILVER GYPSUM
TIN MICA
TITANIUM PHOSPHORUS
ZINC QUARTZ
ZIRCONIUM SAND and
GRAVEL
STONE
RARE~-EARTH SULPHUR
ELEMENTS TALC
SALT
SILLIMANITE

After Bureau of Mines - U.S.A.

ENERGY GROUP

The energy content of a fuel is denoted by its calorific wvalue which
is the number of British Thermal Units (B.Th.U.) liberated by the
combustion of one pound of the fuel. The B.Th.U. is the quantity of
heat required to raise the temperature of 1 pound of water by lOF.
Pure carbon has a calorific value of 14,137 B.Th.U. and hydrogen a
value of 61,493 B.Th.U. Liquid and yaseous fuels with hydrogen
contents up to 50 per cent by weight give out far more heat on
combustion than solid fuels. The lower the oxydgen content of a fuel,
the better it will burn. The ideal fuel will therefore be pure

hydrogen. It is believed that the majority of fuels come directly or

indirectly from carbohydrates. Although petroleum is extensively
used as a fuel, coal is probably the world's leading fuel material.

Mineral fuels are solid, liquid or gaseous. Coals are solid fuels;
and some like anthracite are almost pure carbon. Petroleum, the
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“gqu.d fuel containing carbon and hydrogen, gives a whole range ..~
frels and lubricants. Natural gas occurs with petroleum deposit
Coai, petroleum and natural gas are the conventional fossil fuels.
The new fissile fuels include uranium and, perhaps, thorium. The
main sources of energy currehtly consumed in most countries are
wood, coal, petroleum, natural gas and hydropower.

Nuclear power is perhaps the most immediately available new source
of ernergy, As @ result of the recogniticn that the conventirie’
sources of energy will not suffice to meet the world-wide
requirement even in the foreseeable future, the development of new
sources of energy has for some time been one of the ma’~ gce 3 of
applied research. These scurces include nuclear, solar and 'r 13
pcwer, biomass conversion, tidal energy, ocean tnermal ererqy .

geothermal energy and hydrogen gas.

Coal 1is the greatest develcped eneryy source, end the -

i-Justrial nations are those that are rich in ccal. ¢ .3 is f )
from vegetable material and is <lassified according to the degree of
alterat.on from vegetation to fixed carbon. Peat is the first st~ge
and is not considered a coal. Lignite contains the least £ —ed
carbon. As compression of the formations increase, volatile matter
and moisture are reduced resulting in the formation of higher qrades
of coal like bituminous and anthracite coal. 7oke 1is spe .2l y
prepared for smelting iron ore. Bituminous coal is heated i1 a
reducing atmosphere, the coal becomes molten and the mass is made tc
solidify into a hard material made up of fixed carbon. World
production of coal is now about 3,500 million tons and the main
producing countries are U.S.A., U.S.S.R., China, Poland, Germany
(FR), U.K., 1India, South Africa and Australia. World potential

reserves of coal are in the region of 13,000 billicn tons.

Petroleum is a fuel which 1is more accessible and one which is

readily available. It is associated with sedimentary basins and its
origin is connected with minute marine organisms in  enormous

quantities in shallow ccean bottoms. Slow decomposition of this

nmaterial is believed to result in the formation of tiny droplets of
0oil. Increasing compaction of sediments forces the droplets " out into
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porous earth strata like sandstone which are good reservoirs for the
accumulation of oil. Useful quantities are formed when a *::

sbructure.exists for holding the migrating oil in a reservoir. Cr
oil which is obtained from the earth is refined to p1 uce fuel and
a variety of other products. Petroleum reserves are concentrated in
a few countrigs. for example U.S.A., U.S.S.R., Venezuela, Saudi
Arabia, Kuwait, Irag and Iran. Together they produce nearly
70 per cent of the world's rpretroleum, the Middle East countries
alone producing .over 50 per cent of the world's requirements. World
proved reserves of crude petroleum amount to over 600 billion
'h o213 (1 barrel = 42 US galions) and the Middle East c¢r ~tries are
knowr: to have one half'of this reserve.

Natural gas occurs in association with petroleum and also in gas
fields, and a commercial natural gas field is rich in methane the
most stable of the petroleum hydrocarbons. Over 50 per cent of the
world’'s reserves of natural gas are found in the U.S.A., U.S.S.R.,
Algeria and Iran. It is believed that the energy demands of the

household and commercial sectors will be met increasincly by natural
gas.

The harnessing of water power involves the construction of a dam
across a river. Dams are primarily meant for irrigation purposes and
are used to generate electricity only as' a secondary function. The
reservoir so created serves to store water and to create a suitable
head for the operation of the turbines which are combined with a
generator to provide the electric current. The power house is
situated at the base of the dam. Electricity is not a source but a
form of ‘energy derived from avajlable sources. The use of
electricity ir very large quantities is strikingly observed in the
highly industrialised countries of the world.

‘Atomic power is perhaps the most immediately available new source of
energy and it is likely to prove a major erergy scurce in regions
not endowed with normal fuels. The principal raw material used for
nuclear power is uranium. The energy is derived from the central
core or nucleus of the atom. Reactions involving the nuclei of the
atoms which may release enerqgy are of two typés, fission "and fusion.
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In the fission process a large nucleus is induced to ¢ *lit inc .

or more smaller nuclei, and in the‘fusion,'process the -~ _ 3 |
two light nuclei i . rearranged to form a larger nuclcus. The futr
for fusion r..er © not so clear cut since at the moment . -~ in
the experime " al stege. The heat | lberat = ! the pr > i
transsi~ .. from the reactor to- the - lers ... the ¢ wam tL -
dot = "he turbo—generator is produced. - qar p er BT
£ .1 Qv €. blished use the fission chain re ¢ in U223,
v o1d's first commercii . vlear power station is - : Calder #He

(Crmat Britain), and it came into operation in 1' ¢

Other possib: 1'c'2s ¢ 7 ~rz "1g uyp new sour ~s of a9y N the
use of me: ' ~ phenom=na. The znergy of the ' i¢ . . - - . ¢
covertea to e ~~t' .city. It is also possible to vrmuce e - :Jy using
the tempe: -~ ~:e d  ference netween the surface w ' . and &the wi
at great deptn in the ocean. The natural heat contained within the
earth (geothermal energy) is also used as a scurce of enerc " when
hot weter or steam carries the heat from the rocks tc the s face.

The generation of synthetic hydrocarbon fuels anc¢ the uss of ~ur~
Wirocen as a fuel are areas which have ati racted -t- 4 ir
recent years. The possibility of obtaining the fuel hydrogen hy - e
electrolysis of water has been studied. Although the 1 :ocess
requires large amounts of electricity, researchers reei  that
hydrogen could be used for heating and as a motor fuel. Hydrogen
therefore may be a fuel of the future.

FERROUS AND FERROALLOY GROUP

Tron, the ferroalloys, and steel belong to this group. Iron is the
greatest of all the metals. Materials used as alloys in ste~L ua.
are termed ferroalloys and the main materials are man. ese,
chromium, nickel, cobalt, tungsten, molybdenum, vanadium and
silicon. Steel, the most useful of all construction metals, is a
product of iron, ferroalloys and carbon.

The chief iron minerals are hematite (Fezo3) 7 7 - ~nt 1 r
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nagnatite (Fe304\ = 72.4 per cent iron, limonite (Fezﬂ?.“,o)

per cent iron and siderite (FeCO3) - 48 per cent iron. lined -

contain from 25 to 69 per cent iron. In iron ore;, phosph

tit~ “um and sulphur are particularly objectionabie  impurities.

Precemkt - an metamorphosed sediments comprise a major part of the

wo. 1's ‘zon ore deposits. The taconite deposits of Minnesota in
47~ 1 ~gnetite is the principal mineral, the Jjaspilite deposits of

iMichigan in which hematite is the prircipal -iron mineral, the

hematite - magnetite ores : ' Krivoi Rog (U.S S-.R.), the banded iron
Tamaklang  gpilie o5~ L conites) > *the Pilbara region
o nosle ir v pr o Ccej in V- tern 2ustralie, and the hematite
.28 T E.av are a fer exandles of commercial deposits of iron ore.

Worid iron or2 production is now over 9GO0 million tons and the chief
wrode~ing countries are U 0 3.R. (230). U.S.A. (85), and Austraiia
196 - '

Manganese is the most important ferroallcy. The important manganese

m aerals are pyrolusite (MnO 63.2 per =ent Mn), manganite.

ps’ Tomelane and rhodechrosite. %wo types of deposits supply world
“equ rements. These are bedded or sheet—like deposits of oxide ore
overlying Precambrian rocks and basins of oxide beds 1in sedimentary
rccks. Deposits of the first type are known in India, Africa, Brazil
and Australia, and the second type occurs in the 11,S.S.R.., Gebon and
.Cuba. World production of manganese ore is over 24 million tons. The
largest deposits of manganese occur in the Republic of South Africa,
U.S.S.R. and Gabon. The only industral ore of chromium 1is chromite
{chrome--spinellids). Chromium ores vary in the Cr203 content and

contain from 18 to 62 per cent Cr 02 The world's 1largest deposits
are in the Bushveld Igneous Complex “of the Transvaal in the Republic
of South Africa where the reserves are estimated (in terms of
chromium content) at 575 million tons. Worla production of chromite
is around 8 million tons.

Most of the world's present day production of nickel comes from
nickel sulphide minerals such as pentlandite and millerite, and from
lateritic ores. Very often, as in the nickel deposits of the Sudbery
District of Canada, the ores contain other vaiuable base metals,
egpecially ccpper and cobalt. The nickel content of silphide cres
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varv £ 1. o ) i cent. Nickeli values from .~- . 0Dres ars
generi L1y less than 2 per cent. World nickel reser : > estimatec
at 65 million tons. The main resources are in Cuba, . =2rdonia,
Canada, Australia and U.S.S.R. Cobalt is produced as a ‘= pi-c i 7.
other elements. The bulk of the production comes from the £ -
ores of the Congo {Kinshasa). Cobalt ore is found in L..7Ca,

Australia and Burma. in Canada cobalt is recovered i om
silver—arsenite ores and in Australia and Burma from lead-zinc ores.
Cobalt also occurs in the metallic state in the Khovakshy deposit of

the U.S.S.R.

The principal tungsten minerals are woiframite and scheelite. The
chief sources of tungsten include wol Lemite-quartz veins and

contact meta~ .phic  deposits (contact  between limestone and
intrusive aranite} The important producing ¢ ' tries are (' a,

U .S.S R., North and Soykh Korea, U.S.A., (enada, . liv _a, Au: ra. i,
Thaiiand, Brazi! and Portugal. The principal mineral €:om which
molybdenum is obtained is molybdeni. e (MoS,, Large stock works of

quartz-molybdenite and quartz-molybdenite—éhalcopyr:)e ores are the
main sources of the material. The main producing cotries are
U.S.A., U.S.S.R., Chile, Canada and Peru. The 1iargest p1 Iuc .on of
vanadium is from Carrotite of the Colcrado Plateau where :t is
obtained as a by-product of uranium extraction and from roscoeiite,
a vanadium mica. In South-West Africa it 1is extracted ircm
lead-copper vanadates and in Finland and South Africe f£rom wvanadinum
bearing titaniferous magnetites. The main producing ccuntries are
U.S.S.R., U.S.A., South Africa and Finiand.

Sili- “n.is not found in the free state but it occurs as si:ica
(Si02) which is widely distributed ard is found in almost every
country. These are distributed as deposits of quartz, quartzite,
sandstone and silica sand. Silicon has long been considered a
non-metal. However, in metallurgy the elemental crysta!. ‘e form is
known as silicon metal or metallic silicon. Silicon is widely used

in the iron, steel and non-ferrous metal industries in the form of
ferro-silicon metal. The largest use is as ferro-silicon 1in the

production of iron and steel. Tantalum occurs always together with
vinhjv 1, The alloys of tantalum and carbon are noted for ‘e .
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extreme hardness and are used to manufacture cutting Gtools ¢
driils. |

HON FERRCUS SGROUP

The non-farrous minerals constitute a very important group and
inciude a variety of minerals ranging from the major industrial
minerals - copper, lead, zinc, aluminium, tin, magnesium, mercury
and ¢t t2nium, to the precious minerals - gold, silver and platinum.
Coprar metal is recovered from a variety of ores, Apart from native
copper the principal ores are the sulphides chalcopyrite '(CuFres,),
bornite (CusFeS4) and chalcosite (CuZS), the oxide cuprite (Cuzé),

and the carbonates malachite (Cu7(OH)2CO3) and azurite
(Cu3(OH)2(CC2)2 . Intrusive porphyries (copper-porphry  type)
accol ‘t for :. majcr porticn of the world output of copper and

inciude deposits like Bingham (Utah-U.S.A.), Kounrad (USSR), and El
Teriente /Chile)., World production of refined copper is around 8
miilion tons and the chief producing countries are U.S.A., U.S.S.R.,
Japan, Zambia, Canada and Chile, Lead and Zinc¢ usually occur
togecher in nature, The common lead ores are galena (lead sulphide)
and cerussite (lead carbonate), and ores containing lead may alsc
contain copper, goid, siiver, zinc and other metals, The main lead
producing countries are U.S.A., U.S.S.R., Canada, Australia, Mexico
and Peru. World production of rafined lead is around 4 million tons,
zinc is mainly extracted from sphalerite (znS, 2zinc blende). World
production of refined zinc is around 6 million tons and the main
producing countries are those mentioned for lead.

Bauxite (A1203ﬁH20) and gibbsite (Aly03 .3H.20) are the aluminium
ores of greatest economic significance. Australia dominates
world bauxite production and the famous Gove, Weipa, Michell
nalteau and other deposits in  that country account  for
one-third of the world reserve estimated at 15,000 million
tons. Guinea in West Africa also has one~third of the world reserve,
and the remaining third is found in Jamaica, Surinam and Guyana.The
main tin ore minerals are the oxide cassiterite (Snoz) and the
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placers. Zircon cccurs also as gem stones. It is mainly used in ¢ -
ceramic industry. The principal antimony ore is stibnite St ©.
Antimony is mainly used in antifriction alloys for bearings.

The principal minerals of gold are native gold and QOld
el .wrides—calaverite, - sylvanite, petzite and nagvagite. Gold is
obcaind from gold ores and placers and as a by-product from ores
mined essentially for copper and other base metals. The Republic of
South Africa has the world's largest reserves of gold, other
count... 2s of importance include U.S.A., U.S.S.R., Canada, Ausfr:Tiag
Col nbia, Southern Rhodesia and Ghana. World production of gold is
estimated as 1.4 million kilogrammes. Tn addition to its widespread
use for its monetary value, gold is mainly used in the Jjewellery
‘rdustry. The chief silver minerals are native silver, argentite,
pyrargyr .te and proustite. Despite their great number, k -~wn silver
nminerals are rarely concentrated in deposits by themselves. Silver
occurs mainly in dispersed form in complex gold and copper ores and
in association with galena in lead-zinc deposits. Silver 1is
therefore a by-product metal. Vein silver deposits proper occur in
Mexico (Pachuca and El Oro). About 70 per cent of the total silver
production is used for monetary purposes — as coin or bullion. The
main producing countries are Mexico, U.S.A., U.S.S.R., .Peru, Canada,
Australia, Bolivia and Japan. The total. world production of silver
is 9 million kilogrammes. Platinum is more useful commercially and
.rarer than gold. Platinum usually occurs with other rare and
chemically similar metals such as iridium, rhodium, osmium and
palladium. The-most common ore is native platinua. The bulk of
production comes from the Merensky Reef in South Africa. World
production of platinum group metals is approximately around 180,000
kilogrammes, and the main producing countries were U.S.S.R., South
Africa, Canada, U.S.A. and Colombia. Arsenic is found 1in
comparatively small quantities in  hydrothermal deposits. The
rare—earth elements are the source of rare—earth oxide (REO} used in
a number of industries.
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NON METALLIC GROUP

The non metallic minerals are numerous and they range from bulk
commodities such as sand, gravel and stone, down to industrial
diamonds and gemstones. Included in this group are cormmon industrial
minerals such as asbestos, mica, calcium, phosphorus, clays,
felspar, graphite, talc, gypsum, sulphur, garnet and corundum.

Askestos is a name applied to a group. of fibrous minerals. The
principal variety is chrysotile (3MgO.ZSi02. 2H20). Other commercial
varieties are amosite and crocidolite and of minor importance -are
tremolite and anthophyllite. The province of Quebec (Canada) has the
largest asbestos mines and mills in the world. The U.S.S.R. is also
an important producer. The Republic c¢£ South Africa, Southern
Rhodesia, Swaziland, China, Italy and the U.S.A. produce substantial
quantities. Mica is a group name for a number of minerals, fou
example, muscovite, phlogopite, biotite and lepidolite.
Cormercially, mica is classified as sheet mica and scrap and flake
mica. The chief uses of sheet mica are in thermal and electric
insuliators. Most scrap mica is processed into ground - mica whicCh
finds varied industrial use. The major producing countries are
Brazil, India, U.S.A. and the Malagasy Republic. Exports of mica
from India are over 33,000 tons (all grades).

Natural sources of calcium are limestone (Cacog), dolomite
(CaCO3.MgC03), marl, chalk, shell, coral, brine and certain other
minerals. The largest consumer of limestone is the cement industry.
Very large quantities of limestone and dolomite are used in blast
furnaces and steel works. Other uses are for the production of lime,
for agricultural purposes, and for the chemical and other
industries. Calcareous materials occur in most countries. The world
production of cement is over 600 million tons. Most of the phosphate
deposits of the world are in igneous rocks as apatites, and in
sedimentary rocks as phosphorites. The phosphorus industry is
chiefly dependent upon fertilizer demands. Deposits of phosphate
rock are fairly widespread. .The main producing countries are [U.S.A.,
U.S.S.R., a~ Morocco, which together account for four-fifths of the
estimated world production of 125 million tons. Other producing
countries are Christmas ~ Island, Tunisia, Togo, Senegal ~"d Py :it.
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Ciays and clay minerals form one of the most widespread and widely
used groups of inorganic industrial raw materials and they have
infinite variety of uses. The different industries require different
grades of clay as regards plasticity, refractoriness, shrinkage,
purity and other properties. By far the greatest quantity of clays
consumed in most countries is used in ceramic production or in other
fired materials. The clay types are kaolin, ball clay, fire clay,
bentonite (montmorillonite), fuller's earth, brick clay, cement clay
and other miscellaneous clays. The U.S.A.; U.K. and U.S.S.R.
togé£her account for nearly 70 per cent of the recorded world output
of kaolin. Other important producing countries are 1India, France,
Germany (FR), Czechoslovakia and Spain. World production of kaolin
or china clay is around 18 million tons. The U.K. is the world's
largest exporter of china clay. Felspar is used mainly in the dglass
and ceramic industries. The principal felspars are orthoclase and .
microcline, albite and anorthite. The main producing countries are
J.S.A,, U.S.S.R., Germany, France, Italy, Norway, Japan, Sweden and
Canada. The world prbduction of felspar is around 3 million tons.
Natural graphité is the mineral form of elemental carbon and is also
referred to as plumbago. Graphite is mainly used as a refractory
material and as a lubricant in the manufacture of a wide variety of
products. Depending on the type, particle.size and carbon content of
graphite, several commercial, grades are identified. The  three
principal types of natural graphite - vein, amorphous and crystaline
flakes are identified on the origin and physical characteristics of
the ore. The U.S.A. dgraphite deposits of Texas, Pennsylvania and
Alabama contain less than 5 per cent of graphite. Other producing
countries are Mexico (Sonora), South Korea, U.S.S.R., Austria, Sri
Lanka, West Germany, China, Brazil, Canada and the Malagasy
Republic. The last mentioned country has the largest known resource
of flake graphite in the world. Estimated world production of
graphite is over 500,000 tons, with South Korea being the largest
producer. The mineral talc is a hydrous magnesium silicate. Talc has
a variety of uses. It is used mainly in ceramics, paint,
insecticides, paper, refractories and as a high quality filler. Talc
occurs in vein-like bodies in serpentinized ultra-pasic rocks, = such
as the Keryabino deposit (U.S.S.R) and the deposits in Virginia
(U.S,A.). Talc also occurs as irregular deposits in dolomites. The
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main producing countries are Japan, U.S.A., U.S.S.R, France, Chir '
India, Italy and Austria. The world production of talic and simi
minerals is around 5 million tons.

Gyps' 1is a mineral with the composition CaSO42H“ - The largest
deper s ! gypsum he- keen formed as chamical pr.cipitates from
marine 7t £ "' 1 sal ‘nity. Moderate heating of gypsum yields a
g w7 3 plaster of paris, used .for diversified ihdustrial
¥ » & 1e U.S.A, is the leading producer and consumer of gypsum
:*r " . d, The main producing countries are S+ U.S.S8.R.

e~ (FR), France, Canada, Ttaly and U.K. T..- world production
is around " million *., 3, The princ »al “ses of s Iohur a2 in the
making of st o r.c acid, fertilizers, pigm.n:s; explosives and pulp
and pazer. 3u° 1 occurs as native deposits ~~-c lated with salt

domes. as . lcar’: deposits and as deposits associ :ed with
a~hyC ‘te, The main producing countries are U.S.i. Mexico,' South
Amer .=~ [“nile), [taly, Japan, U.S.S.R, ™=aiada, " r-e, Spein and
“1 1a. The "r:1ld production is around 50 millicn tons.,

Natural incustrial garnet consists esser:ial’y of e variety
a ma. *ne (iron-aluminious-silicate) which has desirable abrasive
qui. Zies. Garnet is mainly used as an abrasive in a number of forms

in various industries. The U.S.A is the largest prcducer  and
consumer of garret. The largest mine is the Barton Mine in New York
where the garnet occurs in metamorphosed igneous rock. Garnet is
also recovered from beach mineral sands. The mair producing
countries are the U.S.,A., U.S.S.R., Spain, India. Austral - and
Argentina. The world producticn of garnet -is approximateiy - 3G, 00
tons.

Corundum is mainly used as an abrasive material in grinding wheels
and as grinding and polishing grain. Transparent varieties include
rubies and sapphires which are prized as gemstones. Emery is a
natural mixture of corundum with magnetite and some haematite ané

spinel. The Republic of South Africa, Southern Rhodesia, U.S.S.R.
and India have very large reserves of corundum. The U.S.S.R. is the

largest producer.



Sillimanite occurs in large deposits as lenses ¢.3 r -kets

crys :aliine schic-s at Khazi hills and Pipi- . n " L DI -
is used in the refactory industry. °fit: o - dian
deposits * 2 . cated in South Africa. Dii wind & . ) R
gern -~ e.
SUMMARY
T oncmi- ge~le 7 nals w th ... "eral deposits. - PR wa: h
f 7 y'Je L osense. A knowledge of ge .~y ¢ 7+ ithe key

cat '1g 2~ omic ' e1 = deposits. [ provifes & F - 1

ki s of indus-rial -~ . r-gionai developiceut. Ir p-:*nlar, it
const "+ _s the basic data : . red in the search and J» »lcoment ¢ °
.vineral r.. v es which is essentia '+ a count.,'s economic
deve'-ome~: - also provides a basis f- - »ssess: 7 the magr —de cf

“h ~wa: ¢ pchent’ * rescurces in the ° mulstion «* ;rii ies
gov.. 1’ g competing demands for e " .«  conser ' n. ‘The

science of prospecting‘and exploration concerns itself specifically
with the prr-lems of rewvealing economic deposits. It = v -1
that a very few (in scme cases one or two) e L Tan T

mineralcgical types of deposits supply the hux” ¢ the wor 2l v >
of a particular mineral. The wvast. mass of e re -~ a ore
discoveries of every possible genetic type have, in pract e,
usually no commercial significance. Tt 1is therefore important ' - -
every exploration geologist must be Zami. lar with the commercial
types of ore deposits, a few of which have been . ister
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CHAPTER 3
“ENETAL LEOGRAPHY AND OUTL: §E OF GEOQ ~ 5¥

GENER™ ™, GECGRAPHY
" aysical Features

"he island of ~: L "a, formeriy known as Ces 'rq, is a tropical
700 Ly ithlin he " ftitudes 6° an¢ 10" n¢ -h and longitudes 75° and
1. east. It lies 32 km to the east of the southern most oxtremity
of Peninsular India and has an area of 65500 km“. Tt is 432 km lona

..~ is 229 km wide at its widest.

n the islend two m - physicgraphic divisicns can be recognized:
e oW iy 1 coast . plain with | ittie 1 °1l:~f and c_-aversed
by rivers wnich have reached their base level «f erosion .
this recion
2. The central ' ghiands with immature drainage patterrn and
mark=d reiief, abounding in numercus strik ridges. hli_lis ané

mountains

Adars | '129) in his 'Geology of Ceylor:® was the first o draw
attent, . t0 the existenrce of three well defined plains of eros i
(veneplains) cut in the rocky framework of the island., FY
characteristic feature of a peneplain which carn exist at any ievel
is that the hilis, ridges and plateaus w: :hin them are all at - qe
same general level. It is usually referred . » as the eroc > _eve .

The respective elevations of the 3 plains {se2 Fig. 2) are &s
follows:
First Peneplain - 0 - 30 m akove sea level
Second Peneplain — 5C0 m above sea ievel (average)
Third Peneplain - 1200 m above sea lev. 1 (average)



THE: THREE PENEPLAINS

S N

I . A3 km
l _ |
rigura 3. speciive Bievaiions of the Three Peneplains

ma first terrace or lowast peneplain (coastal plain) surrounds the

' ! country on all sides. It is narrow on the western and southern
@y c 1s but widens to the east, while tc the north it expands intc
the ,reat 11 th™' feris the wkole ~. the - .ithern half of the
e 3, Ma o~ 3k 5] dr i 7 ~'A of rejief, and it rises i, nd
b2 . . 2 uweo.C s7~ lave . 2 . ', vphysical features are the
a._z.r 7¢ ~~swhh - .ul .bke seen - .. 2¢ . Dlated ~: in detached

Jro ps. The erosion remnants such as Sigiriya, Gurner s Quoin,
Yevahuwa, Westminister Abey and others (See Fig. 3), have stood out
'against L 2 jeveliing prccess over mi. .ions of years due to the
resistant reture of mnminerals forming these rocks. Their - present.
heights _ .ve us oilly an indication of the ¢ .ginal height of the
iand, for even the erosion remnants themse ves have suffered much
levelling down. Because o©f the steepness of the sides of these
rccks, remnants like Sigiriya and Yapahuwa have become famous in Sri
Lwmxa’'s h.story as tl sites of . fortresses, palaces and temples.

Sore erosion remnants may rise up to 100m or more.

Rising steeply from  the coastal plain is the second terrace or
veneplain. It is best seen in the eastern and southern parts of the
island. Inland from the coast the land rises gradually to about 100m
until it reaches the foot of an escarpment generally about 309m high
which sep- ites the coastai peneplain from the middle ~-. >lain.
This =2scar-.nent ' best seen in the Minipe and Kongala &. e -
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Figures 2. Sigiriys weck - Iscl ted Erc . I'»*m .k ’r Toastsal

P .. Ldirn.

“t forms a promirenc physical feature. The main road from Minipe to
Kandy ciimbs the escarpment in a numbei of hairpin bends to reach a
region of parallel ridges all at a gener.” ievel cf between 760m and
1320m which is part of the middle peneplaii. The Kc caia escarpment
southreast of Balangcda is also a prominent physical feature. In the
western side of the island the railway line from Colombo begins to
climb the west escarpment at Rambukkana and wanders thereafter as
far as Nawalapitiya or the middle penepiain.

The highest penepiain is a complex one and 1is least like a
peneplain. It rises from the second peneplain and forms te central
highlands at a general altitude of about 1202 m. This terrace
supports the highest‘mountains of the island, Pidurutalage.a 2524m,
Kirigalpotta 2389m, Totapala kanda (Z357m) and Adam’s Peak (2238m  —~
Fig. 4). The scarp face of this terrace referred to as the 'Southern
Wall of the Hill Country® (Ccok.1931), is perhaps the most striking
feature in the whole of the Island. Tt is best seen from the . -¢d



bet'~~n Ba - * a and Bandarawela. & n=. = - of waterfalls like
Diyclumz, -  anda end-Thiage ~ drop over L T “+*2. The deneral

topegs av ° 7 T.é . o= ern ¢ @ this third e . e &brupt B

juv~_ .- - ¥ e IS vosa ~F Zhe phve ~ ° v osg which erve
usuc Lly ag~ - " L

:
H
8 s
{
! i
: 3

Fig .. 4. Tate e’ o7 T 1TFE Y T4in

Adams (..77" bheleved "1t . g . .o 7o =2 represerted three
successive stages of de 777 . Ll 5. ‘t by succer-.ve uplifts
of the country and that _ 2 te.. ces were eyo0siO nancs after
each period of hase lev: [ .~ . ( * .~  w the ¢~ tis peneplain is
the youngest and the th... LT 1- -~ '€ -_agest.

