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SUTRUAR™

Aluninium is the moet widely sproad elemsnt of the eirth crust that hae an indus-
trial importance. Its content in the earth orust is 7.45 per cent. it present
bauxites are practically the only raw material from which sluminium is being ex-
tracted. Theeo rocks are relatively widely spread on the earth.

In different countries, rooke charactariged Yy considerable variations in their
compusition are regarded as bauxites. Bauxite is an oconcmical rather,than a petro-
graphio notion. The absonca of an objsctive oriterion for the determination of the
term bauxite is the rosson for various estimationn of its spreading on the earth and
different oslculation of ite recerves. Two main typos of dauxites are knownj rosidual--
homogenic autoohtomous and scdimontary-homogenic allochtonous.

At present the largest bauxite reserves are knuwn on the ilriocan continent, in
Australis, in the Caridbean basin and in the northern part of South Aserica. On the
whole, bsuxites are cpen mined for the aluminium industry. In the Union of Soviet
Socialist Repudblios, and in a considerably lessor oxtent ia the United States,
Tugoslavia, France and Hungary, bouxite is minod from underground drill holes and
pit.o

The absence of a generslly acknowledged term, bauxite, rastriots the ponsibili-
ties of an optimation of bauxito rocks in separste rogions, as well as of their pre-
diotion. Bmatoria) Africa, Avetralia, Centiral and Sonth America, Hindustani
peninsula have the gruateat porapectives of discovering rurface deposits. The ancient
epochs of bauxite formation and tho "buried” deposits connoctod with them, aro
etuliel quite insufficiently, so that it is diffioult to mako a prediction of their
TOSOUrcen.

' The world aluminium indusiry applies on the vhole tha Bayer process, using tom~
peratures of digestion. Bauxites, baving a high silicun ontent, are procesced by
peans of wintering. Nthor numcrous patents on the exiraction of aluainium oxide from
Ppauxites have not found ary praciical applicaticu.

The improveuents of the toclknology of the axtraction of Al,0, from hauxites, the
improvement of economiocnl conditions in dovnloping regions and ioé ocountries will
allow tc ohange in & great cxtont the requiremerts medc to bauxiten, docreasing their
oontent of u203 and inoroasing the.r comtent of S:LO:, and I«‘0203.

Bauxite rossror, whioch meet tho avoercge world requircments, may be estimated
as eight to ten milliard ‘ons; tha roserves of oves, suitable for their provessing
to alumina, will oconstitute not laee than 25 pillinzd tons i cage of improvemont of
economin conditions and tochnology. Tre num=uniformity of gproading of bauxito rooks
on tho aarth. stipulated Yy geological oausocs, must not limit the dovelopment of the
aluziniwa industzy in countries whick are in "pauxite~logs" soncs. For the alumine
produotion it is necessa~y to use acpheline ana louoito syeniier, :aoline olas and
argillites, disthen (andelusite, sillimanite) -- containing rooks.

A favourzble factor for procuscing theso rocke is tho precénce of alkalios
(e and X) in thew, .which aro used in the tochnological prososs and are & soparate
comneroial product as well. Tho sproading o? alumosilicate alkaline rocke in the
1ithoephere is not large and it is even lese than that of bauxitec. Tho greatest
areas oooupied ty them are in tho northern hemispherc. Almost all nepheline rooks
are utilised only in the Uniom of Soviot Bocialist Republice. Theme rocks are least
sproad in the countries of the souticrm hemisphere. The roserves of alumo-containing
alkaline rooks in sones, which aro perspeotive for their wiilisation, may be ocsti-
mated as severul scorcs of milliard tons.
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Ths requirements for this new type of raw material have not yot become stable.
Conditionally, taking into account the rogional aconomy in the Union of Soviat
. Boocialist Republics, it is considored to bo profitadle to process roocks containing
about 27 per oont of Al,‘,()3 and 14 - 18 por cont of alkalies.

Por the production of aluminium-silicon allays, it is rational to wse ores, in
which the aluainium-to-siliocon ratio is near to that which is required for the allays
(disthen, andalusito, sillimarnite, kaclinito)., Thoso rocks aro spread in the litho-
sphere in a muoh lawcruxtent than the alkalino alumosilicate rooks. Thoy arc known
in regions, composed Yy tho most anciont formations, where thara are neither beuxites,
nor alkaline quarts-froe oruptive rocks. Such rogions aro in partioular tho southern
part of tho African continont and the northern rogions of ™uropo and North Amorica.
Kaolinite clays are rocks which arc widely sproad in difforent climatic sonos of the
oearth,

The industrial production of alumosilioon allays and silumine from the kaolinite
ooncontrate is organised in the Union of Sovict S8ocialist Republics. The reservos
of the kiolinitc raw matorial constituto many milliard tens.

The alumosilicato alkali-frec row matorial (contunt in tho concentrate) must
moot the following roquirenents - A1203. 8102, "“’2°3’

Disthen (sillimanito,

andalusite) concentratos 56% 37.5% 0.5}
Kvwolinite concontratoas 6% 4% 0.5% | #

Por the utilisation of alumosilioatos as 2 raw matorial for the production of
alumosilioon allays, as woll as aluminium, it is necessary to work out techniocals
eoonomiocal offioient methods of thoir bonoficiation. Maintaining tho present level
of rates of dovolopment of tho aluminiuc production and ovon grastly inoreasing it on
condition of using differert aluminium=containing rocks, the world would be supplied
with rewv materials for the aluminium producstion for many ocaenturias.
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1. AN KD I8 CONPOLNDE

1. Alwminium is tho most widoly spread olomont of the carth crust thet has an indus-
trial importanco. Acoording to I'orsman'c cstimation, its contont in the carth orust
ie 7.45 per oont, almost twice as much as iron, (4.16 por cont) the moct used element.

®.  Almost all rocks ocomposing thc carth cruet contain alwainium, Acoording to
Vinogradov's ostimation, thc avore;c aluminium content in olay rocks is 10.45 per oont
and in sruptivo rooks it is as follows: modium rooks, S.05%; tasic rocks, 8.76 and
a0id rocks, 7.708. In othor rocks composing tho oarth orust tho aluminium contont ie
not hight in sandstones, 2.5T%; in “lirabesic rocks, 1.74% and in limestonos, 0.4¥%.
Alvainium forms chemical compounds wi.h oxygon, silicon, iren, sulphur, phosphorus,
hydrogon and chlorinc, MNorc than 300 known mincrels oontain aluninium as o Com-
ponont: 200 silioctos; 57 phosphatos; 25 sulphatos; 20 oxidos; 14 haloid compounds
and throe carbonmates,

3¢ 1n the reck composition of the 1lithosphore only 94 minorals montioned above
havo quantities of aluminium of significanco: 82 silioatos; 5 oxides; 3 sulphates;
2 phosphatos; 1 carbonatc and 1 halogon,

4+ Alwminivm oxidos have tho richest contont: ocorundum, 52%; diaspore and
bochmito, 454; gidbeite, 34.57; of the silicatos: nophelino, 17%; plagicolascs,

10 to 19.5%; lowoito, 12.5%; mica (biotito, muscovita)16 to 207; soolitos, 8.5 to
15%; aisthen and alusito, sillimanito, 33.5% and of tho sulphatos: olunite, 19.5%.

5. Deuxitos have tho meximum concentration of those minorals and are oomposed of
diasporo, boshmito and gibbsito which contain on tho averssc 25 por ocent aluminium.
Nepholine rocks of ths urtito typo contain about 15 por cont aluminium and disthen
schists (andalusite and sillimanito onos) oontain about 18 per cent.

