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. *
Z. Pouba y M. Kudvort

RESTIE

De todas lis moterins rrimns minercles pera productos refracterios, cuyc nfmero
@S superior o veinte, basta con disponer on el p~fe de aronc de sflice o cuarcita,
~rcililes y/b crolfr. 81 lc que se descs es {~bric-r rreductes rofractarios do
resigtercin media ~ hojn;  todrs 1-s demfs se rueden impertor. Lo principnl tendencico
observadr reciontemente en ol -~provech~micnto de wn~torinlos refractarios consiste
cn un~ dismirucién del uso do los ~reillosos y silfceos, ©l ticmpo que ~wment~ ol
consumo de sustancine refractari-e t4sicos (magnesitn, cromi%a, forsterit-) y dc
m~tori-les corn olevrode contenido de ~ldminn (rreill-s niper~luminosas, snd~lucito,
si~nit~). Lrs forarcioncs do matorinles refractarios b4sices y con clevedo contenido

de ~ldminn sen m%s complicnd~s, y t-mhifn lo os su prospeacién.

L~ prospcecibn de tod-e 1los motori-s primos noecesnring se inicin con un ceotudio
de todos los inform.s, rublic~des o 1o. A continuncibn, un geblogo y un tecenélogo
espeeinlizndos cn mineralogf~ inspeccionan todns lns form~cioncs mencionnd-~s on los
informes y busc-m nucv~s ubic-~cioncse. Con ~yuds de un pequerio cquipo d¢ exploracién,
sc procede -~ un muestrceo y ~ un~ ov-luncién cu~ntit-tive preliminares de las formnciones,
4 aontinuncibn, 1vs mucstr-s sc cstudi~n cn un l~bor-~toric in situ. Postcriormente,
s8¢ cstudi~n con m~yor minuciosidnd 15 ubicacioncs mAs promctedorns y oo extroen

muestrns on gron onntidnd (veriss tonelndns) pars cxpurimentoc on plantss piloto.

% Departamento de Yeoinientes Yinerales, Universidad Carolina, Praca { Shecoalovaquia)

1/ Las opiniones que los autores expresan en eite documento no reflejan necesarii-
mente las de la Secretaria de la ONUDI. La presente versién espafiocla es traduccidn dec
un texto no revisado.
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L~s m~teri~s primns rofractarine de origen volce®nico y metrmérfico (cromitn,
2

forsterit~, pcrlitn, berilo, m-ognesite, cste~titn, grafito, cicnit-, silimnnit-,

snd~lucit-, corindén) se cncucntr-n cn cndenns ront-Hos~s, o cn 1ns bases do €stnhs,. Si
son lo suficicntemente ~ntigu~s como prr~ h~ber oxperimentado un proceso de crosién

¥ nivelocibn. Pucde espersrsc encontrar yncimicntos superficinles formodos por mutco-
rizneibn dc 1~ cortez~ torrestre (enolfi, l-terit~ con clevedo contenido de ~ldminn,
magnesits, amorfa, vermiculit~) en 1- superficic erision~ds de ~ntigu~s pl~t~formns

en los quey, sin perturbaciosnes dobidas ~ movimicntos de 1n cortezn, los ngeuntes crosivos
cn venido destruyendo 18 rocos dur-nte millones dc nfios. Pueden cncontrorse
dopésitos sediment~rios, si tod~vf~ son j&v es, c¢n valles fluvinles que ~travioscen
zonas gronftic~s, o cn pl~y~s (placeres fc zirconio), o como partc de lcecchos que
constituycron cl fondo de ~ntiguos lnges de npun dulce (todns los orcillos refractorias

muchcs depbsitos dc dintomitn, cu~rzits, arenn), o de mares y lagos solndos (houxitos,

arenns, cuc.rzitas), o t-mbi€n pucdcen chnecontrarse junto con sedimentos organégenos
(dintomitn, dolomitn).
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INTRODUCTION

Refractory raw materials are those suitable for the con-
struction or lining of furnaces operated at high temperatures.
From the geological point of view, most refractory raw
materials are the most typical mineral representatives of the
upper part of the Earth’s crust, i.e. the chemical composition
of the most important refractory raw materials is very close
to that of the upper part of the Earth’s crust, composed mainly
of silicium and aluminium, as its nsme - Sial - clearly
suggests. The chemical and physical stability of alumina,
silica, and alumine-silica minerals in a very wide temperature
range makes these raw materials abundant in the upper part of
the Earth’s crust, i.e. on the surface (as the hydrous
minerals, kaolinite in kaolins and clays, boehmite, diaspore,
and hydrargillite in laterites and bauxites), as well as in
high temperature and pressure regions at greater depths (the
unhydrous minerals kyanite, sillimsnite, andalusite, and
corundum) .

The other elements of refractory raw materials - C (in
graphite), Mg (in carbonstes), and 2r (es oxide or silicate) -
are also typical for the upper part of the Earth’s crust.

Only Cr in chromite and Mg in unhydrous silicate forsterite
are elements typical of deeper spheres of the Earth, but even
theae occur near the surface due to geological intrusion
processes that transported them upwards, and erosion that
uncovered them.

Geochemical processes in the Earth’s crust tend to
equilibrium in accordance with local conditions of pressure
and temperature. It is somewhat paradoxical that minerals
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with comporents resistant to high temperatures and precsures
are fuund in the uppe~most zone of the carth 's crust, wroere
there sare conditions of low lempersture and pressure. Ttis is
csuseu by the chemicsl stabillity of the main components .U
refractory raw materials - aluninn and g1.ica. '[hese cowponents
gre resiaually enriched, due to o.twar? miyrsation ot ulkulies
(K50, Na2C), the alkeline earths (.aC, Mg0), and part ol the
iron. Thus, granite - a typicel sial representative considUling
of quurtz, teldspars, and mica - under conditions ot tropizal
weathering, i.e. of low temperature anu pressure, but wit.
high precipitation ana interisive viological intluence - 1is
converted to hydrous alumina in laterites or to kaolinite in
kaoline, in the latter case by combinaticu with scditionn:
silica. The stability of alumosilicetes, e.g. feldspar, .n

be reduced botn bty conditions of low temperature and prev.ure,
and also bty the opjosite - by high temperature and pressure.
Under tl.ese conditions the alxaliecs sni elkaline earths
pigrate out ol the syst=u, jesving & resicue rien in alunina
anc silica which recrystallizes under prassures of more L.an

2 kb to produce kysnite or sillimanite. .orunaum crystaiilces
when nc silice rewsins at pressure between 5 - 10 kb. Trus

all alumins deposits were formed because of its immobiliv,
under 2 wide range of tempersnture and pressure conditions.

dognesium-rich ref'ractory raw materiais are progucts
either of superjgene processes similar to trcoe of haolinization
("arwrphous" maxnesite), or of mobilization of magnesium 1n
deeper parts ol the crust, e.g. {rom megnesiumw=-rich rocks such
a3 Junites, themselves a source ot the reiractory silicate
uireral, forsterite. This megnesium in &queous solution
reacted with carbonate rocks, e.g. limestones or dolomites,
and formed metasomatic deposits ot crystalline magnesite. In
the sea mwagnesium is deposited in- or neer to coral reefs 1n
carbonate rocks. It concentrates residuslly since it is less

mobile than calcium.

Thus prccesses ot diagenesis of sudinents lead to

]
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concentrntion of iagnesium. Metamorphism of tiogenous sediments
i8 respsnsible for concentration of grephite - the only ro-
fractory mineral that is an element-carton.

Other endogenous refractory minerals - zlrcon andg

chromite are accessory minerals, the former in acig rocks, the

latter in basic rocks. Zircon is concentrated in placers ufter
aecomposition of acid igneous rocks, chlromite segregates as
intremagmatic concentrations in lenses enclosed in basic
igneous rocks.

Considering all the processes involved in the formation
of refractory mineral raw materials from the quantitative point
of view, it is neceesary to stress the importance ot the
Supergene ogents of extreme climatic conditions encountered in
tropical torests and msavannahs that are responsible for
destruction of feldspathic rocks and formation of refruactory

zinerals of the clay ar.i bauxite groups (Al,0, - 5102 - 1,0

273 l
or A1203 - }{20), as well as for origin of various types of
siliceous rocks such as sands, sandstones, and quartzites with

silica cement.

bince the alumins- and alumina-silica rerfractory naterials

comprise the most important part of the mineral basis of the
refractory industry, prospection tor new Jeposits will t«
directed primarily toward location of weathering crusts, i.e,

of horizons in the Earth’s crust that are the r-sult of strong
weathering. The paleoclimatic zones are controlled by tre
position of the paleoequator. Theretore, first considerations
are directed toward reconstruction of the paleoclimatic zones
on continents which existed in earlier geological epochs.