On physizal arow. 3 Wedia [i !, Jer ed =has riew. He put forward
the the .v that ha *~:races arz2 %tha res' ¢ cof successive block
up. .fts taking piace on an a..2ady pene .ained Precambrian terrain.
According te him the <¢oastal ; .2 > " ne oldest anc the third
terrace the youngest. He alsc drew ai’ Y.c .’ the significa = of
the ring of water-fils "1t _'r.c |Is ihe highest terrace °nd
suggested that the fa, [ “'eated i tent A.slocations resulti.

in different vplif_: ¢ £ och ..ve O another. It 1is not
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o sed here to discuss the theories concerning the origin of B
“hree peneplains.

Climate

Sri Lanka being in proximity to the equator (lying within latitudes
of 6° and 10° north) is situated in the monsoon region of south =2st
Asia and it has a humid tropical climate. The mean temperature is

hidhy -anging from 27°C to 28°C over the lowlands, The highlands i»
the central regions enjoy a cooler climate. In the hill country ¢t~

temperature falls at a fairly steady rate of about 1°C for each 1.

metres rise in elevation. In Kandy, 488 m above sea level, the we:n
‘temperature is 250C, at Diyatalawa(1250 metres) it is ZOOCE and ‘

Nuwara Eliya (1890 m) it is 15.50C. The mean temperature at Cclcube
durir3 the coolest months, November to February, is 26°c. April ard
May aire the warmest months in Colombo. In Nuwara Eliya the m'..'mum

tenperatures are génerally of the order of 7.2°C (February) and i

w.casionally fall below freezing point. The relative humidity varies
generally from about 70 per cent during the day to about 90 or 95
per cent at night, rising as the temperature drops.

The annual average rainfall varies from below 1270 miilimetres in
the Aarid parts of the north-west and south-east of the Island ol
over 5000 millimetres at certain places on the south-western slopes
of the hills, There are four rainfall seasons during the vyear with
corresponding periods which may roughly be recognised as follows

1. The South-West Monsoon period — May to September

2. The Inter-Monsoon period - October to November
2. The North-East Monsoon period ~ December tc February
4, The Inter-Monsoon period - March to April

The division of the island into a Wet Zone and a Dry Zone  with an

Intermediate Zone between them is the most widely  reccgnised -
climatic classification of the island. In Fig. 5 the rain-']

pattefns are shown clearly demarcating the Wet and Dry Zones.
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Figure 5. Rainfall Pattern and Climatic Zones
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The drainage pattern for the most part is radial. The upper reaches

are mainly confined to the central hill country. The greatest
piroblem of Wet Zone hydrology is that of flood control., Inundation

of low lying areas is almost inevitable, and vast stretches of
ground are subject to serious flooding during the wet seasons. This
has r st .red in the development of deep and extensive deposits of
a .tvia material along the lower reaches of the major river systems

¢~~_1 "1 this region. In the Dry Zone it is a seasonal shortage of
wacer which is a problem. Very few rivers rise in the Wet Zone and

£ W ..to the Dry Zone., The most important and the longest river,
the Mahaweli Canga, rises in the hill country and flows towards the
™ a-east with its mouth near Trincomalee., The lengths of the

P Jr "o3 . rzive = of Sri Lanka are given in Table III.

TABLE III

LENGTHS OF PRINCIPAL RIVERS

River Length in River Length in B
Kiloetres Kilometres ]
. .

|
' I

Mahaweli Ganga 335.0 Mahaoya 134.0
Aruvi-aru 164.0 Menik Ganga 114.0 |

Kala Oya 148.0 Kalu Ganga 129.0
Kelani Ganga 145.0 Kirindioya 118.0 I
Yan Oya 142.0 Kubukkun aru 116.0 i
Deduru Oya 142.0 Gin Ganga ‘112.0 I
Walawe Ganga: 138.0 Nanu Oya 109.0 l

1 Maduru Oya 137.0 Gal oya 108.0

Ceylon Year Book — 1983

Department of Census and Statistics

Population

The main concentration of settlement in the island is in the Wet
Zone in the whole of the western, south-western and central hills.
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The Dry Zone areas, for example in the north, nor i-centrai ar.
east -entral parts of the country, are not heavily populated, ' =
oouprlation of Sri Lanka in 1901 was approximately ~ .5 mililion,
1753 ¢he population was 8 million and in 1979 it =s . = ‘uldd
.z oresent (1585) the population is around 15 million.

3¢ 7 opn the 1981 census the mean density of population for the
~~in v g 386 pereons per sg. i le. By far the nigkat density |
axcess of 270. persons per square mile) was racorded in the Wes. :[sid

ro~! e, and this clearly results from the large y =arr n <ho o ..
~f th.s region. Other provinces with relativeiy ' L =~ Bl
dens: +ies are the e tra'. Southern and Sabaragamuwa Riovir "
rates vary ing between © 7 1 and 930 per sq mile, '

i ancrast, the Eastern, Uve, "and North Centrai Proviaces = |
record population densities below 300. Table |V is presenced to Show
wa2  *stricts with high population densities. '

TABLE IV
SRI LANKA POPULATION DENSITY (1981)

(some districts with the highest density of population)

f District population Area Density

‘ (in sq. miles) (persons per
sq, mile

i Colombo 1,698,322 252.0 » 6742

3 Gampaha 1,389,490 540.0 2573

; Jaffna 740,184 440.0 1682

| Xandy 1,126,296 © 833.0 1352

1

Kalutara 827,189 620.0 1334

Department of Zensus and Statistics
DUTLINE OF GEOLOGY

The greater part of the island is made up of Precambrian crystalline
rocks. The only extensive development of sedimentary rocks is along
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““e  Tth-west coast of the island which is built up of Iimesic
of Miocene age. On the basis "of litholegy, structure &nd cage o
Precambrian rocks have been subdivided intc 3 mejor units (Coor- -
1978) :

1. Highland Series

2. South-Western Group

3. Vijayan Series

Several dolerite dykes, small granitic® bodies, and a series of
pegmatites have been intruded into the Precambrian rocks. ‘™o sr-i
occurrences of Gondwana sediments /Jurassic), the Tabbowa basin - _ 3
the Andigama-Pallama basin, ars ioccated in the north-west of to .
istand. The ‘“ccene limestone formations are confined tc the Jarfne

area and to the north west of the cou-xy. % 2 V shows ©
succession of geologicai formations and principal miner~. dJdepos. .s
of 51 Lanka, and Fig. 6 is a simplified geological map i cha
isiland,

Precambrian

Highland Series, Rocks of the Highland Series occupy '1he . »n =
highlands. The eastern boundary of the Highland Series is .- -

foot hills of the central highlands where a transiticnai o.n. . -
between it and the Vijayan Series on. the =ast and south-e~-.

Erclaves of Highland Series rocks are <ound within o 2 eastern
Viiyan as at Kataragama and Buttala. The Highiand Series conp) 'ses
an extensive group of well-bedded rocks including quartj"‘:ésﬁ
quartz schists, fine grained acid gneisses, granulites, [
gneisses and granulites, marbles, and the type khondalite, which |-~
a sillimanite-garnet—graphite schist. These rocks extend in a broad
band from the south~west coast (Welipatanwila area) to te
north~east coast (Trincomalee area). One of the most s 1 ong

features of the Highland Series is the <close and intimate
association of metasediments and charnockitic gneisses sovoughot”

the entire area. The two are conformably inter-banded (Cooray . , 7).

Whatever their original hature, the charnockitic gneisses . we ! .en
formed in the course of the same high~grade metamorphism that gave



TABLE V. ~

GENERAL SUCCESSION OF GEOLOGICAL FORMATIONS
AND PRINCIPAL MINERAL DEPOSITS IN SRI LANKA

Principal Geologi-— Important
cal Divisions Principal Mineral Others
Formations Deposits
Era Period

THRO~ | HOLOCENE |Recent residual|Kaolin, ball |Thoriani-
POZOIC (RECENT) |and alluvial clay, refrac-|te,thori-
deposits, blown|tory bond te, badde-
sand, coastal clay, residu—|leyite-
sandstone,coral|al and allu- |peat
and shell for- [vial clay,
mations, beach |silica sand,
mineral sands, [ilmenite,
gem gravels, rutile, zir-
peat, lagoonal |con,monazite,
and estuarine garnet, gem,
deposits coral, shell
sillimanite,
clay ochers.

CENOZOIC | QUATER- Laterites (may |Gem Laterite,
NARY extend from limonitic
(PLEISTO-|Recent to Ter-— iron ore
CENE) tiary Periods), (low

gravels, red grade)
earths.
TERTIARY |Limestone Limestone . -
(MIOCENE)
IMESOZOIC PURASSIC Shales, Carbo-— Shales -

neceous shales
and arkosic

sandstone.

PALAEO- - Abesnt - -

Z0IC

ARCHAEQ- | PRECAM— Highland - Marble, Magnesite

Z0IC BRIAN Serles (metase-|quartz, fels— |magnetite
diments) Vija- |par,graphite, |allanite
yan Series mica, apatite |cordie—
(gneissic com— rite,
plex) Southwes— chert
tern Group wollasto~
(gneisses and nite
metasediments) sillima~-
Intrusives, nite
(granites, copper,
dolorite serpenti-
ykes, pegmati- _ nite
tes)

(Modified after Herath 1980)
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¥~ estern Croup. This, like the Highland Series, . : . ©
' ks, gneisses and dranulites of metasedimentary "

Are, however, significant differences between the two maijor 1 :

erms of both lithology and metamorphic history. difi rences -hi-

appear. to justify their separation (Cooray 19355). The m=i,, rock

types are given below: _

N Thin persistant quartzites and quartz schists funlike the Lo
qua. ~iites of the Highland Series)

o Narn 1 wol aston’ . (Ie'hhyres (w1 e *ae thick marbles of
" .y nd Series;

t - .ier . = bearing peliitic gneisses

4. loarse grained intrusive hypersthene granite (charnockif ic
rocks)

. “bundant granitic gneisses, augen gneisses and migr ' -es,
including chert ’

- South-Western Group passes northwards into the western Vi+ = -
‘, increase in the proportion of granitic gneisses and migmat - :s.

Vidlayan Series. On either sides of the Highland Series beity excer
> the area occupied by the South-Western Group,' are rocks c¢f the
ran Series. They are mostly microcline-bad .. g
irtzo~feldspathic rocks with layers ard lenses of amphir te
anc/cr biotite, The main rock types include a variety of gneisses,
migmatites and granitoid rocks including charneckitic  gneisses.
{Fferrando 1948y and Cooray 1967).

. 2 is not proposed here to discuss the stratigraph’ @ reiationships
of the three Precambrian units. A good deal of ccntroversy s L
vemains about the sub division of the S . Lanka Precambrian. What
can be genérally agreed is that the structures are everywhere

conplex.

The Seruwila copper magnetite deposit (discussed in Chaptsr 5) is at
the margin of the eastern vijayan and Highland Series. Serpentinite
bodies observed in Sri Lanka are all confined to the boundary cf ‘2
Highland Series and the eastern Vijayan (Fig. 6). A recent cravisv
survey of the country irdicated a significant gravity - :
arplitude of approximately 25 milligals. This gravity . 28
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round to run along the eastern boundary of the Highland Seri~s
‘datherton 1975). The geological interpretation of this gravity

shows that the contact between the Highlands and Vijayans °=
thrust zone. These recent observations and findings reveal that e

J

eastern boundary between the Highland and Vijayan Series stretching
from Trincomalee through Uda Walawe to the Welipatanwila coastal
area is a mineralized zone. A programme of work initiated by the

Geological Survey Department proposes to study this 2zone in dgreat
detail. This boundary is about 25 km in width and 550 km long.

Intrusives

~3le. .te dykes are present on the eastern and western side of the
¢ '~ d, the former being prominent. The largest of these, the
«. odai dyke. can be traced for almost 100 km in a NW-SE direction.
4 ~ T Lc¢~.a granite is located in the area between Puttalam and
salgemuwe in north-west Sri  Lanka. Other granites include the
Arar ‘ala hornblende granite in the Alutgama area and the
Ambagaspitiya granite in the Yakkala area. Zircon bearing granites
are well developed round Balangoda. Good exposures of 2zircon granite
ars also found at Loluwa neat Mirigama. Pegmatites are widespread in

" » Drecambrian. An intrusion of carbonatite (apatite) was
discovered at Eppawala in 1971.

Jurrasic

The Jurrassic or Tabbowa Series occupies a small basin a few square
kilometres in extent. These are shallow water non-marine deposits of
Upper Gondwana age. The main rock types are arkose, feldspathic
sandstone, siltstone and mudstone. Fossil plant impressions in the
siltstone and mudstone establish the stratigraphic position of ' the
Tabbowa beds as Upper Gondwana or Upper Jurassic (Sitholey 1944).
™o other occurrences of Jurassic sediments, south of Tabbowa, are
at Andigama and Pallama. These deposits are composed of a fair
thickness of carbonaceous shales, and contain fossils similar to
those found at Tabbowa. |
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Miocene

The largest development of rocks of Miocene age occur in the
nort’, #est coastal belt of the island, extending from the Jaffna
rer.usula in the north to Puttalam on the west coast. The limestone
is best developed in the Jaffna Peninsula and 1is a highly
foss: . :erous, hard, compact rock, usually creamy in colour. Tn the
Aruwe o .lu area, north of Puttalam, the 1lithology varies from pure

iinestone and siliceous limestone to calcareous sandstone and impure
Cc u mous nuds.

Dec ' .os the limestone in the west a very smell outlier of rocks of
Micuene age occurs at Minihagalkanda in the south—east coast.

E™ ~ >tocerne and Recent Formations

ReslL ; ¢ the Miocene formations and crystalline rocks at several
loci ' .es in the island are a variety of consolidated and
unco.. wiidated material consisting largely of gravel, sands and
.ays. hese deposits belong to the Quaternary system and among them
ar2 a aunber of economic mnineral deposits.

¢ o Jinous gravel beds are mainly confined to the coastal piain
©w no.gombo to Mannar. They have also been observed in other paits
of - . coastal areas of the island. In the western coastal area tne
. .avei rvests on limestone of Miocene age and is overlain by red
g2 - deposits. The origin of the graveli is mnot kihown. The.r
distribution along the coastal belts indicate that these formations
may be marine beach deposits formed when the Pleistocene sea swept
over much of the present coastal area of the country.

Red sarth formations are uniform in character and consist mainly of
sar *. They vary in thickness from a few metres to over 30 metres.
They form prominent ridges parallel to .the coast 1line. The quartz
grains are well rounded, and their similarity to the dune sands
suggests that the ridges once formed a barrier beach backed by sand
dures. Minerals present in these sands in negligible amounts. 1inc’ da
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i.one U ., iukile, zircon, garnet and monazite. . oL
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Several dolerite dykes and small granitic bodies have been intrui-
into the Precambrian rocks. A carbonatite intrusion has recent ,
been identified (Eppawala apatite deposit). The Tabbowa beds a
believed to be over 500m thick whereas the Andigama basin is over
350m in thickness. The Miocene occupies the north-western parts of
the island and the Post Miocene formations include the red earths,
laterites, beach rccks, and a variety of other sediments including
gen gravel., The island is fairly rich in the non metallic group of
minerals or the industrial minerals. The main mineral exports are
graphitey‘qems, ilmenite, rutile, 2zircon and small quantities  of
mica. A number of industries have been set up using local mineral
raw materials., In this connection the ceramic industry is worthy of
special mention, Recent mineral = discoveries include the Eppawala
apatite deposit, the copper magnetite deposit at Seruwila and the
Uda Walawe serpentinite deposits with traces of nickel. The boundary
between the eastern Vijayan and the Highland Series is now
recogniéed as a mineralised 2zone and the Geological Survey
 Department has plans to map this zone in great detail. The Seruwila
coppermmagnetite deposit and a few bodies of serpentinite constitute
the only evidence available to assume that the boundary between the
eastern Vijayan and the Highland Series is a mineralized 2zone. Much
work therefore remains to be done before any definite conclusions
could be made. This also applies to the origin of the mineralized
zone. With the establishment of the Oceanography and Survey of
Off~shore Area Unit by the National Agquatic Resources Agenéy, the
Marine Mineral Resources of Sri Lanka would also be investigated. A
'National Hydrographic Office has been established by the Agency.‘



CHAPTER 4

ENERGY MINERAL RESOURCES

~In order to appreciate the development and distribution of energy
nineral resources, other forms of available energy are also

discussed. The pattern of use of primary commercial energy sources

varies according to local abundance or shortage. Wood is the main
fuel source in Sri Lanka. Since Sri Lanka has no known resources of

fossil fuels, petroleum products and limited quantities of coal are

imported, The Ceylon Petroleum Corporation is the sole importer and
distributor of petroleum products and it operates a refinery at
Sapugaskanda. This organization has also undertaken activities in
connection with the exploration for oil in the country. Water power
potentidl has enabled hydropower development. The existing
electricity generating stations (hydropower and thermal) with a

total capacity of around 430 MW(1983) generate nearly 1700 Gwh of
electrical energy per year, Eighty per cent of the electricity

generated is from hydropower, In 1968, the actual and potential

economically viable hydropower resources of the Island were
estimated at around 1600 MW of installed capacity capable of

producing an average annual output of 6260 Gwh (UNDP-FAO-1969).

However, the estimates are no doubt higher now . since resources not
‘considered to be economically viable 15 years ago could be viable

today with the steep rise in the oil prices during the intervening
period,

Approximately 50 million tons (wet basis) of low grade peat or 5

nillion tons (dry basis) have been proved to occur in - the
Muturajawala swamp north of Colombo., The deposit cannot be

considered a promising one. Deposits of uranium have so far not been
~discovered. Promising areas for uranium exploration have, however,
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TABLE VI
ENERGY CONSUMPTION IN SRI LANKA

1961 - 1983
(In Common Unit of Measure i.e. Gwh.e.r.)

Taar Elentwi— Z 0il % Coal 7% Totali
cicy
o1 353.0 15 6 1i674.56 73.90 26lo3f 11.4 72932.97

o -3z 15.6 1809.3 73.8 261.56 10:.6 2452.86

K 2 no12.9 1821.6 75.% 269.06 il.2 2399.66
Z 352 > 13.1 1379.5 74.0 327.18 i2.9 2539.69
o 362 14.5 1860.3 75.1 25é._  10.3 247661
& 424..0 16.8  2034.9 8C.8 57.94 %24 2515.94
57 489.0 16.6 2237.4 75.8 22%.6% /6 2551.0%
58 556.0 18.8 2319.9 7805 78.27 2.7 2654, 27
54 604.0 .v.3 2464 .5 79.0 49.6€ 1.7 2118.18
) 662 C 19.7 2679.0 79.6 22.6¢9 0.7 2363.6¢
7L 722 - 21.5 2612.4 77.7 24,75 C 8 2259..5
72 810.3 22.5 2772.0 76.9 21.57 C.6 3607 8¢
73 866.1 22.9 2891.4 76.¢€ 18.0 0.5 3775 L
74 982.3 27.9 2295.3 71.7 12.19 C.4 3196.7¢
o3 965.4 30.5 2196.9 69.4 3.75 0.2 367 15
BN 999.3 29.0 2440.8 70-9 1.87 0.1 344 °
77 10340.6 31.4 2069.8 68.5 1.5 0.1 320, ¢
78 1162.3 30.0 2682.3 6S.3 24,18 0.7 3868.78
i) 1298.3 30.7 2932.1 69.2 4.01 0.1 2.4 41
8¢  1391.6 31.7 2993.8 68.2 5.09 ¢ 43

81 i5G3.1 - 31-1  3320.7 68.8 3.5¢ C.1 £827 39
82 1686.0 31.2 3646.8 67.4 77.79 1.4 541C-.5¢
83 2114.4 30.3 4810.86 69.0  40.49 0.6 6965.5¢S
Conversion Factor:1000 tons of oil = 3 Gigawatt hours

1000 tons of coal
1 Million Kwh

1.875 Gigawatt hours
1 Gigawatt houx

Source: Ceylon Electricity Board, Ceylon Petrcleum
Corporation and Customs Returns.

After: Edwin Ranasinghe - Manager (Economics and Planning)
Ceyvlon Petroleum Corporation.
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TABLE VII

PROJECTED OIL PRODUCTS REQUIREMENTS
IN SRI LANKA
(1980-~1990)
1000 metric tons

YEAR Domestic Industr. Transport Petrol Total
Kerosene (HD & PO) Auto Diesel
1980 188.9 156.4 401.4 88.1 840.8
1981 195.2 159.9 428.2 87.3 870.6
1282 201.7 163.7 450.0 86.5 901.9
1983 208.4 167.8 472.9 | 55‘7 934.8
1984 215.3 172.5 497.2 84.8 969.8
1985 222.5 177.4 522.5 84.1 1006.5
1986 225.9 182.5 549,2 . 83.3 1044.9
1987 237.5 188.4 577.3 : 82.5 1085.7
1988 245.4 194.6 606.7 81.8 1128.5
1989 253.6 201.3 637.6 81.0 1173.5
1990 262.0 208.7 670.3 80,3 1221.3

After Edwin Ranasinghe' Manager (Economics and Planning ) Ceylon
Petroleum Corporation. i

The p.ice of crude oil has been steadily rising over the years. In
Sii Lanka, the price increases have not been immediately passed on
to the consumer. However, over the.past decade there have been sharp
increases in the prices of petroleum prcducts. In 1872 a galion of
super petrol was soid to the consumer at Rs.5.75, Kkerosene a*
Rs.1.32 and auto diesel at Rs.2.14. The retail prices now are petrol
Rs.61.40, kerosene. Rs.29.97 and auto diesel Rs.36.98. As Sri Lanka
has to continue to depend on kerosene (for household 1lighting .
heavy diesel and furnace o0il (industrial ° sector) and petrol
(transport) the import of oil will continue to ‘have a cri-fne .
itpact on the economy of the country. Off-shore investigations
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n-+ iand. The main reservoirs are Victoria (first stage 210
% trale2 (207 MW) and Randenigala (122 MW). Other 1eserv °
mentioned are Maduru Oya (8 MW) Moragahakanda (40 mi} -7 Rant- ~
{46 M (F.g.8).
The *'staliad capacity and the annual energy output capabi ity of
ihe __ eL "‘rg stations as- at 1985 and the power stations " -dcx
~ g, 1rt'cn and those plianned for development under the accelerated
. ~-ame of Maheweli development and the Walawe ganga project are
rasented in Table VIII. The predicted maximum power demand on the
A¢ " nal grid (Ceylon Electricity Board study, 1981) for the period
14 5  is presenced in Table IX.

T.e total hydropower resources of Sri Lanka {existing and potential)
ash’ atred a1 C€R are presented in Table X. As there has been no
cvstematic basir by basin study under-taken so far. figures
. esa red for hydropower resources (Table X) are subject to
e\ 3.0a., The need to investigate all potential hydropower sites sc
25 to eramine their technical feasibility and economic viability has
heer emmhasised from time to time. With a study o¢f this nature it
. 1.4 be possible to draw up a master plan to develop the hydropower
resources on a planned basis, In this connecticn the Ceylon
Electricity Board has plans to undertake a survey of the -yd opower

potential of the country under a Master Plan study on the subiect of
energy in Sri Lanka. '

Sri Lanka's electrical energy supply from hydropower rescurces will
continue to expand sharply till about the year 199Q. F#from there
onward the development in this source of energy is expected o be
slow,

PEAT

Peat is used as a fuel in many countries. The largest known deposit
of peat in Sri Lanka is in the Muturajawela swamp, situated on the

west coast, north of Colombo. The deposit covers an area of 34 sq.
#zm "-h an average thickness of 4 metres. Investigations by the
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TABLE VIII
SRI LANKA POWER STATIONS

(Existing -- Under construction -- those planned)

Existing Hydro Power (MW) annual Energy Capability
(Gwh)

*Kotmale 201 -

Victoria 210 -

01d lLaxsapana 50 325

Inginiyagala 10 60

Uda Walawe 6 22

Wimalasurendra 50 165

Polpitiya 75. 355

New Laxsapana 100 410

Ukuwela © 40 220

Bowatanna 40 135

Canyon 30 144

gxisting Thermal Power (MW) Annual Energy (Gwh)
Sapugaskanda 80 -

Kelanitissa 170 -

Chunnakam 12 30

Pettah 08 02

Under Construction or Power (MW) Annual Energy (Gwh)
Planned for development

Randenigala 122 -

Moragahakanda 40 -

Maduruoya- 8 -

Rantambe . 46 -

Samanalawewa

(Walawe ganga) 120 -
Ceylon Electricity Board ‘ *presently available 67MW

Geoiogical Survey Department have proved 50 million tons * - ° o

“of peat in the area. Actual reserves are much larger. Irir- ‘¢ @
of the serious problems of peat workings. The neat ~ i T 20
per cent water, and this could be reduced to 10 - 1, per cent by

slow drying over a period of 10 - 12 days. Tskle ¥~ sho—~ - -e
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resilts 7 analvses for type samples of peat. The material is of a
. u grede type and the formations are not of a uniform character.
The deposits cannot at present be considered to be of value as
2nergy cesource,

TABLE IX

PREDICTED MAXIMUM PCWER DEMAND
ON NATIONAL GRID

L YEAR MAX. LOAD M.

|

[ 1984 657 !
1985 744

[ 1986 808

; 1987 883

; 1988 961

l 1989 1046

i 1990 1139

f 1991 1242

( 1992 1352

[ 1993 1472

| 1994 1602
1995 1744

|

Ceylon Electricity Board

(CEB Study in 1981)

TABLE X

HYDRO POWER RESOURCES OF SRI LAMKA
(Including existing stations)

Location Capacity Average Annual Output
(M.W) ’ (Gwh.)
Mahaweli Complex 962 3380
Kelani Ganga 305 1450
Kalu Ganga 135 580
Walawe Ganga 126 680
Jasmin Complex 36 160
Other Minor Rivers 28 40
TOTAL 1592 6260

UNDP ~ FAO Report 1968
Ceylon Electricity Board.
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TABLE XTI

CHEMICAL ANALYSES OF MUTHURAJAWELA PEAT

samle No. 1-A 3-a g 10-1 13-a
Moisture % 78.34  82.22 83,52 79.39  70.69
ash % 16.95  24.92 11,24  30.46  27.65
Volatile

Matter % 56.07  44.01  51.22  42.69  46.25
Nitrogen $ 0.86 0.43 0.92 0.70 0.73
Total Sulphurs  4.15 5.08 5.14 4.78  3.56
Fixed Carbons  26.98  31.07  37.54  26.75  26.00

Ash conte - - range 10 to 30 per cent (Average 20)

Su.ph - content - range ! to 8 per cent (average 5)
Moisture -- range 80 to 90 per cent

- Nitrogen content ~ less than 1 per cent

Geological survey Department

Coicuaeo .

URANTUM AND THORIUM MINERALS

Uranium, the most important source element of atomic fuel, is found

in the earth's crust in an amount estimated at around ~ 1 Nen3
per cent. But it also occurs in concentrations of sufficiently high

grade to permit economic extraction; these are the ore deposits. The
principal ore mineral of uranium is pitchblende or uraninite. Along
with a few other lesser known minerals, uraninite is a primary ore

nineral. There are also a number of other uranium minerals, such as
carnotite, autunite, torbenite, etc., and these are all secondary

ninerals derived from the break—down of primary ore minerals or
formed by the precipitation of uranium - bearing solutions some
distance away from the original source. The latter type of
mineralisation is more widespread than primary mineralisation, and
usually occurs in_sandstone, shales and conglomerates.
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To s o cev_ o tuat nc lum v Ut o v _Lcar reéT.ors agpea &
whony o ooyt the cul.2, maere - J ik 0 T ooztrtldl  nLLKO!

tn. v when surcessful’ - thorium the mal @ 4 bh.eed>  ea “nrs v .
dave.-oed. Thorimm is © so used | the 1 *Fad “ie ~. c¢° w8,

,

arey™ o0 s, of ~thozies ~rd ot vshs.