G. Vorld industry uses prectically only bauxitos for alumine production. In the
Union of Soviet Bocialist Rcpudlios, besidos bauxites, alunito and nepheline rocks
also processed, and for the nproduction of alumosilioon alloys kaolin is used.

7. Dauxite output is being constantly inoreased and from only scores of toms in
1882 in the United States of America, (18685 in Prence) output now exceeds millions
of tons.

0. DBocsuse of the specifio charector of aluminium, it was usod until oozparatively

recontly mainly as & strmtegio metal . This has boen tho causo of abrupt decreases of
of its production (and honce of bauxite) after the Pirst and Second Norld Ware.
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11. FCONOKIC FACTOR

Aluming and alusipive consusption

9. A prediction of future needs of beuxites can be made only approximately. The
avorage growth rate of aluminium production for the last few years in countries which
are the main producers of this metal, oan probadly serve as a criterion for swh s
prediction.

10. The imoreaso in alwminium production in tho United Staten of Amorica im 1965
amounted to a 7.9 por oent imoressc oomparcd to the previous year, and a 7.8 por cent
incresse in 1966,over 1965. According to an estimetion carried out bty American
exports Landsberg, Mshman and Pisher, Ropources of Amsrica in the Juture, the in-
orease of metal output in the poriod from 1960 to 2000 will bo 3.1 por ooat.

However, the part of aluminium consumption in the total oonsumption of main motals
will inoroase from 5.7 por cont in 1960 to 11.2 per cent in 1980 and will amount to
17 per oont in the year 2000, I+ is supposod that tho gross oonsumption of alvminium
will inorease on tho avorage of 3.5 times in 1980 (minimum 2.1 and maximwm 6.3 times).
Henoo, for providing poduction of swoh & quantity of aluminiwm, about 15 million
sons of bauxito will bo necessary according to & minimum estimation; about 25 million ton.
according to an averago estimation, and about 40 million tons according to a maximm
estima’ion.

11. Aoccording to a prediotion of tho same experts, aluminium ounsumption in the
United States of America must inorease on the averege of about 2.6 times (minimum
1.94 times and maximum about 3 timss) during the next twenty yoars. About 125 milliom
Soms of bauxite will bo necessary for the produotion of such a quantity of alumiziwm
using the same quality oro being used at present.

12. Tho inoresne of aluminium output in the Union of Soviot Socialist Republios
Guring tho post-wir five-yoar poriod was supposed to be 2.0; -.6; 2.1 and it is
determinod as 1.9 %0 2 times at precent.

13. The progressive mature of the Union of Soviet Bocialist Republios national
ooonomy indicates that tho averags rato of increase amownting %o 2.5 times during
s five-year period vill not only be maintained dut will probably inorease. Hemoe,
the conswmption of aluminium rew mstorial will groatly inorcase. Wo take imbo
account, that tho greatost part of aluminium will bo produoed outside the Und ted
States of America, vhich will inovoasc considerably the importation of alumima.

14. The mu mate of incroaso of consumption of aluminium rer material will prodably
bo still higher, taking into considoration tho great &ifference in the consumption
of economically develoged countries and countries which are just on their way %o




a0, S A, -

I9/w6.11/2
Page 8

independent oconomical development. It would be incorrect to compare aluminium oon-
sumption in cconomicelly dovoloped oountries (the Unitcd Statos of Amorica, Pedersl
Republic of Gersany and othors) with that of the oountries of Equatorial Africa for
instancs. But oven comparing the consumption of aluninium in countrics of Nestemn
Burope one can imagine what large volume the world eluminium industry would have to
have to equalise the provision of poople'’s demands in eny country.

13. Tho realisation of those prodictions roquires tho organization of bauxito mining
in now regions as this industry's produotion lags bohind thet of countries pro@ucing

aluminium,

3. Foroign trado of bauxites is constontly incroasing, although prnotically mo
“froe” market of bauxitcs oxists, as many aluninium companios oxtraot yew materials
for their entorprisos in other countrios, oithor themsclvee or through branch com-
panics. At prosont the importation of bauxitos satisfios the domand for rew materials
in the United Statos of Amorica, 85 por oent; in tho Podorel Ropudlio of Gormany,
Canada, Norway, Holland, Svitserland, Bngland and Japan 100 per oent,

lerld alwsinive industcy

17. The present world oluminium industry oan be divided into throc cToupss

(a) Countrics that havo o dovolopod aluminium industry but not thoir own
Tov material rosourcos, having partly or entirely to usc imported rew
materials such as tho United States of Amorica, the Poderal Republic of
Germany, Canada, Japan, Scondinavian oouniries, Italy and Switserland,

(b) Countries that have a dovoloped aluxinium industry and are provided
with nativo zew matorials, some boing also able to oxport beuxitos:
the Union of Soviet Bocialist Republios, Pranco, Rungary, Rumania,
Turkey and Grecce.

(0) Countrios that oxport bauxitos in lergo quantitios, (somo duilding an
alwinium industry of thoir own) such as Jamaica, Surinam, Dominican
Republic, Haiti, Ghans and Austrelia,

&amdummﬂui&tmmummo&mmuiu
oxploited; these are mostly counsries of Bquatorial Afrios

I1. BMKIE RAN KATSRIALS AKD THR ALINIOM DTy

Aauzise

18. Bauxite is commonly known as a rook consisting mainly of aluminium ond forrio
Rydroxidos together with a small quantity of an impurity of aquoous umu“g..
mostly kaolinite, and minerals of titaniwm dioxide and caloiun oxido, as well as gsome
vory ssall amounts of magnesium, chromiwm, vanadium, phosphorus and galliwm,
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19. Thero arc no ocommon critorie for beuxite. Roquiremonts for the contcnt of the

vsoful component aluminium oxide or the hamful inpuritios such as silicon, ferric
and calcium oxidos are not defircd by objective goological factors. Thoy depend on

thc level of tochnologioal proccssing, on cconomic conditions of bauxitc doposita, on

a country's bauxitc demand and on bauxitc availability.
rathor an cconomical than petrographical dotormination.

Bauxite ias thercfore,
On thege grounds in various

oountrios rocks chorectoriscd by considorrble variations of bauxito-forming oaides

arv considorod to bo bauxitcs.

20. IS often happons that oven in verious rogions of onc country difforont roquire=

oeuts aro applied to bauxites. In the United 8tates of Amorion state of Alabamn

bauxites are divided into two credas: I - 410, - 555 810, = T%; 11 = A0, - 50=957,
810, - 1%%; in Arkonsos into throo gredos: I - 41,0, - 50%, 810, - 6%; I1 - A),0, -

525, 810, - 10%; III - A1,0, - 504, 810, = 9.

21. The following requirononts of btnuxite for aluping production nre workod out in
the Unitod Statos of America using tho Natiomal Stockpilc Purchase Spocification

Pe-%- 121
aaklel
Remiiremants of bauxite for alusing nredugticn
dxihxdmaie.oxs Seaneund_irinone-
Rurines v hxdxais amm
Jomaden tyng
li.o2 aax. 5.0 4.0
o0 max. 3.0 3.0
on, | " 1.0 1.0
Alkalies max. 1.0 1.0
m, * crzo3 ¢+ vzo, |ax, 2.0 2.0
40 per.cent from the

loes on ignition 50 per oent from the
' , aotive Al203.

P g b o . G5 ki i P e SRR ST w et A L Ly i e B
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aotive nzos.
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2. In Yugoslavia red bauxites aro divided into three classes: ) Al203 > 59%;
810y € 4% I1-41,0,> 487 810, < 4% 111 - 810, from 4 to 87, Beuxitos with a
oontent of 8102 Mgher than 11 per ocent are considored ns lov=gredo.