1. SURVEY OF REFRACTORY RAW MATERIALS

Refractory raw materials can be divided according to
their chemical composition snd use into the following types:
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A. Alumina-silica raw materials:

(a) kaolin: 1. siliceous (with quartz), in molochite
reaistant up to 1770°%;
2. bauxitic (with kaolinite and hydrated
alumina)

(b) fire-clay: 1. plastic clay (= soft clay, bond
clay);
2. flint clay (= hard clay)

(¢) "ball-clay": plastic clay for bonding of other
more refractory components

Main mineral: kaolinite (A1203 . 2 5102 o 2 HZO)

Products: chamotte - resistant up to 1630 - 1750°C
hard porcelain -~ resistant up to 1670-1730°C
(both contain less than 50 % Al203)

B. High-alumina raw materials:

(a) sluminous laterite and bauxite - mixture of
gibbsite (Al,0; . 3 H,0), boehmite, and diaspore
(both A1203 . H2O); should contain less than
2,5 % F0203 and 3,5 % Ti0,; calcined bauxite
contains up to 85 % A1203.

(b) disspore and/or gibbsite clay. lHydrated alumina
must be calcined before further use (8).1/

(c) andelusite, kyanite, sillimanite (all have the
composition Al,04 . 510,), kyanite heated to
1100 - 1480°C is converted to mullite, resistant
up to 1810°C.

(d) corundum and synthetic corundum (fused and |
sintered alumina, produced from high-alumina s
i

1/ Numbers in parentheses refer to the corresponding
numbers in the reference list at the end of the paper.
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bauxite), resistant up to 2050°C.

(e) synthetic mullite (3 A1203 . 2 Si02) made from
high-salumine clay (natursl or artificial, i.e,
washed kaolin) or from sillimanite, andalusite,
kyanite, dumortierite, or topaz.

Preduct: high-alumina brick with 50 - 90 % and more
A1203.
C. Silice raw materials:
(a) pure silica sand (SiOZ), resistant up to 1710°C
(b) quartzite (ganister type)

Product: silica brick (caslled "dinas” brick in Europe).

D. Basic raw materials:
(a) magnesite (IgCO3)

(b) brucite and synthetic magnesium hydroxide produced
from sea water (both Mg(OH)z)

(e) dolomite (iJaCO3 . HgCO3)
(d) chromite (Cr203 . Fe0), resistant up to 2000°C

(e) forsterite (Ig2Si04), resistant up to 1905°C, with
some Fe25i04 (feyalit) which lowers the melting
point of the mixture (i.e. the mineral olivine)
to about 170C°C.

Raw materials under (a) through (c¢) require preliminary
dead burning to get rid of CO, and OH (8). MgO and Cr,0y . FeO
are combined to magnesite-chrome (m. prevails over oh.) and
chrome-magnesite bricks by burning to 1700°C. Dead burned (to
1450°C) magnesite (Mg0) is used as “"magnesite® or "pericluse"
for manufacture of bricks. The theoretical melting point of
periclase is 2800°C,

Product: basic brick.
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E. Speciual refractory raw me:terials:

(a) pure oxides:

l. zirconium as the mire ral baddeleyit Zr02 or
procuced from zirccn ZrbiC4, melting roint
2500°C;

2. ThOz from monszite (melting point 2700°C) ;

3. BeO from beryl (melting point 2200°C ),

(b) refractory minerels: flake graphite (C), resist-
ant up to 3700°C ir o reducing atmosphare;
Steatite 3 MgC . 4 aic.‘\ « h,0, resistant up to
1370 - 1540°C.

(c) synthetic minerals:

1. carbides: 5iC, resistsnt up to 1’700012,
‘JJZC- congtitient ¢t thermal shields of
spacecraf'ta, 234\’_‘-

2. torides: ZrE, meltirg point GO0

3. nitrides: DN borazor (diasmonc¢ hardéness,
resistant up to 1+00°C in oxidation atmo-

sphere), AlN, .5i3N4.

F. Insulating refractcry raw materiala: diatomita,
expanded vermiculite, and perlite, tire clay,
ksolin, high alumina minerals, quartzite,

The principal trends in the use of refractory materials
have resultea in a decline 1in tr.e use of clay and silica
types and an increase in the consumption of hasic end high-
alumina refractories. Tre fecrmerly acceptable chrome/
/magnesite tasic bricks sre teing replaced Ly new types of
magnesite and magnesite/chrome bricke end these now comprise
55 % of basic brick deliveries (excluding dolomite tricks)
compered with only 31 per cent in 1960 in the UK. For example,
the use of straight magnesite bricks increased from 40,800
tons in 1960 to 63,400 tons in 1967 - a rise of 55 %; over
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the saume period the use cf ctrome/magnesite fell from 131,100
to /7,40C tons. In the area of alumina refrxctorles fire-
brick hLas piven way to more expensive, higher quality bricks
contuining over 40 % alumina. [rere has also bteen 4 growing
preterence for the more easily installed monolitric retfract-
ories mti Lhe expense of traditional bricks sna Snapes,

oucl: chianges in refractory asage have priuarily been
4 result of improved blast furnace perroruance, the shitt
rrom s11ica to basic retfractories in open heartl rooves end
tte rap:d growth or the busio oxyJden 8tee!muking fprocess
at the expense of the open nesrth process. in 1960, RCP steel
production accounted for around.z % ot total output, by 1965,
tre per-entage nad risen to 20 % and in 1%y it was about
35 ®. Pul another way, open hearth steei production in the
UK fel! trom ¢0 to 14 million vetween ju jul anu 1968. The next
few years will see a further Swing away from the open hearth,
but othec developments suct wss continuous cssting and vacuum
degussirg =21lso favour the uso of high-aluming and besic
refraciirive,

{4+ GENSSIS OF DEPOSIT. OF RelRACTOR: RAW MATERIALS

veclogic eriteria, whicl guide the prcspector to a yet
unknowr: ¢eposit, depend to a tigh degree on the conditions
and proces=es of its formation. lience, a orief survey of the
origins .1 the above-mer.tioneu refructory raw materials is
necessury.

A, lLeposits rormed with tr.e help of inner terrestrial
forces: (n) igneous and (b) me tsmorphic,

(a) Igneous deposit: comprise those completely
enclosed in bodies of deep seatec igneous rocks: 1. magmatice
deposits (chromite, forsterite); 2. volcanic deposits
(perllte) and deposits which crystallized closer to the
Earth surtface from hot solutions and 88ses liberated during
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the long process of magme cooling; 3. hydrothermal deposits
(beryl, magnesite, brucite, steatite, and kaolin).

(b) High pressure and temperature prevalent in deeper
parts of the Earth’s crust transformed carbonaceous beds in
graphite, and beds with higher alumina content (similar to
kaolins, clays, and bauxites - see below) to kyanite,
sillimanite, andalusite, in exceptional cases to corundum.
All these deposite belong to the metamorphic type.

B. Deposits formed on or near to the Ekarth surface
where the rocks formed by the internal forces meet in un-
ceasing struggle with processes of decay, destruction, and
removal of their products under trne influence of atmosphere,
hydrosphere, and the biosphere. Here also we can distinguisn
two main groups of deposits:

(a) adepcsits formed by weathering of rocks (kaolin,
Al-laterites, "amorphous' magnesite, vermiculite), and

(b) de,08ite tormed ufter transport by sedimentation

of weather=d rocks '= .ecim.uiary Leposits):
veoplacers Lo leyit, Lrxen, monazit with
hign ite 0
>, clastic se. manpt e e Tl otyye el

bauxites, sands, qusr!:itey.
3. orgenogenous deposits (dietomite, aclowite,.

Igrnieous and metamorphic deposits (A; (a), (b)) can be
found in mowrtain ranges and in their roots, if they are
ancient ¢.oukh L0 nnve undergone thorough erosion and
levelling. weposits of the weathering crust (B; (a)) can be
expected to form oriy on levelled surfaces of ancient
massives (e.g. Africua except Maghreb and Cape province),
where tle weathering :certs (rain-water with dissolved
organic ard inorgn. ¢ .se'ts under tropical conditions) acted
undisturted by moveme: e 35 ‘ie Esurth’'s crust on the destruct-
ion of r¢ ks for mi'iiore ¢ vears. Sedimentary deposits (B;
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(b)), if 8till young, can be found in the river velleys
cutting into granites or on the beaches (placers - B;(b),1.),
or as part of beds that formed the bottom of ancient fresh-
water liakes (e.g. ull refractory clays, many deposits of
diatomite) or seas and salt lakes (e.g. bauxites, some sands
and quartzites, i.e, clastic sediments - B;(b),2.).

Organogenous sedimentary deposits (B;(b),3.) were
formed from the skelets of many small dead organisms which
formed extensive, thick beds on the sea-floor, e.g. diatomites,
or from decaying organic matter which changed the sea environ-
ment to one suited to biochemical deposition of dolomite,

I11. AN ALPHABETICAL SURVEY OF REFRACTORY MINERAL
RAW MATERIALS (10, 19, 20) &/

Possibility of beneficition of refractory and other
mineral rew materials see Table l, Figures 1 and II; its
financial effect see Table 2.

