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OTHER NON-METALLIC RAW MATEZRIALS
M. KuZvart

I. INTRODUCTION

Cther non-metallic raw materials for ceramics, refractories,

. building materials and other industries include 8ll industrial
minerals and rocks with the exception of quartz crystals and
other quartz raw materials, bentonite, clays, kaolin, perlite,
gypsum, limestcne and light aggregste, which are dealt with in
special lectures.

In this lecture we shall describe the occurence and use of foi-
lowing ceramic_raw materisls: feldspars, wollastonite and leu-

cophyllite.

A. dlumine-silica raw materials (see special lecture):
(a) kaolin: 1. siliceocus (with quartz), in molochite resis-
tant up to 1770°C;

. : 2. bauxitic (with kaolinite and hydrated alumina)
(b) fire-clay: 1. plastic clay (= soft clay, bond clay);
. 2. flint clay (= hard clay)

{c) "balli-clay": plastic clay fcr bonding cf other more
refractory components
Main mineral: kaoiinite (A1203 . 2 3102 . 2 HZO)
Products: chamotte - resistant up to 1630 - 1750°C
hard porcelain - resistant up to 1670-1730°C
(both contain less than 50 % A1203)

3. High-alumina raw materials:

(2) slumirous laterite and basuxite - miXture of

gibbsite (A12(33° 3 HZC)‘ boehmite, and diaspore

totn Al,0, . H,0); should contsin less thun
2,5 % Fe2O3 and 3,5 % TiOZ; calcined bauxite
contsins up to 85 % A1203.

(5) diaspore and/or gibbsite clay. Hydrated alumina
zust be calcined before further use.

(c) sandalusite, kyanite, sillimanite (=11 have the
composition Al,04 « Si02), kyanite heated to '
110C - 1480°C is converted to mullite, resistant
up to 1810°c, ‘




D.

rundum end synthetic ccrundum (fused and
sintered alumina, procuced from high-slumina
tauxite), resistant up to 2050°¢.

(e) synthetic mulli*+e (3 A1203 . 2 Sioz) made from
high=slumina clay (natural or artificial, 1i.e.
washed kaolin) or from sillimanite, andalusite,
kyanite, dumortierite, or topsaz.

Product: high-alumina brick with 50 - 90 % and more

81,04

Silica rew materials:

(a) pure silica sand (Sioz), resistant up to 1710°C

(b) quartzite (genister type)

Product: silica brick (called "dinas" brick in Eurcpe).

Basic rew materieasls:

(2) magnesite (MgCO3)

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

(c) dolomite (CaCO; . MgCO4)

(é) chromite (Cr203 . FeQ), resistant up to 2000°C

(e) forsterite (MgZSiOi), resistant up tc 1905°C, with
scme Fe.Si0, (fayalit) which lowers the melting
ccint ¢? the mixture (i.e. the mineral olivire)
to about 1700°C.
3w materisls under {(a) through (c¢) require preliminary
dead burning to get rid of 25 and <H . MgC and
Cr203 . FeC are combined to megnesite-chrome (m. pre-
vails over ch.,) and chrome~magnesite bricks by burning
to 17¢0°C. DJead burred (to 1450°C) ragiesite (Mgl) is
used as "magnesite" or "periclase" for manufacture of

. The theoreticsl melting noin*t of periclase iy

Specizl refractory raw zaterisls:
(2) oure oxidecs:

l. zireccernium =3 the miners’ taddeleyit ZrG, or
preduced from zireon 2riaiC,, melting roint
250¢°¢;

2. ThO, from monazite (melting point 27¢0°¢) ;

3. BeC from beryl (melting point 2200%0)




(b) refractory minerals: flake graphite (C), resist-
ent up to 3700°C in a reducing atmosphere;
steatite 3 MgO0 . 4 5102 . Hzo, resistant up to
1370 - 1540°C.

(¢) synthetic minersls:

l. czrbides: SiC, resistant up to 170C°C,
w,C- constituent of thermal shields of
spacecrafts, B,C

2. borides: ZrB, melting point 6000°F

3. nitrides: BN borazon (diemond hardness,
resistant up to 1900°C in oxidation atmo-
sphere), AlN, SigN,.

The principsl trends in the use of refractory materials
have resulted in a decline in the use of clay and silica
types and an increase in the consumption of basic and high-
alumina refractories. The formerly acceptable chrome/
/anegnesite basic bricks are being replaced by new types of
magnesite and magnesite/chrome bricks znd these now comprise
55 % of basic brick deliveries (excluding dolomite bricks)
compared with only 31 per cent in 1960 in the UK. In the area
of alumina refractories, firetrick has given way to more expen-
sive, higher quality bricks containing over 40 % alumina.
There has also been a growing preference for the more easily
installed monolithic refractories at the expense of traditio-
nal brick and shages.

Such changes in refractory usage have primarilly been
3 result of improved blast furnace performance, the shift
from silica -to besic refractories in open hearth rooves and
tre rarid growth cf the basic cxygen steelmaking process
at the exranse of the oper hesrth process.

natarial for cement, brick raw meterizls, stone for sggregate
(gravel an2 crushed stone) and tuilding stone.

Raw materials for glass_production involve glass sand, fono-

- e ol G - - —-—

lite, snd zminor ccmponents (soda, sodium, nitrate, limestone,

sands; for optical industry - quartz, fluorite a.o.; for




culture - phosphates, sodium nitrate, limestone, doloaite,
potassium seiis; for producticn of gbresives - quartz, pumice,
oerlite, corundum and emery, diemond, antisbrasives - molten
basalt; for heat-and afustic isolstions - chrysotile asbestos,
perlite, vermiculite, mineral wool (molten basalt or marly
limestone, clay or glass); for fillers - diatomite, asbestos,
kaolin, limestone, talc, barite, bentonite, zeolites, mica,
perlite, pumice, vermiculite a.o0.; for filters - amphibole as-
bestos, zeolites, diatomite, expanded perlite; for pigments -

- ochres, umbras.

1Y

II. GENESIS OF DZPOSITS OF INDUSTRIAL MINERALS AND ROCKS

Geologic criteria, which guide the prospector to a yet
unknown deposit, depend to & high degree on the conditions
and processes of its formation. Hence, a brief survey of the
origins of the above-mentioned non metsllic raw materials is
necessary. ,

A. Derosits formed with the help of inner terrestrial
forces: (a) igneous and (b) metemorphic,

(a) Igneour deposits comprise those completely
enclosed in be lies of deep seated igneous rocks: 1. magmatic
deposits (feidspais, mica, forsterite); 2. volcanic deposits
(basalt, perlite, zeolites), and deposits which crystellized
clcser to the Esrth surface from hot sclutions and gases li-
terated during the long process of magma ccoling - 3. hydro-
thermal deposits (asbestos, bar:ite, beryl, brucite, fluorite,
nagnesite, quartz, talcand steatite, and kaolir).

(b) High pressure and temperature prevzlent in deerer
warts of the Earth s crust transformed carboniceous beds in
grachite, and veds with higher 2lumins content (similar to
kuolins, clays, and bauxites - :ee belew) to kysnite,
@11limanite, =ndalusite, in exceptionsl csces to corundum
and emery. 11 these deposits - and wollastenite, leucophyilite -
telong to the metsmorphic typ=e.