23. Waite dauxitos of Tohornogori ja aro divided into four crades:

1 11 111 and IV

A0, > soxk > 55/ < 55
8i0, < 9% 10 to 22 10 to 228

alwinium oxido along with the silicon podulus; the lattor implies the woight patio
botween aluminive oxide and silicon oxide contuined in the beuxitos,

23. The Standard sots requiromonts for beuxiice which undorge processing acocrding
to threc principal flowshects used in tho Union of Soviot Socialist Repudlics.
Bauxites of B-2 brends and highor can b procossod by the Bayer procoss at the tome
perature of 225°; bauxites of By and By brands are procossed by the sane mothod but
at the tompernturc of 150°%; and bauxites of B, and B, brands are processod by
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T™he following is tho bdauxito oxtrect from the Statec Standard:
() Bauxitc is &olivorod in tho following brands:
Aanxiio tonnds - quslitative couposition
Qualitative composition
Content of nzo Woight ratio
Buxite (calouleted m; of 81203 1810, approxinate
wrade in por oont in por oont application
L ]
w 52 12.0 Production of clactrocorundum
=0 52 10.0 Produwtion of eluminn, olootyo-
31 49 9.0 corundun and alumina ccment
B-2 46 7.0 Production of alumina, molten
B} 46 5.0 refrectorios, and alumine comonts
4 42 3.5 Production of alumina and
| X 40 2.6 refractorios
-6 M 2.1 Production of rcfrectorics and
opon-hearth production

L X 5.6 Production of alumina and
alumina comont

2.8 28 4.0 Alunine production -

(b) Por beuxite intonded for alumina producijon tho following sulphur oontent
1imite are sot:

Brends B-1, B=2, B.7, B8 - not morc than 0.7%.
Brends B-3, 35, B4 - not more than 1.0%.

(o) Bauxito of brends B-l, B~2, B.7, B8 is produced in two sorts, dopending
on the contont of carbon acid : tho.first ono has carbon acid oontent up
%0 1.¥%; tho second ons has oarbon acid oontent of more than 1.3 from
the weight of dry beuxito. ‘

(a) It is permissablo to have a smallor contont of aluminium oxide at the
expense of a higher oontent of calcium carbenate in bauxitoc designed
for almina prodwotion by means of sintering (brends B-3, B-4, B-5).

(s) The following content of caloium oxidc is fixed for bauxite usod for the
produotion of oloctro-corundums for dauxito of brends BV and BO - not
more than 0.5$; for bauxite of brend B-1 - not more than 0.8%. Sulphur
oontent is not more than 0.3%. ‘
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(1) T™e sulphur contont in bauxitc for an opon-hcarth production must not oxoced
0.2, the phosphorus content - 0.6 oaloulatod for 9205.

(¢) T™e ocontont of oaleium oxide in beuxite for the production of molton refrnc-
tories must not excood 1.5%; the sulphur contont - 0.5..

(h) e sulphur contont in bauxitc for the production of an nlumina comont must
not oxmood 0.5

27. 4s 2 rosult of itproved tochnology it is po-‘aiblo‘ to dcorcasc tho contont of

A1203 in bauxitos toin; proccssed. In 1930 in tho Unitod States of Amorica the

avoresc content of ‘u203 was 60 por cont; in 1963 it was loss than 50 por cont,

2. Pudlished figuros on bauxitc roecrves arc scldon trustworthy einoc mothods and
Cocmon oritoria of thojr estimation Qiffor, In Meny countrios mining rogulations do
not provont stook cocupanics fronm olaiming for purely spcculntive purposcs, high
mincral doposits without sufficiont and rclisble oxploration., World bauxi to
Pe80rves ns a wholo, as woll ae bouxite reserves of Roprratc countrics (cxoopt the
Unien of Soviot Socialigt Republice and some othor contrally planned cconemy ooune
tries) have novor boen sutmittod to considummtion by authoritative national &C0=
logical organisations, nor at any intemational con;ress, nor any othor intomational
g%0logiocal orgonication. Exports estimatos of world bauxito roserves differ con-
siderably. PMizurcs of 8omc oxperts do not diffoy greatly beoause of their use of

osmmon sourcos.

89. Presont bauxitc doposits wore oithor Oxposed on the surface or were casily
@otooted. Tho "Bur:oan bauxito deposite of tho world resorves arc not large,
Bpecial prospecting of thom seems to Lo carriod out now only in the Union of Seviot
Secialist Ropublics, liost bauxites of ho world are open Rinéd; only o comparatively
®all part is mined uwndorground, T 4, Union oi Loviut fine: 1ot Ropudlice

1t oenstitutes 65 per cent; in Frence, 80 per cent and in the United States of
dmerics (Arimmssns), 12 per oent.

3O, The dawxite genesis is not an "acadenic" question of interest ohjerly to
soientists. It has an entirely prectiocal significance to whioh g%ologists and
osooneaists working in the aluminium indvstry are not indifferent .

MNe Y=to-date lmowledge of the oonditions of bauxite formations makes it possidble
to divide them into two sain types:

8) residwal - chemogenio autoshthonous; and
M sedimentary - ohl-uu'uo. allechthonous.

TN T i o s e wmegtin o T
: o
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The first are formed on various alumo-containing eruptives and scldom on metamorphic

and sodimentary rooks in the procoss of their lateritic wcathcring. Deposits of
presont and other cyoles of chemioal weathering are known. Bauxitos of the socend
type ropresont redopositod products, rosulting from a lateritic weathering of the

montioned rocks, accwmlated in differcnt water hasing and bauxitized at the placo
of acoumulation, .

32, B8edimontary, ohomogenio doposits are divided into three subtypest

(a) Bauxite contacts with limestonc in a flat wrll, dircctly or through
olay stroaks and overlapped by lime-argillacoous sedimonts, partly
containing minerals of froc alumina which gradually makcs transit

into tho limestone (Jama.ioa, France, Yugoslavia, Turkey, China and
North Victnan).

(b) Bauxites oocourring in olay rook and conncoted with it (cspecially
undorlaying rock) by gradual transition.

Bauxite=boaring strata occurring in limestonc or at the place of contact betwoen
limostonos and oruptive rook (the Union of Soviot Socialist Republiocs).

(0) Bauxitos ocourring among olay rocks, usually variogated oncs. Bauxito-
bearing strata dircotly underlaid with sand-clay deposits or orystalline
rookln?the Union of Soviet Bocialist Republics, North-Western regions,
Surinam, British Guiana). ' ,

33. Deposits of residual chomogenic origin arc confincd to the crust of weathering
of various oruptive rocks of alkaline and medium rocks, and also of crystalline

sohists, containing alumosilioate minorals (Wost Africa, Indoncsia, Malaysia and
French Guiana).

34. It is lmown that thorc aro bauxito rogions wherc deposits of both types are
very close to each other, having thc same mother-bauxitc sourco (the Union of Soviet
Sooialist Republios, North Onoga; thc Unitod Statos of America, Arkansas; Brasil,
Minas Gorais).

33, A third type of doposit of unindustrial, or roetricted industrial, significance
may bo pointed out. Thesc are eluvial, eluvial-deluvial, deluvial and alluvial
deposits, formed YWy Tragmental oompletoly formed bauxitc. These deposits are very
closc to indigenous lodes. Tho gross quality of the rook is very low. For practical
utilisation, bonoficiation is nooessary, that is, separating fragments of bauxito

from olay, rock wasto and pebblos @ome deposits in Hungery, Rumania and North Vietnam) .