Andalusite A1203 . 8102
less important than kyanite of the same composition.

l. Contacts of argillaceous and micaceous slates with granite;

1/ 1 long ton = 1.016048 metric ton
T 1 short ton = 0.9072 metric ton
1l metric ton = 1.10 short ton
1l long ton = 1.12 short ton
1 short ton = 0.894 long ton

Pricea (of November 1973) are in pounds of
sterlings or US dollars for a long ton (if not stated
otherwise).
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lenses and pockets in pegmatites. Both types are a source
of placers in beach sands and river sediments.

White Mountain (Mono County, California, USA); Marico
District (Transwaal, South Africa) - placer 0,3 m thick.

In andalusite-bearing slates in areas formed by granites
intruding argillaceous sediwents. By studying heavy minerals
ottained by panning of river- or beach-sands.

Placer deposits are easy and cheap to work by various
types of rockers, jiggers, etc.

(a) Transweal 400,000 t

(b) see sillimanite

(c) andalusite, Transwaal 52-54 % Al,0;, bagged CIF
European port ...... & 22-24

AF: Swaziland; FE: Korea

Baddeleyit ZrO2

usually occurs together with zircon Zrﬁio4.

1.

2.

6.

Fibrous masses and rolled pebbles in alluvial and residual
placers in regions built by augite-syenite.

Serra de Caldes (Minas Geraes, Brazil) - mostly zirkite -
a mixture of baddeleyite, zircon, and other minerals.

Panning of river sediments in arees of alkaline intrusions
on penepleins which underwent long-lasting weathering
under tropical conditions.

. Mining with picks and shovels on the surfacial alluvial

or elluvial placers, or in shallow pits; washing, con-
centrating by jigging, sieving, and handpicking.

(a) 2 mil. tons (1936) (Brazil only)
(b), (c) see zircon

see zircon




Ball clay

R e T U D,

{  light coloured to white plastic kaolinitic clay.
! 1. Beds of washed-over and sedimented kaolin weathering crust.

2. Tennessee, Kentucky (USA) - thickness 5-8 m; Bovey basin,
Petrockstowe and Wareham (UK) - Tertiary clays.

3. Lake sediments in mostly Tertiary formetions,

4. Open-pit quarrying by means of bulldozer (overburden) and
bucket excavator or power shovel. Sometimes underground
mining of beds of reasonable thickness.

5. (a) Ball clay deposits only in UK, USA, and Czechoslovakia
(blue or bond clay from Skalné near Ched)
(b) Production
UK (long tons) 682,000 (1967)
Czechoslovakia (metric tons) 70,000 (1972)
(¢c) air-dried ball clay, shredded, bulk ...... & 5-6

Bauxite

sedizentary rock composed of gibbsite (A1203 ¢ 3 H,0),
boehmite and/or diaspore (both A1203 o H;0) with admixture
of kaolinite, quertz, hezatite, goethite, rutile, and others.
1. (a) Beds and lenses in sediments (mostly limestones);

(b) Pockets in limestones (bauxite fills the sinkholes);

(¢) Detrital deposits;

C R S Y T

all types are washed-over Al-laterites.

2. (a) Tikhvin near Leningrad (USSR) - beds with 35-55 %

(b) Jameice - gibbeite, 46-50 % A1203, 10-20 % Fe,0,,
1-2 % SiO2

(¢) India (at the foot of the weathsred trapps)
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3. Mostly in tropical and subtropical zones - fosesil or ;
recent - where limestones occur,

4. aee laterite

5. (a) 1 to 2.5 billion tons or the gEarth: Jamaica 19.7 %;
Guinea 14.8 %; Ghana 10.8 %; Hungary 7.4 %; Australia
T.4 %; Guayana 3.2 %; Malawi 3 %; Surinam 2.5 %; ;
India 2.5 %; Brazil 2 %.

e

(b) Production of bauxite (in thousands of metric tons)

1970 1972
Jamaica 11,300 13,500 5
Australis 11,000 14,425 :
USSR 5,400 6,000 |
Surinam 3,300 6,500 5
France 3,290 3,578 '
Guinea 2,460 (1969) 2,650
USA 2,115 1,967
Yugoalavia 2,100 2,421
India 1,320 1,577
Indonesis 1,230 1,23%
Malaysia 1,140 1,070
Guayana 998 4,000
Dominicen Rep. 1,093 (1969) 1,100
Haiti 654 (1969) 680
Sierra Leone 445 (1969) 674
China 400 500
Ivory Coast 355 -
Bragil 48 400
Ghana 265 (1969) 362
Turkey 51 : 220
Mozaabique 7 -

(c) bauxite, refractory graede, min. 86 % Al504,

ex-vessel ...... 5 25.90 (metallic sluminium approx.
Stimes so much)

I s o ol st AR T e o]
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6. AF: Mozambique; Upper Volta (Kaya-Kongoussi; Bobo-
Dioulasso); Malagasy (Menentenina); Malawi (Mulen
Mts.); Cameroon (Minim Martap - 1.5 bil.tons);
LA: Dominican Rep.; Colombia (Cauca Department); Haiti;
Costa Rica (Sen Isidro; Carthago province);
FE: Sarawek; Melaysia; Solomon Islands (W¥agina Island;
Rennell Island - ? 100 mil.t 47-48 % A1203); Fiji.

Beryl 3 BeO . A1203 . 6 Sio2
light greenish herd hexagonal crystals.

l. In pegmatites

2. Black Hills (S, Dekota, USA) 0,5-1,0 % beryl in inter-
mediate coarse-grained albite-muskovite zones in pegmatitea
1-2 m thick; Perenjori mine (W. Austria) - prcduction
400 tons (1972).

3. Pegmatite veins in granites and crystalline schists of old
shields. Found by tracing river pebbles upstream to the
primary deposit.

4. Mostly underground mining in very harc pegmatite.

5. (a) Afghanistan - possibly the largest reserves in-the ...

world.
(b) Production of beryl (short tons)

1969 1970 1671
India 1,450 1,450 not announced
USSR 1,380 1,400 1,400
Brazil (exports) 3,964 3,674 2,450
Argentina 571 333 330
Uganda 315 405 243
Rep.of S.Africa 345 355 541
Mozambique 134 36 33
Rwanda 324 315 265

Rhodesia 100 100 100
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Malagasy 83 57 55

Australia 8 20 30
Portugal 32 15 18
Zaire 160 143 84
Kenya 3 4 4

(¢) Beryl cobbed, lump, min. 10 % BeO, short ton CIF
s s e ‘ 28"31

ME: Afghanistan (Darra-i-Pec).

Brucite Mg(OH),

soft translucent white, blue or green mineral.

1.
2.

3.
4.

1.

4.
5.

Beds of brucite accompany beds of magnesite.

Gabbs District (Nevada, USA), a bed 4 sq. miles, since %
1968 sole natural magnesium producer in the Usi. |

see magnesite, type b II1I, |

see magnesite.

Chrceiite Cr203 « FeO with Mg and Al

In ultremafic rocks as peridotites, pyroxenites, dunites,
serpentinites, and talc schistas.

Bushveld complex (Rep. of S. Africa) - layered chromite
sean.

In ultramafic rocks, investigated by means of a geophysical

prospection network, drilling used on magnetic or electric
anomalies.

Mostly underground mining.

(a) Rep. of S. Africa - more than 500 mil, t; Rhodesia,

USSR, Turkey - 100-500 mil. t; Phillippines (Masinlia
mine) - 10-100 mil. t each.
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(b) Total production 1900 - 1958 in millions short tons:
USSF 12.75; Rhodesia 10.85; Turkey 10.70; Rep. of
Se. Africa 9.83; Phillippines 6.8; Cuba 3.45; New
Calecdonia 3.4.

Production of chromite (thousand short tons)

1969 1970 1971
Albania 473 516 590
Brazil 17 30 31
colombia - - 1
Cyprus 26 37 45
Finland 79 133 123
dreece 27 29 27
Inaia 250 299 288
Iren 165 220 220
Japan 33 36 35
Ma lagasy 88 144 155
Pekistan 25 32 27
Philippines 517 624 476
Rhodesia 400 400 400
Rep. of S. Africa 1320 1573 1812
Sudan 28 52 23
Turkey 500 572 665
USSR 1874 1930 1980
Yugoslavia 43 45 38
Total 5865 6672 6936

(¢) Philippines - chromite, refractory grade, min. 30 % -
CI‘ZOJ, CIF se e 000 e 5 14 - 18

6. AF: Sierra Leone; LA: Bragil (Salvador, Bahia - 100 mil.
tons); Guatemala; ME: Iran (Bandar Abbas - chrome plent);
Egypt; Afghanistan (Hesarsk; Mohammad Ageh - Kulangar) ;
FE: Papua - New Guinea (Sela River - placers).
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Corundum A1203
1, 2. (a) Disseminated crystals in rocks formed by regional or
contact metamorphisa

(b) Lenses in desilicated pegmatites (Iranswaal, Rep. of
S. Africa).