2. Deposits formed on or near to the Larth surface
where the rccks formed by the internsal forces meet in un-
ceasing struggle with processes of decay, destruction, znd




removal of their products under the iufluence of atmosphere,
hydrosphere, and the biosphere. Here also we can distinguish
two main groups of deposits:

(a) deposits formed by weathering of rocks (kaolin,
Al-laterite, "smorphous" magnesite, vermiculite, bentonite,
ochres, losms), and

(b) deposits formed after transport by sedimentation
of weathered rocks (= sedimentary deposits):

1. placers (zircon, monazit with high Thoz)

2. clastic sediments (clays of all types, shales,
bedded bauxites, sands, gravels, quartzites)

3. organogenous deposits (limestone, diatomite, do-
lomite, sulfur, phosphates)

4. chemogenous deposits (salts, borates, gypsum).

Igneous and metamorphic deposits (A; (2), (b) can be
found in moutein ranges and in their roots, if they are
ancient enough to have undergcne thorough erosion and
levelling. Deposits of the weathering crust (B; (a)) can be
expected to form only on levelled surfaces of ancient
massives (e.g. Africa except Maghreb and Cape province),
where the weathering agents (rain-water with dissclved
organic and inorganic matter under tropical ccnditions) acted
undisturbed by movements of the Earth’s crust on the destruct-
ion of rocks for millions of years. Sedimentary deposits (B;
(b)), if still young, cen be found in the river valleys
cutting into granites,or on the beaches (placers - B;(b),l.),
or as part of beds that formed the bottom of ancient fresh-
water lakes (e.g. all refractory clays, many deposits of
dietomite) or seas and salt lekes (e.g. bauxites, some sands
and quartzites, i.e. clastic sediments - B;(b),2).

Crganogenous sedimentary deposits (B:(b),3e) were
formed from the skelets of many small dead orgenisms which
formed extensive, thick beds cn the sea-floor, e.g. diatomites,
or from decaying organic matter which changed the sea environ-
ment to ore suited to biochemical deposition of dolcmite.

Chemogenous deposits (B,b,4) were formed by evaporation
of sea water in extremely arid climate.




III. AN ALPHABETICAL SURVEY OF INDUSTRIAL MINERALS

Possibility of beneficiation of refractory and other
mineral row materisls see Table 1, Figures I and II; its fi-
nancial effect see Table 2.

. Arrangement of each chapter on a mineral raw materisl:
1. mode of occurence
. 2. world’s largest deposit

3. where to look for new deposits and recomendations for
further geologicel survey

4, principles of exploitation of deposits

5. basic data on world reserves (a), output (b)

6. utilisation of the raw material

7. countries with possible new discoveries in Africa (AF),
Latin irerica (LA), Middle East (ME), Far East (7E).

1/

Andalusite A1203. alo2

less important than kyanite of the same composition.

1. Contacts of argillaceous and micaceous slates with granite;
. lenses and pockets in pegmatites. Both types are 2 source
of plzcers in beach sands and river sediments.
white Mountain (Mono County, Californie, USA); Marico
Distriet (Transwaal, South ifrica) - placer 0,3 m thick.
3. In andslusite-bearing slates in areas formed by granites

intruding srgilleceous sediments. By studying heavy mine-

[A)
.

rals obtained by penning of river- or besach-sands.

4. Flacer denosits are easy znd cheap to work by various
tyces of rockers, jiggers, etc.

5, (a) Transwasal 400,000 t

£. refractories ’

S W A G wn = mm . D AP Y A - D R - S W Y T - —— ——— - D G > D - - D S oty G s - e -

1 long ten = 1.016748 metric *on
1 srert tor = 2.9072 metric ton
1 metrie ton = 1.13 short ton

1 long ton = 1.12 short ton

1 snort ton = 0.8G4 long ton




1.
2.

3.

4.

5

Asbestos Mg,(Sizog(OH)i

cross fiber veinlets of chrysotile asbestos in serpentinite
Thetford belt in Juebec (Canada) - 50% of world production;
serpentinized peridotite with 4,5% of asbestes in veinlets
10-1CO mm thick.

Bazhenovo in the Urala Mts. (USSR) - serpentinized peridoti-
te with 4-6% of asbestos in veinlets 60-80 mm thick.

Shebani (Zimbabwe) - serpentinised dunite

In dark ultramafic rocks (peridotites, dunites) in mountain
ranges. By magnetometric method, trenches, diamond drilling
(with recovery of asbestos fibers from the drilling mud).
Open=-pit quarrying or shrinkage stoping, sublevel stoping and
block caving.

a) Canada 100 mil.sh.t., furope 70 mil.sh.t., Africa 36 mil.sh.

b) thousand metric tons

Country ____197C _1971 1972 _1973_ _1974__1375

Canada 1508 1483 1530 1690 1644 1037 !
USSR 1070 1150 1220 128C 1360 1900 i
Brazil 376 4C3 474 819

South Africa 287 319 321 333 335 355

Crina 17C  16C 200 210 150 150

Italy 119 119 133 145 148 147

Usa 114 113 119 136 102 89

world total 4250 434C 4430 5180 5140 5080
Refractory textiles, clutch facing, brake lining, asbestos-ce-
ment products, isolations a.o.
LA: Brasil; Mi: 3sudi Arebis; FE: Indonesiz; iustralia.

Barite BasC,

(a2) hydrotermal veins of irregular tocdies, (b) sedimentary
beds or (c¢) blocs arouné weathered cuterops of toth

(a) ingnet Cove (‘rkancss, UeS.n.).

(t) Meggen (Westpholen, Federal Republic Germany)

(e) “Washington County ‘Misscuri, U...2.)

in all tyces of rocks close to acid granitoids; panning for

heavy minersl concentrates, dyeing of barite grains; shafts,

drilling.




4. tyces (2) and (b) - mostly underground mining, type (c)
- open pit.
5, (a) milion short tons of barium content: U.S.A. 23C, Mexi-
co 120, Brasil 75, China 75, ‘%est Germeny 50.

(t: short tons
1970 1971 1972 1973
Usa 854 132 825 00C 906 00C 1 104 COO
FRG 454 798 450 693 406 434 359 510
USSR 314 0CO 331 000 342 000 356 000
Italy 239 555 222 144 200 365 183 500
Mexico 351 738 308 362 288 147 281 372
Ireland 177 COO 216 160 257 356 275 500
China 165 000 154 0CO 171 C20 182 000
Peru 143 295 113 004 226 000 237 0CO
Canadsa 147 251 120 765 77 261 98 000

Korea North 132 000 132 CCO 132 0CO 132 00C
Wworld total 4133 976 4113 982 4361 578 4760 700
6. weizhting agent for muds in rotary drilling, manufacture of
glass, industrial filler, extender; pigments, absorption
of gamma radiation.
7. 1t can be expected that high-grade reserves will be disco-
vered in many coutries.

Borates

colemanit Ca286011.5 H20, pandermit Ca4810019.7 Hzo, Sgs~
sclin H3BO3 8,0,

1. Chemicsl sediments (3) in 2rid brsins of playa type, and
(b) in the upper part of salt deposits, (¢) volcanic gases
(sassolin)

2. (a) Xramer (California, U.3.a.) - clavstones with boron
@inerzls on an area of C,8 x 3 km; Searles Lzke (Zzli=-
fornia U.3.4.); Bandirma (Turkey)

(B) Stargfurt (Zast Gerzany)
(¢) Toseuns (Italy)

3. potent22l scurces of boron: ccntacts ¢f izneous rocks witn
dolomitez, limestones and magnesites; ses water.