36. In the deposits of n sodimontary~chomogenic typo, bauxitos ocour in tho form of
layers and lons-shaped lodes of various dimensions, thiokness and oomplex coafigure~
%ion. BSemetimes the thioknoss of lodes is groater than thoir extonsion and width.
Shapes and dimensions of lcdes aro dofined by the shapes and dimensions of depressions
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of the ancient reljof of rocks to which the lodes are oonfined. e pre=ore rslief
of lhutono. &8 a rule, is of karst origin and sometimes with overlapping of
OrTOsive processes. The length and width of large lodes is oonfined to fields and
valleys or to orrosive-karst dopressions amounting to several kilometres in longth
and up to several kilometres in width.

37. Various thioknesses up to 50m op more is typioal of this kind of lode: bulgoes
are oonfined to axial parts of nogative karst forms. Lodes, controlled by sises of
karst domnionl. have various sizos from several soores up to 150 to 200 m, with

& thiokness up to 10 m or more. Thore are some lodos shapod with a thiokness about
one half of their longth and width. Deposits ape usually represented by a various
numder of lodes amounting to several ‘8cores. In the Union of Soviet Sooialist
Republios in the Kagakhstan rogion, located on an area of 150 square kilomoters,

more than 60 lodes have beon found oonfined to small and middle sise karst depressions

38. In Rumania the depoeit Lunka Sprie is comprised of 170 lodes, located at various
distances from each other. Thoy are completely isolated from each other or are
oonnected by a bauxite streak of small thiokncss which is usually of a low-grade
type. In lodes of deposite of sub-type "a", "windows" may bo rather often found
wld.oh are penetrating protrusions underlaying bauxites of limestone.

39. The bottom surface of lodes of this sub-type is very uneven and represents, by
iteelr, oarrs; the top surface is oomparatively even. In deposits of g sedimentary-

chemogenio type, excopt the main bauxite horizon, thore are, in some places, secemd
horizons, represented by "blind" lodes.

. The lodes in tho deposits of sub-type "b" ace more complioated than those of
sub-type "a". They can be Topresented by one or seversl beds of bauxite, separated
by low-grade bauxite, rioh and kaolinic olays. Contrary to the lodes of the deposits
of sub-type "a", in the lodos of sub=type ‘b, usually on thejir out-wedgings, there
are seme cleavegos of bauxitq bed and ite substitution by bauxite and ordinary olays.

41, The pesition of lodes in sub-typc "b" g genorally determined by an ancient
relief of oarbenaceous rock foundation. The location of lodes is usually cemtyal
in relation te ancient depressions, but they often 1lie on the slope of depressions,
depending on the nature of tho drainage of ground water,

42, The oomplexity of the lodes in sub-type "b* inorcases because of the frequently
ooourring olumpy oharecter of the bauxite bed itselr., typioal bauxite, usually -
of Righ quality, is inoluded in the olay maes in the form of grains, dedris, or
blooks, having a oross-goction from only millimetres vide up to sovers) setres in
width. The proportion between thege two parts of lodes determinos the quality of
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uxite as a useful mineral. Buuxites are represented by -mnl\ varieties such as
soft or olay.

. The ratio of lithological differencos of bauxite in deposits varies tc a great
nt. Varieties of bauxites have different ohemioal compositions and also differ
y the proportion of bauxite-forming minorals. As a rule, hard bauxites are of tho
t quality since they have a high silicon ratic and honce a higher content of
guinersls of free aluminium hydroxide. Clay bauxites are of low quality.

N44. The distridution of bauxite varieties is governed by a cortain law: hard bauxites
f & high silioon retio are located in the central perts of lodes, and olay
jJbeuxites at tho periphery. Among bauxites of sub-typo "a" variet:cs are distinguished.
Subdivision is mado mainly acoording to colour: red and grey or green and multi-
coloured. Red bauxites are sometimes divided into varietios acoording to texture,

physical properties and shades of oolour.

§45. Bauxites of the sedimentary-chemogenio lodes are represented by all mineralogical
types: diaspere, boshmite-diaspore, bochmite-gibbsite and gidbeite. The gidbbsite type
is often charesterised by the .resence of corundum. The following deposits beleng

to this particular typs: in the Union of Seviet SBocialist Ropublios (the Urels,
Kasalhsten), Mwmania, Nungary, Oreece, Itaiy, Prance, Jamaica, the island Bepaniol,
North and Oentrel China and North Vietnam. Deposits of this type are the main suppliers
of bauxite to the world market. They constitute about 33 per oent of all authentio

and prodable bauxite reserves and produce about 65 per oent of the world output.

§ 4. As fur as the peried of formation is concemmed, certain surface deposits ave
found %0 Yo of the quartemmary and tertiary periocds and sometimes are not overlagped
bWy any other rocks except a soil layer. Reserves of deposits, which were formed in
the ancient opechs of bauxite formation, total about 40 to 45 per ocent, and

15 to 28 por cent pessidly of werld yeserves.

A7. Depesits of enly ancient epoche of formation are lmown in Burepe and in
South Amestca. Depesite accerding to geslegical period ave found in the following
oountrient A

Asia (emoluding UBSR) Austrelia, Africa

Tortiany = Asia (emclwding UBER) Austrelia
Oligeosene - United States, Unien of Beviet Socoialist Republios
Booene « United BStates, Unien of Soviet Socialist Repudlios
°m - m' m' Itd{. MC, Nh" YWIMC
Triaseie - Asta (emoluding UBSR
Oarbonifereus - United States, Union of Soviot Secialist Repudlios, Asia
Bovenien = Unived States, Union of Soviet Secialist Bepubliocs
Pro-Cambrian - Unien of Boviet Secialist Republios
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48. Discovery of bauxito surface deposits is far from being exhausted; this is con-
firmed by oxplorations in Afrioa, Somali, now regions in Mali and in other countries
of tho continent whore sncient deposits hido a great many possibilities. A good
oxample is the discovory of bauxites rolatod to the ancient carboniferous crust of
weathering of Proterozoio deposits in the European part of the Union of Boviet
Socialist Republios.

4. Isprovement of the teohnology of discovery is an important factor for the estima~-
tion of raw material resources for aluminium production. This is extremely important
for old regions of bauxite whore there appears to bc large sottlements and on whioh
tho fate of thousands of pooplo dopends.

Ihe Doyer nrecess
%% At present it is known that tho world aluminius industry applies mainly the
Bayer procoss, using different tomperatures of digestio. depending on the mineml--
ogical shape of tho free aluminium hydroxido which forms bauxite. However, this
method is economiocally justifiabdlo only for bauxitos with a low content of silicon.
It is more expedient to process bauxitos with a high silioon oontent by sintering
thea with limestone and soda in rotary kilns, followed by extraction of aluwminium
oxide from the sinter by means of alkaline solutions. Dopending on the bauxite com-
position, it is possible to combine theso two methods conseoutively or parallol.

Sintering ond osher methods

S1. “hods of sintering and cembined mothods arc being used at present only in the
Union of SBoviet Sooialist Republios, China, and the Unitod Statos of America where
o plants utilise Arkansas bauxites of oomparatively low quality. A grest number of
difforent patents for extracting aluminium oxido from beuxites including those with

» high oontont of silicon and iron,ars known, but all of them, except the ones

mentioned, have not yet had a prectical applioation. Methods of iren recovery and
a0id methods are the most important.