(c) Lenses in nepheline syenite, sometimes with
eillimanite (Renfrew County, Ontario, Canada).

(d) Placers

(e) Emery, a mixture of corundum and magnetite (Izmir,
Turkey) .

3. Metamorphosed bauxites; contacts of pegmatites with basic
rocka. Study of the position of paleo-equators is necessary.

4. Primary depoeits are mined by underground methods. Enrich-
ment through crushing, sieving, and handling on shaking
screens.

5. (a) No data.

(b) Procduction of corundum (short tons)

196y 197C 1971
India 498 454 345
Kenya 129 66 70
Malagasy - 2 2
Rep. of S. Africa 252 272 244
USSR 6,600 7,200 7,200
Total 7,479 7,994 7,861

(¢c) Corundum natural, abrazive grade, crude, lump,
CIF eecen e £ 19"22

6. AF: Rhodeaia; Mozembique; Mslawi; Tanzania; ME: Iran;
Turkey; LA: Uruguay.

T ORI
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Diatomite

low density sedimentary rock consisting of fossilized shells
of siliceous algae -~ diatoms. Mineralogical compoaition -
opal.

1.

6.

Beds of sedimentary origin with tuffs and turfites of con-
temporary volcanism, mostly Neogene and Quaternary.

Lompoc (California, USA) - thickness 250 m.

Neogene and Qusternary strata with volcanic ash.
Exploration by sinking of shafts and drilling holes.

Working by electric or diesel shovels or rooters powered
by tractors or bulldozers. Drying and coarse milling,
calcination.

(a) No data.
(b) Production of distomite (short tons)
1969 1970 1971

USA 598,482 597,636 535,318
USSR 400,000 410,000 410,000
France 190,000 190,000 190,000
Italy 65,848 66 , 000 66 ,000
Algeris 11,624 - 4,500
Egypt 952 2,564 2,600
Kenya 2,539 1,765 1,800
Argentina 11,397 9,070 8,800
Peru 20,597 2,821 3,000

(¢) Algerian distomite, metric ton, CIF ....... b 18-26

AF: Nigeria (Potiskum); Rep. of South Africs (Ermelo and
Prieska districts); LA: Braszil; Chile; Colombia (Quesnel);
Costa Rica; Mexico; ME: Turkey; FE: Korea; Jaspan.
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2.
3.

4.

5
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Dolomite CaCO3 . M3003

(a) Sedimentary beds interstrutified with limestones.

(b) Hydrothermal-metasomatic masses with crystalline
magnesite.

In almost 8ll countries, huge cdeposits.
(a) In Paleozoic and Mesozoic seciments.

(b) see crystalline magnesite
By location of the outcrop, digging trerichies und
drilling holes.

Open-cast mining by neans ot blasting; loading by power
shovel,

(a) No data - huge reserves.

(t) Belgium, ltaly, Norway, Spain, and other countries.

Fire-clay

Plastic kaolinite bond clay or hard claystone, scnist clay,
fl1int cley, sometimes with diaspore or gibbsite.

1.

4.
p

Beds of washed-over weathering crust deposited in a fresh-
water environment, sometimes overlain by coal seams (so-
celled underclays: plastic, semiplastic, semiflint, flint,
or diaspore clays).

Central Missouri (USA) - diaspore and flint underclays
l to 5 m thick.

see "ball clay". Flint clay is mostly of Carboniferous
or Cretaceous age.

see "ball clay"”

(a) Flint clay deposits have been found in the following
countries (1), but no data on resources and production
are available: USA (Pennsylvanian age: Pennsylvania,
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Marylund, West Virginia, Ohio, Kentucky, Illinois,
Missourij Cretaceous age: Colorado; Tertiary age:
Washington), France (Ollieres), Isrsel (Makhtesh Ramon,
Negev Lesert), Argentina (Patquia), Chile, India, Rep.
ol' S Africa, Australia.

(C) b\lint-CIay’ CalCined, CIF ¢ 000000 b 19"'21

Forsterite ugzsio4
Mg - olivine.
1. Rock-forming mineral of ultrabasic rocks such as dunites.

2. Aaheim and Norddal (Norway ).

3. Ultrabasiz crystalline massives usually controlled by
deep faults.

4. Quarrying by blasting, loading by power-shovel.
5. (a) Aaheim - 2 billion tons
(b) Norway 1970 - 140,00C metric tons, 1972 - 250,00C
metric tons

(c) Olivine, sand, dry, bagged, 10 ton lots, del., UK
e 0 ecsss 5 14-16

6. AF: Bushveld Complex (Rep. of S. Africa).

Graphite C (flake)

soft black t'laky mineral; artificially produced from
petroleum coke.

l. Graphite originates: (a) in magmatic rocks as nepheline
syenites (Botogol, USSR) or pegratites (Buckingham,
Canada), in their contacts with carbonates (Grenville,
Canada), or in high-temperature veins (Ceylon); (b) in
metamorphic rocks during regional or contact metamorphism
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of carbtonaceous shules (socutherr. Bohemia) or coal seams
{Sonora, Mexico).

2.5ri Lanka-veins of flake graphite up to 2 m thick.

4.

Malagasy - 4 to 11 % ot graphite with t'lakee i to 3 mm
in layers 3 to 30 m thick and thousands of m long in
gneisses.

Flaky graphite can be tound in veins and in metamorphic
deposits. Crystalline massives are to be studied. Black
outcrops of veins and seams of graphite can be located by
means of aserogeologicel mapping and deliminated by means

of electrical resistivity, self-potential or radiometrical
geophysical methods. Sinking of pits, boring and exploration
through galleries is necessary to estimate the reserves.

In tropical countries it is sometimes possible to work
residually-enriched outcrops of poor graphite seams or
graphite gneisses (e.g. Madageskar). Underground mining is
inevitable in other cases. Maintenance of shatf'ts and
galleries in slippery graphite is often very airficult.,
Graphite is crushed, flotated, sometimes retined chemically
(up to 99.9 % C). For refractory purposes st least 85 % C
in graphite is required.

(a) No data.

(b) Production of graphite (short tons)

1969 1970 1971
Argentins 268 84 90
Austria 24,467 30,570 23,581
Brazil 2,480 2,800 2,800
Burma 112 86 168
China 33,000 33,000 33,000
Germany, West 14,369 18,084 19,000
Hong Kong 219 - -

Italy 1,895 2,302 701
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1969 1970 1471
Japarn 1,903 1,615 1,600
Koreu, North 83,000 83,000 83,000
Kores, south 81,939 65,629 79,934
Mulagasy 18,865 1,903 22,103
Mexico 47,311 bl, 341 56,125
Norway 10,274 11,447 9,172
Rep. of S.Africa 506 771 1,262
o>ri Lanka 12,586 1C, 788 8,548
USSR 77,000 83,000 88,000
UsA (withneld) - - -

(¢} Craprite, Sri Lanke, hard large lump, 97 - 99 % C,
FOB Colombo +e..... & 125

Kaolin

& rock coasi1sting ot kaolinite, quartz sny of small smounts
of mica, chlorite, illite, monitmorillonite, feldspar,
limonite, siderite, pyrite, ana others.

l. Feldsjutic rocks granites, gneisses, pegmatites, arkoses)
weatr.red under tropical rain forest conditions to a depth
of 20 - 40 m. Wnhite kaolin can form under conditions
characterized in Table 3 and 4 (a) on iron-free rocks such
@8 pesnatites (intrazonal white kaolins in the red
tropi.al weatiering-crust zone - Figures 111 and 1V),.
Examp'2: Saltpond and Abadzi, Ghana; (b) on iron-bearing
rocks cuch as biotite granites {originually red tropical
weat ering crust), from which iron was removed by leaching
(Figures III ard .V, substages I, II, an¢ I11 of the zone
of rev -arth). Exsmple: Oshiele, Nigeria; most kaolin
defos ts of the world outside the recent tropical zone;
(e) krolin deposits forming the lower part of the laterite
wenti:2irg crust (Figures III and IV, substages Iy and V
or tre lasterite stage), Example: Hope Mine, Guayana -
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workable kaslin under worked alumins-rich laterite;

(d) kaolin deposits forming the lower part c¢f a laterite
weathering crust; laterite hardpan and spotted norizons
(Figure 111, zones 6 and 5) were remcved by acid leaching
under tropical forests or swamps. Example: kKibi, Ghana -
kaolinized phyllite on top of a swamp-covereu inselberg

(13 7); (e) hydrothermal deposits.Example: Sombrerete,Mexico.

2. Zettlitz (harlovy Vary, Czechoslovakia;, - leucocrate
granite weathered to a depth of 30 m covered by brown
coal (1; 7); Cornwall (kngland) - kaolinized granite (7).