4, Mostly open pit, type (c) - condensation of vapours

5. (a) ~ilion short tons of boron content: 1.3, A, 20, U.5.5,R

7y Turkey 20, China 1C, irgentina 5, Chile 5




5 ---------------- -
boron
USA 1121 coc 1225 000 1185 000 s.t. i orals
Turkey 622 444 525 588 1038 588 m.t. gtgo
USSR 75 000 75 000 80 00C m.t. cgnQent
Argantina 52 438 63 380 74 095 borzn minerals
m. L ]
Chile 2 250 153 968 ?orat§s,crude
m.t.

6. fiber glass, ceramic glazes, detergents, food preservatives
extra hard abrasives, nuclear reactor control rods and
shields

Corundun A1203

1,2. (a) Disseminated crystals in rocks formed by regional or
contact metamorphism
(b) Lenses in desilicated pegmatites (Transwaal, Rep.of
S.Africa).
(c) Lenses in nepheline syenite, sometimes with sillima-
nite (Renfrew County, Ontario, Canada).
- (d) Placers
(e) Emery, a mixture of corundum and magunetite (Izmir,
Turkey).
3. Metamorphused bauxites; contscts of pegmatites with basic
rocks. Study of the position of paleo-equators is necessary.
4. Primary deposits are mined by underground methods. Enrich-
ment through crushing, sieving, and handling on shaking
screens.,
5. (a) No data.
(b) Production of corundum (metric tons)

"ndia 391 266 335
igypt 294 269 275
USSR 7 0CO 7 000 7 €00
6. abrasives
* Te ¢ Phodesia; Mozambique; Malawi; Tanzania; ME: Iren;

Turkey; LA: Uruguay.




Feldspars (K,Na)AlSiZOS
l. (a) pezmatite veins ané lenses;
(b) intrusive massives;
) (c) sands
2. (a) New England (U.S.A.), Karelia (J.S.S.R.) = thickness
3=25 m, length X0OO0 m.
(b) alaskite (Spruce Pine, N.Carolina, U.S.A.), albitite
(Aksoran, Kas.S.S.R), aplite (Kire Koy, Bilecik, Turkey),
felsite, porphyry, nepheline syenite (Blue Mt.,Canade)
(¢) dune sands (California, U.S.A); river sands (Haldmky,
Czechoslovakia)
3. intrusive massives and rivers draining them
4, open - pit
5. (a) vast

(b) short tons ___197C 97y 1972 ____ 1973 ____.
USA 726 06 742 810 732 439 781 900
FRG 456 634 389 789 385 198 338 432
USSR 274 4CC 276 C 287 000 298 000
Italy 195 258 212 192 193 805 209 A57
. France 132 16C 212 COO L62 COO0 165 000
Norway 143 36C 223 530 220 COO 220 CO°
Mexico 91 30C 1C9 506 L08 426 107 042

World total2627 18C 2815 046 2305 349 2794 005
6. glass, procelain, enamel, tile, dinierware, engobes, frits,
7. almost all countries

Fluorite CaF,

1. (a) hydrothermal veins and irregulsa- bcdies;
(b) pegmatites
2. (3) Cave ir. Reck (Illinois, Ue3.A.) = subhorizontal bodiec
1-5 m thick, 70-50C m long, 15-’'0 m wide. Coahuila
(Mexico)
(b) Kasukhbstan (U.3.3.F) - crystals in csvities
3. £eid intrusives and their roof; proupecting for eluvial
placers cr hydrochemicsl prospectin;: using the fluoride
electrode

4. underground exploitation (shrinkage stoping, open stoping,




6,

(o) _short tons 1970

- 11 -

room - and-pillar), rarely oper

pit quarrying

(3) million short tons: USA 6C , Mexico 1C0O, Europe 1CO,
Asia and Cceania 100, Afri:a 40

Mexico 1078 594 1301 77%
USSR 450 C0O0 460 00C
Spain 376 621 370 091
Thailand 350 735 471 239
France 320 €00 270 792

Italy 318 851 325 83:
China 300 000 280 0OC
UK 213 044 232 50C
UsSa 269 221 272 071

South Af. 190 693 203 497
Canada 136 800 80 0CC
Czechosiov.90 000 100 CO¢(

werld
total 4597 008 5013 29C

1971

972 1973 .

1149 039 1196 992 '
470 OCO 490 000
444 290 430 000
412 915 377 079
320 000 330 000
305 244 359 63¢C
280 000 280 000
219 300 220 0CO
250 347 248 601
232 374 231 842
179 700 151 0CO
100 020 137 000

4974 333 4927 849

Chemical, steel and ceramic inc istries.

Graphit¢t

soft black flaky mineral; artifici
petrcleum coke.

1.

2.

Graphite originates:

(#) in magmatic rocks as nephel
or pegmatites (Buckingham,
with carbonates (Grenville,
rature veins (Ceylon);

(t) in metamorphic rocks during
norphism of cartonaceous sh
coal seams (Soncra, Mexico)

Sri Lanka=veins of flake graphi

M Legasy - 4 to 11 % of graphit.

ir lasyers 3 to 3C m thick and t

gr rla8es,

Fl1.ry graphite can t» found in v

deyosits. Crystallin: massives

e c

111y produced from

ne syenites (3otcgol, USS3R)
arada), in their contacts
Canada), or in high-tempe-

regional of contact zmeta=~
les (southern Bohemia! or

2 up to 2 o thick.
with flakes 1 to 3 mm
>usands of m long in

'ins and in metamorphic
e to be studied. Black
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outcrope of veins and seams of graphite cam be located by
means of aerogeological mapping ard delimitated by means

of electriceal resistivity, self-pctential or radiometrical
geochysical methods. Sinking of pi:s, boring and explora-
tion through galleries is necessary to estimate the reserves.
In tropical coutries it is sometimes possible to work
residualliy-enriched outcreps of poor graphite seams or
graphite gneisses (e.g. Madagaskar). Underground mining is
inevitable in other cases. Maintenance of shafts and
galleries in slipoery graphite is often very difficult.
Graphite is crushed, flotated, sometimes refined chemically
(up to 99,9 % C). For refractory purposes at least 85 % C
in graphite is required.

(a) No dats.

(b)aetric_tonsl970 1971 _ 1972 1973 1974 1975

USSK 75 3C0 80 CCC 8C OCO 85 000 90 GOC 90 COO
Mexico 55 648 50 916 55 11C 65 392 62 551 6C 814
USa 29 854 35 536 43 34C 56 653 59 002 49 081

Korea,N. 75 COO 75 CCO 75 OCC 75 COO 77 COC 77 200
Korea,S. 55 530 72 515 4C 768 43 604 1C4 861 47 232
China 3¢ cCC 3C COO 3C £CC 30 CCO 40 CCC 50 CCO
Austria 24 0CO 21 OCC 1€ 777 17 211 29 555 3C 586

FRG 16 2406 12 688 11 348 13 525 16 485 13 557
Czechosl.1l2 929 13 457 13 30C 15 306 15 €82 1% 036
M2dagask.18 312 2C 116 18 320 13 963 17 280 17 774

3razil 11 2C0 23 709 27 347 25 784 28 625 -

igiif 448 955 478 580 456 962 482 298 597 627 544 313

undry Tacings (" amorphous” graphite), batteries, pearings,
treke linirgs, crucibles (flake graphite), lutricants, pen-

Q

cils, zackings, refractories

{Tyanite A1,C4. 51C,

“riglineies ot high pressures unlder coniitions of eep ro-
zionzl metr:crorpaism from =rgillacec:s sacdiments with higzn
slumina conitents, cceurs as disseminated crys*als in mica-
-schists, greisses, and quartzites, with possitle later
segregnation into pockets and lenses under the influence
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of contact metamorphism. Kyanite lenses and pockets occur
2iso in pegmatites and quartiz veins.
ir river- 2nd pbeach-placers.