52, Development of the techmology of extraoting A1203 from bauxites, opecially
lov-grade beuxitos and improvement of economio oonditions in developing regions and
oeuntries, will allow chango to a great extemt in requirements for these reeks Beth
in reéuoing the 41,0, oontont and 1r'x' inoreasing the contont of 510, and Fo 0y,

£3. Decause geologioal data are unsatisfactory, it is not poseible to estimste the
actusl volume of doposits as data takes into acoount only the part that meets medern
tochaical-econemical requirements of the industry. Low-grade rocks that eeatainm
free aluminium oxide are not taken into account.
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84, The ratio botwoen low-grade and economic bauxitce is quito variablo in difforent
doposits and it is dofined by thc oonditions of origin and formation. This ratio
roaches one to five in favour of tho presont low-grade ores. In Franco the resorves
of lov quality bauxites and bauxitc olays arc ostimatod 10 be one milliard tons. .
Some low-grade bauxite is used novertholess by mixing it with ores of high quality
provided it doos not lowor roquired standards. To save low-grade bauxites for futurc
generations is tho task of oxports on the oxploitation of doposits.

%5. Tho prediction of the quantity of bauxite-bearing rocks and, hencc, of world
rosourcos of this rav material is found to be difficult because of the absonce of a
gonerally ackmowledged point of viow on the formation of bauxites.

96. The question of the gonosis of bauxitos has not been workod out very sufficiently.
Unmistakablo damego to the knowledro of the distribution of bauxitos in the world was
cauwsed by antagonism towards <the wator-sedimentary and lateritic thoory of formation
of these rocks. Denying for a lomg time the groat significance of latorization for
tho formation of economio bauxitec deposits in the Union of Soviot Socialist Republios
tho geologists did not prospeot bauxites oonnected with crusts of weathoring of
eruptivo and metamorphio rocks. In western countrics, on the oontrary, stioking on
tho whole to the lateritic theory and to the theory "terra rossa', goologists ignored
the possibility of formation, and, honce, tho possibility of discovering deposits
formed during the Lauxitization of rcdeposited material. At present "“the antogonists"
havo changed greatly their point of view and have surrendered their position. The
largest deposits of Jamaioa have turned out to bo sedimentary-chomogenio, and typical
lateritic bauxites wore discovered in the Union of Soviet Socialist Republios (the
Ukraine and the European part of the R.8.F.B.R.).

Semndax_utilisation of hauxiiss

$57. Desides the constant and quite natural genetic assooiation of bauxites with
bauxitised and kaslinite olays, ores with an intermediate composition between bauxite
and iron ore aro mown. Those ores forwed eithor aftor alumosilioate eruptive recks
of the trappean type, or represent a facial transition between sodimentary irem ores
and sedimentary-ohemogenic baumites. Such ores are mewn in tho Umion of Soviet
Socialist Republios (Kasakhsten) and contain 55 to 70 per oent Fe,0, and 30 to 20

per cent A1,0,, in Turkey (F0203 - 70 to 80 per oent; A1,0, - 10 to 12 per oent),

in the United Ared Republio (r.203 - 60 to 65 per ocont; A1,0; = 5 %o 10 per oent),

in Guinca and seme other countrios. Thess ores must be utilised as a oomplex rew
material for cast iron and alumina production; the wastes serve as a rev matorisl fer
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cement manufacturc. In general, tho problom of a complex utilization of bauxitos has
groat coonomic importancc, as the production of additional produots together with
alumina moy ohango essontially thc estimation of doposits, the exploitation of which
is oonsiderod unprofitable. It is known that the aluminium industry is one of the
principal industries, and i1 some countrics it is the unique supplier of gallium.

98. Tho possibilities of a simultancous receiving of this clomont are enormous and
the problom of its salo and usc arisos at presont. The aluminium industry oan also
simultancously produce vanadium, chrome and their salts. The extraction of vanadium
from bauxites and ohromc wae carried out in Gormeny during tho Second World HWar, and
at present it is organizod in tho Hungarian Pcople’s Ropublic, where therc is no raw
material basis for organizing a special production of thie metal. In the Union of
Sovict Soocialist Ropublics, the production of a tochnical 11205 is ourried out as a
measure for purification of alkaline aluminate liquors at one of the alumina pla.ntl.
Simultancously with vanadium, phosphorus is separated, which, considering its high
content in the bauxitcs, bocomes n commercial product. Fluorinc can be obtained from
the samo initial product. A ooncentrate, containing up to 70 per cent of NaF, oan be
processod to oryolite.

99. Good prospecte have the prosence of iron, oontained in quantitios ozooodin&

30 to 35 por cont in bauxitos of certain deposits, that is, its content is of the same
level as in proper iron ores. But the content of forric oxide in red muds often
oxcceds 40 per oent, groat quantitics of VZO5 ’ 'moz, Cr203, 15205 and othor élements
are also ooncontrated in them.

60. The possibility of cast iron production from red muds has been established.
Foundry oast iron can bo produced by the Thomas prooess, and by processing muds by
reduction melting it is possidble to obtain vanadium cast iron. During this precess
the alwmina muds will bo a sourco of supplomentary yield of alumina and a rev material
for cement production.

61. The extrection of titanium oontzined in bauxitos is of great interost. The oen-
tont of titanium diexide in bauxites of cortain doposits amounts to 9 to 10 per oent
(the UBSR, India oto.). Consoquently, it increases in slurries up to 18 to

25 per oent, greatly oxcceding the content in Rany proper titanium ores.

62. However, the oxtraction of titanium dioxide both from bauxitos and red M has not
ot boon decided upon from tho tcohnologicnl point of view. Probably, titanium oene
oentrates, obtained from certain bauxitcs, oan be a source for the extraction of
niobium.
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Baneficiation of bauxites ‘
63. The use of bauxites with a relatively low oontent of frec aluminium hydroxide

for industrial purposes requires development and wido introduction of mechanical
beneficiation which must pursue the following:

(a) decreaso tho absolute comtent of silica in bauxite ore and, honce,
inoreaso the rolative content of aluminium;

(b) doorease tho forric oxide oontent

(o) deorease tho oaloium oxide whioh is oxtremely important whon using
bauxites as a raw matorial for the production of abresives, and
deorease forrioc oxide;

(4) extzent titaniva dioxide and niobium pentoxide oommected with minesals
from bauxite or red mud,

64, Benofioiation is used at present to deorease silica oontent of bauxites in
Ouinea, Surinam, Quiana and Indonosia. At present the benefioiation of bdauxite ores
for a decrease of their silica content is carried out only for those ores which
zrepresent blocks and nodules of proper bauxito, cemented by olay or by lew-grede olay
bauxite (Indonesia, Guinea); coarwe orystalline quarts can be removed easily, During
the demeficiation of homogeneous compaot bauxites, in whiok silica is represemted
only by small flakes of kaolinite tightly aggregated with gibbeite, boehmite and
diaspere, satisfactory results have mot yet beem obtained,

65. Becswse of an intimate intergrowth of resh-forming minerels, beneficiatiea of
bauxites can result in great loss of alumina vhioh passes into the mud together with
silica and ferric oxide, The yield of the beneficiated part is met high and dees net
oxoeed TO per cent, In Indonesia up to 3O per cont of the ore mass is lost Guring
vashing.

66. Ome may also comsider as benefioiation the reduction of wetness of bauxite and
the oemtent of water of orystallisation vhieh is used in the beuxite mining industzy.
This 4pe of deneficiation has grest economic importance for levering cupenses on
trenspertation of bauxites which are semstines carried great distances (fyes Jabeiow,
Surinem, Ouisna to the United States of Americe ond Canada). Deying if beuxite alee
inczeases the capacity of wnits, In the case of supplying bauzites fer adonsives,
cement and otber bramohes of industry, bauxite is subjected te caleinstion for redusiag
not only wetness, but also the content of the water of orystallimtien.