3. 01d penepleins formed by feldspathic rocks, especially
pegmatites, on both sides of paleoequators (especially in
the Carboniferous and Upper Mesozoic-Lower kenozoic).
Further investigation is necessary to determine the
position of paleoequators in Africa, the Middle Zast,
Far East, and Latin America with the same accuracy as in
Europe (!). Kaolin generally escaped erosion and
destruction only in tectonic depressions (gratens). ¥hite
kaolins are usually found beneath swamns. In tropical
countries they are located by finding negmatite veins,
leuccirote granites, and other tve.dspuiiic ro-vs anderp
rain forest or swamps, and lower 'sterite L isops in
inseluvergs. Shallow pits and bore-holes are used t¢
assess the deposit.

4. Removal of overburden by bulldozer. Exploitation of kaolin
by power shovel or wheel-excavator. Removal ¢f qusartz by
means of hydrocyclons. Sometimes used in raw state.

5. (a) Reserves of raw kaolin (7): China, Tanzania - hundreds
of million of tons; Guayana, India, Japan - tens of
million tons; Sri Lanka, Chile, Malaysia, Niger,
Nigeria, Philippines, Rep. of S. Africa, Venezuela -
millions of tons; Argentina, Kongo, Mexico, Pakistan,
Swaziland, Turkey - hundreds of thousands of tons.
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(b) Production ct washed kaolin (thousands of short tons)

196y 1970 1971
UtA 4,739 4,926 4,886
GL 3,686 3,509 3,054
USGR 2,000 2,000 2,100
Inaias 113 109 101
France 471 403 463
FGR 480 493 461
Czechoslovakia 378 405 413
Spain 302 162 193
Japan 214 243} jss
Bulgaris 134 140 143
Scuth Korea 149 21% 211
Austria 107 108 97
Kexico 99 87 80
Colombia ST 102 106
Augtralia 72 99 100
Argentina 89 82 83
Hungary 66 79 80
Chile 49 53 46
Grecce 68 53 59
Iran 47 50 53
Rep. of S. Africa 37 41 43
Egypt 86 25 13
Denmark 20 20 20
Ethiopia 14 12 11
Italy (eruds) 12% 113 100
Taiwan 12 11 11
Portugal 49 58 50
Romania 55 55 55
Sweden 32 33 33
Thailand - 3 1
New Zealand 11 13 22

Hong Kong 5 4 3
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1969 1970 1971 !
Melaysia 2 4 13 |
Indonssia 3 10 11 é
Sri Lanka 3 2 3 |
Pakistan 3 10 3 |
Algeris - - 4 (1972)
Lebanon 3 (1968) - -
Kongo 2 - -
Swesiland 2 2 2
Kenya 2 2 2
Mosambique 1l 2 2
Angola 1 2 1l
Becuador 1l 1l 1l
Paraguay - p 1
Peru 2 2 2
Melagasy | 1l 2
Nigeria | 1l -
Tansania | p 1l
South Vietnaa 1 1 1l

(¢) Refined kaolin eseesee b 8-19

AF: Mali, Niger, Morocco, Tunisia, Zairs, Botswans;
LA: Jamajics, Surinsas, Brasil.

Kyenite A1,0, . 8i0,

Originates at high pressuree under conditions of desp
regional mstamorphisa from srgillaceous ssdiments with
high alumins contente, occure se disseminated crystals in
mica-schists, gneisaes, and quartsites, with possibls
later eegregation into pockets and lenses under the
influence of contsct metamorphism. Kyanite lenses and
pockets occur also in pegmstites and quarts veins. Some-
times sccumulstee in river- and besch-placers.
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2. Baker Mountein near Pamplin (Virginia, USA) - 30-40 %
kyanite in rock. Lapso-Buru (Singhbum District, Orisss,
Indie) - massive kyenite witlk 10 % corundum.

3. Found by studying heavy minerals in rivep- and beach-sands
in metemorphic messives with acid intrusions; associated
with placers, residual boulders, and primary outcrops
which build low ridges.

4. Mining by open cut methods using blasting. The ore is
crushed, cobbed, and hand-sorted, eometimes flotated,
fired, separated magnetically. The concentrate is pre-
calcined,

5. (a) India - 3,790,000 t (1971); Botewana - 30,000 t;
Guayana - 2,200,000 t (1973); Austria (Wipp Valley) -
several mil. tons.

(b) Production of kyanite (short tons)

1950 1955 1966 1968 1970 1971
USA 16,00C 28,000

India 29,747 13,206 63,670 70,945 119,120 62,960
(me t) (me t) (m. t) (m. t)

Kenya 12,845 3,031

(¢) Kyanite, Lapso Buru, min. 60 % Al504, CIF ... & 34-37

6. AF: Botaswana (Halfway Kop); Malawi (Ncheu, Kapiridimba);
Uganda; Tanzania; Angola; Liberia (Grand Basse Country);
LA: Surinem (Boschland); FE: Mayurbhanj Stete (India) -
several mil. tons of dumortierite 8 A1203 . 8203 .

v 6 Sio2 . Hzo; Lepso Buru (Kharsawem, India) - topas
2 A1203 . 2 AI(F,OH)3 e« 3 SiO2 .

Laterite
rich in alumina (composition - see bauxite).

1. Residue on rocks with low silica contents formed by
sncient or recent tropical weathering in savannah with
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aiternating cry and rain gessons.

2. Surinem - gibhgite - bearing Ai-luteritc witi up to 57 &
Al0y, 8-12 % re,Ly, 2-3 % Si0,

3. 3ee kaclin; laterites of Neogene »ge ocactimen build top
hardpan on inselbergs in contemporary tropirci’ belte, Pro-
specting t'or laterites: !y pulecgromorphologicsl studiea;
tollowing the flow tragments; drilling an: t -st-pitting.

4. Stripping ot overburcven by scrapers, Gpen-pli quarrying
by blasting and pcwer shovel, crushing, wasling (to remove
cluy), drying ana ca.iciniag in retnary kiing,

53 6. see tauxite

Magnesite Mguos

(@) crystalline ard (o) cryptocrystulline ("wncrphous").
1. (1) In lurge irregular toaies in uo.onites;

«b) l. either in lenses or veins with dolomite; IT. in con-
cretions and ooulders in westhered gerpeontinit?g
i11. in secdiments with dcolomite.

2. (1) Ko3ice (Qzechoslovakin) seversl bodies tens of meters
thick anu hundreds of mpeters long;

(b) 1. puboia (Greece);
11« hhalilovo (Urals, UstR);
[I1. Needles (Csalifornia, USA) - a bed 4 m thick,
800 m long, 900 m broad.

e

3. (a) Areas of dynamic geological activity built by
crystalline cartonate rocks; (b) 3erpentinite massives,
In both cases: cutcrops are first located, then sampled
and drilled to find their thicknees.

4. Mining by open-pit methods if possible, otherwise by under-
ground methods of the room-and-pillsr type, posaibly first
by the former, then by the latter.




- 27 -

5. (a) no data

(b) Production of magnesite (short tons)

1969 1970 1971
Africa:
Kenya 554 4 244
Rep.of S.Africa 53,044 92,874 86,711
Sudan 550 110 100
Tanzania 1,651 854 880
Asia:
China 1,000,000 1,100,000 1,100,000
India 325,741 384,664 329,800
Iran 23,100 22,000 22,000
Korea, North 1,700,000 1,800,000 1,900,000
Pakistan 10,560 512 239
Turkey 241,442 313,946 314,000
Europe:
Austria 1,772,979 1,773,992 1,715,700
Czechoalovakia 2,400,000 3,300,000 3,900,000
Greece 629,116 832,438 995,064
It.l\y 4 ,410 - -
Polana 50,000 55,000 55,000
Spain 116,244 114,564 115,000
USSR 1,545,000 1,569,000 1,598,000
Yfugoslavia 526,262 564 ,222 548,950
America:
Bresil 200,000 260,000 220,000
Mexico - 8,999 8,800

USA - withheld to svoid discloaing confidential dats
of individual companies

Annual production (1972) of magnesium from seawater
and brines: USA (300,000 tons - seawater, and Great




6.

- 28 -

salt Lake), USSR (100,000 t - Sivash, Crimea), Japan
(420,000 t), GB (250,0C0 t), Italy (6,000 t), Norway
(80,000 t), Canada (30,000), Mexico (50,000), Iceland
(107,000 t MgClz). Production of magnesite from
dolomite planned in Hungary.

(¢) Magnesite, crude, lump, CIF ....e.... b 13-18

AF: Tanzenia (Same, 4 mil, t); ME: Saudi Arabia (40 mil.t);
FE: India (Tamil Nadu; Uttar Pradesh - Almora district
7,9 mil. t; Mysore); Nepal (Kharidhunga - 180 mil. t).

Perlite

acid volcanic glass with 2-5 % molecular water with a system

of

concentric spheroidal cracks. Expands ("pops”) when rspidly

heated to 760 - 1200°C with a tenfold increase in volume
(artificial pumice is formed).

1.

2.

Intrusion of rhyolite under thin cover or effusion under
lake waters.