2. Bzier Mountain near Pamplin (Virginia, USA) - 30~40 % kya-
nite in rock. Lepso-Buru (Singntum District, Crissa, India)
- massive kyanite with 10 % corundum.

3. Found by studying heavy minerals in river- and beach-sands
in metamorphic massives with acid intrusions; associated
with placers, residual boulders, and primsry outcrops
which build low ridges.

4. Mining'by open cut methods using blasting. The ore is
crushed, cobbed, anc¢ hand-sorted, sometimes flotated,
fir 4, separated magretically. The concentrate is pre-
caleined,

5. (a) India - 3,790,000 t (1971); Botswana - 30.00C ti;
Guaysna = 2,200.C00 t (1973); Austria (Wipp Valley) -
several mil.tons.

(b) Production of kyanite (short tons)
195C__1955 1166 1968__ 1970 _ 1971 _

Usa 16,00C 28,000 cannot be disclosed

India 29,747 13,206 63,67C 70.945 119,120 62,96
(met) (met) (m.t) (met)

Kenya 12,845 3,031

6. refractory mortars, cements and castables

7. AF: Botswana (Halfwa; Kop);Malawi (Ncheu, Kapiridimba);
Uzanda; Tanzania; Anzol2; Liberia (Grand Bassa Country);
LA: Surinam (Boschland); FE: Mayurbhanj Stzte (India) -
several mil. tons of cumortierite 8 A1203 . 8203.

- 6 51C, . H,C; Lapsc Buru (Kharsawam, India) - topaz
2 21,05 « 2 AL(F,0H), . 3 510, .

Magzgnesite MgCO3'

(a) crystalline and (b) cryptocrystalline ("amorphous").
1. (&) In lerge irregul~r bodies in dolomites;
(b) 7. 2ither in len:es or veins with doloamite; II. in
-oncretions and loulders in weathered serpentinite;
-IT. in sediment: with dolomite.
2. (a) Kodice (Czechoslcvakia) several bodies tens of meters




1ick 2nd hundreds of meters long:
(») I. Euboia (Greece);
II. Khelilovo (Urals, USSR);
III. Needles (California, US..) - a bed 4 m thick,
800 o long, 200 m broad.
3. (a) Areas of dynamic geological activity built by
crystalline carbonate rocks;
(b) sédpentinite massives. In both cases: outcrops are first
located, then sampled and drilled to find their thickness.
1. Mining by open-pit methods if possible, otherwise by under-
ground methods of the room-and-pillar type, possibly first
by the former, then by the latter.
5. (a) million tons magnesium content: China 1150, North Ko~
rea 820, USSR 800, India 50, Czechoslovakia 30

(b) thousand znetric tons

- 1970 __1971___ 1972 _ 1973 _ 1974 __1275
Kenya 0 0 1 2 10 17
S.Afrika 84 79 69 80 105 61
Sudan - - - - - -
China 1C00 1000 1CCO 1000 1C00 1000
India 755 915 922 1069 1347 425
Iran 4 4 4 4 16 16
N.Korea 1630 172C 172¢ 17CcC 17CC  170C
Pakistan 1 1 o 3 2 2
Turkey 3cC 362 336 351 3 RADE
Austria 24 20 19 22 La 36
Czechosl, 2928 3062 2966 2734 2816 2885
Greece 755 915 922 1069 1347 1426
Poland 39 22 36 22 24 27
Sp=in 222 258 273 240 265 342
USSR 1420 1150 150C 1712 175¢C 18C0
Yugoslavia 512 493 422 384 464 435
Erazil 216 233 277 275 3586 239
Mexico 8 12 2l 29 22 10
World

torss 11130 11510 11300 1270 12170 12340

Annual production (1972) of m: a1esium from seawater
snd brines: US4 (300,000 tons seawater, and Great
Salt Lake), USSR (100,000 t ~ sivash, Crimea), Japan




(420,000 t), GB (250,000 - , Italy (6,000 t), Norway
(80,000 t), Canada (30,00C , Mexico (50,000), Iceland
(107,000 t MgClz). Produci on of magnesite from dolo-
mite plenned ir. Hungary.
6. refractories, chemical indust: pulp and paper
7. AF: Tanzania (Same, 4 mil. t); 1E: Saudi Arsbia (40 mil.t);
FE: India (Tamil Nedu; Utter F adesh - Almora district
7,9 mil. t; Mysore); Nepal (K -~idhunga - 180 mil.t).

Micas
K,41,(81i¢41,0,,) (OH,F),~ muscov e
K,(Mg,Fe) (SicA1,0,.) (OH,F)4 - phlogopite
1. muscovite: (a) granite pématit ;; phlogOpite: (b) hydro-
thermal veins in Precsmbrian s .elds
2. (a) Bihar (India); Karelia an¢ ola Peninsula (U.S.S.R.);
(b) Slyudyanka (U.S.S.R.);

3. prospecting for pegnatites in tamorphic rocks close to
acid granitoid intrusions; exr ration by underground

workings.
4. open pit quarrying >y hydrauli method or power shovels;
underground mining -- blasting small charges
5. (8) no date
(b)metric_tons1970 1971 _ 1 72____1973 __ 1974 ____1975__
Usa 107813 115289 134 33 139110 124262 122093
USSR 37CCO 38000 3¢ 3 40CC0 410C0 42000
India 16589 15099 1: 73 13830 13804 11501
S.ifrika 7562 T1EC 47 6009 2696 2511
Norway 4348 3478 90 4445 4160 7455
Argentina 1404 3256 2 56 2940 3197 3335

vorld 189312 197850 217 11 224259 202396 200165

6. insulators in electronic, telev :ion and radio egquipment

0Olivine (forst -ite Mg23104)

1. Hock-forming mineral of ultrab: ic rocks such as dunites.

2. isheim and Norddal (Norwsay).

3. Ultrabasic crystalline massives :sually controlled by
deep fau;ts.
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sting, 1osding Uy power—-shoveEl.

Juarrying by bl
(a) 4sheim - 2 miliard tons
(b) Norway 1970 - 140,000 metric tons, 1972 - 250,000
metric tons
refractories '

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

S11l1limanite A1203.8102

Originates as prismatic ecrystals or fibrous masses at high

temperatures in the presence of fluorine during regioral

or contact metamorphism, or both. Gecurs in schists,

gneisses, hornfels, and in placers,

Sona Pahar (Khasi Hills, Assam, Indis) - sillimanite +

+ corundum; Cape Province (Rep. of S.Africa).

see kyanite. Massive sillimanite is sawn into glass tank

tlocks.

Economic content of sillimanite in schist - 10 %.

(a) USA - tens of millions of tons; Namaqualand - 2.5
mil., t (sillimanite + corundum); Assam - 238,000 t.

(b) Production of sillimarite (metric tons)

— e X972 1973 _____2974 ______
India 4 C46 3 138 2 917
Egypt 9 476 19 317 13 091
Australia 575 642 700

see kyanite

Sul fur (S)

(2) volcsnic deposits on the crater wzlls and floors
(b) biochemicsl-sedimentary bedded deposits

(¢) gypsum ca2p rock of salt domes

(d) natural gas and petroleurn

(e) pyrite (hydroth=rmsl or sedimentsry)

(2) Siretoko Iosan (Hokkaido, Japan)

(b) Tarnobrzeg (Poland)

(¢) Gulf Coast (U.S.A.)