IV. BT 2OR NETIORING ALIDGNTINL RAMMEIRIAL

Banxiie_depesite |
67. Deuxite depesits Being exploited at present charecterised VW their lasge
dinensiens are outoreppings of the carth's surfase, and are of osnsidesnbls sen-
stensy of chanical cemposition. utormmmummmm
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conditions which are favourable to economic development: proximity to sea traneport
routes (Jamaica, Ouiana, Surinan, Ouinea) snd location in economioally powerful,
industrially dovclopdd oountrics (anco, Yugoslavie, Hungary and the United States
of America). Special prospooting cnd oxploring of beuxite deposits in economically
undevoloped regions, chiofly in former oolonice and depondeont oountrios, has prec-
tically not been ocarried out.

68. Discovering of new doposits has been usually acoidental and has taken place
duriig regional geological invesiigavions. For the purposo or cutting oxpense
connected with exploring, correction factors arc usually introduced for determimation
of reserves, Without any oxact caloulation this provides an amortisation period for
the bauxito. mining ontorprisc and the elumina plant, Genorally acknowlcdged norms
for the volume of exploring work and providing the reliability of bauxite reserves in
s doposit arc probublj absont in ali countries oxcept the Union of Soviet Socialist
Ropublios,

69. In the Uaon of Sovict Bocialist Ropublios the selection of a method of exploring
hi:ltqldo"u;tl depends on thoir condition of oocurrence, shape and dimonsionms.
Acoording to these features tho derosits arc divided into four types: |

w - large loyer-shapod bodies, slightly inclined or having a slope of 10
with great length and rulatively constant quality of bauxito; avorage thiock- °
ness is from 0.8, ¢0 5 m, e . :

%‘ - largo lens-chepod lodes, usually of considerable thiokness and length.
oomposition of the oros is not constant bocause of the presonce of streaks
of olay in the bauxito. ailong thé periphery of the lodos bauxite is substituted
by olay beuxites and clays. In the vertical sections of tho 10dos a somal
sphoroid=1 structurc can be detected; tho bauxites of a better quality are usually
found in the central perts of the lodes. Tho configuration of the lodes is
intricate. The length of the lcdes ia within 0.4 to 1 lm, and their thickness .
is 1 %o 20 m, Somotimee bulges are observed which have a length of several

° .

soores of metres. The lodes arc usually toctonioally simple.

- smell lens-shaped lodes, often having oonsidoreble thiokness from 1 to
B, to 10 t0 15 m. The horizuntal ‘dimensions of tho lonses vary from 70 %0
100 m, to 3OO to 400 m, and the arcas of lodas are from'l to 2 %o 10 t0 12 ha,
corrcspondingly. The lodes arc looated individually, dbut sometimes they are
located in groups of 1io oo “licu o> more. Tho lodes reprosent in a seotion
an interdigitation cf bauxites of different lithologioal types and different
ohemical ocompositions with low-grade ores and stroaks of olay of any thickness,
The outlinos of economic ores are marked only acoording to the data of sempling.

% = lens-ghaped and nest-shapcd lodes in holes of ancient karet. The oxe ..
s have a small extonsion, but théy often have a very lasge thiokness. T
oomposition of the lenses, even located olosec to one another, can be very

different.
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70. Exploretion is oarried out by means of drilling, outting pite and small shafts,
and in mountainous regions with an extremely complex relief (the Union of Soviet
Sooialist Republics - Buryatia, Tajikistan and Usbekistan; and Turkey) by galleries.
Prospecting drill holes and pits are usually located along a rectangular net for
stretched lodes; and a square net for lodes having an isomotrio shape. The quantity
of prospecting drill holes and pits (density of the exploratory net) is determined
by the features of the structure of the deposit,

71. The exactness of exploring deposits is detorminod by the typo of the deposit and
by the tasks whioch aro set before it., At the firet stage of exploring, whea it s
neoessary %o determine tho oocnomical value of tho given deposit, the demsity of the
exploratory net (distance between the drill holos or pits etc.) sust Yo as followss
for Type I - 300 %0 350 x 300 to 350 m; for Typo II - 100 to 200 x 100 to 200 m;
for Type III - 50 %0 70 m. At the scoond stage, whon the decision to exploit the
doposit is taken, the density of the exploratory net is uwsually for Type I - %0 ¢
% 100 m; for Type II = 35 %0 50 x 35 %0 50 m; for Type II1 - 20 40 25 x 20 %0 29 .
At the firet stage of exploring the gemerul structure of the deposit is detormined,
as well as its ares, average thickness, shape, chomical and mineralogionl ocomposition
and main features of hydrogeclogy.

72. At the second stage the average quality of bauxites is deteruined with aa

acouracy that ensures a correct determination of tho indwstrial gredes of bauxits
the form and dimensions of lodes; the tectonics definmed; and the volume weight of
bauxites determined. MNaps are drwm on a socale of 132000 or 1:1000 and for emall
lodss, 1:300; tests for estadlishing the techmology of processing beuxites of the
civen deposit are carried out,

Beachensite sluniaise s maiaxial

73. The irregularity of distridution of bauxites on tho earth, stipulated MWy geo-
logical csuses, must not 1limit the dovelopment of tho alwminiwe industzy in cowtsies,
which are in "bauxiteless sones”. Napsoially simce there are ir ‘hese regions
countries with highly developed industvies, including the aluminiu industyy, working
on rav Saterials suwch as bauxites and alwmim inported fyom remo.. cowmtwies.

T4. 1In 1966, 32 million tons of the world output were exyorted to cowntries whieh
have 2o bauxite deposits of their owm. The matural wish of these cowmtzies s %o
coononically independent end preduse alwniniwe froa domestic sew msterials presests
the task of wsing acn-dauxite alume-containing rocks for this purpose. As stated
above the mepheline and leucite yooks, alimlize gadhpoids, Enelinite clags and '
asgillites, disthen (andalusite, silliimanite), containing schists, heve the kighest
mun‘p,.
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Esshaline, leweite and feldanathic rw materials

75. The average contemt of u203 in urtites is 27 per oent, in kaolin oconocentrate -
34 per comt, in argillites - 32 to 34 por cont, in disthen (andalusite, sillimanite)
comoontrate - 55 to 57 per cont. The factor, whioh is favouradle to the utilisation
of these rocks and oomoentrates, is the possitility of producing some by-products
besides alwming during their processing. This dotormines the high eoconomio value of
thoir utilisation. For tho abovenontioned oruptive rocks the most important factor
is the possidility of a sisultancous oxtrection of alkmlies (potash and soda), the
price of whioch is about 90 per oent of the price of produoced alumina.

76. The wastes of processing from all tho alumosilicsto rocks during alumina pro-
&ction is bellite slurry, a rew matorial for oement production. Bight to tem tons of
bellite slurry are obtained from one ton of alumima, whioh oonstitutes adbout

10 per oent of the price of the main product, alumina, At present for the extrection
of alumina prectically only nepheline rocks aro usod aad only in the Union of Soviet
Sooialist Repudblics. Aluwmine produced from these rocks in relation to all alumine

| produced in the Union of Soviot Socialist Republios, is constantly inoreasing. An

. inovease up t0 44 per oent is expected By 1975. T™vo types of nepheline product-
nepheline oomocentrate, obtained during o bonefioiation of apatite-nepheline rock, as
well as urtite are being processed in the Uniom of Bcviet Socialist Repudlics., The
mmtoruzosuwmmu is about 28 per oent.