TLER AL SPivaa3S

A s . 2y of hot springs .n Sri Lanka was une. aken by Fonseka
zt al (175%9)., At present thay cannct be cconsidered as & geothermal
resource. for power generation. Unilike in some cther parts of <he
worid, these springs do not appear to hrve any direct connection
with volcanic activity. For instance in Japan with abcut 65 active
volcances, there are very rich potential zeserves of geothermal
energy. At present Japan‘s dJeothermel power  generation — output
amounts to about 250 MW. In Sri Lanka. hot springs are mainliy
lccated in the eastern parts of the country where dolerite dJykes are
well exposed (Fig.9). Nine springs have beern identified and the
waters from these springs record a temperature usually in the range
34°¢C to 55°C which is considered fairly iow (Table XIII). tThese hot
spr .ags are of no economic importance at present.
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TABLE XII

CHEMICAL ANALYSES OF MONAZITE THORTIANITE AND THORITE —~ SRI LANKA
MONAZITE
Constituents pondra Ratnapura Beruwela
Thoria ThO7 9.51 10.29 8.65
Ceria Cp03 28.70 27.37 27.35
Lanthanum Lajz03 28.56 30.13 31.08
Yttrium Y503 1.05 2.14 0.95
Ferric Oxide Fep03 0.10 0.81 0.15
Alumina Al)03 1.31 0.17 0.78
Lime C&0 0.89 G.41 0.20
Silica Si0)p - 1.03 1.60
Phosphorus pentoxide ] :
Po0s5 28,91 ‘ 27.67 27.50
Titania TiOp 0.05 - 0.15
Total 99.08 100.02 98.41

Geological Survey Departnent

Colombo 2
THORIANITE AND THORITE
" Constituents Thorianite Thorite
(Kondurugala) (Kondurugala)
ThO3 76.22 66.26
€203 8.04 7.18
Las03 - -
72109 traces 2.23
U03 12.33 0.46
Fe03 0.35 1.71
PhO 2.87 -
Si0g 0.12 14.10
cad - 0.35
Po0x - 1.20
Ho0 - 6.40
Total 99.93 99.89

(Imperial Institute)
London.

bondra and Beruwela -~ Beach sand deposits
Ratnapura - Gravel deposits




TABLE XIII

_LIST OF THERMAL SPRINGS IN SRI LANKA

LOCATION DISCHARGE TEMPERATURE TOTAL
Number Name Litres/hr grams/litre
|
1 RANKIHIRIYA - -
2 KANNIYAT 42 0.220
3 GALWEWA -~ -
4 KAPURELLA 1200 55 : 0.870
5 MAHA OYA - | approximate 54 0.990
& MARANGALLA minimum 47 -
7 WAHAWA - .
8 KIVULAGAMA 34 0.550
| 9 | vamapELESSA 44 6.490
|

*See figure 9.

After Fonseka et al (10).
OTHER RESOURCES

Other resources include various agricultural wastes suc.. as madd’
husk, sawdust, straw and coir dust. Investigations are being carried
out on *he application of solar energy. Wind mills have been
constructed for use in irrigation and for domestic purposes. Bicgas
units, mainiy for domestic use, have been constructed ’in some  rural
households. The installation of mini hydro power plants is being
examined. The production of alcohol for power is also being
cor ldered. Attention has been given by NARA to a study of the
Trincomalze off-shore - region which includes the  Trincomalee
Submarine Canyon. The availability of deep water (extending tc =&
depth of 2,500 metres) in close proximity to the coast at
Trincomalee and the existence of a suitable temperature gradient
gives Trincomalee the ideal conditions for the location of Oceen
Thermal Erergy Conversion (OTEC) systems. Presently studies are
underway to obtain further oceanographic data relating to OTEC.
These studieslmay also throw 1light on the origin of the Eastern
Mineralized Zone (boundary between the Highland Series and Eastern
Vijayan) which could be traced as far as Trincomalee (Seruwile
copper-nagnetite deposit).



Firewo ] sti .. re Ins the most important source of e._.

ru. = eas, accounting for nearly 60 per cent of as It
enerqgy ! 2&ds. At present only 25 per cent of the country is cover--~
€ _ests. Tt I3 envise—td that plante n dorests wola ¢ .
a0 . " oer cer 5f the and area by abont the vear . .lC  Attenion
has aiso been give~ o the - duckicn . ch~~oal in the o~y
Sci Liocka hat *u .~ oih aem ~as, and (e ol is  imperted  and
refioe Toporllo v *'es £~ 7 mported. The weat de . Is
‘» - 2dsland v L be corsidered an en oy source. This =lse
app. a8 ¢ ¢t~ -~rermal springe. Monaz'l . ours . apprenishle
amou “s. A':. 1 areasg have been demat:a.nd for uaranium st s,

e . ran ins ko be done t 1 thT D273 of acs’ i7. Tae Fotal
hWee C cpes .es 7 Toxn Laka w e e tirsted in TT7R akb 1607 L
L€ s et mons dored te ke economicell ;o viedo e TR e A
highly v. "ble - -~ with e r se 'n - 1 prices. Wh -~ =zhe Mas -~ -~
St \~» b2 urderte™2 by the {ev. n Fectl! ..y _Ta.’, - = €

e ergy p.nblem ‘s completed, Aa true pictuie of the n,dr > .
vokz 'al .- Sri Lanka wsould be avallab:le. The country s =2le~trice?
eniergy w11 mainly be met by her hydropower rescurces tiil ©ths =7

5. s, Arcr 3 to power demand forecasts for the con.it.  “he
prohable demen” on the national grid in the year 1982 s e ™7 ¢~ e

be -rcund 1140 MW and in the year ™"20 it would be : - the vrvea o~
2500 MW (S per cent growth rate from 1992). Expecting hydropower
supp ¢y 1300 MW by the year 2000, there s st . a taige L 'nce N
be supplied from other sources. Revised ficu es for e ectr czel
energy demand in the near future are likely tc shcow higher ve ues
than those mentioned here.

licat®*~ms Aare that vthe economically exploitable N 3

potential of the island at present (taking into am." = ‘.e o cn
prices of fossil fuels) wculd ke in the region of 25 . M

RN

wb ch . nearly double the hydropower poter!. .z {.1CD .l as
estimaced 1968, Howaver, hydropower developmenc @ . ©the oountry
after -_ 2 turn of the century is expected to be slow., The immediate
need therefore is to devel p and introduce new scurces c¢f energy.
Alcernative sources of energy such as sclar, wind and bicgas are not
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going tn supply 12 large increases in energy demand that - 1l occ
in Ssri " . around 2000 AD. They are mainly acceptable : . g
apr. ication, Fower from coal has to be introduced and: even power
from nuclear reactors may have to be considered in order to meet the
larage blocks of energy demands in the future.



CHAPTER 5
FERROUS AND FERROALLOY MINERAL RESOURCES

a1l gh there arz some occurrences of a few of the minerals falling
“Nos this group, 2..y iron occurs as deposits of any economic value.

e 'ge of silicon (Silica) in alloy form (ferro-silicon) is firmly
g~ :iished in the iron and steel industry. Silicon metal is also
nsed .. aluminium casting which requires silicon additives. Sri
La, a has extensive deposits of high grade silica used mainly in the
~aramics and ailiied industries. Silicon alloys and silicon metal are
© ot preduced in this country, Silica is described under @ the
1o, netalli~ group of minerals in Chapter 7.

4 »1is known to occur as a minor accessory nineral in some

~~:- ~  ~r~ni*~5 and graphite bearing veins. None 0. taese
.r: in sufficient concentration to permit economic

Fior, ite: | :ed serpentinite occurrences at Uda Walawe have

st CL 1~ detail (Dissanayake 1982). The serpentinite shcows a

. o2t of 500ppm (minimum) and 2 per cent (maximumj) and it

' n ho the presence of cobalt (70 -- 380 ppm), mandanese (700
Y, n, an® chromium (300 - 3100 ppm). The results of studies by
“he 0logical Survey Department in the serpentinite outcropping
r- 3 at Welevatanwila (Ussangoda coastal area) indicate higher

“1r. - 7 values (over 2 per cent) than those recorded for the Uda
Wi I O osits. Jayawardene (1982) reports the presence of Fe 32-37
rer _oat, . 13-19 per cent and Ni 8-13 per cent 1in the mineral

- » _iandit= from the copper-iron ore prospect at Seruwila, and the
. ce element data indicate the presence of vanadium. It 1is also
stated that the ultra-basic rocks in the Seruwila area  have

comg - .vely high contents of chromium, manganese and 2zirconium.
= - we values have no bearing on the overall grade of the ore at
Serv lla - Uda Walawe. However, the information is useful for

iture mer  detalled surveys in the eastern parts of the is]l 1d.
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I R

Iron in its various forms, steel pig iron, wrought iron, «ast i ~
and various alloys, is the most extensively utilized 1ot 17
element of the earth's crust. 1 ore is & low va e .~ .7l
product and can be produced ecornomice lly oniy in  “uro VI
Mining and transport costs are critical. Hematite c.:»s =« 7 . o~
utilized and many of the major hematite deposits of the wc: ¢ - '
rnined at a grade higher than 60 per cent iron. In estimatino
actual importance of ore deposits, a problem arises.as o
constitutes "Ore". This varies from place to place and from ©«© -
time, For example, if we take the case of iron, a larce [ " n:

ore mined in France has only 26 per cent iron, but material ¢~ 0
grade would not be considered as ore in 1India, as *%the latt~-

adequate reserves cf high grade ircn-ore to last hundreds of v ~r.:

There is an abundance of high quality iron-ore in the worléd -~
recent discoveries, particularly in Western Austreiia, DRI
South America have added substantially to the worldfs —~own -~nrer 2
of high quality iron ore which are now estimated at over 350 + "1inn
tons. This non-European ore is highly competitive on ‘account of 4. ¢
high quality. The Sri Lanka deposits of ircn-ore are negligible 'an
compared to the world's large deposits. The total known ira  “e
reserves in the island are in the region of 10 - 12 mill 'on *ons.
The importance of the iron ore, however, lies mainly in the £ack
that it can, given other favourable conditons, support & small scale
local iron and steel industry. Slag heaps have been observed ¢ [ -
present at a number of localities where iron ore deposits occur in
Sri Lanka. These mark the sites of ancient iron furnaces. This *trade
was probably active  during the Portuguese Period (1l6th ard 17th
centuries). Local folklore is rich in legends pertaining to the :_bon
and steel production activities of this period. In many instances
the slag heaps contain hollow conical clay tubes, about 2 “-shzs in
diameter at the large end, which were probably used €for <casting
steel, Coomaraswamy (1904) describes in the following words what was
one of the last surviving furnaces at Hatarabage near Balangoda:
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T, iron smelters are called Yamanhu.® The furnace is shel. 1

-racth.th - .-hed roof of a shed which is open on &ll sides;
= ‘.- . I he house occupied by - .n2l- . D R
as - * rays the case, it being more conver .t ok
1 Fhe ore to the furnace than to build the furnace . .. - .
n . .on ore deposits of Sri Lanka fall into three broad cat.. 7 :3 ‘
oo,
. T~ -~ t3 of hydrated iron oxide (limonite and geothite) occuring

.= ~_ ne 'L the surface (lateritic ores)
.2 = -2 deposits within iron formations
~e Se. 7' .a copper-magnetite type of ore

T -~*ed . . n Oxide Deposits

Tha v+, -ed iron oxide type Of ores are the massive ¢ '
£ r ¢ ~ome aterites rich enough in  ircn  hydroxide {r.adudv
9~ -iite) to constitute iron ore. These are mainily concentrated L
tra . >tFh west sector of the island, particularly i= <the Ratnopar
" - +et, and to a lesser extent in the Galle and Matara dist~*~*s.
Tha nccurrence of iron ores of this type has been known foir do 3¢es;
“r” Wadia (1939) pointed out that the development of the £ri & @
' . -.2s was economical in spite of the fact that the deposiis were
very small. Ir his preliminary report, Wadia gave a Iic .. «<f

2 *~- -cns for the reserve, and leter he estimated the L~
reserves of surface ore at between five and six million tons.

T

The ores occur largely as surface cappings and occasioni ! ., =
embadded lenses or pockets. The cappings are not continuoL: but
consist mainly of detached masses and boulders on the crest of
hills., as for instance at Noragolla, or on . hill slcps as at Dela
East, In some fields very large boulders of ore, severid. thousands
of cubic metres in size, are found protruding from the soil
(Filg,11). Generally they have no great underground extensicn in;
depth. The deposits are small, and forty to fifty scattered deposits
of this type are known in the south-west sector of the island.
Individual deposits vary widely in size from about 10,000 to 15(,00C
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tons. The most i Jtant ¢of these depositis
Opat2 . 4 p ~ . " <{he Ratnapure e
Galle dist: t.

Figv-e 1. E -"rers - 1 .- 1

Besides the massive high grade ve v v -7 ~
(Tabie XIV; there are lower grada e
lateritic types. These 2re macr.e y '~ o -
gravity. and conta’ Coth o ocler a5

generally assay from 30 42 ~2r cant Fe.

Diamond drilling investications (175%)
deposits revealed that even at Zepth & -~:e *o
ore beds and that they are ratheyr 1 the

lenses with much barren cround in ©

£ eoan
sporadic deposits scattered over sc vy
estimation of the —Duantity of ore is 1 et
Fernando (1958} in a report .. the "
estimates the iron ore reservag AL = ~wrd 0

estimate has been '+ 2n after & fe- . -~ -0 oF

N
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ore deposits, T~"1e XIV is presented to show the an:™ . #i dare
some typ’ . sarp. -s of ore of the hydrated type.

TABLE XIV

ANALYSES OF IRON ORES - TYPICAL HYDRATED TYPES

Constituents Dela Noragolla Ambalangoda | Deniyaya
8102 6.57 4,25 13.16 11.58
Fe203 73.35 - 80,11 64.48 69.98 ;
A1203 2.10 _ 2.22 7.99 2.15 i
MnO 1.14 0.94 N.A, 1.03 ]
TiO2 Trace Trace N.A. 0.15
PZOS 1.62 1.75 0.09 0.87 i
Ca0 0.14 0.11 N.A. 0.97 ‘

I MqO Trace Trace N.A. : 0,01 !
S 0.17 0.19 N.A. ! 0.17 !
Loss on { |
ignition 11.48 11.42 11.19 i 11.76

T i
Total 99.51 100.59 96.91 99.67
I !

After Kumarapeli (1964)

Geological Survey Department

The mining of the iron ore deposits will not present any serious
problems other than those arising from the scatteed distribution of

the ores. In most cases open cast methods will be all that is

necessary to exploit the ore. With one or two notable excepticns, by
far the great majority of the ore deposits occur on estates, isainly

rubber and tea, and occasionally on cinnamon property. Although the
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v’ 7anka iron ores are high-grade for deposits of this nature, .ne
arn  ac 9F mecaliic iron is well below the amount normally prefe '

]

e o.-st furnace practice while the phespherus content
¢ ara ires T hign.

I.ite Deposits

"
0y

v e second category are the magnetite deposits discovered at

_ -~a2-g.~ i the Sandalankawa area (1959), at Panirendawa in the
' law area (19262), and the small occurrences on Mooloya Estate,
> ata, and at Karametiya. The only deposit of economic value is

‘e one at-Panirendawa; the others are too small to be of interest.
“ o i e | 11364) has given a detailed account of the Panirendawa
nagne_ ta dep. T,

The Wilagedara magnetite deposit is of interest as it was the first
o~ ded magnetite deposit discovered in Sri Lanka prior to this
J.scovery only the hydrated iron ore deposits of the south-west were
[ c Al*hough the deposit is too small to be of  economic
‘mportance, it is of interest as the magnetite is associated with
“"e mineral barytes (barium sulphate).

The Panirendawa deposit consisting of four closely related deposits
‘A, B, ¢, D) is situated 5 miles north-east of Madarpe in ibe
Nort’ western Province of Sri Lanka. (Fig.12). The dJdeposits are
directly accessible from the Madampe - Bingiriya road. Except for a
few bands of quartzites, the bedrock 1is everywhere concealed hy a
mantie of lateritic over-burden. Rock types in the surrounding areas
ir "ude chrnockitic rocks, calc gneisses, cordierite gneisses,
cquariczites, biotite gneisses, migmatites and granite gneisses. The
first systematic exploration of the area  (geophysical work )
cormenced in 1962 as part of the general ground follow-up work of
aeromagnetic anomalies of the south-west sector of the Island.
Twenty five drill holes were also bored with a total footage of 2939
netres,
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PANIRENDAWA
, IRON GRE DEPOSITS
/.. VRENDAWA i EPOSIT

C — PANIRENDAWA
. "OREST RESERVE

pypbeuniny

-
2 MILES ==

Figure 12. Panirendawa Iron Ore Deposit

The main rock type ehcountered in drilling

operations is a
calc-silicate gneiss.

Within this rock is an iron formation
consisting of two or occasionally three bands of magnetite rich

rock. The maximum thickness of the iron formations intersected is
approximately 15m, of which, bands of magnetite make

up - 12m. The
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. f. mation does not persist in uniform thickness for any «reat
dist:r~ Mt feams to ‘nch and swel!l .n unpredictable fashion.
ba ded magnet .t =t Pa siendawa is a fine grained dense rock with

.o .2l T ¢ .7y to plack colour. Thin p a.iel lavers of 1lig..
0 "~ r.” 3 inate minerals; mainly potash fe.spar, «ives the rock
e .. and white banded appearance.

2" .en:il - of the deposii which was carried out by bore holes
.nrcedan ¢ .ea I i . - 2 " “crares. Only a few drill hc..s were

oL T indep g L3 1., Hece U 2 estimates of tonnage and
i of ¢ posits ~_: less re iable th. 1 the o . .esponding estimates
L ozpne. s A 1 DL Magnet: te estimated to -~ i at & depth greater
woé o Loa from che < Jace has not been inciuded 1 the reserve

zes, A amof ° has been used as & cut coff welue .
L W ges. Teblie KV is presented tac -~ o e
€ TS e ge - ¢ . ace rr " i@ Fanirendawa magnetite depos .\ g.
TABLE XV

TONNAGE AND GRADE ESTIMATES — PANIRENDAWA
MAGNETITE DEPOSIT

T ? (A R

] T T i
! }Tonnage Fe {Sioz ! Mn 1Ti0, A?203JCaO }Mgo % S l P %
- 1
iA ; 981,980[52.1 |17.9 [0.50 | Nil 4.9 f1.88 11,30 10631 }0.033
iB l 981,328‘48.2 ‘19.2 :0.43 | Nil :5129 30,74 jOb72 {3 g %C n39
[c { 852,530[53.5 18.0 10.85 | Nil 14.78 l0u22 10.64 ) Nii 0.96S

D {3;537,421 51.1 119.8 j0.39 | Nil §7.41 10.08 10.30 | Nil 500057
. § '

6,353,259(51.2 118.7 10.54 } Nil 15.59.10.73 10.74 10.17510.049 I

After Kumarapelin(1964).

Geological Survey Department.

The , lue of an iron deposit is largely dependent on its suitebility
for m .ng bv open pit methods. The Panirendawa magnetite deposit
occurs at depths ranging from 30m to over 120m. Open cast mining has
therafore to ba ruv 2d out. The magnetite deposit is broken = tc¢ .~
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structural blocks (A, B, C;, D - Fig. l.). The deposite A, I 4 d
have small tonnaages (isss thaa a mil' ecn .--3 .. -~ - o Th
deposits cannct 2 minad 2cc wemically. The A< D oo =5
tonnace ~= v S m', .lon and is worthy - £ 4 . e« RS

assess .’& oconomic  potential. Kumarape. | {1 i4) nsg v . -
comp~oi"c.. - I Panirendawa megpetite and the hviat- . ¢ -

w

depc .re f the south-wast sectHrr ¢f +'¢ "< ad see "= | )
disc~ ~ry of the Panirendawa depcs .t markes tv~ heci-~‘p- f = ~-

chapter 1 the higt~yr -7 - © . “ton Fooo A

v - PR R T -

. - .- .L R N P

S

[£2)

- il . tev was s " oSS in icarnihl T A g

oD

de_~ . of the sedimentary tyre2, Sums ~. - li .otsh de nTE,

- d are of this type and 2 6m thick b 3 c andir~ o an v
ti re2 sg. km would viel” = * sc2 S oover 7 onm Tl The & >~
adZacent to *F s T .p it in Pani a2nda . uA Fhep i

intensively se: .na 1 for other simi.iar dep :its.

The 277 1 Topper-Magnezite Depos.s

e ~omrer~e of oprer—iron ore at Serwviia NUF Tri Lev oy oo
£ost pase-metal find a4 the ¢ mtzy  was dis ove (@ ' T
Geol _gica. Survey Department in 1271, The =rea is 7~ y F£r
and access during investigations was from survey 1 nes €°2 -t - . &
¢ ‘¢ of 20 metres. Drilling investigaticns have revez 2d {r-:- -
..e bcdies containing magnetite and ccpper sulphicas ere lent: ., ' ¢

» ghape and concordant with the dip ard ¢+ 7+ =2 of the nost ' =
The e ses of ore varied from 1 — 10 metres in thickress.

S@&cco o oLl Bl geology and tectenic settiiy . oz ~opper I
cerv Leoo bt T..vr'la has beep wukl:r shed ‘aezdere L o G
893y, wu ~ 32t 'a irma is under irn W high grade metanr D,

s of Precambrian ag.. 1o tie norith-wesc cof the -~ of
.~ ralication, arant”. = facies rocks such as - " o ~ e
" _ a zites are predominant and they h<.cng fhe
g~7* 5 of rocks, To the south-east, granui’ .es. S« oo end
r Y. - dotite gneisses are the major sk g and - ese
k.'w g a7 g7 Series. Detailed mapping of ~ . cwuwi'a ..ma bhas
rever ~4 - '+~ mineralization ic . be o, 07 0h



TABLE XVI

COMPARISON OF PANIRENDAWA MAGNETITE WITH IRON ORE
DEPOSITS OF THE SOUTHWEST SECTOR

PANTIRENDAWA DEPOSIT DEPOSITS OF THE S.W. SECTOR
%1, Occurs as vart of a bedded Occurs essentially as surface
i iron formation at depths deposits, occasionally as
. ranging from 100 ft to over embedded pockets or lenses
j 400 ft. '
42. Principal iron bearing Iron bearing mineral is mainly
i mineral is magnetite geothite.
1
2. Consists of four structural 40 to 50 deposits make up a
blocks with total tonnage total tonnage of 2.2 million,

]

I

|

i estimated at 5.6 million. The individual deposits vary in
| largest deposit has a tonnage size from 10,000 tons to

] of 3.1 million 150,000 tons.
1
]
|
i
|

i4. Average grade 51.2% Fe, Average grade 53.8% Fe, 7.25%

‘ 18.7% Si0p, 0.175% S, Sioy 0.51% P. Unlikely that
0,049% P, but amenable this material will be amenable
to beneficiation to yield to beneficiation.

a plus 65% Fe concentrate.
' |

5. Easily accessible Easily accessible but scattered
deposits. j

6. Has to be mined by costly Can be mined by inexpensive
under ground methods. open cast methods.

I ‘r

7. Phosphorus content low Phosphorus content high
- 0.049% - 0.51%

8. Has to be crushed, benefi- The material is porous, there-
ciated and sintered prior fore, may be possible to feed
to its use in the blast it without beneficiation to
furnace. the blast furnace.

After Kumarapeli (1964).

Highland Series and the Vijayan Series. Dolerite dykes are present
in the area and magnetite outcrops have been observed to be present
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.neralized zone (Fig. 13). The host rock f-. LT
o+ - ultra-basic rock highly weather. .. the . T~
< cndary copper minerals such as malachite &rd azurif e
.~CKs appear to have gabbroic affinities = *% grie ' o ¢ Lal
Scapolite forme an i~ .- < =~ -
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Figure 13. Simplified Geological Map - Seruw:ila Ares

The massive magnetite sulphide ore bodies vary in thi-

nec
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meties and arze coarse drained with magnetite, chalcopyl .o

T d pyrite. The disseminated ores are  conposed
mo .:.". wra.n Jchyrice. pyrrhotil - and pyr't~, and the gi.
vow 3.8 % Lite, apatite, tremolite, dil.side &nd  hornblend
Jd T © 1. n present in limestone (marble) a&nd o©. "1 adite has
- b s o .1 ‘tecryix™ 3 with the cobl s o ent -
PR TR ¢ o A - mtent, Secondary Ci Lo .

v s A o .~ Uy the a 22 C € . I owerals, and val .. .o
g> € . € - fied ! these veins. The s2 "y cerbor fe vel
~ I _.28_ - .. e massive ores, disseminated ~ ._- LT LT
e . .es ar. . —ast-_ 25, Two phases cf m e.0 . R ve
ST el Al LTt ges ila, & eariier phase = *sive
we ..z . . ™ ., suipnides and a _cte. phasae of secondary magnecite - 4

. as.

SR owev ‘e ¢ taat the ore mineras .zat.o~ 7 Seruwile is along a
i seated  thrust zone :°  the contact | >tween . 2 two me’

Sz .~3_w@l divis . ns - Hdighland Series and Vidavan S ._e:
d~ » J87),

> ~ep s=zated thrust 1is tentatively interpretead =s an obd ~ted

A

" .te e ' which has undergone a hi.” degree of A":zerati. ;oA
Ll meklln ade to the coliision and overiding of rne High'ends 7 0
v .7 =n. The .itholcgicali characteristics and the tectonic se-% ~
& e~ 7 .a are similar to a ‘melange’ f£rcm cphiclite ba. s 1in other
meL 13 2. ae world specially in Cyprus and the Fed Sea. The .- ..
carrs 2d out so far indicates that the tectonic setting and the host
rCCKS a2t Seruwila are definitely favourable fcr base-metal. o~ |
poss olv precicus metai ore emplacement“'

1. 7" 38 " 15 so far carried out have proved an ore reserve (lcpper

magnec.oe « .2) 9f 4 million tons. Of this reserve 40 per ceat s
it~ e) and 1.5 to 2.0 per cent copper. Teble XVII is piz=~" = >
show an analysis from each of the three types of ircn cre deposits
—_ze~t in ™ Lanka. Open cast mining has to be = ' ° cut at
£..v ' A as ir the case of Panirendawa. The ore occurs at depth and
pas te be m ~ 7 by costly underground methods. © 2 cre has tc be
o 1shad, £. 29 - .ated and :ereds the copp:. minerals have to be



removed prior to its use in the blast furnace. These processes

costly, and with world demand for iron ore continuing to decline
may not be economical to mine the type of deposit that occurs

Seruwila unless other valuable materials could be recovered
hy-products,

TABLE XVII

ANALYSES OF IRON-ORES — SRI LANKA

— "1 ;

iconstituents .  Dela Panirendawa Seruwila ;
i i
Fe,0, . 80.11 i 7321  94.66
510, f 4.25 18.70 { 0.86
A0, L 2.22 5.59 3.34
MO C 0,94 0.69 0.02 |
Tio, ; - _— 0.12 E
P,0; 175 0.11 Tr. :
C30 \ 011 . 0.73 z -
MgO | - 0.74
S 0.19 0.17 0.70
LOSS on '
! Tgnition Y11.02 — —
J
Total 100.59 99.94 99.70

1. Dela Limonitic type -~ average Fe content 53%
2, Panirendawa magnetite - average Fe content 50%

Beneficiation possible -—(to plus 65% Fe)

3. Seruwila magnetite - under investigations-benefication possible.
(Tentative figure over 65% Fe).

Geological Survey Department,
Colombo 2.
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The Ceylon Steel (9nrporatior was established

of inplementi. ~ the steel project which invoived t ~ s -0 ~

ro.ling mill as "he firsgh stage. Thr rolling miil and a - 1-

ware normissioned in 1967. The rolling mill has a capacity' o¥

tors per annum (3 shifts) and imported steel ©obillets ere £ o<

.n the mill to standard shapes to meet the regquirements F % .
Zu .2ing industry. Co ... twisted, nigh strength, ribbed tor -stee’' is
produced for use in reinforci.ace concrete. The wire mill has a
production capacity £ 12 © " tcns per arota. At present the “heel
prciect is c¢-ly partly dependent on impc:*ed : 2-. bhiilT 3 as the
second stage expasion whi~h makes use of scrap as raw materis . fr
the.production of steei bil ets has hbeen comis:. ~7 ™a ge-ord
stage preccess involvaes the melting of scrap in an e 'e. " i7 e
furnace and producing bil. .ts by a coatincus casting p.. 38s. e
Hillets wi il previde the entire requirements of the [ 1 0 ~
VWhen the plent ie in full cperation it is planned to produce =F
35,000 tons of billets from the 2nd year of productis . L
Corpcraticon has also plans to install 2 second =arc furrace and 2
cont” vous casting unit wher the demand for steel increases i 7
fr-ure. The third stage expansion tc¢ be undertaker. will ‘se .-
avaziable iron ore, This, however, would raquire & congs*e. ~ ¢

amol it of research and development on the suitability of *“ =2 i

ores for use in the industry. No techro-economic feasibility = "33
have yet been undertaken or the use of local iron cres .- =2
manufacture of iron and stee. ., Research anc¢ develcpment ..+ | R

produétion of pig iron is being carried out by the ¢ .p &~ »
steel foundary has been established for the manufacture € o -
and alloy steel. and a machine tools plant is “~ oper~*“c—,

SUMMARY

Except for iron ore, economic mineral deposits of the feL: g ¢
ferroalloy group are absent in Sri Larka. Minor occurrences of some
minerals belonging to this group (chromium cobalt. me=Tn

nolybdenum, nickel and varadium) have, however, been okszived a -

~ I
a

these are only of academi:. interest. Three types of ir 1

v
@]
bl

occur in the Island. The hydiated iren oxides (limonite ¢ ~ ~ e '

D



53 ¢ : cent Fe) are scattered deposits confined o the sd

cr ;oY the p2se ves are estimated at less then three wil'ion to--

The . . > de' type deposit (magnetite aite . benefic_ - .. .~ i
ce. . Fe) occurs at depth and the reserves are CLOWLTT o2
workable reserve is about three million tons and + <« ' 3 7 .& U
ore may not be economical. The Seruwila copper-mac~ : " o
cccurs at depth (magnetite after beneficiation - 7I per - _.
The nature of the ore is such that it needs considera . ; €8s
before it could be used industry. The tihiic - _ _ T
the steei p ~“=2ct envisages the use - ocanL oo .o
estigations have however been undertakei: r the CTiree | r <
cre availablie to study their technclogicai <h o' _cistice  © °©
studies therefore remain to be undertaker i-:- & #inail dec L
CouliG be taken on the use of ..:@l ores in a2 1.un " . oL
“raustry of S£.7 Lanka, Purther detailed survos s 0 3.
undert.aken at Seruwile and the area towards the soutn o assess
e~ - ¢ importance of the deposit wic¢h . .ecial fe_e. -~ 7

" . .82 22 of pracious metais {(gcld, silver -~ d p.at v 7
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MO}, magrecite (MgCO3) with a theoretical magres a content of 47 7
per cent., .d brucite Mg(OH)2 containing up to 6C par cont magnesia.
Sea W~ '2r magnesite is produced in many countr =£ where other
sources are not ava’ijable, Sri Lanka has very largé ve ~rves  of

dolomite and minor occurrences of magnesite, and the poss: (.l .ty of
prcducing sea water magnesia is also promising. Sea wat . 7 :th a
magnes® T conte _ -_ . i”per cent by we “ht is an inexheust dle
regource. [ & deposits of dolomite are widely distr: -ed
+ovough " = 2 werld, ard the world ieserve cf magnesite is
estimé > . - . 9 & biliion tens /.o . £.000 riilion tons, North Kcrea

9% mill . 1 tons ari New Z=ziand 6CC mi. 1 ~ tons).