(d) Alberte (Canada), France

(e) Rio Tinto (Spain)
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3. young fold belts (a,b,c) and their foredeeps (d)
4. open pit or Frasch method (b,c¢)
5. (8) million long tons: Canada 1500, Near East 9C0, U.S.A.
630, U.S.S.R. 600, Mexico 15C, Poland 80, Japan 60
(b) them.t. 1970 _ 1971 _ 1972 _ 1973 __1974___1975

Usa 7196 7138 7407 7727 8028 7326
Poland 2683 2713 2927 3545 4093 4771
USSR 1120 2100 2200 2300 2400 2500
Mexico 1381 1178 944 1608 2322 2164
Irak - - 37 395 610 650
Chins 130 130 130 130 130 130
Finlznd - - 11 123 100 84
Ttaly 63 72 - 91 80 64 73
Japan 146 96 17 16 16 16
Czechosl. 7 5 2 5 7 10

Recovered sulfur from natural gas (1972 mil.metric.tons):
Cenada 7,25, France 1,75.
6. sulfuric acid; sulfur ssphalt for paving, inpregnations,
building materials
7. LA: Cordilleras, ME: Taurides and Iranides, FE: EZast Asia
. mountain ranges

Talc and steatite Mg3(Si4Olo) (OH),

1. (2) In or on contact of magnesite and dolomite with
country rock, as lenses and veins;

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

2. (2) Manchuria (China); Inyo Mountains (California, US:)-
up to 17 m thick and 300 m long lenses on the contact
ci Quartzite and dolomite

(b) 3hzbry, Urals (U.S.S.R.)

3o In sheared 2nd fractured metamorphic rocks with inter-
calations of magnesite zré declozits. Prospecting by geo-
physiczl methods, sinking of pits, drilling.

4. Underground mining with difficult msintenance of *he
shafts, galleries, and chambers because of the slippery
charakter of talc and steatite.




Europe 250, Africa 25, Scuth
(b) Production of talc, steatite, soapstone

minerals (short tons)

AwmAaws nn
NMCA Ava &g

5. (2) milion short tons: U.S.A. 800, Asia end
28

————— 1971 ___....2372___
Botswans 143 -
Egypt 6968 8518
S.Africa 12975 11926
Swaziland-pyrophyllite225 119
Burma 237 240
China 165000 165000
India 208094 209189
Japan 1731827 1661114
Korea-N 99000 110C00
Korea-S 234185 259867
Pakistan (soapstone) 5200 4846
Philippines 1452 1110
Taiwan 43036 27328
austria 100995 91725
Finland 110979 99568
France 279579 250548
FRG 32692 34743
Greece 2C45 22C0
Hungary 17600 17600
Itaely 152936 163607
Nerway 85092 85000
Portugzal 1405 1327
Romanie 63000 6300C
Spain 44911 44000
Swneden 26505 29107
U3SR 420000 4306CC
UxX 13228 17637
Canads 65562 80946
Mexico 1889 3450
'SA 1C37297 1107404
argentina 54831 40827
Brazil - talc 143000 143000
Chile 1938 2021
Colombia 2177 2477

Oceania 500,

and relsted

141
16500C
228344

1723540
120000
248257

4390
18C1
25490
101638
120928
285363
33oce
2280
17600
161539
8500C
1224
5600C
14400C
330co
4400C0
18000
11000C
2324

1246531

14CCO
14300C
1938
992




...................... g7y ______.1972 ______1973_ _____
Paragusay 176 243 276
Peru 1057 1100 11CO
Uruguay-ground talc 939 1458 2201
Austrelis 52774 61891 620C0
world 5221214 5240750 5666181

total
6. electro-ceramics, cosmetics, ceramics,filler in paper,

plastics and rubber industries, paints
7. AF: Egypt (between Nile and Red Sea); Zambia (Lilaya and
Chipata - 300,000 t); FE: Nepal (Kharidhunga - 300,000 t).

Wollastonite CaSiO3

l. in metamorphic rocks
(2) on a contact of limestone with intrusive rock, or (b)
in regional metemcrphosed rocks
2. (2) willsburough (New York state, U.S5.A.), Lapperanta (Fin-
land)
(b) Little Meria Mts. (California, U.3.4.)
Synthetiec w. is produced in Denmark from sand and chalk
(trade mark Synopal), Itely, U.S.A., Germany, and U.S.S.R.
J. see 1., and in carbonatites
4. open pit
5. (a) world: 90 mil. tons
(b) Froduction of wollestonite (metric tons)

——— - 1972 .. 1973 ___ 1974 _____
India 3326 476 947
Kenya - 55 100
Finland 6491 6547 6118
Mexiko 559 1593 1984

6. ceramics (reduces warping and cracking), paints, plestics,
7. see 1., and wollastonite in carbonatites: AF: Zast Africean
rift, L. Brazil

Z20lites

are cristalline hydrated alkalin alumosilicates with ion ex-
chenge capacity and interconnected cavities in the structural
lattice

l. alteration of volcanic glass by water




2. Itaya (Fukushima, Jzpen) - thickness 1COm; Bouie (4irizona,
UeSeho)

2. hcmogenous fine-grained rocks in volecanic complexes

4. open pit
5. (@) vast reserves in U.S.A., Jspen, FRG, Itely, Yugcslsvie
Hungary, Bulgaria, Mexico

(b) see 5 a: 300.000 metric tcns per year

6., pozzolanic cement and concrete, lightweight aggregate, filler
in paper, ion-exchange processes, oxygen sep2ration from air,
animal nutrition, agriculture, gas adsorption and catalysis,
dimension stone

Zircone ZrSiO4 with scme hafnium

in plz=cers sometimes occurs together with baddeleyit ZrO2 (Mi-
nas Geraes, Brazil), often with monszite (Ce,La,Th)PO, (Espiri-
to Santo, Brazil); ilmenite FeTiOB, end rutile TiO, (Victorisa

and New South Vales, Australia).

1, Beach placers fed by inland crystalline rocks (greanites, i
gronitic pegmatites, granodiorites, nepheline syenite peg- i
matites) with zircon as accessory mineral. The rocks under-
went 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 weathered rocks with
heavy minerals.

2. tustralie, eastern coast in a length of 100 miles between
Sollina (N.S.%.) and Stradbroke Island (Queensland):
44=70 % zircon in heavy mineral concentrate (with 15-30 %
each rutile and ilmenite); Flcricda (U3a), elevated sand bars

on the coast near Yacksonville and St. John s River
(15,CC0O tons per year of zirccn); Turkey, Black-Sea coast
n22r Shile - tlack sand 7-14 cm thick with 1C % zircon
(28 % of grains smaller thzn C.2 am).

3. Shores with vertical movement, built by acid and alkaline
intrucions, that weathered deeply thus releasing the heasvy
minerals. Locis 2alongshore sznd bars extending from head-
lend to hezdland.

4, Removal of overburden by bulldozer, selective hand loading
into trucks, separation of hesvy minerals from silica sand

on Wilfley tables and spirsls, electromagnetic and electro-




static separation of zircon end rutile (non-magnetic) from
nagnetite and ilamenite.