77 The requirements olaimed for this new rew matorial for alumina produotion have
not yet become stable. Under the rogional plan of economiss in the Union of Soviet
.. Booialist Mepudblics it is oonsidered profitadblo to process nepholine rook comtaining
mmuaprmunzo3mm1m than 14 to 18 per oent of alkalies,
Perric oxide is o component, the content of which is limited and must not oxoeed

S por oent. Jor the charecteristio of the nepheline rew material, two indioes are
{utzoduoed whioch represent the molecular retios liozc nzo, not more than 3.0
(silioon modulus); R,01 41,0, not less than 0.7 (alkaline modulus).

76. Jepheline rocks are encowntered as large massives, as well as shoots, dykes and
sometines laooolitos in associatiom with other alkaline rocks comnected with ultze~
basio, basic, and acid magms. According to the opinion of some soientists
(Shansmen, 1939), alkalinc yooks aro formed under conditions of relative tectonio
immedility. PFor this reason the most probablo areas of development of allmline

rook are platforms and areas of complete folding. Alkaline rooks, comnected with
ultrabasic and basio occuplexos, arc developod on the platformws.
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Bepholine rooks are roprescmted chiefly Yy a group of iolitépurtites. 1In
areas of ocaplete folding nepheline-syenite intrusions are developed and are connected
with alkaline granitoids. Under these oonditions the massives of these rocks are
cnormous but tho rooks oontain less nopholine and more foldspars. Nepheline is a
mineral which is casily destroyed during tho processce of autometamorphism, hydro-
thermal and surface changes which remove sluminium and slkalios fyom the rook.

T9. During secondary altorstions a canoritization and svolitisation of rock takes
place. Theso changes decrease the quality of tho rook, reduce the oontent of useful ja
components (aluminius and slkalies) and make the technological process more difffoult, |
Tho spreading of nopheline rock in the lithospherc is small and considerably less tham |
that of bauxites. The area oocupiod by these rocks in the Union of Soviet Socialist
Republiocs is only about one per cent of the whole area of eruptive rocks. Nepheline
rocks are fowd in Pinland, Canada, North Xorea , United Ared Republic, Brasil and
some other oountries. In very fow placos have tﬁoy boen studied as & raw material
for aluminium production,

80. The ocontent of feldspars, such as albite and plagioclases, increases with the
d00rease of tho rbovo-muntonsd nepheline oontont in slkaline quartsless rocks. The
coatent of silica relatively inoreases, makes the process more diffioult, snd inoreases
the quantity of rook to bo processed. Some difficulties arise in the sintoring tech~-
nology iteelf, the causes of which have not yet been studied. In the case of uwsing
essentially feldspathic and, maturally, monofeldspathic rooks the content of alkalies
dooreases 10 a large extent, whioh leads to a decrease in use and economic profit,

81. Iavestigations of foldspathic rooks have been carried out in some countriss on
8 semi-industrial scale. In the United States of America anorthosites were imves-
tigated as they occoupy en area of about 4,600 sq. kn., and their reserves are
estimnted as severul milliard tone with a content of 25 t0 30 per oenmt oruzo3-u
2.3 % 6 per ocont of alkalies. ’

82, In Norway during the Second World Mar a small plant was built for the extmactien
of slumine from labrodorites as large massives of anorthosite are kmown to exist., Im
Italy there are lewcito-containing rocks, the ressrves of which are cstimated as

100 milliard tons with & content of 17 %0 18 per cent of Al,0, and T %0 12 per eent

of x,o.

® Designations eaployed in this publication do not imply the expreesion of any
opinicn whatsoever on the part of the Secretariat of the United Naticus concemming
hmm«wmumwuummuu, or ooncemming
ths delimitation of its fromtiers.
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During tho Second World Var a small quantity of alumina and potash were extracted from
shese cres. The reserve of lousite rook in the Unitod States of Amerios (Wyoming) is
estimated as two milliard tons,

Kaalinike rax maisrial

8. As stated above, an increase oortont of sluminium is obsorved in minerals of tho
clay group: ksolinito, halloysite, as woll as in the anhydrous alumosilicate, dusthen
groups, These minerals are of groat economic interest as rew material for the pro-
duction of alumosilicon alloys. The output from kaclimite concentrates is carried out
on an industrial soale in the Union of Sovict Socialist Republics, The adventage of
such rew material consists i» an aluminium-to-silioon ratic near to that neceseary for
the alloys, so that alumina should bo added only in small quantitics. In the case of
conoentrates of disthen (sillimanite, andalusite) there is no need for any additiom of
alumina. Investigations on obtaining aluminiua from sillimanite concentrates by means
of an electrothermic method were oarried out on a semi-industrial scale in the Unien
of Soviot Socialist Ropudblics,

4. The most important way to utilize alkali-free alumosilicates is bascd on the
possibility of their boneficiation. Severe roquiroments are placod upon rew sateriale
used for the production of alumosiliocon alloys. Tho content of certain oxidos, firet
of all ferric onos, must not oxcoed 0.5 per centj alkalics not more than 0.5 per centy
and OaOWig0, not more than 0.6 per cent, The difficulty of receiving such comoen-
srates is determined in many ceses by the fact that the hasmful oxides stated abeve
arc in the composition of the proper minornls and thus exclude the possibility eof
using sechanical boneficiation. An important advantage in using alumesilioates is
tsheir vide-spread existence on the earth oompared tc bauxites,

85. Kaolinite clays are known in various olimatic zones and countries. MNereever
they arefound in countries, where up till now there arc not known and probably will met
be found any bauxites., Clay is emoountered in two types of deposits: eluvial and
sedimentary or primary and secondary. Tho first oocurring diroetly on woatheriang
alwmosiliocate rooks, is characterised by a lower quality, i.e. by a lower oentems of
Al..‘,o3 and higher oomtent of 810y, than the seoond one. The comtemt of kaolinitve,
depending on tho composition of tho mother rook and the intensity of chemical weathen
ing, does not exceed 17 to 20 per oent in sluvial primary clays, and it may reach

25 per cent in sodimentery redeposits., Clay deposite in which processes of givh-
sitisation are apparent are of particular interest. They can increase considerably
the total oontemt of 41,0,. Kaolinito argillitos contaiming up to 3% per ot of
n203 are also of great interost. Howevor, it is necessary tc use bemeficiation of
all types of clay to obtain a concontrate with a conteat of Al203 not less then
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3%, 810, - not more than 41%, Fo,0, - not moro than 0.5%, T40 - not more than 0,3%,

Ca0 ¢ NgO - mot mere than 0,6%, Ne O + K,0 - not moro then 0.5%. Bonoficiation may
be carvied cvt by means of the wot or dry procoss.

86. In the Uniom of Sovict Socialist Republics investigations of kaolinite rew
paterial follow the trends givoa belows

(a) Obtaining alwmosiliomm alloys and cilumino from the kaolinitc concem-
trate with an addition of clumina by mcans of the electrothermic method;

(v) Obtaining alumina by moans of sintering togother with limestone; and
(c) ObAaining clumina by moans of acid (ohiefly by e sulphuric acid-methed).

Riather (s} )inanite. sadalueiie) Zox nataxial

5/. The ashydrous nlumosiliocates of the disthen group arc spread in a oonsiderably
smaller degrec than kaolinc olays. Disthon-com’a’.iing rocks (sillimanite, sndalusite)
usually compose ancient metamorphic complexes, whioh form the basements of platforms,
Disthen-oontaining sohists crc largely developed in the North of Burope, in the
United States of Amerioa, Sov'a Africa and many other rogions of the werld.