Dolomite and dolomitic limestcne deposits cccurring in Sri  Lanka are
entirely ~onfined to the bnelt of crystaliine iimestone (marble)
deposits of Precambrian age. They occur interbanded with other rock
. wES SU- M as quertzites, <hainoc .28 and crneisses as discontinuous
it well defined bands, some of which cen be traced for many miles
¢ ng the strike (Fig. 14), Most of the outcrops are found in iow
ly’r3 land. The only magnesite deposit of crystalline variety sc far
11 sezagece” occurs asgenciated with  delonacar Limestone in
Fe Zeniva. near Wellawaya The map in Figure 1% shows the occurrernce
of crystal. ‘ne limestone. doiomite and magnesite. Tt will ke clee 'y
seen {rom the map that these depcsits cover a very vwide area
ext . 1ing from as far north as Vavuniya, through the Xurunegala
Xandy area to the southern region near Ambalantota. Though the
deposits do not appear to te ~-ntinuous they nevertheless foliow the
regi.~al strike of the count:iy rock. The best known deposits occur
in the Kandy, Matale;, Nalanda, Habarane, Kanadarawa, Ratnapura,
Palangcda, Badulla, Bibile and Welimada  areas. Generally the
deposits are of variable composition varying from a dciomitic
limestone to a dolomite.

The dolomites are white in coinour and the drain s.ze re¢ des from
rather cozrse to fine. Large rhombe <f dolomite are occasionally
surround=d by smaller dgrains e 7 this gives a texture resembling 2
porohyreblastic rock. Generaiiy they are more or less impure due to
the presence of various accesscry minerais. the most comon being

fosterite and phiogor te with occasional diopside. Other - accesscry
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mir rals are &patite, spinel, pyrite, pyrrhotite, graphite} anu
rare. o, sphene, chondrodite, serendibite ard tourmaline. The
silicate minerals may be uniformly distributed ass”~lation with
other Prnesscry minerals or may occur as distinct ?ay?rs i ~'gks
which steand out on weathered surfaces. Serpentinizatién I foste:ce
may impart a pale greaen ¢ lour to the body of the rock resulting in
the fcrmation of green marble. Doloﬁitic limestones are chemically
stable substances, and decomoosition never occurs at  ordinary
“emperatures. Decomposition can ~ ly ocour ~- very high temperatures
or through reaction with strong acids.

T, W e XVITI shows the typical composition of Sri L=ara cHh.omite,
1 22 ce end dolomitic limmestone. True dolomites have a composition
Za0 [ ) 4%, MgO 21.7% and CO2 47.9% (theoreticai). From the analyses
g’ ren it ;= geen that some dolomite and dolomitic Jlimestone in Sri

Larka may approach +true dolomite in composition. However, g
ana ysis of a liarge number of samples from various localities
reveals that the magnesium content varies from a trace to over 7
pe. cent, and the maljority of deposits examined showed an MgO
corterit of 'J -- 18 per cent. These deposits are terwmec dolomitic
i nes ones., The majority of the so called dolomites are really
doromitic or magnesium limestones containing a smalier proportion of
MgO thanr the theoretical 21.7 per cent aithough many of the deposits
approach true doiomite in composition. Magnesite deposits are rarve.
A small occurrence of magnesite at Randeniya has beern: i - _stigated.
Sea water magnesite is produced in meny countries and is obtained by
a simple chemical reaction. Sea water contains sulphates and
chlorides of sodium, potassium, calcium and magnesium. If caicium
hydroxide is added to sea water, the magnesium sulphate and
magnesium chloride react with it to form magnesium hydroxide which
is precipitated. The calcium hydroxide required for the process is
obtained by calcining dolomite or limestone and slaking the latter
with water to form the hydroxides.

CaMg(CO3)p __ Cald + Mgd —_  + Hp0 ———— Ca(OH)o + Mg(OHY,

dolomite heated water slaked dolcn..e
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TABLE XVIII

ANALYSES OF DOLOMITE, DOLOMITIC LIMESTONE AND MAGNESITE

tanks which are agitated,

SRI LANKA
T
Constituents 1 2 3
Sio2 0.75 2.45
A1203 0.27 3.60
Fe203 0.05 0.80
Ca0 - 31.01 33.10 1.27
MgO 21.78 12.15 46.50
032 46,10 48.10 51.28
Total 99.99 100.20 99.06
NOTE 1. Type analysis for dolomites (Nalanda, Matale,
Niriella, Kandy, Maratenna and other areas).
2. Dolomitic Limestones, Mgo content varies (10 to 18
per cent common) .
3. Magnesite from Randeniya associated with dolomitic

limestone.

Geological Suevey Department
Colombo 2.

The slaked dolomite is allowed to react with sea water in reaction

The precipitated magnesium hydroxide is

then concentrated by settling, dried and calcined. The reaction may
be represented by the equation: ' |
Mg(OH)2 MgC12 CaC12
+ ———— ZMg(OH)2 +
Ca(OH)2 MgSO4 CaSO4
slaked sea water (by products)

dolonite
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The calcined Mg(OH)2 contains approximately 97 per cent MgO. The
possibilities of producing magnesia from sea water in Sri Lanka are
promising.

Detailed investigations for detecting the presence of dolomite,
dolomitic limestone and magnesite have been carried out in a number
of localities. An investigation undertaken at Niriella proved a
depcesit of 150,000 tons of dolomite. However, more extensive,
cormercially valuable and easily workable deposits are present in
many other parts of the Island, notably in the Matale = Nalanda
areas. The deposit of magnesite at Randeniya was investigated by
core drilling and tentatively estimated at 4,000 tons. From
investigations made in the field, it can be said that Sri Lanka is
well provided with dolomites and dolomitic limestones. If dolomitic
limestone with a magnesia content between 10 to 20 per cent 1is taken
intc consideration together with the deposits of true dolomite, very
large reserves are available in the Island. On the other hand,
magnesite deposits aré limited in extent, and the only known deposit
is the one at Randeniya (Fig. 15),

Most of the dolomite mines are situated in the Kandy, Matale and
Balangoda areas, and mining is by open—-cast methods which involve
drilling and blasting. No special processing is needed other than
crushing to the required size. The cost of production varies. No
magnesite mines are operated in the island.

Accurate records of present production of dolomite are not
available, but is estimated to be around 10,000 tons a year. This
material is largely used as crushed dolomite in 'agriculture and in
the ceramics and allied industries. Dolomitic limestones are also

mined in certain places for the manufacture of 1lime. The local
requiremnents of dolomitic limestones in the future should be fairly

large taking into consideration the rapid industrial development of
the country. '

Magnesite as such has up to recent times had 1little commercial use,
but it is valuable for its magnesia (Mg0O) content. Magnesia has a
high melting point, is chemically inert and is, therefore, suitable
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for many refractory purposes. Magnesite has in recent vears become
one of the most important ores of the metal magnesium. By heating
magnesite to high temperatures dead-burned magnesite is produced,
and this is the imaterial generally used for refrac...y purposes.
Dead-burn d magnes’tce is used primarily for lining urnaces,
partic & ..y . the steei industry, for which purpose the burned
M nes. =2 is often pre-formed as bricks of various shapes. Tor
refra -ory purposes the calcined magnesite should contain a minimum
0. | per cent MgO and should be as free as possiblie from =zinc, . .n,
iead, scdium and any other volatile metallic impurities.

‘Caustic burned magnesite is used <chiefly in the manufactur: of
oxy-chloride (scrrel) cemeiit. The chief use of this cemert "3 in the
preparatio nf zomposition £looring, in which the <alc ~ed magn .te
mixed with magnesium chloride and fillers <rform a agisgtart,
non-siip, fire-proof and durable floor. Heat insulator coverings for
boilers, pipes and buildings are alsc manufactured from magnesite
cement. Caustic calcined magnesite finds various uses in the peaper,;
rubba, glass, enamel and porcelain industries. Other uses are
med..zal purposes in the preparation of magnesia and epsom salts and
as a base for fire resistant paints.

The uses of dolomite depend mainly upcon its magnesia content and are
© general similar to those of magnesite. Being cheaper and more
¢.ndant, it is used in preference to magnesite wherever it is
possibie to do so not withstanding its Jower magnesia o~ -e* and
the presence of lime. Dead-burned dolomite obtained by caicining
dolemite is used extensively for refractory purposes in  basic
open~hearth furnaces and in Beséemer converters. The most
satisfactory dolomite for refractory uses should contain not more
than 1 per cent SiOz, 1.5 per cent combined Al,0., and FeJO and. at

273 273
least 38 ~ 40 per cent MgCQO

3¢

Dolomite 1is the raw material used to produce basic magnesium
carbonate (magnesia alba) which is widely used in the manufacture of
pipe and boiler covering and for general heat insulation. Dolomite
is an important ingredient in glass manufacture and as a fiu. in
various manufacturing industries. The crushed rock may be used as a
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fertilizer, also in paint, putty, and in the curing and fabrication
of rubber. It is also used in the sulphide process of paper making.
Dolomites make handsome building stones, and they can be used for
xerbirg and guttering, as pavement slabs, and as road metal and
concrete aggregate. Dolomite could also be used as a source of lime.

ILMENITE AND RUTILE

The two principal mineral sources for titanium are ilmenite and
rut:.e. Ilmenite is used mainly in the manufacture of titanium
pigment, but rutile is used for making pigment, the titanium mnetal
and other products. Rutile (TiCz) igs at least 95 per cent titanium
dioxide whiist ilmenite (FeTiGC,) contains between 50 and 62 percent
titanium dioxide. Two types ofwdeposits contain titanium minerals of
economic importance namely, rock and sand deposits. Austraila 13 a
ieading producer of mineral sands which contain rutile. zircon
ilrenite and monazite. Ilmenite resources in Canada, Finland ard
Norway, and about half of those in U.S.A. and the U.S.S.R. are in
the “orm of rock deposits, while those of Australia Sri Lanka
Ceyion), Sierra Leone, South Africa, India and Malaysia occur as
hseach mineral sand deposits. 1In .beach mineral sands ilmenite and
rutile normally occur in the same deposit, and other associated
mirerals are magnetite, zircon, monazite, darnet, sillimanite anc
other heavy minerals. Some sand deposits .containing around 1 per
cert of the mineral, rutile, are commercially workable because of
their enormous extent (eqg. the east coast deposits of Australia).
Rock deposits which are workable have a TiO2 content which ranges

from 17 ~ 35 per cent, and they consist mainly of ilmenite.

The mineral ilmenite is relatively abundant, whereas rutile is in
short supply. The price of rutile in world markets is over fifteen
imes that of ilmenite. This shortage and high price of rutile has
long been recognized and the apparent and logical solution is the
upgréding of the abundant and inexpensive ore (ilmenite) to produce
a synthetic rutile. As a result of the rutile shortage, many
processes have been developed the world over to upgrade ilmenite,
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and commercial plants have been established for this purpose.

Fonseka (1973) has discussed in detail the processes used in
upgrading ilmenite. The ilmenite upgrading processes develioped so
fi . -2 k= ~. ™—ed into three general categories:
L. Acid leaching of ilmenite in order to remove the iron
oXides.
. Electric arc furnace smalting for the production of pig
iron and a slag rich in titan. w oxides.

. Reductior of the iron oxides contained in the iimenite to
gitl~. ferrous oxide or  metallic  iron  followed by
-~ cal and or chemical treatments of the reduced ore,
Most of the more successful processes for the production of
a synthetic rutile are in this category.

Altnough the minerals ilmenite, rutile. zircon and monazite occur in
the _ach sands of Sri Lanka, it is oniy at certain points that the
deposits are sufficiertly concentrated for economic explcitation.
Col entrated deposits are located at Puimeddai ncrth of Trincomalee,
Ke. * . near induruwa, Polkotuwa near Beruwela, Kudremaiai point
rear rén ar, and near the mouth of the Kelani rirer (Fig.16). The
v oddi ' mineral sand deposit stretches from Vettiiakerni to the
meu . of the Kekillai lagoon, a distance of 7.4 kilometres. From the
mouth of the lagoon, mineral sands of lower grade extend Ffurther
northwards for about a kilometre. The average width of the depost is
€9 metres. The deposit is estimated o contain 4 million tons of raw
sand, and in certain places the composition was found to be as
foliows: ilmenite 70 -~ 72%, zircon 8 — 10%, rutile 8%, monazite 0.3%
and sillimanite 1%. Recent estimates gave a figure of 79 per cent
neavy minrerals for the entire deposit. Of this 80 per cent is
iimenite (personnel comrunication -~ Fernando, L.J.D. - 1984). The
Pulmoddai deposit is one of the best known in the world and its
concertration of titanium minerals is unrivalled elsewhere (Wadia
and Fernando 1945).

A coastal survey undertaken by the Oceanocgraphy Division of the
National Aqautic Resources Agency covering the Kelaniya - Negombo
area has revealed the occurrence of appreciable quantities of



ilmenite near the mouth of the Kelani *ver. A current bedded
sandstone (beach vock) of .:xent age forms & conspicuous feature of |
the coast north of Colombo. It is a coarse ifc¢ medium grained rock
consisting of ilmenite, quartz grains and shell fragments heid
together by a calcareous cement. The ilmenite 1is arranged in bands
and consequently the beach rock has a banded appearence (Fig.17).
The ilmenite content of the rock varies from place to place. At
certain points the ilmenite content is so high that the rock is in
-effect an ilmenite rock and it has a specific dgravity as high as
3.8. Other minerals present in the rock include monazite, 2zircon, .
garnet, magnetite and rutile. Similar current bedded beach rocks are
. exposed on the east coast and are well developed between Batticaloa
‘and Arugam Bay. Figure 1S is presented to show a generalized cross
sectional view of the bkeach about 2 kilometres north of the mouth of
Kelani river. There are a series of ilmenite stringers at depth. The
jigging action of the waves may have been respensible  for
cccentrating the heavy minerals “: cevtain zones of the beach. As
in the beach sands of the Pulmoddai area iimenite is the main heavy
mineral present in the Kelani beach. At scme points the beach sand

contains cver 75 per zent :.m2> ce. M _=r hea  minerals are present

in negligible amounts and dc¢ no% exceed five = cent . of the bulk
samples examined. There .is no patterr whatsoever as far as the

percentage of minerals in the mineral =ssemblages are concerned.

Figure 16. Beach Rock Showing Ilmenite Bands - Kelaniya Area
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recept years th 2 ery L. 7 e e .om " gands
have also peen located at Nayi . Xeduwa-K: turs o G . tkalu
aldnq the coastal stretch from Muiisitivu %o Nileveii [2zst <oast)
covering an are of approximately 360 hectares. It has been estimated
that 5C0,000 to 700,000 tcns of rutile, 359 220 to 500,000 tons of
zircon and 2 tc 4 million tons ¢ [ ilmenite could be recovered . om
these deposits. Teble XX is pressnted to show some typical ~'er'al
analyses of ilmenite ard rutile from Sr* -, ~. .. MNis- ilia
produced 1.2 million tons of ilmel. = : & °° IC23 ‘Unas of rputile.
World producticon of ilmenite ! wes a ' . m'o.iicn tens  and
rutile 400,900C tons, ™.tanium s Lo ¢ 80% TG, is  preduced
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in Canada, South Africa and other countries and syn
produced in Australia, India, Japan and Taiwan. In
price and markets for titanium minerals remained dep

thetic rutile is
recent years the
ressed.
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separators which were

The Ceylon Mineral Sands Corporation was established in

primarily for the purpose of exploiting the Pulmoddai deposit.
Corporation had established 2 plants, one at Pulmoddai for
recovery of ilmenite and the other at China Bay a - few miles
from Trincomalee for winning of rutile and zircon.
Pulmoddai was equipped with several magnetic
capable of extracting ilmenite from about 140,000 tons of
sand each year. The tailings after the recovery cf

transported by sea to China Bay for ~extracting rutile and zircon.

raw dry
ilmenite were

Ilmenite and rutile have been produced over the vears for
only and Table XXI shows the quantities produced.

export

The Mineral Sands Corporation has now set up an integrated mineral

sands complex at Pulmoddai by expanding its former . production
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tons . . . Sl oon

C ue” O oF T W T oAl RUTILE 7~ U Mo S - PULMODDAIL

Tonat jt rg' T° _.n'l2 Tirenite Rutiie Rutile
I
50, IS 51.21 $97.53 57.35
F‘-“e203 2R 20 23.99 3.84 2.50
7 i7.55 20,75 : - e
Zr02 1.42 0.82 0.91
:#O? - iz 0.6l 1.07
A1203 7.283 o e
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chO3 [ ‘ '
-‘.7205 f: . ‘ -
MpQ ;.68 - -
Total 59,1 38,5223 €9.,80 99.83
e - e
Geol Twal £ v I ormal Lo

“Ylombo 2.

in order *o fu. ~ : . ..eas. . 2 i:es ¢f production the Corporation
has instal ~¢ a Wet <(revi*y Updreding Plant and a Wet Magnetic
Separation P_~rt to ine v 3e the production of ilmenite and non
magnetic + i . a3, T2 2t G, ;77 Upgrading Plant is to upgrade the

heavy nineral ~crvm 0 to Y ner 1t whicn will facilitate easy
separat’  ~ sube LT . w4 jc Separation Plant willi
separate the “'r2 ta o the . taca=- tailings. The lakter ‘s

the feed stock for the Rutile~Zircon Fl!ant which produces rutile,
zircon ¢~ monazi-e. | less the gquant.'y of ilmenite prcduced is
increased the amount ¢ U i magretic tailings available will ot be
sufficient tn feed the Rutile-Zircon Plant to maintain maximum
r. ductiomn.
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TABLE XXI

PRODUCTION OF ILMENITE AND RUTILE -~ PULMODDAI PLANT

PERIOD ILMENITE (TONS) RUTILE (TONS)
1964 ~ 65 47,302 L
1965 - 66 54,616 __”
1966 - 67 v 45,234 -
1967 - 68 64,328 —
1968 - 69 75,986 1,999
1969 - 70 © 77,357 1,549
1970 - 71 93,212 2,070
1971 - (9 months) 67,954 2,055
1972 81,200 2,117
1973 93,005 2,216
1974 79,817 3,000
1975 63, 000 3,062
1976 55,000 1,023
1977 34,100 1,000
1978 35,041 11,422
1979 55. 370 14,677
1980 33 956 12,789
1981 80, 011 13,301
1982 68,282 7,212
1983 80, 486 : 8,093

1972--1983 figures for calender year
1964~1971 figures for financial year (October to September)

C=ological Survey Department. Colombo 2

1 . zity of the new complex would be to use around 220,000 tons
& mm of raw sand to produce 150,000 tons ilmenite and 60,000
+ 'ns of upgraded non magnetic 'tailings. This will facilitate the
" <%y of the Rutile-Zircon Plant to full capacity. The increased
o1 Yuction of ilmenite may eventually result in the production of
syi. - ~tic rutile and titanium pigment. The Corporaticn has plans for
astel lshing such a plant after a techno~economic feasibility study

... .2 project is completed.

At present no titanium based industries have been established in Sri
Lanka. Studies on the feaSibility of industries which could be set
up in the island based on these mineral raw materials should
therefore be given high priority so that the ccuntry would obtain
the maximum benefits from exploitation of these mineral resources.



The use of titai "' m=tal is 1likely to expand due to its ht
weight and cc. ~sion resistant properties. Ilmenite presently is the
minerai scurce of near 7 S .ot T m o reguirements,
resources of rutile hovever are lim.. 7 O -~ demand

rutiie and & .anium products 2ie incieasing - . A m ~- .aster rate
ther for iime ~.8s hag ied ftc considerab.e research on
deveiop., "~ met..” Is noup< tAde [ mepite /(52 per cent TiOZ) te
syn"a2tic rU-i 2 nearly 96 per ceni TiO2)m The main use of rutile
over the years -s as e neatinc - welding rods and more recently as
the scuv~ 2 materiai for th- 7 facture of 77 tar “um pigments by the
chlogida process. w.t™ni-: m 2rals = e wain’ used in  the
nanufacture of titanium pigment and mete ., The larcest market for
titan an dicxide pigment is for use - s ‘ace coatirts where it
nparcs wn.terots, oo olty ¢ G briglness tc paj.te and it is  alse
usad in varnisnes and liac quers Titarium pigmenc is widaly used in
paper coacings and fillers and in the plastics industry. Titanium
pignents end corpounds are used in a wide varjetcy of misce.laneous
applications includ ng rubber tyres. flocr coverings, 11k, porcelain
enamels, wali coverings. upholstery material. artificial leather,
0il cloth- coated fahrics end roof ~catings.

BAUXITE AND NON-BAUXITIC CLAYS

Aluminium metal and alloys are used in many prcducts. Aluminium ores

are-composed principally of the aluminium ovicde minerale gibbsite
(trihydrate~AlZO3,3H20) and the monohydrates boehmitce and diaspore.
These materials are commonly referred to as bauxites, True bauxite
nmaterial has so far not been observed in Sri Lanka. Alternative
sources of aluminium, for example non-bauxitic clays (kaolin type
clays) are widespread in most countries and the metal may in thé
near future be produced from such material.

Bauxites contain about 50 -- 55 per cent A1203 (free aluminia), a
small percentage of silica (around 3 per cent) and varying amounts
of iron oxide. The reactive silica and ‘titanium impurities must be
as low as possible so as not to interfere with refining processes.

Bauxites result from the decay and weathering of alumina bearing
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‘. R ' [ ToATT L evisL U oLmal
i3 o o E 0 s laterites rich encuch in iron
e {n il c .., r constitute low grade iron

a =~ o T 2v 2o eerance and widely used as
= A g.z2ul - siekac .. e, or  gibbsite
a Ty Uoe 2 T4 T o ures)

ate |7 > S8 rela-" =ly rich in gibbsite

t-re t-x ! 2 ~taoend kan I oze, g~y iy
3¢ LT Jothe s 2 rid R 0 LD the hi:."iands.

L2 2 Tater . e g12 | ceperated Trom its parent rock by a
T oo ki slesese 0 e medt 2 Adecorposition produace . Toe
e tr.c2 ~erm vt din Tdtgeess £oom 2 few met =5 o . metres
TaL L er Tl 2 Tr . 1 2mater’ . whilst the
oL 2 b der and c oz oa A vivihle for yse as  building
. .ithe . yers i. . ~ri’es get seqreqated teo form
.. za fery: noo3 L fusts., Some. | er zones may  show pockets of
fe. .ig1l. 3 & er’2T in “ha kac inite laye s. The laterite layer is
< 7 fouwd [, se . e :far  hut in scme areas the later!e
o T 28 v Tear noxy 7~ thot'aooms of later sediments tnet
eal the lateritization surfece. The skeleton of <the celliular
C=re 1ta is conoosed of quartz grains, iion and kaolin whiist the
ze 'res are filled up with clayey metter and quartz. In the
t - . 17 ar the ferrug wus ma! 2ria: breaks down to form modules
of 1 no ita, Scrnetimes this fragmental meterial moves down slope a.
ir “ts new surioundings may overlie fresh rock, clay or other solt
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Wi RD LATERITES

LATERITIC SOILS

Figure 19. D.T.A. Curves for Lateritic Material



ot o rre the typical laterite oro . ..» have -been

RO h, = 3 -its v er is normally absent. low i

-y le eome-ires 0~ soft laterite layer is elsc missing., TIn
1% . 3 Fe - Tt lateritic material has been aimost entire

Ay LR A e " "re iSe=e Fig.20). where the hard laterite lave
ced L h o v 4T g meterial fhe over-burden is first stripped and
.z - . s . -0 locks bv hand. Althougn meny houses,
€ -1y . *he s_ith-west sector of the island, are recorded as

Tt s ¢ ra +va mate, '3l used was ‘Aargely laterite. It is also
3’ . = -ain _hat many hcuses recordec ~he vecent census as
cme s~ e Yt fack of lasterite o abhiirnt lateritic blocks).
“e ‘tim g ‘e ‘Al is a so wsed LJor colour washing bauildings
femrziny the yellow orares lecally nemed 'samara‘’). The porous
~: ~ " iacerites is a b~ y favourable fector for recharge of
c w1 ate -, The ] -iomargic clay below the laterite acts as an
r "oms - . and helps in building up the groundwater storage
napnity of the | terites. Tt is observed that the laterites of Sri
ia~- i-7lvc_. 3 the ferruginous varieties are not of any great

>cmmercial lmportance.
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au production of Bauxite is in the region of 80 million tons. The

. Drod ~ing countries were Cuinea, Jamaica, Australia, Surinam
¢ rand T.S5.8:;R. The Jemaican bauxites are comp:-2¢ of both
- dr. .e and monohydrate minerals and contain 50 per cent hijDB, 1
to 2 per cent sil ca and upto 3 per <ent irorn oxide, while the
S* ‘pan Y ¢ gits are composed ma.nly of gibbsite and contain over 50
i Lo .+~ percent si - caed 5 o 15 per cent iron
tic . . sruxite from Weipa .- Jarrahdaie (Australia)

N r.gion ¢f 27 miilion tons (1982), and Australian reserves

oW known to be in the region of 4,500 million tons are

azgest of any country in the world. Alumine (ALZOB) is the

a .. diate prcduct hetween the naturaily occusring ore, bauxite,

G oonoaueraT aluminium. Over 29 per cent of the world production of
a8 uged to m ke the metali, whiie the bajance is used as an

i "% e -~ trefraccory. Production of alumina involves a complex
Jcess requiring large scale plants and heavy investment,

r i 2%y all the alumina that 1s produced is made by the
2. p oress - medifications of it. The conversion of the alumina
Te 2 A sdun..um is by the Hall process. where the aiumina is

v Tt Fne  metail electroiytically. This  requiles  enormous
~* yrer. Cheap power ic threfore, of the vutmost importance

v

- key . terion in determining the feasibility of estabiishing

a7 pium industry. These are the reasons why the production of

ilvm takes place largely 1in countries very distant from the

e ~ the ore. World aluminium production in 1982 was about 17
al_.>7_ tons.

Althougn laterites are extensively developed in the  south-west

zor ¢f the Island they do not approach bauxite in composition.
ey moe madnly ferruginous laterites containing up to about 10 per
cent free A1203 which occurs as the mineral gibbsite (A1203.3H20)“
Table ¥XII shows the chemical composition of some laterites from Sri
Lanka. They are mainly kaolinitic c¢lay materials with a small
v, ~entage of gibbsite (less than 15 per cent), considerable amounts
of deoth’te (Fe203.H20) and appreciable quantities of silica. Dry
Zone iateritic material is devoid of gibbsite, they are ferruginous

Tetorites.
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A considerable amount of research has been carried out in_ various
parts of the world on the utilization of kaolinitic clays for the

production of aluminium. Kaolinitic clays are widespread in Sri
Lanka and some clays contain up to 35 per cent A1203 (Fig.18). The
alumina is combined with silica to form kaolinite (A1203.28102.2H20)
and does not occur as free alumina as in Bauxite (gibbsite).
Although techniques to produce alumina from such materials have been
studied the processes have not been perfected. However, some
countries have installed plants to produce alumina from kaolinitic
ciay materials. The by-product of the process is portland cement.