5. (aj Australia, Brazil, India: 10 mil. t of Zr-minarals;
North Strasibroke Island (Australis): 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): 2,52C,000 tons of zircon, Pulmaddai and
Kokkelai deposits: 210,000 t of zircon. Urugababa near
Durban (Rep. of S.Africa): 20C,000 t of zircon.

(b) Production of zirconium concantrate (short tons)

SUIDRIUEY 3 £ JUNE 34§ SN, 1972_____1973 ____.
Lustralia 424902 455195 397042 393336
Brazil 4483 4596 5046 5100
Sri Lanka - 153 33 31
Malagasy R. 3 3 15 15
Malaysia 948 2803 2216 22¢0
Thailand 953 1682 4C3 440
India 7649 - 9924 1200C 12000
S. africa 432 1C91 745 2180

6. refractories, foundry sand, ferroalloys, glazes, enzaels,
vpaints, pharmaceuithicals; hafnium: nuclesr reactcrs

7. 4F: ccast of Sierra Leone, Senegal, Egypt (Rosetta-Damietta,
Borallus); FE: coast of India (Travancore, Cochin); eastern
shore of sfustralia; LA: Uruguay: tlack sands 6 o thick
with 2.5 % heavy minerals on the Atlantic coast 2t Aguas
Dulces (3 mil. t of heavy zinerals, 5 % zircon, C.6 % mona-
zite); coast of Brazil (Rio Grande del Norte).

I7. AN ALPHABETICAL SURVEY CF INDUSTRIAL RCCKS

B suxite (&) and aluminz-rich 1:terite (B)

rock composed of gibbsite (A1203 . 3 HQC), boehmite and/or
diaspore (toth A1203 . H2O) with admixture of kaolinite,quartz,
hematite, goethite, rutile, and others.
l.4. (2) Beds and lenses in sediments (mostly limestones);
(b) Pockets in limestones (bauxite fills the sinkholes);
(c) Detritsl deposits;
all types are washed-over Al-laterites

1.B. Residue on rocks with low silica contents formed by
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ancient or recent tropicsl weathering in savannah with
alternating éry end rain seasons. ‘
2.A. (a) Tikhvin near Leningrad (USSR) -~ beds with 35-55 % :
51203, 15-25 % Fe203, 10-25 % 5i0,
(b) Jemaica - gibbsite, 46-50 % 31,04, 10-20 % Fe, 03,
1-2 % SiO2 ,
(c) India (at the foot of the weathered trupps)
2.B. Surinam - gibbsite - bearing Al-laterite with up to 57 %
A1203, 8-12 % Fb203, 2-3 % Si0,
3.4. Mostly in tropicsl and subtropicel zones - fossil or
recent - where limestones occur.
3.B. laterites of Neogene age sometimes build top hardpan on
inselbergs in contemporary tropical belts. Prospecting
for laterites: by paleogeomorphological studies; following
the flow fragments; drilling and test-pitting.
4. Stripping of overburden by scrapers, open-pit quarrying
by blasting and power shovel, crushing, washing (to remove
clay), drying and calcining in rotary kilns.
5. (2) 1 to 2.5 miliard tons on the Earth: Jamaica 19.7 %;
Guinea 14.8 %; Ghana 10.8 %; Hungary 7.4 %; Australia
7.4 %; Guayana 3.2 %; Malawi 3 %; Surinam 2.5 %;
India 2.5 %; Brazil 2 %.
(b) Production of bauxite (in thousands of metric tons)
1970___1971

D = . - e -

Jamzice 12106 12543 12989 13489 15224 11304
dustralia 8294 11243 13697 147C2 18545 22205
USSR 433G 4100 4200 4300 430C 4400
Surinam 6C11 6717 6777 6718 6863 4751
Frunce 2962 3117 3281 3299 2938 2563
Guinea 2490 263C 2600 3800 7600 840¢€

USA 2562 2458 2235 2324 2408 2199
fugociavia2Cs8 1959 2197 2167 237C 23C6
India 1374 1517 1684 1297 il14 1274

Indonesia 1229 1228 127¢€ 1276 1290 993
Melaysin 11373 572 1¢77 1143 948 TG4
Guyana 4417 2.4 2727 3622 3506 3830
Domin.Rep.1C83 1032 1087 1086 1196 735
Haiti 673 715 725 779 793 523
Sieyra L. 1443 590 692 704 693 727




1970 1971 1972 1973 1974 1975

Chins 500 550 55¢ 760 970 970
Brosil 510 566 765 849 858 969
Ghana 342 329 340 356 365 325
Turkey 52 153 471 352 €65 558
) Mosambique 7 8 5 6 5 2
Jorid 57940 62560 6617C 69270 79180 76470

6. elumina, aluminum, refractories
7. 4F: Mozambiaue; Upper Volta (Kayas-Kongoussij; Bobo~Dioulasso);
Malagasy (Mendtenina);Malawi (Mulen Mis.); Cameroon (Wirim
Martap - 1.5mld .tons); '
LA: Dominican Rep.; Colombia (Caucz Deparment); Haiti; Costa
Rica (San Isidro; Carthago province);
FE: Sarawak; Maleysia; Solomon Islands (Wagina Island; Ren-
nell Island - ? 100 mil.t 47-48 % A1203); Fiji

Distomite

low density sedimentary rock consisting of fossilized shells

of siliceous algae - diatoms. Mineralogical composition - opal.

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

2. Lompoc (California, USA) - thickness 250 m.

3. Neogene and Quaternary strata with ¥Yolcaric ash.
Exploration by sinking of shafts and drilling holes.

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

5. {3) No data.

(b) 2roduction of diatomite (short tons)

—meemmeee—ooX970 2972 1972 X573
Usi 597636 535318 576089  6C8906
UsSh 410000 410000 420000  43C000
France 190000 1857C3 190000 190000

) P3G 100924 97787 63985 50700
Ttaly 66000 65000 65000 65000

. _diatomite220C0  22C00 22000 22000
Dengafker 240000 240000 240000 240000
Spain 20000 20211 22000 22000

’."i.‘total 1766308 1706917 1700107 1738498




argentina 907C 10568 10600 1060C

Peru 2821 4162 440C 44C0O
Kenya 1765 1543 1997 137
zgyrt 2504 2480 1839 1900

6. filtration, filler, mild abrasive, sourc of silica

7. AF: Nigeria (Potriskum); Rep. of South Africa (Ermelo and
Prieska districts); LA: Brezil; Chile; Colombia (Quesnel);
Costa Rica; Mexico; ME: Turkey; FE: Korea; Japan.

Ddolomite CaCO3 o MgCO3

l. (2) Sedimentary beds interstratified with limestones.
(b) Hydrothermal-metasomatic masses with crystalline
magnesite.
2. Iz 2lmost 21l coutriee, huge deposits.
3. (3) In Paleozoic and Mesozoic sediments.
(t) see crystzlline magnesite
By localition of the outcrop, digging trenches 2nd
drilling holes.
4. Cpen-cast zining by means of blasting; loading by power
shovel,
5. (2) No data - huge reserves
(k) Belgium, Italy, Norwey, Spcin, and other coutries
6. izgregate, svecizl cement and lime, refractories, removal
of sulfur oxides from stack gases, neutr2lisation of acid
waters and soils, filler of rubber, glass, ceramic and
chexical industries.