Socorro (New Mexico, USA) - thickness 150 m, diameter of
the round body 600 - 800 m.

In regions of acid volcanism and contemporaneous freshwater
sedimentation. Found by noting the typical spheroidal
texture. Expansion of the tirst samples found is tested.
The shape of the deposit is determined by sinking pits and
drilling.

Open-cast gquarrying by occasional blasting, loading by
power shovel; expsnsion process takes place near the
quarry.

(a) USSR - 500 mil. t (1970)
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(b) Production of perlite (metric tons)

(e)

USA
Greece
Italy
Hungary
Mexico
Turkey
China
Japan

1969
427,000
120,000

60,000
11,170

1971
449,000
160,614
100,000

9,056
9,180
30,000
60,0C0

1572
567,000

Perlite, raw, loose in bulk, CIF ........ b 10-22

Perlite aggregate, expanded, ex-works ... b 30-45

6. AF: Algeria, Morocco; FE: Philippines (Legaspi City on
ruzon - 9.9 mil. t; Polique Bay - 33 mil. t).

wuartzite

rock composed almost entirely of quartz grains of various
diemeters cemented together by micron-sized quarts grasins

(originally probably opal or chalcedony).

l. Cemented aand of sedimentary origin, the cement being re-
leased by weathering (e.g. keolinization) of silicate
rocks.

2. "Zementquartzite” of the Paleogene sge in Germany and

Czechoslovakia.

J. Quartzite deposits are to be found in strong weathering
formationa.

4. Overburden removed, quartzite quarried by blasting.

} 6. no data




sand (siliza)

moronineral rock with ertz grans 4C-°00 ash,

1. Sedipents in lakes or seac: b more “eworsked by rivc

3.

5.
6.

l.

2.

4.

erosion ol wavea, tie tetter.
Czechoslevakia - azme Uretnc oot sppg i es,

¥os88il bench sandes gan: stonet  1n poit oozt ie Cuwe GERte
ary Jormawions. at<er lccatier ar 8 protoccCe, tre b Lige
reaiativ-ty metndyd of Zeorhye  al explor vien o oo '€
185€88 tr~ extent of the depesit, Drilll g or creos
iraglines (if the dz2nosit is . cer the «atev tatled 1.
used to #stimate reserves.

Operstion hy power stovel, Jr.gline cr f.oatinae tueso b 2x
cavetor., .and is weshea, scresned, crus o, son L1~
gravity-traated :tkrough heavy m=din gepn. ution *r v tp

with tin2ly greand angnetite v fercoci jcon = «rres’ ¢ o))

no dsta

Almost nl° countries of the worli posse + quart:z . 5 o Ag
of refrac:ory xrade.

Sillirnite Al,0q £i0,

Originate:s as prismatic crystols op fibrous gpasses <1 agh
temperatures in the presence ot fluorine during re;ional
or contart metamorphism, or toth. Cccurs in schiats,
gneissee. horntels, and in placers,

Sona Pahar (khasi 1iills, Assam, Tndia) - sillimaniie +
+ corundus; Cape Frovince (Rep. of C. ifrics),

see kyanite. Massive sillimanite is sawn into glass tank
blocks.

Economic content of sillimenite in 3chiat - 10 %.
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5. (a) USA -~ tens of millions of tons; Namaqualand - 2.5
mil. t (sillimanite + corundum); Assem - 238,00C t,

(b) Production of sillimanite

1650 1955 1966 1968 1971
short t short t metric t metric t metric t

India 1,653 2,714 10,286 5,127 4,175
Rep.of S.

Africa (anda-
lusite +

sillimanite) 8,320 19,359 56,700 17,460

SW Africa

(sillimanite

+ kyanite) - 240 18
Australia

(sillimanite
+ ky.nite) 1’771 -

(¢) Sillimanite, natural Khusi, 61-63 % A1203,
b.g‘.d’ FOB ¢ e o000 00800 ¢ ‘ 35.5

Steatite H20 « 3 Mgl . 4 3102
a soft and very fine-grained form of talc.

l. (a) In or on contact of magnesite anc dolomite with
country rock, as lenses and veins;

(b) in serpentinites (mostly as soapstone, i.e. with
aklinolite, carbonates, chlorites, etc.).

2. Manchuria (China); Inyo Mountains (California, USA) -
up to 17 m thick and 300 m long lenses on the contact of
quartzite and dolomits.

In sheared and frasctured metamorphic rocks with inter-
calations of magnesite and dolomite. Prospecting by geo-
physical methods, sinking of pits, drilling.

4. Underground mining with difficult maintenance of the
ahafis, galleriea, and chambers because of the slippery
character of talc and steatite.




5. (a) no dasta
(b) Production of talc and steatite (short tons)

1969 1970 1971

Africa:

Botswana 56 45 143
Egypt 4,740 7,151 7,200
Morocco 150 249 250
Rep. of S. Africs 14,902 13,657 12,975
Swaziland 660 280 229
Asis:

Burss 168 235 237
China 165,000 16%,000 165,000
Incia 206,674 185,641 195,477
Japan 1,996,045 2,066,230 2,089,474
Korea, North 77,000 88,000 99,000
Korea, South 204,496 224,952 234,185
Pakistan (soapstone) 2,412 3,900 3,888
Philippines 1,038 1,753 1,452
Taiwan (soapstone) 26,867 42,678 43,037
Europe:

Austria 104,277 110,406 100,995
Finland 40,095 69,140 110,970
Frence 272,271 256,838 250,000
Geraany, West %0,081 37,265 39,301
Greece 6,69% 6,614 2,045
Italy 154,27) 107,657 152,936
Norway 70,807 70,500 70,500
Portugsl 1,323 1,992 1,240
Roaanis %%,100 62,532 6% ,000
Spain 37,179 43,665 44 ,000
Sweden 31,306 35,605 35,300
USSR 419,000 419,000 441,000
UK 11,311 12,074 12,000
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1969 1970 1971
North America:
Canada 75,850 72,055 67,000
Mexico 1,469 2,320 1,889
USA 1,029,238 1,027,929 1,037,297

South America:

Argentina 23,934 94,066 34,000
Chile 892 705 1,938
Colombia 1,681 1,899 2,177
Paraguay 99 132 176
Uruguay 2,542 1,801 939

Oceania:

Australie 61,096 141,253 60,000

Steatite, Norwegian, ground, metric ton

CIF ®00r0000co0 0 ‘ 11 1/2 - 13
.t..tiu Chin..., CIF 000000t ece o ‘ 24 - 29

6. AF: Egypt (between Nile and Red Sea); Zambia (Lilaya and
Chipata - 300,000 t); FE: Nepal (Kharidhungs - 300,000 t).

Vermiculite (H,‘,O)x (Ian)y (Al,?c,lg)' (Si,Al,Fo)‘Olo(OH)z

Vermiculite is formad (a) in westhering zones from biotite,
chlorite, or phlogopite by circulating weters (e.g.
Enoree, S.Carolina, USA; Palabora, Transvaal, Rep. of

S. Africe), or (b) by hydrothermsl solutions from pyro-
xanite (e.g. Libby, Montana, USA, 1,600 acres) or (¢) in
carbonatite bodiea (e.g. Palabora, Transvasl, Rep. of

S. Africa).

3. Prospecting of the weathering crust on ultrabasic alkaline
masaives (pyroxsnites, carbonatites); location of the
deposit by einking of pita, drilling; sampling, testing
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(a) no data

1669
Argentina 5,023
Brasil 4,240
India 4,388
Kenya 8595
Rep. of S. Africa 142,184
Tanzania 136
USA 309,467

(b) Production of vermiculite (short tons)

1970
3,917
4,240
801
1,839
134,367
165

285,931

of the exfoliation property of vermiculite by rLeating
(at least 3C % vermiculite in raw material).

Stripping of overburden by bulldozer, mining by power
shovel.

1971
3,990
4,240

273
1,498
145,582

301,483

(¢) Vermiculite, South African crude, bagged, short ton

CIF AR EEREREN 5 19"22

Zircon ZrSiO4 with some hafnium

AF: Rhodesia; SW Africa; Uganda (Nemekara and Bukusu,
Bukisu (District); Botswana; Ethiopia; Malagasy; Malawi;
swaziland; LA: Chile; Cuba; FE: Burma; Japan; Korea.

in placers sometimes occurs together with baddeleyit Zro2
(Minas Geraes, Brazil), often with monazite (Ce,La,Th)PO4
(Espirito Santo, Brazi); ilmenite FeTiO3, snd rutile TiO,
(Victoria and New South Wales, Australia).

1. Beach placers fed by inland crystalline rocks (granites,

granitic pegmatites, granodiorites, nepheline, syenite,
pegmatites) with zircon as accessory mineral. The rocks
underwent deep weathering (e.g. laterization) on peneplain
followed by uplift, rapid erosion of newly formed high
mountains near the sea and quick immersion in the sea of
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weathered rocks with heavy minerals.