TABLE XXII

CHEMICAL COMPOSITION OF LATERITES ~ SRI LANKA

{ Consti- WET ZONE DRY ZONE*
tuents Colomho Colombo Batticaloa Batticaloa
SiO2 1 34.31 37.22 39.25 40.69
A1203 19.05 25.12 23.12 16.19
Fe203 32.58 24.76 23.13 : 30.88
TiO2 i 1.27 1.61 0.51 1.21
MnO 0.32 0.28 0.26 0.19
P205 —_ —_— 0.12 0.15
Cad 0.33 0.28 0.82 0.38
MyO 0.89 0.48 1.19 0.66
KZO 1.26 1.25 1.23 0.17
NaZO 0.86 0.92 2.03 0.57
Loss on
ignition 8.76 8.21 8.32 8.62
Total 99.63 100.13 99.98 99.62

*In the Dry Zone it consists of a surface crust of ferruginous
material; not true laterite

Geological Survey Department
Colombo 2,
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> - EARTH ELEMENTS

e re=-earth elements comprise a series of 15 c.os€.y eiilec
Jements from é.omic rumber 57 to 71. This group oI eiements  as
eep nz . @ - rte-2z -hs pacause they were considered te ba  scalce

-~ sgs . is now realised tht this gra1o I eienv .8 as @ Coyie s
.y wmore sbundant than many better kucwn and commonly aven . €
w -5 Analyses of rare-earth ores. metals aad < " 207 ds - _e
= a1y reported in terms of <the rare 2airth oxide, Lequertly
. ' ed to REO.
Solzthe o mr o omine~ 3. 2af tr2 e cearth a.er
{ TeAa. An.gél. .2 ...s - __. reeil cose. 2d .~ cell U
poE s 1= . mwonazite is recovereé as & oy product in Lo
" ke~ mineral sqnds for the recovery <f L.mon.tz, -
. The compositicn'of monazite from Sri Lanke s pieseY .o
S TT. The peceitage of coaceined REO ~  *he me= 72
vy, le oy dum and yttrium oxides) s norm~ ly ~wca 7 .. Der
.~ gurcdda’. meath sands of T e 50 ¢ o.cooud o owe Lo 37
AL TLE o«  re 1-tewy 500 tcis of mor te per .
~ _.esse” from the 220 ."20 tons of rav beach: sands mured to
~» iimen~ *+>. Monazite concentrates occur ~sc 2t other puiaces
~» island. A mivior deposit of allanite occurs <. C. la T 7 °
~a_s) ¢! the mater:al conteins 15 tc 20 - per <e o rare-eai .
_ ' The chemi~il anclyses of t:fs al ~nite Is shown in T .

> . _ “he ma- ¢ uses of the rare earths ‘s :» the manufacture cf
A for the production of lighter flints and welding gas
‘c . s, Cerium and mixed rare-earth oxides are used in  the
- g -2 v ious types of giass, in the giass and cer n.
" Juecry and in the telievision industry.

. 2 :te and bastnaesite are the twe principal sourcas «f ruiegt-h
‘12 e s ané the countries with eppreciable reserves are those v 2e
wa_,. miraral sands occur. Bastnaesite a fluo-carborate iine
sonte” s up o 75 per cent REO and is mined in the U.S5.A. ountries
-~ 3ipng REG in concentrate include the U.S.ScR.: Indii. ™ sure'ia

q 14 F azg’ '

.
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TABLE XXIII

CHEMICAL ANALYSES OF ALLANITE -~ SRI LANKA

Constituents Owella —|Matale East
1 S 2 3

SiO2 | 32.70 30.88 30.61
A1203 16.40 13.76 17.46
Fezo3 5.10 4,44 6.01
FeO 16.73 12,08 10.38
TiO2 0.30 0.88 1.21
MgO 1.02 0.76 0.95
Ca0 8.90 13.56 11.45
MO 0.51 0.20 0.30
Tho2 i 3.18 1.54 1,98
UBO8 0.07 0.05 : 0.05
Ce203 6.38 8.30 7.04
Lazo3 -

Y203 7.66 8.36 7.38
P205 1.44 ° 0.70 0.71
Hooo + 5.35 4.75 3.95

2
Total - 99,76 ) 100.26 99.48
|

Geological Survey Department
'olombo 2.

ZIRCON AND BADDELEYITE

The principal source of .the element 2zirconium is 2zircon. Two
zirconium minerals, 2zircon (ZrSiO4) and baddeleyite (ZrOz) are
marketed commercially. However, zircon is by far the more important
mineral. Zircon is recovered from beach mineral sands like ilmenite,
rutile and monazite. In Sri Lanka 2zircon is a widely distributed
mineral in the igneous rocks. It is an original constituent of some
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granites and occurs in massive form in some pegmatites. The best
known localities for zircon granites - are Massena Estate near
Balangoda ,and Loluwa near Mirigama. The mineral is also a notable
constituent in the heavy residues left after washing of gem gravels
in variocus parts of the island. The primary deposits of =zircon are
of no commercial importance. The island is, howevef; rich in beach
mineral sands, and =zircon 1is obtained as a by-product in the
treatment of these sands fdr the: recovery of ilmenite and rutile.
1. ough zircon is not. produced in large quan%ities at present,
about 8,000 tons of zircon per annum is obtained from the Pulmoddai
beach mineral sands. Baddeleyite has been recorded from the heavy

mineral sand concentrates formed seasonally off the coast at
Polkotuwa as a minor constituent of the monazite-_ich sands, and a
few tons of the mineral were produced in the processing of these
sands for the recovery of monazite by the Geological Survey
Department. Table XXIV is presented to show the chemical analyses of
zircon from Sri Lanka.

TABLE XXIV

CHEMICAL ANALYSES OF ZIRCON — SRI LANKA

Constituents China Bay China Bay Induruwa (M.P.S.
(Concentrate) (Concentrate) Concentrate)

SiO2 32.49 32,41 32.27

ZrO2 66.40 66.43 66.12

Fezo3 0.18 0.16 0.41

Ti02 0.73 0.61 0.68

Hf02 0.17 0.20 0.11

A1203 0.08 0.06 0.15 |

VZOS 0.02 0.02 —

Total .100.07 99,89 99.74

Geological Survey Department
Colombo 2.
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Zircon 1is mainly used for facings on foundry moulds and for
refractory bricks. The oxide is used as an opacifier and a pigr- -
in enamels and glazes in the manufacture of ceranic prod - ~ts.
Zirconium metal is of industrial importance in chemical pioress’,
equipment. Zirconium compounds are also widely used 1in inpduc - -
they are prepared from zirconium oxide.

SUMMARY

Although historical records of the Islard mention the preserce ip
Sri Lanka of a number of minerals which are 1listed in the non
ferrous mineral group, no economic deposits heve so far peen
discovered except for the presence of a copper deposit at Sert “ia
which is associated with magnetite. The mejority of dolomites in £ i
Lanka are dolomitic or magnesium limestones containing & sna. .er
percentage of MgO than the theoretical 21.7 per cent found i the
dolomite. Rocks approaching the composition of true dolor ces -~ e.
however, present in a number of localities within the Highlz~d
‘Series. Only a single deposit of magnesite has been observed and tas
is of no economic value. The beach sands of the 1island are rich ‘r
ilmenite, rutile, zircon, monazite, garnet and many other m - - s,
Pulmoddai beach sands are considered to be ocne of the . - -es-
deposits of the world and the sands contain over 70 per cent of cthe
less expensive mineral ilmenite. The Mineral Sands Corporaticon which
exports beach mineral sands has now conpleted an expansion PLogL e
which will enable the procesing of 220,000 tons or raw sands par
annum to produce 150;000 tons of ilmenite and 60,000 tons of non
magnetic tailings. The production of synthetic rutile and tit: "um
pigment are areas in which the Corporation has shown interest. S.._
Lanka is devoid of bauxite. The country is, however, rich 1in high
alumina clays used in the refractories industry. Laterites are of ic
cormercial value except for building purposes. Monazite is the
principal source of the rare-earth elements found \in the country.
Allanite 1is also present. The Pulmbddai plant is capable of
producing about 500 tons of monazite per annum. Zircon 1is another
important mineral recovered from the Pulmoddai sands.



CHAPTER 7

NON METALLIC MINERAL RESOURCES

S. L Lenka is fairly rich in the non metallic group of minerals.
These minerals range from bulk commodities as sand, dJdravel and
stone, down to the precious gem stones which are measured in carats.
The demand for this group of minerals in Sri Lanka has increased
rapidly over the vears due to an effort made to broaden the base. of
the econony by establishing manufacturing industries. The principal
non metallic minerals that occur in the island are graphite, mica,
industrial clays, silica, felspar, garnet, linmestone, avatite,
gemstone, cordierite, sillimanite and wollastonite, and sand. gravel

end stcoe. Salt is also produced on a large scale by evapecrating sea
brines.

- CRAFHITE

Graphite is one of the naturally occurring crystalline forms of
carbon. Its chief characteristics are its black colour, metallic
lustre, extreme softness, high conductivity of heat and electricity,
high refractoriness and chemical inertness.

The mining of graphite in Sri Lanka and 1its export have continued
since 1821, and in the early days the country enjoyed a virtual
‘monopoly in’ the world markets. The graphite mining industry is one
of the oldést mineral industries of the island. The highest exports
of graphite have been in the war years, for exampile >33,410 tons in
1916 and 27,734 tons in 1942, Table XXV 1is presented to show the
exports of graphite during 10 year periods from 1830 and the annual
exports for the past 4 years.



TABLE XXV

EXPORTS OF GRAPHITE FROM SRI LANKA

DERIOD QUANTITY (tons) PERIOD Quantity(tons)
TonT 133¢ 1625 1930-1939 121651
RN 4384 1940-1¢49 162268
CTRT OIS BN 195C-1959 88852
e T ST 1070 1269 84425
T8 4872 52027 1972-12079 83303

©I 7RI I8RG 127859

RO 230589 : 1980 6759

1 _-lona 273538 1981 4671
o 22700 ‘ .en 2196
TTONLIYT 111740 1.73 4R7%

Af+ - ciisader (1974), Herath (1980), and the State Mining and

Min = Dev Lopment Corporation

Uy o =¥ v+ the early 1&70°s graphite was recognized as one of the
M on o oe,p0:l industiies of the islgnd. There was a dgreat demand for
- ~7 -, Sri Lanka dgraphite particulerly by the crucible industry
which wag rapidly emerging in Great Britain and the U.S.A. The
Der ¢ 1370 to 1919 may be characterised as one of dreat activity
Zr  the graphite industry of Sri Larka (Casinadar 1974). This was
the pericd that witnessed the opening o of nearly 3000 graphite
0*ts and mines in the south-western quarter of the island. A survey
carriad ont by the Geological Survey Department in 1974--1975 in the
Meevahatenna area revealed the presence of nearly 108 abandoned
mines within the area covered by the survey. These mines had been
.. ed from the year 1870 onwards, and 10 mines were said to be over
7G metres in depth, with the deepest being 250 metres. The growth of
the graphite industry during this period was stimulated by the
expansion of the steel industry in the industrialized countries.
From ar - . 1920 to the presenﬁ day, except for a boom period during
the war vears the graphite industry slipped steadily dcwn from the
positinn of being one cf the major exports of Sri Lanka, and only
those mines that were rich in high grade graphite deposits and
conmpetently managed continued mining and trading activity.
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- ite oceurs in the igle” ? in veins, wpedgmatites and disseminated

“akae ) Yha o e s, The ve . type "7t fe s oy

ed Yo Fu 1 e or joint systems in the folded metase mer-cory

o 'y« v o type deposits are e ..~'ted. The reser 2@ I
h o the si~nd are estimated tc be very lerje 't T oe
. 1 2 ._.e of the deposits (vein type). . _.g n~. poss. ble tc

s’ v o the ouant’ties avail=dle. The wve'rs n-rm 1y foiicw =
~zurel pactern, end malor veins tend tco follow one or wWo
'~ -ions., pasc vest trending graph'te veins are  common @ trith

o . s.omzs fo ' i1 the dcoints and minr fr=zc " €s M 2
e i L ke, The graphie depc “ts of the disis ] are T v
“uat2d vn Arpiel  nal st kures ¢ elally ‘hend o Y@

oo~ g direction, Me best knm  araas of ¢raph te ~cul e2ace

77 . .9.2.) din the verious previnces are es foliows:

T Frovisze - E-iale, Kaluagaala, Kuligadara, Welinty

«a da, Ellalamu™ 1~ Karasnagala; Migoda, Fane uwa . "r |
T~ awa, Meegahaterne and Pelawatte.
e ~ovuiwa Provir o vakuiegama. e g . Wedcc a a2, 1'7 av>®,
KA - 1'- .onnana, V' ole .ya. Werahera . Arukgarmena (Boya . ™)

T ayela(Rangasia).

=22, ¢ oty= Indurana, Niwatuwn; Pussella, Siyambaiap.tiva,

I2n P e - Ratapola, Anipegena,, Tiranagema, vagaa,
K= arder‘ya,  Uragaha, Kottawa, Hinidume . Fananoala, Deniyaya.
. ¢ 2v Jgame, [dandukita, Daramitiara and Hi' ageainna.
tre-+- .. Western Province -~  Ragedara, Mipitiva, . Maduragoda

T wr 0 ha o- Kolongaha) and Naramana.

.o i _Lovance - Dol oilnd Lla, Kahatagahatenna

- _ent = . Prov’ 'ce - Kebitigoellawa

Tk~ ,.~.~ C.zooite Corporation was established in 1971 and it took
¢ er the runnir of the graphite industry. The Corporation was
v~ ~emed the. State Mining and Mineral Development — Corpora’. .on
rsEMr ) in 197S. At present the Corporation operates two main mines,
R---'71 ~ad Kahatagaha -~ Kolongaha.

T.ith the vesting of mineral rights in the State under the prcvis cns
of e Mines and Mineralis Law which came into effect in iS7.. a
aral expansicn pregramie at higher horizons in =ach «f the three
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opera’ i 3 m' =as met with success as gre~ te deposits of ecc .
widtiis ... .wersected. Shortly after nari nai.c "t n "1 o.ong
and " gah& mines which are situsted ¢ ose F e .fr A
been cconnected undergro~d. This has c¢ agid>~~" - ‘rp. et e
tilation of the two mines. The ~ .7 O
togetner with imprevems. :s in mining t " otls 1o il B
resulted in an improved working environme - for  the
underground, &lect. "~ > of Y. m'ies has been cop. ehed. o =2
I~ o-coctanent v o, a0 oe. o ™Y 1o ocmed between Kahe v
and “hloncg hAa has been brought o L L. T n o oonce Agi A
. “ta. na + ~ -ncaha area cr onite is A= etad vith peome .
T e U7 g0 phir el 1, o r A | B o the o el s
o S 1= S L .sgas s L.
2 0 oromoalt gommal.z2 o oal wonz o of BT taliod R
noo2 Wienh ¢che pegn twlle @ 7 gL o'~ varns ayre A,
iWiZer~—ande and Jayay - e L "), Thege i ogh & cCtT LT
S¢ 7 . « vormity aicg the 0 4 Vic es L
relavc: - aship 1@s bkeen devel -5z . -~ v - _effer o .2 -1 0 e D a -

-

for po T ocllwe oo dhul . Ll . 5.. La:. a.

T i ¢ pirite mineraiizat © 0 the Ki ~hm oo 0 ovoyy e

7 iin. i . a dome v th en - 1 oy U LChows s “h
fCee ?ig, 77, ~Te rn. wora l 3t tmooccu T mainly at the cer..n o0 L

dc . ¥ ok s composed ¢ ga et-biotite gneisses with ~cas’ .

]
(v
"

707 a graphite deposit. as d'e ered ' vt L JL0C AL Surwvey
Leod L went at . yamb » .a [ the peic o . Y -7 Boc ~ 0 The
50 L commenced initial exploration work tc deteimine Gi exte £ of
csep.. ~ort ral.zation at R- ~ala with a ~ 1o oo develcopl 0 1. [ ato
A WOr, 4 :am™2  EXp’ ction operations - the abancdoned wmire &f
Ragedera (i#e! =iripura) has also being '~deixt: -* hy the Corporat’

The Ragedara -, arhite is k*~.* *~ asse¢,

o a..nst 100 per cent car- .
and is unique for its pur:+',.and it could undoubtedly be wveed . &
number of = industries. Other promising areas investigated Ihy the
eological Survey Department and the SMMDC include Meegahate re & ¢

I -~ra .n the Sabaragamuwa Province. The Meegahatenne area . ~4d be
73t -1 s richest graphite bearing grecund in £ . . a3 oV
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working mines were observed during recent investigations in the
Meegahatenne area which is noted for its flake graphite.

The origin of the vein-type graphite has been the subject of much
detate and is one which is unresolved. Recent researches raveur an
crganic origin for graphite (Dissanayake, 1981). Graphite wmined in
Sri Lenka from vein type deposits is generally high ir carhonp
content, (over 90 per cent carbon). The graphite is classified into
& number of grades for export purposes, depending c¢n particle size
(lump, chip and dust), carbon content and structure (bright larce
iump-BLL, hard iarge lump—-HLL, and slaty). Grades over 95 pei cenc
carbor are common. All grapnite material is crystalline and the term
‘amorphcus® graphite is normally used for microcrystalline variecias
of graphite. Crystalline flake graphite is graphite which occu.ls
disseminated throughout its containing rock, and the Malagasy
Republic widely =xploits this type of material. Although the islianc
has some of the wcrld's best graphite depogits with high cark-
contents, graphite based industries have so far not been established
eicept for the pencil industry which uses negligibie quantities of
graphite and the cottage crucible industry which produces "a iimited
number of graphite crucibles. There is therefore plenty ¢f
opportunities for the further development of graphite mines in Sri
Lanka and for the establishment of graphite based industries in <che
country. '

Higher grades of graphite are used for crucibles and lubricarts and
dust grades are used for foundry facings and polishes. Graphite is
used in dry cells, as a refractory materiai in steel making (to
increase the carbon content), in electrical work and in a variety of
other industries. Substantial gquantities of graphite are also used

in atomic reactors as a moderator but only synthetic material is
used for this purpose at present. If the natural graphite can be

purified to the rigid standards required for this particular use, it
could create a large demand for the mineral in future.
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MICA

The name mica is applied to a droup of minerals of a complex of
aluminium silicates with potassium and hydroxyl, magnesium  and
fervmMie irc . and in some varieties, sodium, lithium and £ferric
fo~- | ~7a is cheracterized by excellent basal cleavage and by a
hic™ degree of flexibility and elasticity. The important commercial
twnes of mica are muiscovite (potash mica) phlogopite (magnesium
~i. 0 and, less frequently. biotite (ferro-magnesium mica) and
€ ite Cormercial r1ica is broadly clessified as sheet mica
.

0

ok, film and spiit=i-7) and scrap and flake wmica. Sheet mica,

—~

<2Fngse | ite =Ll ity to withstand high temperatures. 1ts aigh

di, _ier._sic strength and its electrical insulation capability, has
Tand ride use in the electrical and electronic industries. Most
s~~~p and flake mica are processed into dground mica which finds
veo ~ oo Wusorcial use.

She + ™ .z consists of flat sheets of mica mined from books or veins
© .1 .7a. These sheets are trimmed by hand to remove ragged edges,
loose scales and other imperfections., Sheet mica is  further
processed and is specified as sheet, block, film and splittings
basad on thickness. Splittings are thin leaves or sheets of mica
with a thi_kness not exceeding 0.0012 I.cn. Built-up mica 1is a
falirioate” mica product composed of splittings held together by a
cirder. Scrap and flake mica consist of material that 1is below
spe ification for use as sheet mica and 1is normally used by mice
gri-ders, to prcduce ground mica or micronized mica.

The main types of mica found in the island are phlogopite, muscovite
and biotite. Phlogopite is widely distributed in parts of the Uva,
Ce tral and Sabaragamuwa Frovinces associated with crystalline
limestones and other  rocks. Muscovite mica occurs  in
quartz-feldspar-pegmatites at a number of places while biotite mica
is widely distributed in the gneisses and pegmatites of the isiand.
The principal known deposits of mica (Fig. 23) are in the Talagoda,
Madumana, Wariyapola, Pallekalle, Talatu-Oya. Badulla, Maskeliya,
Madugoda, Mariarawa, Udumulla, Naula, Ulwita, Haldummulia, Madampe,
_-iiopiiiyvae and Kabitigollawa (Dutuwewa) areas. ™o types of
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deposits are known to occur. a pegmatite type deposit and a normal
ve'n type of depos.t. Mining of pegmatites for mica is sometimes not
enor ~nical dre te the sporadic occurence of the mica. 1If, however,
two - - more minerals are mined from pegmatites, for example, nica,
quartz and felsp~-. mining bkecomes economical. Vein type deposits
are x 2 econowmica’ Frooexy”  bation purposes.

The mica industryv in Sri Lanka dates back as far as 189¢ when mining
was - _ied on in the Badulla and Haputale districts. During the
sezend Worid War mica mining was encouraged by the State and
= -phouc’  the prices paid were favourable very little mica was
cif-v=¢ fcr sale. Mica mining : ~ Sri Lanka has so far been confined
to shallc 't cepths, and invariably. weathered material is obtained
wh’ h -~ " 5°iy ke <classed as scrap mnmica. Sheet mica 1is graded
¢recr g o the size of clear materials (without imperfections)
th-t zen 2 cut from it. The Indian standards show eight grades for
sheet m: ~"a and the areas mentioned range from 1 square inch to 48
sc¢ A 2 inches, In Sri Larka the mica obtained so far is of the lower
y ades,. It has been revealed that with déeper mining good drades of
sheet mica could be obtained: The average annual production of mica
is ¢ 7ad 1C0 tons. Annual production figures of over 300 tons have

also been recorded (1979--370 tons). Exports of mica from the Island
nave ocniinled but in small quantities,

In rece t vears the systematic development of the mnica industry has
peen considered and as a first step the promising mica deposits have
peen studied and a few places selected for detailed investigation
with a view to commercial exploitation. The development of the mica
industry is at present a function of the State Mining and Mineral
Deveiopment Corporation, and steps have already been taken  to
establish a sound mica industry in the island.

Sheet mica is mainly used in electrical appliance manufacture and 1in
the electronic and electrical industries. As an electrical insulato.
both musceovite and phlogopite are used. Dry ground mica is used fo:
a variety of purposes such as filling for various types of plastics,
fioor coverings, gramophone records and paints. It is also used for
dusting purposes and for lagging steam pipes and boilers.. Wet ground
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mica i¢ < d mainly for decorative work, in wall-paper, printir
and ° - e rupker industry.

Vermiculite is the name applied commercially to hyd *ted micas. ' en
neated, vermicuiite expands into cellular granu 2¢ © 7Iay.ng Up
i5 times the original volume. This expanded material 1s su.céble £

uge as an insulating medium. The weight per cubic .. Q
vermiculite is cormonly about 5 to 8 1bs. Mica approaching th2

n

_mpesition of vermiculite occurs at some places in the island,

v ,STRIAL CLAYS

The term clay has no genetic significance. It is used for mate .-
that is a product of weathering or scmetimes of nydro-thi i
action, or for material deposited as a sediment. In generai the “erm
zlry implies a naturz. eaychy fire grained meterie | which dave s
nlast: “_ty when tempered with water. A scil 1is a mata_ial coposed
of ~lay and non- * .ay minerals, and even with 2 high clay com er”
it mey not be fine grained or of sufficient plastic.t® to. pe termed
s olay mate.iral. Clay minerals are formed as alteratior piccche o
primary rock minerals by weathering preocess cr by the a .~ oo

yd_r_. ermal solutions. The nature of the .iav mineral o7 .2
~depends upon the mine al composi:cion of “he parent rock and upon t e
phys®~ chemical environment in which the alteration takes piace. 2
s: 1 or clay material is frequently a mixture of various clay
minera . types and other resistant primary minerals.

The main clay minerals are kaolinite }{Al? 5
SiC. .5 54%, H20~l3.96%), montmorilicnite and t
mineri.s. 4ss™ sted with the clay minerals there are a large number

of accesscry mine: * .3 which have an important influence on the

Jo328.0“287o; A1203—39.50%,
2 micacecus clay

properties of the «¢liays in which they occur. They include tne
hydroxides of aluminium (gibbsite, boehmite and diaspore) and the
oxides and hydroxides of iron, quartz, felspar, mica, pyrite.
rutile, ilmenite, monazite, gzircon, tourmaline, garnet, cai. te;
dolomite and many other minerals. Organic matter is presert : - some
clays. Clays may also contain alkali salts and other impu._ties.
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noain tvoes 0o Llay materials are recognised-residual clays and
w2007 C. yS. A clay material found at its site of formei:

from the pairent rock is called residual. These deposits are usual y

formed v the perr-lation of ground water through the rock mass

©.ed by c-her weathering agents. There are scme clay deposits that

.2 . deep down eiow trne surface that 1t is unlikely that they

L .uaoe " e2an formed tarouw T i oa " ground water, and most
" 28e aeposits are probably of ayw.oo: 2rmal origin.

oo L. oy ciays are oy far the most commcn and ¢ .l.7e & variety
"2 oeiltins., Thilr  e.ule is determined largely by the mode of
w0 L : 4 Gewosilici, They can be classified as folilows:
-.i= - idrmed by sedimentation along the course of a river.
W . 2 ~. d=itaic ~ deposited at the mouth of a river.
. T 1z.. . e ~ deposited in a fresh water lake.
i .- deposited in a sea.
o. ' . -- “ransported py air.

-~ sported by large masses of ice and deposited

. A8 wLrAamas - as ko lider nlay or bl

Thass prucesses of transportation and deposition have been in

.¢ lsg for millions of years. Since clay may be formed from rocks

rerse: thavacter it is natural that  they should  dulfer

‘2o~ from oue ancocher as regards their mineral consitutents

a I . properties. However, they have & common feature in that
oy © o ly rotad siiicates of aluminium or magnesium.

=~ 3 are var able msteriais and possess a wide range of properties
which ™ 2 t£1 nus2ful Jor many industrial applications. Any one
epcs._, howaver, possasses certain characteristics which largely
govérn its particular value in industry. The assessment of these
chs 'acter:stics is important and such properties enable clays to be
¢ eseified into different ty?és.

ina ¢lay <. kaolin is the name given to clays which form the basis
of high quality domestic pottery and which is known to consist
me nly o the clay mineral kaolinite. Raw china clay is usually
2_71ed to obtain a kaolin of high purity suitable for industrial
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ourposes. Ball clay is a term applied to a large group of
sedimentary plastic clays usually dark in colour but burning to a
white or cream body. The ball clays represent the finest-grained
transported clays and they are distinguished from kaolin by their
greater toughness and plasticity, better bonding power and: lower
refractoriness, Ball clays are used chiefly for china and fine
earthenware and as bonding material for 1less plastic clays in the
manufacture of refractories and stoneware, Fire clays possess a
remarkable resistance to heat and are termed refractory clays. BAs
such. they find use in industries where high temperatures are
- wolved such as metal smelting. The steel industries are the
largest consumers of refractories for the lining of furnaces, Fv
definition a good refractory clay is one which will withstand a
temperature of-about 1,6ODOC or more. The essential reguirements in
such matarials are that they should be free from minerals which wi .}
me : or fiux such as mica, felspar, calcium compounds. and iron
~_ Jdes and hydroxides. They should, however, be rich 1in alumina.
swilding clays are slightly refractory. The ideal clays are those
which vitrify sufficiently at a temperature of 950-1100°C to form
hard bricks without excessive shrinkage or  deformaticn- These

Toured clay materials with a low refractoriness occcur as resiliat
or alluvial deposits and are used in the manufacture of structure.

ceramics, for example, bricks, pipes and a variety of cther procucts.

«irze the dawn of civilization man has recognised that clay could be
made plastic with water, moulded and then inade durable by the action

° he-:, On this phencmenon has been based the science and
technology of the industry of ceramics. The word 'Ceramic' is
derived from the Greek word 'Keramikos' which 1literally means
'earthern'. The oldest ceramic raw material was undoubtedly clay.
Clay still remains the main ceramic raw material. Other materiais.
some of which may contain little or no clay, are also processed for
the manufacture of a vast range of products requiring high
termperatures for their manufacture. These products  include
structural ceramics or heavy clay products (bricks, pipes and
tiles), refractories, pottery, industrial ceramics and abrasives,
glass, glazes and enamels, and cements, limes and plasters.