G1

w2

s 2nd foundry sands

glass sands! zoct quartz grains €,1-C,3 mn in diameter, =nd
F9203 content less than C,C4 %; foundry sands: quartz £r:ins and
5-.0 % of cl2y substance; if miscing (in pure sands) bentorite
or orgazric compounis should be wedded

L. 3edimentery coaplexes with cards, ana saristones
2. 2imost in 211 coutries

3. shallew se2 or lske sediments, recent of ancient

“» Open pit quarrying, sometimes by hydraulic method




Note: for production of green cor brown bottle glass fonolite

with wore than 195 % of NaZO + KZO can ke used

Leukophyl1lite

composition: quartz, sericite, talc, leuchtenbergite

1. hrdrothermelly altered fractured zones in granitoids

2. Austria

3. granitoids close to talc and magnesite deposits

4. mostly underground mining

5. no dats

6. filler in paints, rubber, paper; wall-tiles, utility and
sanitary ware (leuk. lowers the burning temperature)

Mineral pigments

yellow: ochres; red: hematite; brown: umbers; black: magnetite,
pyrolusite

1. weathered iron-or manganese - bearing rocks, or their
washed~-over and sedimented derivatives

almost in all coutries

N
.

3. see 1
4, oren pit quarrying

Petruregiec basalt
(for melting and casting)

1. volcanic areas
2. Czechoslovakia, U.S.S.R., F.R.G., Japan, Poland, Bulgaria
3. basalts with composition:

sic, 43,5-47,0 % MnC 0,2-0,3 %
Ti0, 2,0- 3,5 % MgC 8,0-11,0 %
A1,C4 11,0-13,0 % Cao ©10,0-12,C %
Fe,0, 4,0=7,0 % Na 0 2,0-3,5 %
FeO 5,0=8,0 % K,0 1,0-2,0 %
P,0s 0,5 - 1,0 %

4. open pit quarrying, mostly selective
5 no data
6. anticorrosive pipes and their bends, floor-tiles, various
casts; mineral wool, refractory isolations




Phosphates

composition: mostly apatite Cas(Ib4)3 . (F,Cl1)
l. (2) marine shelf sediments
(b) phosphate pzbbles - re-worked deposits of type (a)
(¢) residuel and infiltration deposits x
2. (a) Khouribga (Morocco), Hahotoe (Togo) '
(t) Florida (U.S.3.)
(¢) Tennessee (U.S.A.)
3. (2) in complexes with black bituminous shales; by radiometric
method (0,02 % and more of U;0g in some phosphates);
hint for prospecting: fluorosis of cattle.
(b) weathering crust,soils above limestones with accessory
rhosphates
4., mostly open pit quarrying )
5. (a) miliard short tons: Morccco 60, U.3.3i. 7, U.S.S.R. 4, v
western part of Sahara 3,7; sustralia 3, Tunisia 2
(b) th.m.tons 1970 1971 1972 1573 __1974_ _ 1975

USa 35143 35277 37041 38225 41446 44285 \
1JSSR 17800 19000 19700 21250 22500 2412C
Morocco 11424 12030 15105 17077 19750 14112
Tunisia 29€9 3162 3986 3473 3826 3912
Chine 1700 22C0 2600 3000 3000 3400
Nz2uru 2200 1913 1906 2323 2288 1535
Senegz1 998 1454 125C 1533 1472 1600
We3ahara 33 150 696 2168 33C0
jorld 81800 846C0 90900 993CC 116900 118500

5. fertilizers, chemical industry -
7. AF: Libya; L:.: Mexico (Baja C»lifcornia), Peru; ME: Turkey,
Iran, Szudi Arabia;

Saltg

(2) ruek salt NaCl, (B) potassium salts: sylvite KCi, csrnallite
KCl.ngC4 o 11 HZS, Be0o
~. recent of zncient beds (or ancient domes) origin:ted by evze
poration of saline waters (sea, lake, plesya, lagoon, sali-
na , sabkha) in arid climate;
(#) mass of the deposits; (B) upper part of approx. 2C %

of salt deposits
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(A) Zechstein (Germany); Alberta (Canadaj); Danakil lowland
(Sthiopia); domes: Gulf Coast (U.S.A.)

(3) Stassfurt (Germany); Kama (U.S.S.R.); Delaware Basin
(N.Mexico, U.S.A.)

around s2lt springs and owtcrops of gypsum; by gravimetry

and sesmic methods; gamma logging of drill cores for 4CK;

careful drilling

room - and - pillar

(a) world ocean: 4.5 milion cubic miles of salts; vast re-
serves of rock salt in almost 211 coutries with the
only major exception of Japan. Potassium salts, milisard
short tons KZO: U.S.S.R. 55; Canada 55; West Germany 11,
East Germany 10; U.S.A., 0,5; Israel and Jorden 2.

(b) (4) rock salt (thousand metric tons)

1970 1971 __1972__ 1973 ___1974 __1975

Usa 41636 39986 40843 39834 42217 37222
China 15600 1650C 180CC 19960 254CC 2994
USSR 12428 11968 12228 12860 13356 1430C
F.R.G. 10511 9009 8282 9077 11497 3500
India 5588 5426 6521 6864 5918

Canada 4862 5028 4914 5C48 5447 5156
France 5664 5495 5237 6117 5995 5347
Australia 2054 3774 3503 3671 4683 5057
Mexico 4063 4703 506C 4319 5470 338C3
UK 9188 9348 9734 8374 828 7630
I+t21y 4359 4382 3836 37C7  4lC6 3191
Romania 2862 2948 3117  32¢6 3023 333
Poland 2904 2962 3C10 3c78 32%3 el
Metherlands 2371 3167 2803 3059 3387

GDR 2180 2221 2187 2286 22338 243C
Czechoslov. 42 A0 41 40 41 39
wWorld

total 144000 143380 14740C 1514C0 164700 1592CC




(8) potassium salts (K,0 content)thousand metric tons
1670 __21971__ 1972 __ 2973 1972 13975 __

USSR ACST 48C7 5433 5900 61CO €050
Canada 3103 3629 3464 4453 5776 4850
GRD 2419 2445 2458 2556 2864 3019
FRG 2420 2815 2845 2975 3090 26C7
USA 2476 2347 2412 2361 2315 2314
France 1904 2000 1760 2263 2275 2085
World

total 18230 2010C 207C0 22640 24600 23200

6. (4) source of sodium and chlorine, nutrient, preservatiive,
freezing point depressant, metalurgicel processing;
(B) chemical industry, fertilizers, glass, ceramics, tex-
tiles, paints, detergents, a.o.