Australia, eastern coast in a length of 100 miles between
bollina (N.5.Ww.) and Stradbroke Island (Queensland):
44-70 % zircon in heavy mineral concentrate (with 15-30 %
each rutile and ilmenite); Florida (UsA), elevated sand
bars on the coast near Jacksonville and 5t. John's River
(15,000 tons per year of zircon); Turkey, Black-Sea coast
near Shile - black sand 7-14 cm thick with 10 % zircon
(88 % of grains smaller than C.2 mm).

Shores with vertical movement, built by acid and alkaline
intrusions, that weathered deeply thus releasing the heavy

minerals. Loci: alongshore sand bars extending from head-
lend to headland.

Removal of overburden by bulldozer, selective hand loading
into trucks, separation of heavy minerals from silica sand
on Wilfley tables end spirals, electromagnetic and electro-
static separation of zircon and rutile (non-magnetic) from
magnetite and ilmenite.

(a) Australia, Brazil, India: 10 mil. t of Zr-minerals;
North Stradbroke Island (Australia): 1 % of zircon in
sand dunes 700 feet thick on a 107 square miles area.
USA deposits: 5 - 15 mil. t of Zr-minerals: Trail Ridge
(Florida): 2,520,000 tons of zircon, Pulmaddai and
Kokkelai deposits: 210,000 t of zircon. Urugababa near
Durban (Rep. of S. Africa): 200,000 t of zircon.

(b) Production of zirconium concentrate (short tons)

1967 1968 1969 1970 1972

(World
520, 000)
Australia 317,721 332,956 411,021 377,000 364,192
Brazil 2,934 3,083 3,874 4,000

Sri Lanka 130 28 ™ 100
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1967 1968 1969 1970 1972
Malagasy 230 - -
Malaysia 520 1,241 1,562 3,000
Thailand 1,687 3,549 276 1,500
UoA 55,000 55,000 55,000 50,000 100,000

(¢) Zircon, prenmium or ceramic guality, max. C,1 % Ti02,
CIF ee0es 00 00 '”30-38

6. AF: cosst of sierra Leone, Senegal, kdypt \Rosetta- !
Damietta, Borallus); FE: coast of lndia (Travancore, Cochin)ﬁ
eastern store of Australia; LA: Uruguay: bluck sands 6 m Q
thick with 2.5 % heavy minerals on the Atlantic coast at
Aguas Dulces (3 mil. t of heavy minerals, 5 % zircon,
0.6 % monazite); coast of Brazil (Rio Grande de! Norte).

1V. CONCLUs10NS

Tre tinding, exploration, and working of deposits of
ret'ractory raw materials in developing countries.

A. A preliuinary marketing feasibility stucy must answer
the foliowing questions:

\aq) is there a potential market for refructories in the
country?

(1) whet is the cost of imported rerractoriea?

{¢) will there be any possibility for exports of

refractories to aajoining countries in the remote
future?

(4) are there, in general, suitable raw materials in the
country?

i<, should the comparison of item sub A. favour establishing
a retfractory industry, the following steps should be taken:

(a) inquiry at the locsl Geological Survey on the raw
muuterial basis flor industry of retractories, Reserves of
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individual deposits must be sufficient for at least 25 years
of planned prcduction;

(t) should there be insufficient informstion, a thorcugh
prospection for refractory rew mesterials must be planned,
if necesssry with the help of foreign experts - one geclogist
and one mineralogist-technologist.

C. The prospecting team can consist ot « geclogist, minerslog-
ist-techrologist, geclogical assistant {(u technician with
knowledge of locel languages:, severusl workers for digging
trenches and shallow shafts, driliing ot shallow bores
(e.g. by a hand-drill of mackintosh type), for explorstion
and sampling of clays, kasolins, bauxites, etc., one fore-
men skilled in blesting hard rccks, one passenger car with
driver, another car of a landrover (jeep, GAZ) type with
driver.

D. Prospecting for all kinds o1 refrsctory raw materials is
usually carried out in & four-stage sequence (Table 5):

(a) Preliminary prospecting ot the whole territory in
question on the tnsia ¢t published cats und unpublished
reports of the locsl Geclogical Survey, Public Works Depart-
ment, water supply lepartment, etc., Informstion from local
authorities end individual citizerns should also be tsken in
considerstion. bmall semples (0.X kg) sre taken at widely-
spaced regular intervals over the deposit or its part.

(b) Preliminary examiration of the samples i3 carried
out in the respective capital or in any town with facilities
rendering it possible to carry out simple enrichment tests,
such as sieving or panning of the placers with refractory
heavy minerals, firing tests of clays and kaolins, chemical
snalyses of carbonate and silicate rocks and minerals,
mineralogical examination of the ssmples by means of
a polarizing microscope, thermal methods, X-ray diffraction,
etc.
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(¢) Those deposits which proved to justify further
investigation from the point of view of quality are revisited,
explored by a network of closely spaced exploration workings
(trenches, shafts, bores) and large samples are taken (X tons
from each deposit). The reserves of deposits are evaluated
according to the usual standards assuming that the viasible
reserves will cover production for at least 10 years, probable
reserves for 15 years and possible reserves for enother
25 years.

(d) The large samples are studied thoroughly either in
the respective country or in an industrial country, usually
the one which supplies the technological equipment. Pilot-plant
experiments with the large samples are necessary.

E. Erection of a plant for production of retractories near the
bulk rew material deposits and close to the market follows.
Technical assistance continues during the first months of
productior. Rational developing of the minersl deposits
requires removal of the overburden and innerburden outside
the limits of the demonstrated reserves.

F. Most industrial countries are capable of rendering the
technical assistance required - geological and technologic-
al: e.g. super-powers, minor powers, countries of inter-
mediate size, as well as small countries such as Switzer-
land, Austria, and Czechoslovakia, and, of course, the
United Nations Development Program, Department for Transport
and Geology (New York) or the United Nations Industrial
Development Organization (Vienna).
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Table 1. Separation metrods for sore industrisl minerals (9)
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Table 2. Effects of processing on costs
of industrial minerals (9)

sineral selling price: & per ton ratio
raw (1) treated (2) (2):(1)
buuxite 16 49 3.1
barite 15 44 2.9
ball clay 5 10 2.0
feldapar 8 17 2.1
ilmenite, rutile 13 ™ 5.7
magnesite 7 25 3.6
olivine (forsterite) 5 15 3.0
perlite 15 I 5.0
kaolin 5 30 ' 6.0
silica, sand k) 10 3.)
Fuller’s earth 4 17 4.2




Table 3. Influence of geomorphology and vegetation

upon the origin of the weathering crust

Forest Savannah

Hilly
country

Red earth; Kaolin underlying
intrazonal kaolin on leuco- laterite crust

cratic rocks; (often fossil)
areal kaolin crust (rare) -

assumed deferrization of mela-
nocratic rocks;

kaolin underlying a fossil
laterite top horizon of an
inselberg - laterite crust is
ot'ten dissolved by acid
80lutions

Lowland

Red eerth on a plain dissected Thin kaolin

by valleys; horizon underlying
black soils with montmorillo- laterite crusts
nite in lowlands (often of Quater-

nary age);
kaolin sometimes
lscking
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Table 4. Deferrization and kaolinization

hydrotheraal
solutions

conditions
Situation of Main Nature of Deferrization Kaolini-
weathering weathering environ- zation
profile agent ment
Under swamp Humic acids pH 3-3.5 pronounced not
prevail rcduction pronounced
over CO, Fe3ts Fe*
Under 002 pre- PH 4 - S not pronounced pronounged
primeval vails over under prime-
forest humic acida val forest in
lowland; pro-
nounced under
primeval
foreat on
an inselberg
Near sto4 pH O - § pronounced pronounced
a goasan PH O - 4 pH 4 - 5
Near supply CO2 pH O - § pronounced pronounced
chonnels of PH O - 4 PH 4 - 9
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Table 5. Example of capital and time requirements of
@ refructory plant pro ject

expenses time

stage (per cent of requirement
the total cost) (in months)

(a) preliminary feasibility
etudy (I): marketing 0.5 1-2

(b) preliminary prospecting and
sempling of all known and overlap 3-4
newly found occurences of
aineral raw materials in
the country 1 k)

(¢) preliminary exemination of
emall samplea taken during
etage (b) 0.5 1-2

(d) contract for the project

(e) exploration, estimation of
reesrves an& bulk eemplin
of prospects with demanda
quality ] 6

(£) pilot-plant sxperiments 1.5 3-5

(g) feaoibility ltud{ (11);
l.quality,possidble uss,and re-
eorves of ths depoeits, trans-
fort,votor.and snargy aupgly

abour, ste.; 2.technole oni
otudy on the baeie of pilot-

pPlant experimente 3 3-4
(h) authorisation to build - 2
(1) detailed machanicsl and techno- overlap
lofioal deaign, projsct for
buildinge 6 6 17
(J) construotion of the buildings; overlap
delivery of the technelogical :
equipaent js 15