~ me of o7 v p he 21 that may occur in a c..y wete ial affects
ne . w'r1, = is well knewn that kaol &t © ays are the

ieast » * 3:iz apd the most refractory; montmorillonite ciays ave .oe
<+ pias- ¢ anc the least refractory and the hydrous mica ciays a €

of an' U7 A 7 e pi-aticity and low refrectoriness. Sri  Lanka couid
ha 7~ rFAa” an’ ae 7 pminerAa’. provinces based on the frequency

; ) o'y - < assoc ted minerals in the alluvial and
s A T g e pdee N iihe ~ 0 pibut ni clay material from the
5, L TL 2B U shed g8 oo _~ws (_2:ath 1973, Herath and

i ec "n e o 3w n eral f ovinca:
. M~ 3 Kaoiiveic 7iay (chine clay)
"1y Xagl.aite - gibbsite - boehmite clays with mixed layer
v .ral and vo.riculite {ball cliay:
) Ze~ iy te - gl k Tte g TTite  ays with mica, mixed
oo e - .oe @ verm.: ite osick and Fule c¢lays)
. 1[: Drv %cre ~, m.e. Province:

Xao. ‘rit=2 - montmorillionite clays devoid of gibbsite
but with calcareous materiel (brick and tile ciays).

I termeciate Z .12 Clay Mireral Precvince:
| R OOV R cave wolalci-2ly low  in gibbsite  and

m oy o~ Gze.

- _.~7 ) - -3l Provirces closely foliow the climatic zones of the

sl ¢ v ., .. ari Intermediate Zones), 7 1d *th!s feature points

et a7 Syt nl mat’ L Lon e w . cetermined the nature
of 17 er'. devel- ome t o Sii La < A notable feature of clay

v -eral .2ve.cpment is the progressive increase in the proportion of
- -_i 1 .ite frcm Wet to Dry Zone, the prcgressive increase in
. ometio of gibbsite from Dry to Wet Zone. and the progressive

disgp-~7 ~-~_ ~% <celcareous materzal : _-n Dry to Wet Zone. The

proportic . - I aibbsite present is & highly diagnostic character  end

the classificaticn car be entir . 7 based on this feature. Fic e 25

is cresented to shc s Gifferential thermal analyses (DTR) o.ves for

china ciay and ball clay from the Wet Zone area and i'ig. 26 shows
characteristic D.T.A. curves for brick and tile clays from the three

Clay #ineral Previnces. D.,T.A. 1is a metho¢ of determining the

ce _ zrature at which thermel reactions tare place in a material when
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Figure 25. D.T.A. Curves for China Clay and Ball Clay - Sri Lanka

it is progressively heated. In the case of clay minerals D.T.A. at
first shows charateristic endothermic reactions due to dehydration
and loss of crystal structure, and later shows exothermic reactions
due to the formation of new phases at high temperatures.

The occurrence of China clay or kaolin in the low lying areas around
Colombo has been known for a long time. The reserves available at

Boralesgamuwa are estimated to be well over a million tons (Herath
1963). No detailed investigations have been undertaken to prove the
estimated reserves of raw kaolin. Other deposits occur in the deep
residual weathered zones of the central highlands and in other
areas, specially in the lowlands of the  south-west sector
(Meetiyagoda area). Clays which approach ball clay in composition
are known to occur in the flood plains of rivers and are confined to
the south-west sector. The best known deposits of ball clay occur
widespread in the Kalutara area. The proved reserves in this area
amount to over 500,000 tons, although the actual reserves are
probably very much larger. The Dediyawala clay could also be classed



- 136 -~

CEY

¥ T T T T A T ¥ 1
‘ 0 100 200 ks 400 500 [{ev] jiele] 1¢96° €

R
29 M R ?
i
\

y M\//\NM |

38

\
|
C.M.P.- DRY ZONE |

C.M.P.- WET 2C.!t

Figure 26. D.T.A. Curves for Clays from the Clay Mireral Provinces -~
Sri ~ Lanka



ALA oL T T ~ ., .-afireclay {.. '~ ;. ..c 1,702°C).  The
el - for the mami.. tu.- I . - _ed -_1
REVIER ) Toery large ueserves of caé . Bl .a,c
S e R o and other areas, The alluviali c.é
' ' R Foe_ture  clay products  vary

[¥%)
J

L eer e wes o .0 oL the Andigama area
R T “ + o of heavy clay

N P L L > .3 eerths hnave

S [ S \ > L TS ¢ 7 laterites
- male.wi {c..z.e) (Keratk [ 1373,

o Jm oot .o 0 o0 mMeetiyats a and Boralasgamuwe  cliay

T S S S ~ .1 L7 oo Uoowes infdustry. The rationa:

co e s B0 Cay . v . and vef ned) are presented
raowm.cal antlyses - diffei¢ 't types of clay

oo s e TeY o2 XXUTT 3 Te~le AXVITI shows  the

T T - - I - 2 same ¢'-v mate..als. (Clay materials
al " L > The :mpi'~ Zies , 2s8e.: " them ~.e

e-e 0 N Ay oLl Tl Thelr examipation may

e 7 IF 1+ v 3> when us!vg nodeir. experimenrtel mechods. Table
3 L€ I oot L minesi Lol F . «a-ssificetion of the

b 1

A DO | : ‘r2 isls o ar Tsle XXX gives tne
LS. paysice. pl.ore. U .s C ohe Clay meteriais. It ig seen

M o5 is vesented that most of the ceramic properties may
o~ . a2 v andgce of the corstit it - ~F the <olay

as -~ oased -~ the mar *f ture of ceram ¢ products, clays and
~T3 ATl T1st used [ he me facture of a large number
Cu. 0w 72.m 7~ po ducts. Fov example, refined kaolin or

"« ead as Tillers and coatings for paper, as fillers and
e t ar_ ot . - o8, and as fillers £cr rubkber, textiles. ~_.
N t ...+ 1 t .l powder, soaps, and ocramephcre 2 ds.
W C o as ALl used a 3C.o po.ishing, medicines, ~arm quticals;
an¢ m~~7 *~ - r >~ ks, e . Y vedo o es of kaolinitic

ul

e, {cly ooL2rs)y zc b we _ing aeduw.. e o - fron oxides and

[ T - —

- - Lo T Lanka coaese lays  occur  as  lateritic clays.



- 138 -

'Samara' a yellow ochér is a common variety. Clay ochers are used
for paints, ceramic stains and for a number of other purposes.

TABLE XXVI

RATIONAL ANALYSIS -~ IMPURE CHINA CLAY

CONSTITUENTS PERCENTAGE MINERAL PERCENTAGE
210 70.54 Kaolinite 46.50
Al)03 : 20.92 Mica _ 8.20
Ti0p 0.43 Quartz ) 45.00
FeO | - Ilmenite .23
Feo03 0.18 Iron Oxides
K50 0.96 and Hydroxides | .13
nan0 0.22
MaG tr. Total 100.06

| “ac - ——
! HoO™ 0.40
Ho0t 6.49 RATIONAL ANALYSIS
(mica convention)
Total 100.14 IMPURE KAOLIN
CEY.1
L | (CEY.1)

RATIONAL ANALYSIL - WASHED CHINA CLAY

CONSTITUENTS PERCENTAGE MINERAL PERCENTAGE
5i0p 47,58 Kaolinite 97.00
Al)03 38.89 Mica .70
Feo03 0.42 | Quartz _ 1.80
FeO - ‘ Ilmenite .20
TiOo 0.42 Iron Oxides and .30
K20 0.06 Hydroxides
Na)0 = 0.02 e
MO tr. Total 100.00
Ca0 tr. ———
HyO™ 0.51
Hpot 11.96 | RATIONAL ANALYSIS

(Mica Convention) After
Total 99.86 WASHED CHINA CLAY | Herath (1973)
' (CEY, la)

Since about nine-tenths of the island is occupied by Precambrian
crystalline rocks, the island, except for some Jurassic shale, is
devoid of true consolidated clays, upon which so much of the ceramic
industry of the world is based. However, the surface of the island
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TABLE XXVII

CHEMICAL ANALYSIS OF CLAYS ~ SRI LANKA

' r
iCEY.1 CEY.la CEY.: CEY.8 ! CEY.20 CEY.6

I

Si0

70.54 47.58 49.10 46.12 48.40 45.12

A1253 20.92 38.89 31.10 25.26 20.27 29.95
TiO2 0.43 0.42 2.39 1.11 1.05 1.13
FeO - - 0.61 0.46 0.64 | 0.96
Fe203 0.18 0.42 0.16 9.73 8.85 9.10
M0 tr. tr. 0.62 0.90 1.27 § 1.14
1 Cao - Cr. tr. 0.76 1.41 0.68
KZO 0.96 W 0.06 0.84 1.49 0.83 1.32
Nazg 0.22 } 0.02 0.23 0.63 0.52 0.46
| Hzo 6.49 11.96 11.79 10.72 5.17 8.61
i H,0 0.40 0.51 2.05 2.48 ] 7.53  0.94
| Total 100.14 99.86 99.69 99.66 99.94 99.26
]| Group 1-i i1-i 1-ii 1-iii II IIT  ]
AlLy05/ |
5102 .296 _ .815 .649 .547 .418 .570
1
After Herath (1973)
CEY.1 = Unwashed kaolin
CEY.la = Refined Kaolin-without chemical- treatment
CEY.2 = Ball Clay
CEY.8,20,6 = Brick and Tile Clays

Geological Survey Department,

Colombo 2.



TRLE AXVITT

MINFRZ? "L 3ICAL CCMPOSITION
OF SRI LANKA CLAYS

{ 1“—4:} m Gll? {
MINERAL |
| Cey.l ‘< Ce 2 I_Ley g, 70, cevr 5
i ] . - _
: J !
Kaclir ;43 1 40 =20 =30 = 45
Montmorillonite i : { - =< 20 ~-17
Mica [ 8 | - < 8 Lo
Mica -~ interstratified | ; i |
mineral and vermiculite; - =25
Vermiculite —~ | | l
interstratified mineral tr. | =< 10 | i
Calcareous material l . ‘]‘< 5 -
Quartz [ 46 ’ 23 ] 24 15 12
Gibbsite : =13 <15 ;| - =<5
Goethite , =50 =20 (<12 =< R , <10
Ilmenite | <50 250 =1 =<1 =9
Boehmite i - = 5 - i
Felspar [ =18 ’ ( | =2
Monazite | =200 | e - P | <10
Organic matter ! g |<2,SC | tr jpresent | tr.
Absorbed water | 40 [ 2 05 wz 49 7.63 i4.79
. . P ]
Mineral ‘ Group ‘ I-1 ‘ I-i1 } I-111 II III
After Herath (138C)
I eme 1ed b 3 C - - .
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nining in nost areas. Accurate records of the quantity of raw
naterials mineé by the cottage industry are not available. Assuming
that approximately 500 million units are produced by the cottage
industry about 1300 ecre feet of clay are required per annum. The
nodern brick and tile industry (private and public) consumes about
270 acre Teet of clay for the manufacture of 90 million units per
amum.  The total annual requirements would therefore be in  the.
rerion of 1500 acre feet. At an average working depth of 2.5 m this
will “rwolve a land use of approximately 200 acres per annum., The
ceclamation of such mined land needs careful consideration., The
toctal value of various clays used 1in industry 1is considerable and
moouncs o wore thar 83 wmfllion rupees annually.

Sri Lanka is well provided with ceramic raw materials, The cottage
industry manufaectures about 500600 million bricks per  annum.
Unglazed tiles of the mangalore pattern are being mnade 1in over 50
nodern factories; the Ceramics Corporation also operates about 12
t~'e factories and together they produce over 75 miilion tiles per
apmin. Farthenware pipes and floor tiles are also produced. The
State operates a series of pottery centres. Two kaolin refineries
are operated by the Ceramics Corporation which produce nearly 7,000
tong of refined kaolin per annum. This Corporation also operates two
ceran .z factories, one at Negombo and the other at Piliyandala.
These factories preduce over 7,000 tons of ceramic ware and the
products  include domestic crockery, sanitary-ware. wall tiles,
mosaic tiles, elecroceramics and miscellaneous ornamental and fancy
ware, A factory manufacturing porcelain ware (I.anka  Porcelain
Lirnited) mainly for export 1is situated in Matale. A refractories
factory at Hanwella, a second kaolin refinery at Meetiyagoda, a ball
clay plant near Kalutara, and a modern lime plant at Hungama have
also been established. A wall tiles plant (Lanka Wall Tiles Limited)
nainly for export is situated at Balangoda (Herath 1978). A floor
riie pl. 1t is to be established by Lanka Wall Tiles Limited near
Hanwella.



TABLE XXIX

MINERALOGICAL CLASSIFICATION OF SRI LANKA CLAYS

! Mineral Group Miner: "s Invari bly{ Others
{ brasent
| [
1
1 Group I -~ Wet kaciinite, gibbsite , Montmorillonite
Nos. Cey. 2,8,9- goethite, quartz ana halloysite ;
| 19,11,12,13,14, ilmenite mica
i 15.80,82. interstratified
minerals '
(bioctite/vermicu-
rite)
vermiculite
boehmite

]

|

{

!

i

{ iron oxides \
' other primary resi-

| stant minerals
;

1

!

gecthite

irorn oxides

-ce

calcareous material
other pr mary
résistant minerals

Group 1II - Dry
Nos. Cey.20.22,28,
29.31,33,35.36,38.

kaolinite,
montmorililonite,
felspar, quartz
and ilmenite

i Group IIIL - ]
Intermediate ¢
Nos. Cey.3,4,5,6, | kaolinite, Quartz Y mica
16.17,18,19,42,83. and ilmenite gibbsite
goethite

iron oxides

montmorillonite
other resistant
primary minerals

after Herath 1973

he mid seventies may be considered as the height of the expansion
of the S8ri Lanka ceremics industry. In recent ye s a second
vcrcalain factory has been established (19821977 at Dankotuwa.
T ., 27 shows the location of ceram’~ ancd other factories in the
is. »4 The Corporation has aiso re-structured its research and
develor ~—iit facilities and has established a modern research
facility tc¢ cater to the entire ceramic industry of Sri Lanka.
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TAI LR KX
CHARAC! . T FHYSICAL L TEES OF & ZAl T 4R
] |
Lroperties Wet Zone i Intermediate Zone 71 Dry Zone i
ivlineraiogy #ao. Gib. Goe. M.L. Hao. Iviinor Cib. and | ¥ao. Mont. and Lime :
Min. Mont.
£ — 2 microns .ange 12—49 Range 24—57 Range 40-—65
Ceneral .. serage 24 Average 40 Average 52
Moisture (%) Mange 1.62—3.80 Range 2.75—3.39 - Range 4.00--6.48
Average 2.52 Average 3.63 Average 5.23
~otal Cation, E.C. Range 6.8—10.8 Range 12.3—26.8 - Range 32.5--52.2
Average 9.4 Average 17.6 Average 40.2
[’ Aterberg Plasticity Range 9.7—19.4 kange 20.4-—38.4 Range 41.3—49.0
index Average 13.3 Average 23 Average 46.6
' Dry orloability Short to Normal WNormal Excellent
Julk Tiensity Range 1.38—1.61 RrRange 1.55--1.81 Range 1.80—1.97
‘gms. T T ec.) Average 1.45 Average 1.72 ¢ verage .85
~ight Loss {%) Range 13.5--26.3 Range 16.0—31.2 ange 21.4 —24.5
Average 26.8 ¢ verage 24.5 + erage 23.3 |
—_— —— |
ilk Density Range i.38—1.64 Kange 1.55---1.83 ..ange 1.93—2.15 ‘
(gms. per cc.) Average 1.46 Average 1.73 F£verage 2.07
(2 “/olume . nge i3.1—-270 Range 15.4—33.2 Range 25.3---33. 3
Contraction (%) ¢ verage 16.8 Average 26.8 Average 29.4
Stability Cracking No Cracks N¢ “.ac’s No Cracks to Fine C. ‘
|

Compressive
Strength 1bs./sq. in

Range 224—545
Average 353

Range 520-—832
Average 666

I‘ange 5371052
Average 795

Fired-1050°C

Weight Loss (%)

Fulk Density
{gms. per ccC.)

Range 17.4-42.8
Av .age 32.0

| Range 139168 |

Average 1.54

Range 28.9—40.7
/uverage 34.5

Range 27.4—36.2
Average 33.3

Kange 92—1. 98
L.verage 1.94

Range —-
Average cbove 2.00

Volume
Contraction (%)

Tange 23.2--30.9
Average 27.5

“ange 22.5- 29.2
Average 32.8

Range ---
Average above 33 0

Colour
Hardness

Cream to Brick Read
“oft to ¥airly Hard

Pink Prown
Hard to Very Hard

Light to Dark Brown
Very Hard

Stabi:ity Cracking

No Cracks to Badly C

Fine Cracks to Rad C.

ido Cracks to Extreme
“Cracking & Bloating

“Water Absorption

V)

Range 16.2—28.5
Average 22.4

Range 7.1—i4.9
Average i2.2

Compressive
Strength/lbs./sq. in

Range 434 —963
Average 629

Range 2460—4910
3283

Refractoriness

High

Tntermediate

Range —
Average arounc 5.0
Range —
Average above 500C
Low

HEEA™  (1970)
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CILTTN

Siica (SiOQ) is the most abuindant oxide in the earth’s crust and
occurs both as free silica and combined with other elements and
compounds. Free s’. -~ <~~uvs in nature in many forms and in many
degrees of purity such as welrn gnaitz, quartz sands, sandstone,
guarkzite. £E00 0+ ot T mir «2al, agate, and chalcedony. Some
varie. .es ~f cuart? such as emetbyst, opal, Jjasper and agate are
valuacie as sem. Drecisus €57 =2s. n Sri Lanka silica occurs as vein
quartz. silica sand and quartzite.

Veir quartz depesits of extreme purity (over 98.8 per cent silica)
2 foad in many parts of the islend. The best known caposits occur
ir the Opanai’'e. T :imad. ’ls Fusse.la. Rattota and Ratnapura areas
(Fig. ?8Y. Ta . .. { s presented to show the locations of deposits
¢ vein quartz that have beern observed during the course of
geo ngical surveys conducted by the Geological Survey Department of
Sri LT %a. Vein quartz normally occurs on the surface as very large
ooulders and may in some places cover an area of about 4  hectares.
They do not seem to exterd in depth. Recent surveys carried out by
the ~clogical Survey Department have proved deposits of vein quartz
of commercial importance. an¢ the reserves at present are estimated
to be in the regicn of 20C 302 tors. Vein guartz is mined for use in

the ceramic and allied industries.

Deposits of silica sand are widespread in the island and the best
known deposits occur in the Marawila-Nattandiva and Madampe ‘areas
(Fig. 29). A large deposit of silica sand also occurs in the
Ampaf Vallipuran area. Three deposits have been recognised in the
Madampe-Nattandiya area: the Madampe deposit in the north, the
Kudawewa deposit in the middle, and the Marawila-Nattandiya deposit
in the south. The length of the combined deposits, stretching for
eight to ten kilometres, greatly exceeds the width, which in places
is not more than a few hundred metres. The total area covered by the
silica sand deposits has been estimated at approximately 1000
hectares.
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Ambalantota
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Avissawella
Buttala

Hambantota

Haputale
Hatton
Horowpatana

Kandy

Kurunegala
Maha Oya
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Puttalam
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fimbolketivya
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Geological Survey Department

Colombo 2.

LONGITUDE

Degs. Mts.
80 58
80 41
80 15
80 15
81 08
81 07
81 11
81 08
81 08
81 14
81 08
81 16
1 20
81 22
81 24
B0 52
81 06
80 39
80 38
80 45
80 40
80 42
80 42
80 40
80 40
81 20
81 10
80 58
81 01
81 01
79 54
80 26
80 27
80 23
80 20
80 36
80 39
81 00
81 05
81 05
81 03
81 0l
81 00
80 58
81 34
81 34
81 11
81 12
81 10
81 12
81 11
81 16
81 24
81 29
81 31
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TABLE XXXI

NA -

LOCATIONS OF VEIN QUARTZ

LATITUDE
Degs. Mts.
06 11
08 12
06 53
06 53
0e 37
06 40
06 18
06 17
06 10
06 11
06 68
06 11
06 13
06 15
06 16
06 36
06 46
06 57
06 53
08 53
67 13
07 10
07 09
07 31
07 30
07 30
07 31
06 53
07 03
07 02
08 02
06 34
06 30
06 44
06 48
06 36
06 35
06 19
06 20
06 25
06 26
06 29
06 31
06 32
07 17
07 08
08 05
08 04
07 58
07 57
07 52
07 57
08 04
07 57
07 02

LOCATION

Pallerota
Nawakkulum
Boraluwa
Getahetta
Kirindi Oya
Kirindi Oya
Niyandagala
Urapitissuwala
Mahalewayva
Embilikala Kalapuwa
Pitawake
Baminiya wewa
Kirinda
Palatupane
Palatupane
Kalugaha
Ritigala

St. Clair
Ottery

Ihala
Kubukgollawa
Galaha
Deltota
Pattiyagama
Gurubibile
Koswana
Kekirihena
Kekirihena
Kodemegama
Moragolla
Idemegama
Sellankandal
Karawita

Dela
Ratnapura
Pussella
Opanaike
Akarella
Suriyawewa
Udamattala road
Weheragala
Podiwewa
Dunga Ara
Tunkema Wewa
Hambegarmuiwa
Bakiniatta Aru

. Kivulagama

Kandakadu
Sinnakallu
Tirumunatur
Salambadimadu Kulum
Dewagalla

Singara Kulum

Uppu Allan
Mylankarachchan
Ullapola

<y
~

A4 - 4
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A7 h cuality cryste! quartz is used i» precision instruments.
s rc~~ grade guertz corystal cccurs ir Brazil. The use c¢f gilizcon
(s )} in aliicy form, primarily ferro-silicon. is firmly estabiished
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i : ns J n refractories, building products- abrasives,
v 1ds, fillers and a variety of other products. In Szi
_3il'-ma is mined (vein quartz and silica sand) mainiy for use
‘1 giass and ceramic industry and for use as a moulding sand ard
-acive mgterial -

CTLTEPAR
s _ . 2 genacal term used to designate a group c¢f closely
»  fals, ~ r3istig essent A7y of Aaluminium silicates in
o~ it ovarylng pr o - s cf  potassium, scdium  and

.1 n, It is the pri zy-" roc- Lorming material, and the mein
€ 'jes are orthoclase 07 microcline (K205A1203n68102)t Aib:te
e, ¢ 7‘lnoq' ‘3107) and =northite (CaO.A1203<ZSiOZ). Albite ana
peeo S s L2 end irentars of a centinuous compositional  series
e - 22} - zee feispars. The potash and the soda varieties

. E _Lance.,

i - ___. -~ felspar (potash felspar) occurs in pegmatites in various
‘e ¢~ ¢ Ia 3, such as Rattote Taiagoda, Kaikawela, Namzloye
- L3 rd2 (Rig, 28). In Sr’ Tanka felspar is chiefly nsed in the

> and 7lass crAustries and mining of felgpar .o carried out

"2 ¢7_sa. The larcasit deposit of felspar is [~ Owella

» . v zawela), and the Ceylon Ceramics Corporaticn has
~n. ed mi g this depcsit. Driiling investigations carried out
T ~~ > zal Survey De aicment ravealed that the Owel .a £felspar

..~ a _2r lve and commarciaily vaiutable deposit. A number cof driil

'3, % "2 in the area showed that felspar oncurs to more than
Y. . =2 I,  the surface. Weathered felspar cccurs to a depth of
AT - ~s a7 from this point dom™vards bar¢ felspar is

- ouatared. At deptns the feispar occurs with other minerals such
-~ = 7 and mica. Flucrspar has aiso been coserved to be present.

ha ¢ emical enalysis of felspar is presenteé¢ in Tabie XXXII.  The-
r. 7.2 avallable at Owella are fairly ierge and may bLke estimated
20 be over 2 miliicn tons. The deposit 1is worked at present and
¢ 0olias felgpar to a number of industries. FPelspar also occurs at
++ ~olaces, ¢ d cdgposits in the Talagoda area have been worked fox
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a nimber of vyears. The Talagoda deposit dcas not appear Lo be
premisi v 100 large scale mining of £felspar. Table (©'XiII is
pies. —ed o show the locations of some felspar deposits whii~~ have
been identified during geological surveys.

TARLE XXYIT

TOMPOSITION OF FELSPAR -+ SRI LAN

Koslanda

|Constituents T Owella ! Talagoda i
) |
si0, 64 15 L €67 1 65 02
1,0, ite s 1 18.35 [ ,
Fe.0., : 0.06 T 10 1 008 :
; Ti0 7 i tr i i j
] 2 : - :
1 Cal 0.35 tr. I tr.
i MO 0.04 -
[ Mo 2.8) 320 - 0 24
[ KO 13.67 1565 16.05
|
f Total | . 99.81 99,97 | 10041 |
] 1 I ]

Seclogical Survey Department
Colombo 2.

Pelspar is used principaliy in tne manufacture of dlass,. pottery,
vitrified enamels and special porcelain. Less important uyses .2’ de
_its employment as a flux or binding agent and as ar irgrediert in
so0uL g . soaps and in artificial teeth. For high class products it
»s cenerally considered that felspar should not contain more than
v.o. Le..2 . iron oxide and that for most wvarieties of colourless
hollow ware the iimit is about 0.03 per cent. These limits make it
desirable that every effort should be made during the dressing of
the felspar to remove ircn bearing minerals or iron staining. In Sri
Lanka climatic conditions are such that iron staining is very common
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a7
07
07
07
07
a7
06
06
06
06
06
06
07
07
a7
07
07
07
97
07
07
07
06
06

50
46
44
42
39
39
32
26
25
20
20
27
14
12
14
08
10
09
17
1l
06
15
50
55

Mahaulpota
Aralaganvilla
Ulpottegamna
Elewakumbura

Nela Ela

Nela Ela
Indurugaswewa
Weeraketidigane
Nikara

Weliwewa
Ranawaranawewa road
Angunakolapelessa
Aligalge Tank
Denatapitiya-
Bokutuwe Kandure
Kivulagama
Madane Aru
Ambalamoya
Penpamveli Kulum
Amme i Kuium
Koraikalapukulam
Muwangalawewa
Hitigalarana
Neugal Aar
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in felspar deposits and care has to be taken to remove these stains
nefore the felspar is processed for industrial use. With the

expansio .f .. ceramic ir “stry it is important *c locate  ccod
qual’ = i »ar deposits in order to maintain efficient supplies of

rayw TAac 2. .a. to industry.

GARNET

The name garnet is used to designate a grcp of silicate minerals
vhere the minerals have similar physical properties but widely
“different chemical ccmposition. Their only use other than as
gemstones is as abrasives. Natural industrial garnet consists
essentially of the variety alman™ .te (iron aluminium silicate) which
has desirable abrasive qualities. Almandite has a hardness of 7.5 to
3.0 and a chemical composition - Fe203,A1203¢Si02k For commercial
use gar et 18 normally crushed, ground and graded to waricus screen
and micron sizes depending on the interded .end use.

Garnets are - 1iefly found in metamorphic rocks, particularly schists
and gneisses. The proportion of garnet bresent varies considerably,
and it is generally not economical to treat rock with less than
10 per cent agarnet. The U.S.A. produces weiy large quantities of
garnet from metamc. hosad idneous rocks for use as abrasive
material. Carnet also occurs as alluvial deposits which have
resulted from the weatherirg of parent rocks. In Sri Lanka garnet is
a widespread mineral in the gneisses and granulites and some rocks
contain nearly to 10 to 15 per cent garnet. However, reccvery from
rocks is not being carried out, and the garnet that is produced
comes from the besach mineral sands. The each sands of the southern
coastal areas of Sri Lanka are . rich in garnet and very large
reserves are available for commercial exploitation. The beach sands
in Dondra and Hambantota have been investigated in detail. The
Dondra sands contain 9 to 24 per cent garnet. The Hambantota garnet
sands are mainly concentrated in sand dunes and contain up to about
20 per cent garnet (Fig. 28). Kirinda is also an important locality
for garnet sands. Small quantities of garnet sand have been produced
in the pilot plant belonging to the Geological Survey from the heavy
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nineral sand concentrates of the Kaikawela and Polkotuwa areas.
Garnet., hcwever, is not produced at present in commercial quantities
and the prospects for establishing a plant to produce garnet are

promising especially in the southern parts of Sri Lanka where the
beach sands are rich in garnet. '

LIMESTONE

Ceologically, the term limestone is applied to rocks of sedimentary
origin which consist predominantly of calcium carbonate (CaCO3). If
they contain the double carbonate of calcium and magnesium, they .are
known as dolomites (CaCO3OMgC03). Limestones range in chemical
compositicn from almost pure calcium carbonate (such as the Miocene
limestones of the Jaffna Peninsula) through magnesium limestones and
dolomitic limestones to dolomites. Where the limestones aie
crystalline, they are referred to as marbles, eg. the Precambrian
narbles of the Highland series. Chalk is a very fine grained
material consisting of microscopié marine ordanisms, and whiting is
finely ground calcium carbonate. Iceland spar is the name given to
the water clear variety of the mineral calcite (CaCOB). - Coral and
sea shells are also sources of calcium carbonate. Quicklime or
calcium oxide (CaO) is produced by heating calcium carbonate, and
hydrated lime (Ca(OH)é) is the product of the reaction of quicklime
and water. :

The limestone deposits of the island fall into four main groups
(Fig, 29): '

1. Sedimentary limestone deposits of Miocene age (over 95 per
cent CaCO3).

2, Crystalline limestone (marble) deposits of Pre-Cambrian age
"a0, variable). i

3. Coral limestone deposits along ccastal areas (over 95 per cent
Caoo3).° ‘

4. Shell deposits along coastal areas (over 95 per cent CaCO3).
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Sedimentary limestone deposits of Miocene age are best developed in
the Jaffna peninsula where they occur as a hard compact limestone

with a calni 1 carbonate content well over 95 per cent. These
depc .l - .ch exterd to great depths extend as far as Puttalam 'in
t.- nortk ~est coastal belt of the island. The overburden
(ved—earths) at some points (Aruwakalu Hill area) may be over 30
metres thick. The chief impurities in the limestone are varying
amounts of clay ard silica and traces of magnesia. Twe cement
factories prod--. ~ : 550,000 tons of cement annum are
operating in the area using Miccene limestone as raw material. The
i cement plants have an installed capacity of 940,000 tons per

annum. ‘The analyses of various types of

Y par

limestoie are presented in.