BUILDING RAW MATERIALS

Marly and siliceous correction materials for cement
(A) srgillaceous limestones end marls with 6C-80% CaCOB,
(B) loams, clays, shales, we=thered ignecus rocks, 3ands

l. (A) shallow-water marine sediments;
(B) verious types of sediments and residual deposits

2. common in all cowtries
3. close to the planned cement factory
4. open=-pit quarrying

5. (a) vast reserves

(b) production of cement in milion shcrt tens (1673):
C.S.S.R. 120; Jzpan 94; U.S.4i. 87,5; Yest Germzany :5;
Italy 40; Fr2nce 38; China 34; Zpain 24,5; U.K.22;
Poland 17;

6. for correcting of hydreulic amodule of the r=w mater:ial
lad?
-7---—-—-339 ----------- tc values between 1,7 zad 2,2;
5102 + A1203 * Fe203
other modules and coefficients are also used.
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Brick raw materials

(&) plastic (ciay) component: loams, clays, shales, westhered
. claystones, loess
(R) non-plastic (clastic) component: aleurites, sands, sands-
tones, loess, aleuropelitic residues of various Weathered
rccks
1. various kinds of rocks (see A,B) outcropping on the surfsce
2. common in all countries
3. close to the market; exploretion by shallow bore-holes or
shafts
4, open-pit
S (2) vast reserves; (b) utilicetion in 811 countries but no

dats available

Stene for aggregate

(1) grevel and sand, (B) crusred stone

1. (&) river ond glaci~l sediments, (B) granites, bas3lts, pcr-
phy-ites, greywackes, granulites a.o0,

2, cormon in a3lmost 3ll countries

3. close to the market; exploration by shallow bore-holes or
shafts

4, cren-pit

5. (8) wast in almost s8ll countries
(3) thousand metric tons

- 197C_ 1371 1972 1973 __1974_____1975 ____
USA 1300457 1264011 1254C5C 1422990 13118CC 113860

FRG 140108 144567 125652 136167 145136 125672
Australia 61020 63412 63346 65557 70785 74652
Italy 41848 11502 44177 49378 53800 SSIUE
Czachosl. 32728 35983 38820 41567 45065 47602
Pcland 14610 17532 22047 27275  3235C 15738
N.Zealend 26872 25879 27712 29252 27580 22604
Hungsry 21119 23530 23112 24218 24034 27670

6. conrcrete (85-9C% gravel + 1C-15% cement) for constructicn:
highway, residential, commercial
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Building s1t0

for structural support (rocugh construction stone: retaining
walls, seswalls, bridge work 2.0.), ashlar, dimension (cut)
stone (curtain, wells, veneer, roofing slate, floor tile, mo-
numental stone), ornamental use

1. masses a. beds of granite, diorite, limestone, marble,
greenstone, sandstone,slate

2. coamon in many countries

3. mostly in o0ld shields and consolidated platforms that
had undergone tectonic movements long ago

4. quarries

S. (2) no data; (b) dimension stone: world 1974 38,8 miliard
short tons

VI. CONCLUSIONS

The finding, exploratiom, end working of deposits of
monaetallic raw materiels in developing countries.

L. i preliminary marketing feasibility study must answer
the following questions:

(a) is there a potential market for nonmetallics in the
country?

(b) what is the cost of imported industrisl minerels
and rocks '

(¢) will there be any possibility for exports of ronme-
tallics and their products to adjoining ccuntries
in the remote future?

(d) sre there, in general, suitable raw materials in the
country?

3., Should the comparison of item sub A, favour estatlishing
relevant industry, the following steps should be taken:
(2) inquiry at the local Geological Survey on the raw

material basis of industrial minersls and rocks indi-

vidual deposits must be sufficient for at least 25 years




C.

D.

of planned production;

(b) should there be insufficient information, & thorougn
prospcection must be planned, if necessary with the
nelp of foreign experts - one geologist and one oi=-
neralogist-technologist,

The prospecting team can consist of a geologist, mineralog-
ist-technologist, geological assistant (a technician with
knowledge of local languages), severzal workers for digging
trenches and shallow shafts, drilling of shallow bores
(e.g. by a2 hand-drill of mackintosh type), for explora-
tion and sampling of clays, kaolins, bauxites, etc., one
foreman skilled in blasting herd rocks, one passenger car
with driver, another car of a landrover (jeep, GAZ) type
with driver.

Prospecting for many kinds of nonmetallic raw materials 1is

usually carried out in a four-stage sequence (Table 3):

(a) Preliminary prospecting of the whole territory in
question on the basis of published data and unpublished Q
reports of the local CGeological 3Survey, Public Yorks Le=- ‘
partment, “ater Supply Department, etc. Information
from local authorities and individuszl citizens shculd
also be taken in consideration. Small samples (C.X kg)
are taken at widely saced regular intervals over the
deposit or its part.

(b) Preliminary examination of the samples is carried
out in the respective capital or in any town with fa-
cilities rendering it possible to cerry out simple
enrichment tests, such as sieving or panning of the
placers with refractcry heavy minerals, firing tests
of clzys and kaolins, chemicel analyses of carbonate
and silicate rocks and minerals, mineralogical exa-
mination of the szmples by means of a polarizing mic-
roscope, thermal methods, X-ray diffraction, etc.,

(¢) Those deposits which proved to justify further inves-
tigation from the point of view of quality arzs revi-
sited, explored by a network of dense 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 stendards
assuming that the visible reserves will cover production
for at least 10 years, probable reserves for 15 years
and possible reserves for another 25 years.

(d) The large samples are studied thoroughly either in
the respective coutry cr in an industrial country, usual- .
ly the one which supplies the technological eguipment.
Pilot-plant experiments with the large samples are ne-
cessary.

E. Erection of a plant (cement, ceramic, glass, refractories
etc.) near the bulk raw material deposits and close to the
market follows. Technical assistance continues during the
first months of production. Ratioaal developing of the mi-
neral deposits requires removal of the overburden and inner-
burden outside the limits of the demonstrated reserves.

F. Most industrial countries are capable of rendering the tech-
nic2l assistance required - geological and technological:
e.2. super-powers, minor powers, countries of intermedia-
te size, 2s well as small countries such as Switzerland,
Austria, and Czechoslovakiz, and, of course, the United
Nations Development Program, Lepartment for Transport
and Geology (New York) or the United Nations Industrial
L xvelopment Organization (Vienna).
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Fig.l. Typical sizes of raw industrial minerals, their

products and size change equipment

Ranges shown are approximate
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Figure 1. Applicability of

industrial minerals separation methods
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Table 2. Effects of processing on costs (1970)
of industrial wminerals

bauxite 16 49 3.1
barite 15 44 2.9
b2ll clay s 10 2.0
feldspar 8 17 2.1
ilmenite,rutile 13 75 5.7
nagnesite 7 25 3.6
olivine (forsterite) 5 15 3.C
rerlite 15 75 5.2
kaolin 5 30 6.0
silica s=nd 3 10 3.3
Fuller's earth 4 17 4.2




Table 3. zZxample of capit2l a2nd time requirements of

2 mineral processing »lant project

D D WD - - = S W Y T G D D G D P D T G e G G G ar et D Gy G G G G T e T T D R SR R G D G e D e W e

experses

(per cent of
the totzl cost)

timre
requirement
(in months)

creliminary feasibility
study (I): marketing

(c)

(a)
(e)

preliminary prospecting and

sampling of 211 known and
newly found occurences of
oineral raw materials 1in

the country

preliminary examination of
small samples taken during

stage (b)
contract for

exploration,
reserves and

the project

estizatiorn. of
bulk sampling

005

overlap , 3=4

3 )

1-2

of prospects with demanded

quality

' (f) zilot-plant experiments

feasibility study (II):
l.quality,pcossibtle use,2nd re-
sarves of the d93031ts trans-
~crt water,and energy ahlej,
12 cur otco, 2.technological

vud/ on the basis of pilot-
plant expeziments

s (g)

(h)
(1)

authorization to build -

det2iled mechanical and techno-
lcgica2l design, project for
buildings 6 )

overlarp,

~ 17
(j) construction of the buildings; overlao
delivery of the technological ' Wy
equipment 38 15 !
(k) cost 2né fitting of the techno-
logical equipment (cost of fit-
ting=approx.12% of the value of
the mzchines) 46 12-15

(1) start up

C.5 2

Total 10C % A7=56 mor.tna

"Overlap” indicates that geveral stagesa can run simultaneously