(k) cost and fitting of the tschno-
logical equipment (kilne,mille
otc.)(cost of fitting=ap roz.lfl

of the value of the machines) 46 12-16
(1) stert up 0.5 2
Total 100 % 47-56 montha

"Overlep” indicates that aseveral etages can run simultaneously
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Fig.). Typical sizes of raw industrial minerals, their

products and size change equipment (9)

Ranges shown are approximate
KEY: % Feed #Product

Asbestos
Baryte
Bentonite
Feldspar
Limestone
Kaolin

Mica
Phosphate rock
Silica sand

Talc

Size reductlion

Explosives
Crushers:
Jaw
Gyratory
Cone
Roll
Shredders
Pans
Mills:
Hammer
Rod
Ball and pebble
Autogenous
Ring roller
Pin disc
Fluid energy
Disc and colloid

|

Size enlargement

Balling drumsandpans
Extruders

Presses

Sintering furnace,
Spray drier

1000 100

10 1 0.1 000 0,001 0.0001




Figure II. Applicability of
industrial minerals separation methods(9)

Attribyce Centrifuges Hydrocyclones Hydroseparators Sieve bends  Screens
S e

mediym separation

Specific : :
g?aevity at multiple size

- at uniform size

" "

Surface
properties Ultraflotation

Magnetic
permeabi'ity

Electrical ctrogtatic aration

corductivity i I
Optical sortin f

Colour

Particle size
0,01 0.1 1.1 10 100
1000

milimetres 0,001
© microns 1,0 10 100




Figure I11I. Influence of climate (thermal and
chemical energies) and geomorphology
(dynemic energy of subterranean and
surface waters) upon the development
of the weathering crust
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1 - parent rock, 2 - zone of mechanically disintegrated parent
rcck, 3 - zone of hydro-micas, 4 - zone of ruddy weathered
rock (kaolinite and hydrated oxides of iron; after

deferrization,

5 - spotted horizon (
of iron and aluminium),
mental substages of a typic

a white kaolin zone arises,
relics of the ruddy weathered rock zone near the

sometimes with
lying side),

zone of kaolinite end hydrated oxides
6 - laterite crust; 1-V - develop-
al weathering crust: I - substage

of homogenous ruddy weathered rock, 11 - substage of the
initial concentration of Fe-minerals in horizon B, III1 - sub-
stage of concretions of Fe-minerals in horizon B, IV - sub-

stage of permeable

laterite crust in horizon B, V - substsge

of impermsable surficial crust of laterite




Figure IV. Proportions of residual and newly
formed minerasls in the uppermost

(most advanced) zone of weathering

crusts in mild, subtropical, and

tropical zones
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APPENDIX: SURVEY OF REFRACTORY RAW MATERIALS IN

20 SELECTED DEVELOPING COUNTRIES IN AFRICA,
LATIN AMERICA, AND ASIA (10, 19, 20)

The countries mentioned below possess the following
refrectory raw materials:

Algeria:

Egypt:

Ethiopia:

Ghsna:

Kenya:

AFRICA
kaolin: small production started in 1972; perlite:
86 t (1971); diatomite: significant production.

kaolin: wedi el Heita, Sikket el Arud, Kor el Dabaa,
wadi Abu Aggag; claystone (possibly of retractory
grade): Sinai: Wadi Budra, hbu Natash, Wadi Gonena,
Abu Zenima; chromite: new deposits can be probably
found; diatomite, steatite: signitficant production;
zircon: beach sands between Rosetta and Damietta;
Borallus.

kaolin: Hamasien in Erithrea: small prcduction;
vermiculite: new discoveries possible.

kaolin: kaolinized pegmatite veins in southern Ghana
(Saltpond, Abadzi); bauxite (about 10 % of world
reserves): Kibi (120 mil. t), Nyinahin (150 mil. t) -
now being developed; sand (silica): near Tarkwa;
pottery clays: Koloenu (Volta region).

keolin: Eburru near Naivasha (600,00C t), Kitandani
hill (13,000 t), Opete (100,000 t of kaolin with 10 %
of clay substance), Machakos, Ndi, Karatina (small
production); beryl: small production; corundum,
diatomite, vermiculite: significant production;
kyanite: third biggest production in the world;
between Murka and Loosoito Hill possibly the largest
deposit in the world; magnesite: small production




A L il PR A

Nigeria:

Iran:

Turkey:

India:

(Kinyiki); graphite: occurence near Kitui; steatite,
vermiculite: small occurences known.

kaolin: smell production, reserves - millions of
tons: Jos Plateau - Major Forter and others; Oshiele
in Yorubda; prospection should be carried out in the
schist zone close to the escarpment formed of
Kenozoic sediments (e.g. in the vicinity of Ashuru
and Isherun); pottery clay: river Ogun; sand (silica):
Okitipupa (1 mil. tons reserves, only 0,2 % F0203,
0,17 % TiOz); steatite: small occurence near Oyo;
graphite: small occurence near Obudu; diatomite:
szall deposit near Potiskum.

MIDDLE EAST

kaolin of refractory grade at Dopolain in Zagros;
significant kaolin production; kaolin deposits:
Simerom, Zonous, Isyso; corundum: new deposits can
be probebly found; chromite: significant production;
nagnesite: small production.

kaolin(hundreds of thousands of ton reserves):
Arnsvutkoy, Bursa-Mustafakemalpasha, Sindirgi,
Ushak-Karatchayir, Eskishehir - Mihalichik; bauxite:
steadily growing production; corundum: new deposite
can be possibly found; chromite: 10 % of world
reserves; perlite, magnesite: significant production,

FAR EAST

kyanite snd sillimanite: lLapso Buru - largest
deposit in the world; bauxite (about 2,5 % of world
reserves): Amarkantsk and Phutkaphar deposits to
deliver bauxite to new alumina plant at Korba, in
Madhye Pradesh - annually 220,000 short tons of
alumina; beryl: surplus production; ball clay: in
1969 imports from UK - 2,062 long tons; corundus,



Indonesia:

Pakistan:

sri Lanka:

Thailand:

Argentina:

chromite, magnesite, steatite: significant product-

ion; tire clay: deposits are known to exist;
kaolin: reserves of tens of million tons; kyanite:
large reserves and production; vermiculite:
diminishing production; zircon: beach sands in
Travancore and Cochin.

bauxite (new alumina plant on Bintan Islend):

large production; kaolin: small production
(occurences: Panubusan, Kawah Keraha, Aek Patih,
Bangka, Billiton, Kerimun); sand: Tulang Bawang
River (Sumatra), Koba, Sungeiliat, Toboali (Bangka),
Balikpapan, Martapura (Kalimantan); chromite: small
occurences on Sulaweai (Latau), Kalimsntan
(Pleihari).

kaolin (hundreds of thousands ton reserves): Swat
(2 mil. t), Harara District, Nagar Parker, kohat,
South Weziristan. Small production only. In 1969
imports from UK 8,232 long tons; chromite: signi-
ficant production ; lHindubagh (1 mil. t reserves);
magnesite: small production; sand {silica),
vermiculite, beryl: occurences Xknown.

kaolin (millions of ton reserves, small production):
Boralesgamuwa, Metiyagoda; ball clay: in 1969
imports from UK 940 long tons; graphite: significant
production; zircon: small production.

xaolin of refractory grade: Nong Kae, Saraburi
Province (4,000 tons to be exported annually to
Japan); zircon: significent production.

LATIN AMERICA

keolin (reserves of hundreds of thousands tons):
Trelew, Chubut, Sijén, Balcarce, Chacabuco;
beryl: feasibility study planned in Dec. 1971;




Bolivia:

Colombia:

Cuba:

Guayana:

Nicaragus:

Peru:

significant production; diatomite: significant
production; fire-clay: deposit near Patquia;
graphite: small production; steatite, vermiculite:
significant production.

raw ma‘jrials for production of wall-tiles are
known.

kaolin: Palmar Greek, Chivatd, Mondonedo; bauxite:
Cauca Department; chromite: small production
started in 1971; kaolin, steatite: significant
production.

kaolin: Isla de Pinos, Finar del Rio, Dumanuegos;
chromite: 3.5 % of world reserves; vermiculite:
new discoveries possible.

kaolin (tens of million tons in reserves): Hope
Mine, Mackenzie, Kwakwani, Orealla; kaolin
deposits are planned for joint exploitation with
Japanese (300 tons per month); bauxite (about 3 %
of world reserves): aignificant production;
kyanite: large reserves; sand (silica): white
Sand Formation.

feasibility study on refractory raw materials
necesssry.

diatomite: aignificant production; kaolin: small
production.

All refractory mineral rsw materiala can be imported,
with the exception of medium to low duty clays and silica.
Fortunately, in most countries there are probable deposits
of clays and sands at least for low duty refractories or for
bricks, roof tiles, and sewage pipea. Other raw materials
(especially high-slumina end other minerals for high duty
refractories) are not ao common. Thorough prospection for

these materials is necessery.