Hmogyloy J
TABLE XXXIV
CHEMICAL ANALYSES OF CALCAREOUS MATERIAL -~ SRI LANKA
Constituents Shell Coral *Miocene Crystalline
i (Hungama ) (Akurale) (Puttalam) Precambrian
{Kanadarawa
5io, 1.15 2.00 0.82
A1203 0.41 -3.40 "~ 0.52 -
Fe203 0.33 0.50 0.08 -
[ cao 54.89 51.50 54,20 45,72
MgO 0.02 - 0.70 0.7¢
Loss on " 43,15 42.70 43,68 -
~Ignition
- |
Total 99.95 1100.10 100.00 -

# Siliceous varieties are common in the Puttalam area.

Geological Survey Department

Colcmbo 2.
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L G R PO « 2 Frocams sheir deposits  have
.. A ersth L g s 3T v = that the ieserves are
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o wmacerial from this deposit gives a ?aCOB content of over 98
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nlant nas also been asteblished in the area.



“‘mpestone is rrncivally used in the industry, in blast furnaces anc
steel! works and . agricuitire. Lime is used as & metaliurgicr .
flae, ‘v . raanS Uture of alkaii, glass, pcr2xr & caliciua
carH’ e | weter and sewage purification; in s i st . _zation;
- - oo~ bui - ore  ~dusipy in finishing lime. mascns T one  end

~_"a, C'ner induT .riss ue ¢ 1M . Colvde  text.ie and ceramics,
zha o oforb T ow'e .o, T, - 2. varnish and carhon

. ¢ _ 21 “fac:_e of seua  lime CILCKS.
" os. Japtt e sudber, cevam s A J putiy. precipf*ated

a2t e ig alse menufacturec . - T'me. Lame in one  form
‘p. e used .o a aumbar ¢f ~-"~7 wndus fles.

The ' hcane limestcne is the oniy ~ caliy ave iabe . materie . for
~epent mannfactire and this ipdustry consumes large quantities of
‘ 1= fec [~ Survey Department has carried out extensive
. .er 2. ~r"2°e iirestone formations on several cccasions

_ a- .- -~ the ava & 2 reserves, With the expansion of the cemenrt

nAu<, 7 . ow has - -ducticn figures of 7(5 LIC to AT T2 hens
Towooen . e ceve . mestone focrt-ciots met 0 e T¢ e
qr~nkanl o regerved solely for the p.oduct:. i of <czement The proved

_-e _ves at Kankesanturai and ’.awak=" 1 are in the reg on of 100

TToon "L s

N ~wqata ro-¢ 45 a ~ommer el ferm for A rock containiug ¢ T Or

v »' osphate mirerals, usw.!'y calcium phosphate. Phbsphate roc’
~renivg as phosphatized 1 nestenes, sandstenes, shales and 1gnenus
-~~~ mhe wmajority of +the known deposits are found iIn igneots
‘tarh *a:ites)‘ ard sedimentary {phosphorites) rocks. The 1A7X
“r3h.on- m terals of most phosphate rocks are ir the o "“te croup
 “F ~ ~ ha represented by the formula Ca5 (POy )3 poct oy - for
2 ..o £ ooropatite, Ce0 5EL5%, Py Og 2 7%, 2.8 and
chl-rapatite, CaC 53.3%, P205 41%, 01 & %, Phosphcrus is one of
the three madjcr plant £ elements, and phosphate rock @ is

¢oi~cipally used for the production of fertilizer. Chemical analysis
is usualiy repcrted e’ :her as per cent phosphorus pentoxide (Py Og )
cr as per <ent  tricalcium  phosphate Ca3 (FO4 )é alsc
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™. L., (bone phosphate of lime). 1.0 per cent *r: ~" - m

—--~—hatz 1s equivalent to 0.458 per cent P.O. and 1 unit -

275 .
rhC 0L s (P) is ectitala b b 2 3 units of PZOS“
In » "2t yee o S s 2arc1 e . ToLost e exploration has
heen caried cut 2w ve._ us oot - the w . . ~°d the discoveries

mads have ame y del . s-rated the impcrtarce znd wvaluz I applving
bas’ . »ic o .aetrnds tc he corp. ax preobiem of .0l new
> mk T2l osits. May e phesphoiite deposits provide the &t TN of
“~ri s produ tb_cn of phesphete reck and, in generai, can be
Lo 7T omer2 esonomoTtly a !oara Less diff_~ult tce process than
A.0'. .2 deposits of igreo's orogin, In acdition. most existing
~rtlliser end ~chemical pl ts ere cdesignea to use sedimentary
phe phate This is p> - %2, 5 of the piliais i the Asian and
~. st oreg_onT L 0 Toal s ootTueinolly as . trens  _evuorements of
Pinop ¥ e 0K from ipelacive., ¢ _stant souvrces ¢f supply, chiefly
T1 =12 v p Orida.

In L LFnkxa, phosphate ro.k (apatite) was discovered by  the
2" )g:ca. Survey Departme. - 1 apri”. 127 at Eppawala (Fig 337
wn.ch is situated -~ e porthrcentls | province  (Kekirawa-Talawela

~

r -4) about 240 km from 7. ombZ. The dI -sit ig estimated Lo oLl py
an aea .- 7 sq. km The phcsprate rock which is o©f the ca. nii.te
“see cuc irs 1n the foim of @ breccia oa § hills rising to 2 heichc
of a0 m above mean sea level (X .riweihena Hill:, A detailad
aceHunt  2f the Eppawala Cartonetite Cocwler has heen ¢ venr hy

Jayawe ..'ena (.376).

it "5 beiieved that the emplacement of the carbonatite compierx had
ta 1pice °'ng & deep F.acture in tne I :2.-mbrian <rystallire
basemerit . The apatite bearing crystallire limestone (carko ac .te) is
well exposed and the surrounding <ountry iock 1includes granite
gneisses; charrockitic rocks, markie, thin quartizites and biotite
uneisses which belong to the Highland Series (Fig. 30). Drilling
investigations undertaken by the Geological Survey Department have
e ealad that the depesit extends in depth to 125 m or more from
the su Zece. "itizal studies reveal a leached =zone (apatite in a
racrix ¢f iron cizide - the phosphate rich ore zone) up to ebcut 67 m
fc’lo ed by fresh o k> ate rock with apatize. M= a2p .c.te s
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cle~ ~ as a - ri: serich fluorapatite. The average PO contenit

35 va: ~~ . or more  for the pho_phate rich ore Zzone. San  .es
cC b 1ug 39 to 40 per cent P, cort~~t are not uncommon. - 2
fresh carbonate rock at depth cc“'{ln e 47 per cent ongq
L7 .0 ¢ invest  ~>cions proved about 25 mi. - - nre,  Taking
intc “cariziL. thak the apat! .. occurs a - oo~ - and
covers A very wide area the inferred ore reserve nn 7 . " e
vedql oo r 0T M Tde ~~s. Toble XXXV is presented tc <low ¢
ve Co. T me~ - dte from the phosphate rich ore zone.
TABLE XXXV

CHEMICAL COMPOSITION OF PHOSPHATE ROCK
(APATITE) -~ SRI LANKA

| Constituents Phosphate rich ore zone
' !
EP/I/P ' EP/2/P EP/3/P
{ 5107 0.50 0.30 0.60 i
1 Aly03 1 0.95 ) 2.23 7.05 i
FeO ' 0.70 J 0.70 0.54
Fo03 3.72 | 2.30 7.70 ?
TiOp 1 0.78 0.78 0.60 i
P20 | 36.60 36.04 ’ | 33.00 i
Ca0 ] 52.30 51.60 | 43.63
¥go | 0.20 0.23 | 0-29
I Sro i 0.66 0.65 | 9.60 ]
| Bao 1 0.13 ] 0.26 i 0 62 ]
MOy 0.09 ] 0.08 ] 0 19
{ F 2,40 i 2.43 | 1.74 |
cl i 0.88 ] 1.04 | 0.98 " ‘
’ ThO, ) 0.02 ' 0.03 - 0.01 l
| H20¥ ] 1.46 2.65 3.60
i Total 101.39 101.32 1 -101.15
Less O for {
; Cl and F | 1.23 1.34 1.08 ‘
1 .
Total i 100.17 99.96 100.07
] L
MINERALOGY - Apatite (primary) insoluble, ‘Francolite (secondary

apatite) partly soluble, Martite (secondary iron)
Rutile and goethite.

Geological Survey Department,
Colombo 2.
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TABLE XXXVI

THE MINERALOGICAL COMPOSITION OF EPPAWALA
PHOSPHATE ROZK (BRECCIA)

MINERAL COMPONENT MODAL PERCENTAGE
Chlor—Apatite

(coarse crystalline) 45.50
Francolite

(Carbonate Apatite) 41.50
Crandalite

(Hydrated Aluminium Phosphate) 5.10
Goethite and Hematite 4 60
Ilmenite ' ' 1.30
Quartz 0.80
Wad

(Manganese Oxide) 0.70
Wavellite

(Hydrated Aluminium Phosphate) Trace
Total 99.10

After ~ IFDC studies 1979, Alabama - USA.
SMDDC

TABLE XXXVII

CHEMICAL ANALYSIS OF EPPAWALA
PHOSPHATE ROCK (BRECCIA)

CONSTITUENT ’ WI. PER CENT

Ccao
Po0sg
Cl.

F
Co2
Najz0
\MgO .
Al-03
¥e203
$i0p
MnO;
T{O2

ggg

i
Trace elements detected are ~ Cr, Cu, As, U, Cd, V and Hg.
After ~ IFDC studies 1979, Alabama - USA.
SMMDC
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OO0 OOPRHOOF VKHGD
e e e e e A

.
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(Fe233 A A1203; average 7-8 per cent) are the major drawbacks in the
ntilization of this ore. The high chloride content gives rise tc
serious corrosion prdblems in plant and machinery and the high R203
content retards the filtration process during conversion of the rock
to phosphoric acid by reacting with sulphuric acid. The
international standards acceptabie are less than 0.05 per cent
chlor Je and less than 4 per cent RZOBH

Beneficiation studies have revealed that there 1is no practical

method of beneficiating the Eppawala rock for acidulation  and
thereafter for the manufacture of phosphatic fertilizer by
conventional technology. Due to the unsuitability of this rock as a
feed makte: lal in  ecidulation, its suitability for direct
gpplicat - specielly for perennial crops; was studied. The Central
Agricultural Research Institute of Sri Lanka carried out field

trials with ground Eppawala rock in comparison with  imported
phosphate rock. The citric acid solubility of the Eppawala rock 1is
about 2 per cent and that of the imported material 1is about & per
cent. The Eppawala rock ground to a particle size of 100 mesh BSS
was found suitable for direct application in tea plantations and :in
most of the rubber plantations. The rock, therefore, 1is crushed and
ground, and approximately 15-18 thousand tons of the material 1is
supplied to the Fertilizer Mixing Industry. This amount wouid be
doublied in the near future. '

There are a number of methods available for the manufacture of
phosphate fertilizer. Many of these, however, cannot be applied to
the Eppawela rock phosphate as it is a deposit without parallel in
the world. The main types of fertilizer which could Dbe manufactured
include the Rhenania type phosphate, Fused Magnesium Phosphate and
High Analyses Phosphatic Fertilizers. For the manufacture of the
Rhenania type phosphate, phosphate rock, soda ash and silica are
mixed and sintered at temperatures between 1000—1200°c;' and the
apat?te_is converted into a product with varying amounts of PZO .
The sintered product is in the form of granules, and the total P205
content in the final product is around 26 per cent. Fused magnesium
phosphate fertilizer could be produced by the fusion of Eppawalz
rock with  serpentinite (available in the Uda- walawe
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oL, T ~~ or bituminous shales of mudstones, cherts (or other
' ~ ~ sediments), as well as with various carbonate rocks
ar ' 29 an effective aid to phosphate exploration. This assemblage
srtarises geosynclinal phosphate  deposits. The platform
phosphorite lithofacies comprises sandstone. ~ “bonate sequences,;
calcareous shales, #iits “nes anG eva ‘ites. Some deposits are
associated with glauconite and arenaceous - clayey  sediments.

nda "€t pro<, ~=ting techniques have also been used in phosphate

©ion.,

< - gefu! of the indirect methods . depends upon the uranium

o .. ‘. of phosphate rock which in marine phosphorites ranges from

0.005 to (1,02 per cent. Phosphorite together with certain black

shales is thus significently radioactive ccmoared with most other
“TRmrvorocks.

20 C: e fartilizer complex in the island is the urea piant
‘situst-  at Sapugaskanda. The nitrogenous fertilizer is manufactured
from Naptha obtained from the Ceylon Petroleum Corporation. The
iy zn s .':mand for urea is about 150,000 tons per annum.

3r% ¢~ has long been renowned for its gems. In the scriptures,
»~farence is made to gems being brought from Ceylon to the Court of
"ic The 'Mahawansa', the great historal record of the island,

refer to the singular reputation of the island for its gems.
Sev "L Greek writers of the first and second centuries refer to the
reputatior. of Sri Lanka for its precious stones. From about the

fourth century to the eleventh century the Arabs and the Persians
axercised a great infiuence oveér the trade of the island. The

Jenetian traveller Marco Polo, in the thirteenth century., visited

Sri Lanka on his homeward journey from China and in his book he
rmentions the gems of the island. He also records that he found the

Moors, the descendants of the Arabs, in undisputed possession of the
gem trade of Sri Lanka. It is also believed that Sinbad's Valley of



Gems in the Arabian Nights is probably the Ratnapura Gem fields, Sri

Lanka has therefore been reputed for its gems since early historic
times, “

The main gem bearing erea =f Sri Lanka which has been known for
centuries comprises a series of parallel ridges ser -ated by
loengitudinal walievs and situated in the Sabaragamuwa I _-ovince
{Fig. 31). To this < 7 the main gemming fields in the ‘islanc¢ are
confined to this nrea ~ .ch ccvers nearly 1500 sg. km. The areas in
the wicinity of Avissawel: Retnepura, Rakwana, Pelmadulla and
Balangcda have supported the most act . rely worked gem pits in the
isle d for A number of decades., This rec ot has supplied to the
markec some high-~priced blue sapphires, star sapphires and cat's
eyes. Ratnapura {(meaning city of gems) is the main cencre of the gem

Figure ~ L. ¥i - o:

w

Ect ving 0 ey ¢ . v 1 adnlla Roead

industry. Outside the main gem bearing area there are isolated
gemming grounds of which Okkampitiya and Elahera are notewcrthy.
Other areas include Nuwara Eliya, Horton Pleins, Hatt( - Kandv-



B8

Mata.n, ~u0

o ) . YA WA ‘. LML . Lty
L .58 area o7 nv

NI S A o v A
gusLlam, e me T v ~r 1

grap .te 3¢ cF o L

¢ 3%en - See
oL o o varkn of

™
]
)

LA P shall S |
ecornonic value, . 2 T 0
slopes in the 7 rm Ll

ex. r " e T ' ST T

IR - e ' .. ~ Lo

v~ = jpiver suddenly loses welc i

: | heavy sedin.*3. .. is " Do

el ver in thern . 1. S
nena Tyooin olA JLoooaE o E

. ~mes - e fournd t “ay mi.<d B N

orecious stones of i .7,
rone (Meo_.y7 cde). = e Rt oot
" wr _h have < 1 : T A oo
. .. 2] depcsits. They represent . . 1 <«

1

r¢ ne. They may aiso be fc - d er-edded in ¢

“he eds of aprcient ivers, n valley
abandened  hribu- o @ i LF

a- .ilerions at che - - 7 7 )

a part of the rocks of the coun.l 7’ _° Zha ~
T+ T n, Aad thev have T ..en 7 T 7C
hoN o3 res ed sh e "

T L

found in manvy warts ' the -~ nd. .o 7T

aw="va. ¢ S\t i

-~k dewn frem the high ground ©  yrod- s

3
RANath]
[



- 169 -

INCIPAL . MM

o
S F

N =

ABRURADHAPURA

BATTICALOA

I,

1l

| Elahmra

1,
Il(aluganp,n

1

[§

LADUL LA

— =
fluwaraEllve

cOLOMBO ! Avlcsawella
_ 0~
e —— =
[~ Maskellya - Okkampit!ya
- N
—
— =

: N
RATHNAPURA A
Pel}6dulla

—
i __———— Balangod

Uda walawe

23000000

$CALE
10 20 0

KBILES 10 & 0

Matara

Figure 32. Main Areas of Gem Bearing Gravel - Sri Laika



The enccage’'cn rF

+

L _opeas

“r

L

“~e="er the derposition ¢

-'ons cobserved

‘- ade flat bottomed va. ieys
as fan type gravel caocUrrences at foot h 1l

as

T VI Um

LTac

the gem <fields differ

o0k plece  in

. - 1

Te .o on

S

flood

hil .

stretches in abandoned hu.ll

streams.

material have alsc been

concealed pegmet’ Fe dyres.

chserved

Ir

the

in decomposed
sicression

cf

S may Lt rerigrnised

Or =S8 qravel
Gravel formatic~e " '.h dem

naterial ove
formations
33) ¢

<

.
Figy

(

r

riy:

in

~

a

“ypoTal gem oot e, ToLn
") Qo f A layers of

SC

githe:

lateritac

peaty,

overlying sandy and clayey material .

The clayey material

‘ . | “ ! .
)//," // /,/ 1 -/lf/f,[ ‘ - _ - gt
A NTYAD 1oy ,f__“..;:ij Lige Iy,
- = | s B =
I,'“—-" — | - T I_j -z —_
- - ,“/>—: i A \ —
Ll == e E=
i o ~ - —_— | =
i /“'—‘_\ —— — .. —— - — i '_____’_’”—
: A - ~— .o — 4
i N - ::"\_- o — = — —_— !
Lo R ‘:'} = =
‘ R P ez
: o —_—. ~— o —
r o~ == et
| ‘ = = |
| e - . . ;
—_— T

IH 1

T ' T [
i ) - ' :—————j ) ' ' T N
—;__ - H l:-'—‘—l : fIAVEL M vl
f;_\j_ I ! e 1 AL! P DING S CLAY
e e e BEARING J3RAVEL S BEA
[ I FEW CME TC 1 M THICK FE W "0 5!

Figure 33. Succession oi Formations ir a Typical Gem Pit - Sri Lanka



18 1.]% . 8 %¢ " alz.a. The <thickaness of this { . .

o)

hica 7 ' tual .y the  erb den v U 2s  considerak v
~ g2 2ral 5 o~ ™ thi k.
(ii) A layer or sevesal layers of -at _.avel usual.y o°
Ienl”® ular shap2. This 3s the c¢em be .'.¢ gravel. The
miner refers o it as the "7 lam’'. The ¢ _am & 2r is a

few =m * .t =2 kLo o LT oL may o be
encountT L. L7 D L S U oot g to
T .

itohe > r I o mElic. s the decomposed vock v -~ ig
r » "7 gacl 1ized and micaceous. The  decomposed
material s termad t = L&’ awa' by miners. In pits where
more than cne - | .ar ¢ . we:r s stiuck, the lowe:x
ones are T _mr 2 0o 0 v ocgn ALl c=r "o ~LG
theoirac? ~¢ ~ v 4 Cn SIOLILAC L2 L NI

decompnsed roC .

LYt om thef, couw mic value as the carrier of the pr o pa:l gems

ta. b c.vag = 2 Py U oceresc ¢ frem @ petrcicyic .0 &
meeecal gi~=l prae ~f v uvte - geme als re-cvered 7 Tler

weeshing, the gravels are discarded. This discer ed waterial is
te -4 ‘am.wA S by the mine's, art up o recent years | -t

¢ ol corundum s metimes  in crystal 1oom i serr R SR

T T vEer2 oo sTarced. e 2 ciier diese ded ¢ . oum le  termed
' Locas ot o L Ties - LT Ll =nC  heat
treated £o enha e "h. 31 coi~ L. e moc & a4 7 L dtas oo
gem ~ravel ' artt -~ wel . 1 . 2¢ peb: zs. The gem miner has come

to redard these qguec .zz pe. es as an infa'lihe gui.e o .2
presence of gemstcnes in the field and uses this essc.i. -0on in  jis
search for pay ijravel. Besides o artz and the ornament'] stcnes,
inciuding a varieiy of raie gem minerais, the gem gr 1 contains a
number of grains asd .. “tals of the rare earth minerals - compounds
of thorium, uranium cerium. yttrium., > -bium titanium, beryilium,
zir'onium and others. In regard to the ccntert of gems :in tche r v
gravel, thers is a notorious uncertainty; some pits may draw a blank
whi.2 others, perhaps only a few metres away, may yield very ahiy
priced geng,



- 172 -~

Ne det: ted work has been attempted on the origin of gems in Sri
T nka. Adams (1929) considered that they are the constituents of the
ssscciated crystalline rocks. Katz (1972) states that the
&atncaura~tvpﬂ deposits were derived from cordierite gneisses and
asso ‘ALad ro.is. Vooa o0 F Ferrando $1945Y = 3 Coates (1¢35)
adv -~ -3d a pegmar .ti~ - cxgin . ¢ scme of  the gem varieties.
v ~gnaye 2 (1980) considered that mcst of the gem varieties 1in the
%atnapura and Elahera areas are found associated with garnetiferous
cneisses and skarn--type marble deposits.

I'ecc~tyagala (1958) studied a number oI fossils embedded in the
gem-gravels of the Ratnapura area and his work indicates a
Plaistccene age for the majority of the Ratnapuia gem gravels. Wadia
ard Fernando (1945), however, state that the gem gravels dc net  all
belong to the same age since erosion of gem bearing rocks proceeded
~ontinuously thrcugh succseding geological ages. Zircons from Sri
Té a cem gravels have i=2en datea ac 560 millior. years. This
however, does not mean that the gem gravels weie formed during this
period. Only a few ipstances are known of raw gem—stones occuring in
rocks. There is, nowever, no doubt regarding the pegmetite habitat
7 topaz, tourmaline, beryl. chrysoberyl. wethyst, sp e e anc
zircon, and most of these minerals, some appreaching  gem Jué..ty,
have been extracted from this source. In several Ratnapure fields,
gems . . fcund under conditions which point to their being not far
-an ned from the source of origin, but as the rocks are buriec under
= Jeep mantle of decormposad material they cannot be examined from
p'ts . trenches., The majority of the rare-earth minerals that are
tnown have come to light from *“heir associaticn with gem gravels.
Their habitats are unknown., It is therefore logical to assume that
weathering has exposed ceeper parts of the mountain folds of the
Tsland where mineraiization has taken place. This is the resuit of
millions of years of sub-aerial weathering of the highly folded
iandracs which must have been very different in appearence from what
we see now. This weathering process in previous deological ages has
exposad pegmetite veins and rocks contairing a pumber of minerals of
gem quality. These outcrops of pegmatite material including rocks
have been subjected to a renewed process of weathering through
countiess ages, and the gradual sorting action of the " water has
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The gemmine season is normally firom December to May. the duier part
of the year. Under the existing mining law a licence to mine must be
~ =~ ed from the State. No licences are issued ICr prospecting for
gems. Appl.. nions Zfor lease of gemming rights are granted on
permits and the payment cf an annual fee. Sometimes gemming rights
are given after calling fcr tenders from the public, a reserve price
or upset premium keing fixed before hand., Seldom are gemminc rights
in Sri Lanka leased on a royalty or rent basis. The actual work of
mining in a property -3 =ri. 2d out ¢ A remarkable system of
cc ~perative sharing of labour, expenses and profits. The ‘butput of
+~ gem pit is distributed as follows:

Grourid rent of owner .. 20 per cent

leasee's or Licence-holder's share.. 1C per cent

Financier's share .. 35 per cent

Diggers share .. 35 per cent
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In certain instances 10 per cent of the financier's share goes for
the purchase of a water pump and a further 10 per cent for timber.,

This system of sharing is unique in a highly uncertain business. It

has maintained the gemming industry in a healthy state for centuries
ard has checked over production. The system of tenure under which

land is held in Sri Lanka makes mechanical, large scale operations

unworkable in practice.

211 mineral deposits that are mined are a constantly diminishing
asset., This is true of the gem gravels of Sri Lanka. Exhaustion of
gravels at a number of points is an indication that the Ratnapura
gembeds will not be everlasting and that their extinction is c¢cnly a
question of time. New areas have, however, been found. In fact the
e tire Precambrian .of Sri Lanka could be searched for gem gravel.
Table XXXVIII is presented to show the main gem varieties in the gem
yeavele of S0 1 Lanka and Table XXXIX 1is a 1list of the rare gem
m.era s cf P e isle ¢ as listed by Zoysa (1983).

Gem cutting in Sri Lanka up to recent years was done by machines of
primitive construction operated by hand. Nc mechanical or electrical
apoJiances were employed. During the past 5 to 7 years modern and
ur “o-date machinery has been introduced to the gem cutting industry
and today machine cut gems of a very high quality could be obtained
in the island. '

In the period 1963 - 1968, 60,000 to 196,000 carats valued at Rs.
2.3 to Rs. 4 million were exported annually. The value varied with
the quality of the stones exported each year, but these figures are
verhaps nct accurate as, in addition to exports, it is well known
that gemstones are taken out of the country by illicit methdds. The
va. 'e of illicit exports has been estimated by various authorities
at hundred to two hundred million rupees a year. The gemstone has
two feat .¢s, a very low weight and volume and a very high value,
and these make it attractive to the smuggler. The problem of the
illicit flow of gemstones is not peculiar to Sri Lanka and in
certain other countries it is estimated that at times smuggling may
account for as much as 75 per cent of the gemstones leaving a

country.



- 176 -

!
“ineral Gem Ve " _ 18
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Corundum ! Ster S, _a e, ruby and star ruby,
i Yell I" e “reen Ouance. | ‘nk &nd
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|
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! Beryl | AquAmarine - (.. _less. Pink. Yellcew
| | —
| . l
TopaZ ; "™ 'e and Yel'cw topaz.
Bue ge€= =~ = | € *r 027 (pzie
el
i
| Ton 1. ine - Black. pink. rose-red, blue. brown,
\ greer varie:les
SARNET E,."pe -~ desp red to . U
S,ou0e : Almar:’ de deep crims - red %o
; . vioset
Llrandine ‘ Gross Aar.l.e - honey yellow tc brownish
Grossula e yellc® &lso snown as Hessonite or
cinne 1 stone
Sginel Sp:ral - deep re  gree - iolat,
Zircon Prowr Greer. Blus. red, orenge and
yellow variecies.
[
Quartz i Reck crystal, amethyst, rose quart
j smoky quartz, citrine (yellow) cac ¢
i eye quartz and star quartz,
| _
Feldspar Moonstcae and amazon stone,

(After Herath, 1980).
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have F e channelled thiouch the Corporation. A modern gem testing
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@ L ¢ ~ . ' ", achieved by using the rawv materials kaolin,
« <a ' n i« I Sri Lanka cordierite ou "is i~ oreciable
a1 28 " the gneisses in the Gampaha and Avis-~:__"a areas.

He o, -dierite is not extracted from these rocks.

el T LT n.Chay calied kitchen salt is Y 0 ~eraonest
-~ v ter. The mineral sa. :. called halite, is characterised
easy soluk by in water, its dist:nctive taste, cubic

2 7 ¢ lts crystal ferm. Salt is recovered from a variety of
£ ey sea w2t < 1 ne lakes, bedded salt deposits, and salt

Toae . '@ sa "~ is ertracted from sea water by solar
"o .t oc.w vooorlg o pans or salterns are  located  in
-l o ns g o the %trie wmel selterns a2re as follows:

w2 L r2g. n - Elephant Pass, Xurunchative, Kai undai, Irupalai.
Wee' orr rec on - Palavi, Mernar, Puttal=m.
Stroccl regit oo Tmm o L ta Maba Lewaya- Palatupana.

T raticnF €At forr kv operates the State owned salterns  and
2 gE: cale amcunt of modernisation and improvement crk has
a 3l ' L. undercaken by the Torpcraticn. The local demand for
sa’ . i~ e re,.c - of "27,00L :ons per aarm and arounc 130 - 150
L. 307 r e ye manttgctured et present.

The Zorporat® 1 also exprts smail quantities of salt to Africa and
Y2 Mall ves, Apbout 6,000 tons of gypsum are also preduced. This
rate:_ s is suppiied * > the Ceylon Cement Corporation. An Epson sait
- lant is beinry established at Hambantota with a capacity of 1300
tons per -~~~ m. The product magnesium sulphate is scld to the Ceylon
Fertiii-er _-rpcration for use as a fertilizer. Although small
Gquanit: ties of =27ined salt are produced by the “~rporation, it has
piens to establish a refired sall. plart with foreign collaboration
with an annual prcducticn of 2C,000 tons which would be mainly for
export. Sa.w is also suppiied to the Paranthan Chemical Corporation
for the marufacture of Caustic Soda and Chlorine.
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4

ca *~eg, Gri ing and pounding esqui-: - 3 ('~ trned out :rom
st 2 .. ¢om stic use. Accurate estimates zre net . - le &3 o
the amount oc "5 . corsimed per annum but the quantities aie wverv
large. Stcne is =2 ~loyed for building, engineering, roads and
pav. . _, c -~ ~RP o~ moar. -r. A variety of fresh rock is
aail ole n Sri ILanka for mosh pJ. oS,

V.o vge Jquantities of sand e used in the building industry.
Mos- ~F the sand is cbtained from rivers wh .ch ..z .2 the Island.
Goc.-mua’ ity sand is availiwle in vnlimited quanit: cies in the lower
Jeaches oo the ma“nr . .ver systems. Accurate estimates of the amount
AT oeapd v o Favaiiable. The sands are mainiy coimposed of
~1e 1 “~wer Y0 per cent). '~ :ss.y minerals present include mica,
iimenite, ~ubile, garnet, mc--7.sc and other resistant primary
mine.wls. o0 nongh litkie or ne recogn.rion is given to the sand,
.8 Yo nArsev TE "mcne of the largest mineral based
inc . o2 of & La B C valued &t o 2r 300 million
_ . s,

Thne .. sitic 1 of some minerals oresent in Sri Lanka are listed in
Tab. i O

SUMiMR2 7

The non metéllic_m‘ner"s ST S | S S ; and a mbker cf
industries have be.,. .. up Uusing these mineral iaw marerials.
Graphite, 1 *~a, gemst- s and minor guantities of sait a-e exported.
Giapnite ™ 5 been mined and exported since 1821. ' a1e raserves of
mica are not. very large. Clay materials in th2 flocd plains of lower
reaches oi major river systems of the islend aud ir ocher areas are
being explcited by the cottage brick and title industry and the
modern industry. Xeolin and ball clay are processad for use in the
ceramics industry and silica and felspar are other raw materials
£hat are mined. Large reserves of silica sands are available in the
isiend for the glass industries. The Miccene limestcne is mainly
used in the manufacture of cement. There is also a proposal to set
up a phosphate industry in the country, using the Eppawela apatite



TABLE XXXX .

COMPOSITION OF SOME MINERALS IN SRI LANKA

o LG

ra

Mineral Formula Composition
Kaolinite A1203-Z502-2H20 A120339.50, Si0O; 46.54 H20 13.96
NMiontmorillonite (MgCa) C-A1,03-55i02 nH20 {variable)
#hlogopite K20-6Mg0O-A1,203- (variable)
6 Si02-2H,0
Biotite K70-6 (Mg. Fe)O-A1203 (variable)
6Si02-2H20
Muscovite K,0-3AL203-65102-2H20 K20 11.8, A12,03 38:5, Si0,45.2
‘ H>0 4.5
Vermiculite 22Mg0.5A1203.Fe203.228i0;
40H,»0 (variable)
Goethite Fe203-H20 Fe0385.50, HoO 14.50 Fe content 599,
Magnetite Fe304 FeO 31, Fe20369. Fe Content 72.4%
Gibbsite A1,03-3H20 A1,0365.38, H,0 34.62
Boehmite Al1203-H20 Al1,0385, H0 15
Diaspore A1203-H,C Al1203 85 H:0 15
Limestone CaCO; Ca0 56.1,CO;2 43.9
Dolomiiz CaCO3-MgCO» Ca0 30.4, MgO 21.79, CO3 47.90
Magnesite MgCO3 MgO 47.6, CO252.4
Apatite Cas(PO4)2 —
Fluorapatite . Cas(PO4)3F CaO 55.5, P,0s542.3, F3.8
Cholrapatite Cas(P0Q4)3ClL. Ca0 53.8, P20s541,C1.6.8
Quartz SiO2 SiO2 100
Felspar (Microcline) K20-A1203-65i03 A1,03 18.40, Si02 64.7, K20 16.9
Cordierite 2Mg0-2A1,203-sSi02 MgO variable (around 10%;-Sri Lanka)
Sillimanite A1203-Si02 A1,0363.2, Si0236.8
Zircon " Z102-Si02 ZrO4 67.2, SiO3 32.8
Baddeleyite ZrO; ZrO, 100
Tlmenite FeO - TiO2 TiO; variable around 53 9 - Sri Lanka)
Rutile TiO2 TiO2 100
Monazite (La Ce) PO4 Thoria content variable
(9 - 109% - Sri Lanka)
Wollastonite Ca0-Si02 Ca0, 51.7 Si0,48.3
Graphite C (variable) upto 99% Sri Lanka
Garnet (almandine) Fe3A12(8i0O4)3 FeO 43.3, A1203 20.5, Si0236.2

pr=s
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deposit. The Hambantota beach sands and sand dunes are very rich in
garnet, the raw sand containing over 20 per cent of the mineral. The
sands if processed to recover garnet could yield several tons per
annum. Cordierite and wollastonite although present in the island
cannot be considered deposits of economic vaiue. Sillimanite could,
however, be obtained form the Pulmoddai beach sands for the
refractory products industry which has already been established.
Very large quanties of sand, gravel and stone are used in the
building industry and in various development projects. The non
metallic mineral exports of Sri Lanka have had a positive impact on
the econcmic development of the country throt 'h Its contribution to
the development of many industries.
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CHAPTER 8
TOWARDS A MINERAL POLICY FOR SRI LANKA

The mineral system can be defined as a series of activities that
begin with the locetion of resources in the ground and end with
fipai consumption. Activities include the exploration for and the
diScovery of minerals, the extraction and processing, and the sale
of the final product. The mineral system has a positive impact on
the econony. It generates income and employnent directly and
indirectly. Even in a devsiopirg country 1. 2 S_.. Lanka the mineral
system gives an ‘mpeczus to the economic develiopment cf the country.

Mineral po_“zy is the sum of government decisions and actions that
influenc2 the mineral system, and the ways in which the system
itself affects the econony and society in. general. Mineral policy
covers more than the laws and regulations that directly influence
mineral exploration, extraction and processing. Other  policy
elenents include export-import permits, regional development funds,
pollution control laws, taxation and social development prograrmes.

Sri Lanka is not a major world mineral producer. Mineral related
activities, however, have profound effects cn the iives of many Sri
Lankans. The country is fairly rich in the industrial minerals or
the non-metallic group of minerals. The first base-metal find in Sri
Lanka is the recent discovery of the copper-magnetite deposit at
Seruwila. There are also indications of the presence of precious
metals in this minsralized zone at Seruwila. These, however, have to
be proved with further detailed investigations. 'The serpentinite
deposits at Uda Walawe (with traces of nickel) is of interest and’
worthy of detailed investigation. Future geological surveys may
therefore have to be undertaken in the eastern mineralized area (the
boundary between the Eastern Vijayan and the Highland Series). The
discovery of the Eppawala Apatite deposit 1is also a major minera’
find of recent years. The value of mineral commodities produ ed .n
Sri Lanka in the year 1982 was in the region of one billion “mwees
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The m..ing industry including the mineral based industrial u cs
(mainiy public sector industries) together with the cottage m re.

industries (brick and tile. line, ard cihers) empioy arou

persons.

Sri Lanka will <0 k1 e toc “epend on other nations for crude oil

suppiies end . supp. ‘es of coal for enelgy purposes, these being
twe impertart mineral raw wmeter’- s . ch have - be imported. 1In
the <-ture. interr-tional factois w.'. ¢lsc have an impact on Sri
Lanka =« 7 "Ity to derive increased benefits from mirerals such as

graphite and ilmenite and even gems, the bulk of which are exported.
Such factors  include the emergence of large trading blocs;
resource-procuring sktrategies ct cther nations. internationral
co.:owations- ¢ loieased  compe it on  froia other  producing
natiors. "7,:17 demard for minerals, however, is expected to Lr7rease
sub>cantialiy in the vears ahead. Based on these demands Sri Larka
cari also increase her mineral output for export purposes and for
expansior. c¢i the present and future mineral based industries.
Howeveir, policies of Sri Lanka Gevernments will have a maor
influence on hew this potential is reaiized.

fri Lanka has established a number of mireral based industries
operated by the public Sector. The majority of these industries use
locel ri 2ral raw materials. mainly the non-metallic ninerals, and
special mention may be made of the ceramic industiy of Sri Lanka
which has established itself_ utilizing every possible ceramic raw
material of the island, and its products are of very high
snternational standards. No industry hasa2d on local raw materials
can, however, prosper unless the reserves and potentialities of the
raw meterials used are known and fully understood and the g. oblems
asecciated with their behaviour and use are  solved. Tf the
industries, established or proposed, are to progress; research and
development facilities should be available. Industrial research and
industrial development are not independent but inter—dependert.
Efficient and continuous research along with quality control in the
various stages of production are vital factors in achieving the goal
of increased production and higher quality.



“1 .\ wolicy should first seek, whenever pcesible, te  increase
. ve sification and growth of the national — econony hased on
mipera’s. This would involve not only increased mineral precessing
w= alce pore w. aral-hssed manufacturing prior o export and

¥

g nrateoa o ey osectors of the economy.

1 _-e ~._2az2d miierai processing =v3 ml.reral based manufacturing
nor. feas‘bue, desirabie, or economic, and the unprocessed
al has to ~: exported, mineral policy should ensure that ¢the

wiake, wemding the hest vossible texms for the eiport.

fa e -alh . . matences, it mway o2 Ges’.able to control the rate
~- + ~h gnon . diversification or increased financial veturns are
gonght from mine.ls. For example, mineral policy should  seek
-: =2 vzt cn for futvre use or stretcphed-out-development where there
ig a ~ ¢ Ipitity of Faplet: :.. Whatever direction mineral policy may
-; , ~ e future, the first ~-nsideration must Dbe to assure an
-~ equat2 ~ .0y ¢ minerals, whetner from domestic or foreign
cvroe . 0 1 . » oo ctyy's needs. The overall balance and
A thae s 7% policy will change over time. Mineral pol.cy must,

. ma r3in. .ts general goal of obtaining for the island, the
‘a3t v -~-efits from minerales.

'~ ..al survay obviousiy nas a very important. role to play o°
< s .. for m ieral wea.zh. The naturs I this roie is determinea
le.r=2,y by the local political and ec~-omic enviroment, and may
ranca f.cm the provision of background information to stimulate and
support. the activities of the private sector to a maljor direct
© o gemant in prospecting.

Vapy large amounts of capita.r ace required for the development of a
mipe and the exploitation of minerals. The risks of failure are high
apd revenues derived from mining and the export of minerals
fluctuate sharply. Mining should therefore be accorded a special
aratis 11 relation to other economic development projects, and this
has been recognised in many countries, including  develoring
sount: Jes. Th.s vecognition is embodied in their mining codes or
~ing enactrents. Quite apart from the direct costs - in the
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daveicpriant of a mine and its ancillary facilities for treatmerc anrd
processing of the ores, there is also the important matter of tne
cost of vtilities. These include power, adequate supplies of water.
ports and handling fac: lities. and their costs can be very much more
than the cost of the mine &nd the processinc plant. Mining therefore
requires mnassive cgpitai and tine financial returns  from  such
investments ars not assured. Although  =xploration  expenditure
generally amcunts :Z only a small part of total project cost. it
const tute” the high-risk component of the project. and in most
cases the exvenditure is I»curred without a proven vizbiz deposit.

The extent, rigor and cost of preproduction activities in mineral
rescurce development are far greater than those required for the
Gdevelopment of other i1ndustries. This means that there has to be
extremely large cap "cal investment coupled with high  atcendant
risks, end this has led tc the :zndustry beinc dominated by corporate
giants capabla of spreading risks over large  geographic  and
commcC. oy areas, '

o to very recent vyears there have been no private prospecting
companies in Sri Lanka and the Geological Survey Department has been
responsible for all activities connected with mineral exploration in
~r: isiand. With the comiag inte operation of the new WMines and
M'»erels Lav cf 1570 the absoiute owners._p of ali minerals is
vested in the Covernment of the Republic of Sri Larka, and the
granting of prospecting and mining licences is the responsibility of
the Divector, Geological Survey. With the operation of this act
there has been a rationalization of mining and also increased
mineral production, with more revenue accruing ©o the State from
nining rents and royalties. The implementatior of this law would
also help in the conservation of the isiand’s mineral wealth and
initiate mining activities for the benefit of the nation as a whole.

Mineral sector develcpment in any country constitutes only one
element of total national development and must therefore be
structured tco fit into the framework of the total economic plan. As
a first step in formulating a national mineral policy a country must
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4 ~-n g v~ or mixed system. In fthe tase 0 C 7 v minera’

: =~ pmenc (2s in Sri Larka), success will depercd wa .y OD the
offectiveness with which the State can plan, commit = ne cial
ascu .< provide manaceria! and - technical exXpertise, ad . .e
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~ + sable wvroject ..c opera.. n on the . o'~ S Lanka  has

. e 3t Focic. whether . is abie and w g ¢ attract
2 5*_‘“1, ‘Toreign or domestic; and the mining laws and the

- - - - .-z shouid b2 such 2s to encourage investment in mining
! ... € oration. Mincral legislation should piovide toe

) ¥ _ - .zme rk for thisrpu .37 1.7 cion to the noimal
moUr ~e, led’ Fen hoqdAd Ynciude A spac’y. T ULl rec (e

meobdl~ e gh eiehl v 0 vestment Looes  an. sccial  .egisla._on.
. +:¢at r1 regime is perhaps che most important element of any
-2l meoin policy for 1. cons L.zes  an Limportant  means for

. r3wary policy oh. . es.

¢ .. statad as = matter of policy that it is the Govermne 's
“ien hgrew . ntmal tain a Coviué e westment <uilwate in
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-_ -~ - zourage the v & Iy S o*h D ocar o ] oVerseas
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acr aies —~ to accaleratz - partrnership with the Cover ment,
Tha T ~pmar - and exploraton of Sri lanka's mineral iesources. For
amp e, tor ShE has plans to develop the Eppawaia apavice deposit
ot mhate - < i - the manufacture phosphate fert ~‘zer. This
. _lioment progremmz s one of the biggest industrial dev. . .opmen-

7

a

- mmes to be launched by the State and wou'd be dertaken 1in
~~~- =-i~s yith a foreign colliabora’ :. The Ceylon Petroieum
~ g-r-ation which divided the off-shore _.ea into 12 blocks for the
pur ses of exploration wcrk has zlse allecated most of these blocks

‘¢ ~2ign companies to carry out exploration work on & production

. vc basis.
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Finally. it may be stated that the terms which any Government can
offer or negotiate with concession holders depends primarily on how
much competition for prospecting rights actually exists in ti-
country. This w:11 depend on the geological environment and the
mineral potential of each country.

CTIMMARY

Sri Lanka is fairly rich in the rnon-metallic group of minerals and a
series of industries have been established based on mineral raw
materials. These are mainly in ‘the public sector. It is expected
that the mineral policy in future will be reshaped to place dJreater
erphasis on increased economic diversification and better financial
returns from mineral development. Research and development by the
state industrial research organizations, private and public sector
industry, and universities should play a key role in mineral
industry development in the country. The State should alsc frame the
necessary laws to obtain the maximum benefits from available mineral
raw materials. The mining laws and fiscal policies should be such as
to encourage investment in mining and mineral exploration by
attracting private capital (foreign and local).



CHAPTER 9
SUMMARY AND CONCLUSIONS

Geological surveys are a feature of government science and
technology in practically every  country in the world, and

governments have generaily found it necessary toO establish a body ta
advise or wineral resources. But the geoiogist's and politician's
views on now this can be done have frequently been in conflict.

Governments usually seek quick answers to most problems and have not
always taken kindly to the Sscientist's insistence on systematic
progress. This is, however, riot to say that a Geological Survey may
ignore ‘its primary economic responsibility to the State. The
traditional function of the Sri Lanka Gedlogical Survey 1is not vyet
corplete; as much of the country remains tco be mapped 1n .adequate
detail. Meanwhile new horizons are opening. Environmental geology,

urban development, the geology of the continental shelf and slope,

the integrated study of mineral provinces and mineralized 2zones Or
belts and the ever expanding application of geophysics  and
geochemistry and even satellite imagery are among the  newer
ipterests of the Geological Survey, including Quaternary geology a
subject which is becoming an important area of activity and
interest. [t has been said that a nation’s mineral wealth is not
only a function of the original endownent, but also depends on the
effectiveness with which such minerals as it might possess are
sought for and developed. Substantial benefits can therfore accrue
to Sri Lanka from a properly structured and administered Geclogical

Survey Department.

In considering the island as a whole it is concluded that Sri Lanka
is in possession of a number of non-metallic mineral raw materials
upon which a series of industries have been established. Minerals on
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the ground represent resources which, depending on -the market
conditions and the technology of the time, may or may not be of

economic value. Mineial deposits are considered an  exhaustible
resource; however, experience has shown that as our geological
understanding and cur exploration technigues have improved so has
the extent of kno ~ mineralization been enlarged.

As minerali resources are consumed, new deposits are usually found,
and the rate at which their discoveries are made will depend on the
stock of minerals in the earth’s crust which is unknown. It is well
known that processing adds greatly to the vaue of mineral products.
For example, processing bauxite to aluminium may increase its value
“twenty fold, similarly ilmenite if upgraded to synthetic rutile may
alsd,increase its value fifteen fold or more. On this evidence most
governments have realized that they should process their minerals
where possible before export. A further advantage would be to
establish locai .ndustries based on processed mineral raw materials
and their by-products. However, a cause of gross dissatisfaction
among the developing countries is the heavy concentration of mineral
processing facilities in the developed regions.- Although there is
great scope for mineral processing and the establishment of mineral
industries in the developing countries, progress will be slow,
because the major impediment is transfer of technology and capltal
rather than access to markets,

In Sri Lanka, as in all other countries, the search for new mineral
deposits 1is being continued. Tt s, however, left to the

industrialist to intelligently and economically to exploit  the
deposits that have already been discovered. No country is fully

self-sufficient in mineral resources. In order to make available
more comprehensive information on the mineral resources of the
island the Geologica! Survey should modify its mapping programme by
adopting a multidisciplinary approach. The end product will be basic
geological, geophysical and geochemical information, largely in map
form, on an islandwide basis. A compilation of all data relating to
known mineralization should be attempted since this will enable an
initial comprehensive assessment of Sri ILanka's mineral potential.
Inspite of many pressures to undertake ad hoc programmes - of work. a
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certa® " -~ - -f ‘iong term research in the form = systematic
gec og’na’ map sheet revision must be undertaken. A inera! index
shol 'A vrove very useful to provide quick retrievar of @ all
irformation on mineral localities as well as on opliations
pertaining thereto if any. i.aing iegisiation is et present
‘ncomplete and this ne~?~ tc he remwer e end royalties should be
collected on m 1elsls mined It 1S, howase. er /‘saged that ~
future most suzveys would be confined to the eastern mineralized
zone (koundary between the EBastern Vijayan and Highland sSeries)
which ne ; been identified by the Geolocical Survey Department. It is
e o ad tlat the wveé'ne of Sri  “anke mineral production would
‘perease substantiaiiv O cing ‘he ren - “.der of this century. This is
~ound te have en impor:iant econon’ ~ impact thrc hout v Laak The
nature of this impact v |7 depend on how future decisions affect the
rate and vattern of mineral development and utilizaticn. At present
the value ¢f mineral commodities produced per annum in Sri Lanka :is
in the rec on of one biliion rupees (Tabies XXXXI and XXXXII). State
corporations and to some extent other establishments with foreign
collaboration wi’1l take a major role in the minerai industry (mining
and utili==ation of m rerals) The dJovernment (jeolegical Snrvey
Department) w:"1 solely be responsibie for explc.t'rr  and
develcpment activities. The exploration phase of the mineral
industry initialiy requires access to relatively lerge areas of land
as v v the copper-hagnetite survey at Se.n ila. pssuming  that mineral
de : -ome ¢ is an accepti’ e ' e of lané .| post " nstances the State
will expect this development to proceed v .th minimum disturbence to
the envircament when mining activity is undertaken. When processing
of m" erals ie chosen and mineral based and certain other industries
are es I ‘shed the problem of pollutior has ©c be cerisidered,
Although techn: ogy offers tha promisa of nearly pollution-free
processes at all staces they havs to be commercially proven, Untii
then, governments will be faced with choosing between industrial
activity and environmental protection.

Sri Lanka's mineral exports cannot be considered as substantial. The
najor mineral exports from the country include gems, graphite and
mineral sands (ilmenite, rutile and 2zircon). Small quantities of
salt and mica are also exported. Sri Lanka at one time was a leading
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TABLE XXXXI

SRI LANKA — PRODUCTION OF MINERAL COMMOGDITIES. — 1978

Commodity Quantity Value Producer
(Long Tons) S.L. Rupees
Imenite 33,041 8,085,133 Ceylon Minerat Sands Corporation
Rutile 11,497 31,725,396 Ceylon Mineral Sands Corporation
Zircon 3,295 2,081,325 Ceylon Mineral Sands Corporation
& Geological Survey Dept.
Monazite 18 61,250 Geological Survey Department
Garnet 2 800 Geological Survey Department
iLimestone 974,894 7,019,236 Ceylon Cement Corporation
* Dolomite : 7,000 360,000 Private Sector :
Apatite 3,420 1,991,447 Mining & Mineral Development
Corporation
Graphite 10,506 22,132,574 Mining ‘& Mineral Development
Corporation
Mica 140 336,085 Mining & Mineral Development
Corporation
Felspar 3,160 347,000 Ceylon Ceramics Corporation
Quartz 803 77,000 Ceylon Ceramics Corporation
* Silica Sand : 200 20,000 Private Sector
Salt . 149,825 25,020,775 National Salt Corporation
Gems — 526,411,326 State Gem Corporation
Kaolin 5,541 4,136,000 Ceylon Ceramics Corporation
Ball clay ) 2,309 1,518,000 Ceylon Ceramics Corporation
Clay {(cement) ' 103,232 4,645,440 Ceylon Cement Corporation
Erick & Tile Clay 143,520 |- 968,760 Ceylon Ceramics Corporation
* Brick & Tile Clay 280,000 *1,940,000 Private Sector
* Rrick & Tile Clay 1,300,000 5,200,000 Cottage Industries
* Stone 1,500,000 60.000,000 Private & Public Sector

* Accurate figures not available (estimated)
Note : Coral, shell, sand and gravel not taken into account.
Total value of mineral commodity — Rs. 700,000,000. (Approximate)
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TABLE XXXXII

SRI LANKA-PRODUCTION AND VALUE OF MINERAL COMMODITIES-1982

Quantity

Commodity Value Producer
(Long tons) (S.L. Rupees)
Ilmenite 68,262 27,224,000 Mineral Sands
Corporation
Rutile 7,212 41,610,000 Mineral Sands
Corporation
Zircon 5,789 11,578,000 Mineral Sands
Corporation
Monazite 304 409,000 Mineral Sands
Corporation
*Garnet 2 4,000 Geological Sur—
’ vey Department
*Silica Sand 500 125,000 Private~Public
Sector
*Quartz 2,000 500,000 Ceramics, LML,
LPL, Private
Apatite 13,993 10,627,972 SMDDC
Limestone 1,615,901 59,580,514 Cement Corp.
*Dolomite 9,000 2,250,000 Private-Public
Salt (common) 176,437 74,103,540 Salt Corp.
Mica ' 291 1,435,524 SMMDC
Graphite 8,803 61,843,998 ~ SMMDC
Felspar , 2,923 906,000 Ceramics Corp.
Clay (cement) 62,591 1,741,202 Cement Corp.
Kaolin 8,206 13,000,000 Ceramics Corp.
Ball Clay 8,554 1,539,000 Ceramics Corp.
(raw)
Ball Clay 737 734,000 Ceramics Corp-
(refined)
*Brick-Tile 1,820,000 54,600,000 Cottage
Clay Industry
*Brick-Tile 378,000 12,040,000 Public~Private
Clay
Gems 400,000,000 State Gem Corp.
*Stone 2,000,000 200,000,000 Private~Public
“Sand (river) 3,000,000 120,003,000 Private -Public
Accurate figures not available (estimated)

B D

Total value of mineral commodities Rs. 1,102,577,750
(comparative figures for 1978 and 1973 are
Rs.700 million and Rs. 250 million respectively).

exporter of graphite and an attempt to regain this position is
worthy of consideration. A systematic survey of graphite occurrences
in Sri Lanka should be carried out and promising deposits should be.
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located. Abandoned graphite mines in the country should be studied.

Mining by the private sector should be encouraged. Small-scale

nining could "be introduced. The development of graphite based

industries should also be studied. The only graphite based industry

in the island 1s * e cottage crucible industry and the pencil and

other minor industries. The establishment of local industries based
- on precessed bezach mineral sands should be considered.

A mobile plant could be operated to process beach minetal sands from
small deposits formed during the intervals between the two monsoons.
Mirerals such as sillimanite, monazite and garnet in the bheach sands
should alsc be recovered. The exploitation of garnet sands in the
Hambantota and Devinuwara beaches should be undertaken. A factory
for the processing of this mineral could be set up at Hambantota.
Sand dunes in this area contain over 20 per cent garnet and ‘can
profitably be processed. This activity could be undertaken by the
Mineral Sands Corporation. Sillimanite as a refractory material is
becoming increasingly important and monazite 1is the principal
mineral source for rare—earth elements used in a variety - of
industries. The ceramic industry in the island has expanded very
rapidly from the early 1970's. It is essential that detailed surveys
should ke undertaken to locate ceramic raw materials to maintain
nineral supplies to the expanding ceramic industry. Special mention
nay be made of kaolin and felspar. The Meetiyagoda kaolin deposit
will in the near future be exhausted. Surveys should therefore be
undertaken in the region to locate a sizeable deposit of kaolin
which could keep the factory at Meetiyagoda in  operation.
Investigations should be undertaken to study the Andigama shales as
this raw material (consolidated clay) is ideal for the manufacture
of floor tiles and other structural clay .products including
stone-ware items. High alumina clays should be studied for their
suitability for the manufacture of alumina and the by-product,
portland cement. Although the copper-magnetite deposit at Seruwila
has been studied in some detail a proper evaluation of the
surrounding region needs consideration.

The establishment of a phosphate industry in Sri Lanka with foreig
collaboration to make use of the Eppawala Apatite deposit is alrrad:



 ~der consideration, More use should be made of the s:lice sands,
rhe pure quartzites and vein quartz which occur at various points in
the isl ~d. The establishment of a sheet glass industry in the
island m , be considered. The nawly established National Aquatic
Ra. "-~es Agency (NARZ) is another step forward ~ in the mineral
ev, rartion and development brogramme of the country. The
- araography Unit of this institution has already plans to carry out
= shore surveys late this year (1985). The increasing demand for

a o ~1 raw materials in the near future for local industries and
.. export purposes calls for an intensive mineral resource
developrment programme in the country. The time lag between the start
of - exploration and the cormencenent of commercial production can be
~cnsiderabie. on an average if could be more than 10 years and often
as much es twenty years. The miring industry is extraordinarily
cor » 2x  because of  the  physical characteristics  of minerél
resources, their heterogenity and nonrenewability, their uncertain
and often remote occurrence, and the nature of the requirements for
proceséing. The extent, rigor, and cost of preproduction activities
~ mineral resource development are far in excess of those required

for the development of other industries. The world has become aware
of the importance of natural resources for the  survival of
¢’ 7ilization. It is therefore necessary to respond to the challenges
~f the mining industry by providing adequate investments for the

i~ - ~n of knowledge and the improvement of operational capacity.

At present the mineral resources of the island are exploited without
any long term plans by various state organizations engaged 1in
utilizing the industrial minerals. Reliable reserve estimates of
ncst minerals are not available and the long term requirements of
minerals by the industry are not known. The impact of large scale
mineral expansion prograrmmes on the environment needs careful study
at the very initial stage of project development. The early
initiation of an effective programme for the compilation of a
Mineral Resources Inventory for Sri Lanka will help in a realistic
assessment of the mineral resource potential of the country. This
task cannot be achieved unless the Geological Survey Department is
expanded and the institutional facilities are improved.
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