08. The wee of disthen-containing rooks (andelusite and sillimenite) is possidle
only under the coadition of rosciving a concentrate of these minmerels. On the
strength of long-temm invou:igations and economic calculations in the Union of Seviet
Socialint Republiios it has boem doicrmimed that the concentrate must contain:

A1,0, - not less then 5T% 510, - not more than 37%; Fo0, - mot more than 0.5%

T10, not move tham 0.6%; Na0 + K0 - not wore than 0.4%; Ca0 + NgO - not more than
0.6f. Buwoh a conoentvatc can bo obta.nod prectically only where therc is an absemce
of the abovementiomed impuritic= in th~ oompenition of the useful minerel, Deneficie~
tiew is carried out by gravitaticn, magwnotio separation, or floatation. The results
geocived when woing ihe scnomd wothod aro wsually highor tham in oase of the other %o
methods. Doth the roservu~ of 10ok and of the propeor useful mimerals arc enormous.
They oan be ostimated at many hundrod millien tens. For some ooumtries "ok a8

South Africa they are tho only losal rew material,

AL ZNLRAELA.

89. Aluaite may also be used ar o ran material for tho prodwetion of alwmina, This
aineral, as well as acgholine, was used for industirial purposed in the Union of
Seviet Sosialint Repudlics in 1966 for the firet time in the world, It is reperted
that an alwmine pleat proccssing alunite ore has been put into opereiion in Nexioo,
Jeiging Yy the quantity of rew material Yeing used (80 thousand tons of ore ssmually)
the capacity of the plant is not high. Ia Jagen tho atiempts of using alunite as &
sev material for alwnims ;.'cductien wome net swcoessful,




ID/WC.11/2

Page 26

90.. Tho oconomic valuc of alunite as a raw matorial for alumina production is cone
siderably lovor than that of tho rocks mentioncd above because of its relatively small
distribution) howover, knowledge in this rospect is far from complctc. Accumulations of
alunitc aro found under varioue goological conditions: in volcanic regions; in zones
of "sccondary quertzitos', connccted with post-volcaric hydrothcrmal processes; in |
gones of oxidation of sulphide orcs; in zones of surface sulphuric-acid weathoring
and ooanl-boering strata. The deposits formed in zones of young volcanism are of the

utmost interost.

9. As tho formation of alunites is comnoected with tho influonce of sulphuric gasos
and solutions on thc bearing mcks, veined ond loyercd deposits of alunites are known,
deponding on thoir poncti*ation'. Depbsits formecd during the process of surface sul-
phuric~-acid weathering, represcnt eccumulations of alunitec nodules in clay. These
doposits ofton form on thc ancicnt karst relief. ‘

92. dlunite is r complex raw material from which, besidos alumina, potash and
sulphuric ncid can be produced. Sincc anciont times menkind has received alum from
alunites, Tor thc first time thc industrial uec of alunitc was started on a large
soale in the United States of America, in the ctate of Utah in the Mcrriswell regionm.
Potash wos oxtrectcd from it. A pilot plant for proco'aaing alunitc to alumina has
boon built in Salt Lake City, Utah.

93. . Alunite doposits of different genctic types are known in many perts of the
world., The largost dopocits =re snid to be found in south-castern China in Phan-Shan
and Taihu., Roserves arc crtimatcd to be 210 to 280 million tons., The doposits hore
arc ropresontod by alunitized rhyolites and their tuffs, Thc lodos have a layored
neturc and a congidorable thickness. In the Union of Sovict Socialist Ropublics
large alunite deposits arc found in thc South Caucasus and nyre connoctod wiih tufe
facoous and volcancous rocts. These doporits have large dimoneions, There are
rolatively small deposits in the Unitod Stztes of Amorica not exceeding 10 million
tons oach but having a rother high contont of alunite. In tho abovo-ront ionad
Merriswell doposit it constitutce or the avorage 54 por cont. Deposits in the state
of Wyoming ropresenting alunitized clay schiste contain 60 to 90 per cont alunite and
arc of groat interest becausc of thoir dimensions and the cxtent of alunitigzation,

94%. It is stntod that in Puerto Rioo in the region of Porro la Tisa there are large
doposits of alunite, probably of a seoondery quarsite typos aoccording to an estimae-
tion the resorvee uxccod 230 million tame.  Howevevr, the type of the deposit doos
not scom to have valuc for industrial significancc. There are interosting deposits
of alunitos in Australia whero they arc oxploited as rav material for the production
of potassium salts and nlum, llowever, tho deposits of alunite known at present have
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been disocovered, unfortunately, chiefly in countries where large bauxite deposits
are lknown - China and Australia. The economic ability of alunite ores to compete
with bauxites under equal oconditions is not yet known,

7.

95. Bauxite formation took place during the time of the total geologioal history
of our planet. The moet ancient outorop of bauxites which can be attributed to
the 8inian period existe only in the 'nion of Joviet Socialist Republice and is in
Eastem Siberia at the frontier with Mongolia, However, there are no reasons to
think bauxites are unique for that epoch. Analysis of peologzical conditions
attribute to the Upper Proterozoic period a wide development of bauxite

acoumulations, There are also bauxite outoroppinge related to the Cambrian
period, although they have no practical significance.

96. It is known that in Siberia, India and other regions the deposits of the
Cambrian period were favourable for bauxite formation. In the Union of Boviet
Sooialist Republios deposits providing the aluminium industry with raw materials
at present are connected with the Devonian period. Beeidee the Union of Soviet
Socialist Republics, no Devonian bauxite-bearing rocks have been disgcovered in
other parts of the world, although the Devonian is mown in Wstern Turope, North
America, China and Western Australia. Bauxites are deteoted in a creater extent
in the deposits of the Permian-Carbonic age. Dauxites are known in the Union of
Soviet 8ocialist Republios (Hiddla Asia, north-ecastern, oentral regions of the
Baropean purt of Russia), China, the Unitod States of America, Dngland and Framoe.

97. During the Trisssic period bauxites were probably formed on the Indo=Chinese
peninsula. Bauxites of the Cretaceous and Tertiary periods are particularly well
lmowm. Deposits belonging to this age are kmown to be in Iurope, Asia, Australia,
OChina, North Mmerioca, India and Central America. At present the main part of
bauxites being processed Yy the aluwminium industry is provided by these deposits.
Qarternary as well as the present bauxites and bauxite-like rocks are spread
ochiefly on the territory of Dquatorial Africa, South America, Auttulit, on the
Indo=Chinese and Hindustani peninsulas and Indonesis.

98. Assumption of the faot of existence of a deposit within s certain geologiocal
period canmot serve as a basis for a general disoovery of beuxites. For discovery

of bauxites it is necessary to determine many geologiocal factors, such ass looation
of the climatic momes in differeat geological cpochs, as bauxites were formed in
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tropical and subtropical regions; tectonio oonditions and palcogeomorphologioal oon-

ditions of specifio rogions; and spreading of oruptive and other alumosilioate rocks,
whioh can bo mothor-bauxitc.

99. The geological history of our planct has been studicd on the whole onmly in a
goneral way and morcly from the point of viow oonnocted with determination of useful
mincrals. Therefore, a suffioiontly optimietio ostimation of the possibility of
discovering new bauxitc-bearing rcgions ic reasonable, The sucoess reached in
presont technology has dccreased the‘requirementa for bauxito ores. Proceoding

from these two conditions wc may consider the cstimation of world resources of 10

%0 15 nilliard tons, madc by different oxperts, as far from being an optimum, The
greatost inorcase of bauxitc reserves may be cxpected on the Afrioan continent, whore
about 50 per oont of all rescrves discovored at prosont are concentratod. We may
expoot that resorvees of this part of the world may be doubled, A reliable prediotion
oan be madoc with respoct to the discovery of bauxites in Asia. The islands of
Indonesia, the territory of China, countries of the Indo-Chincse peninsula and India
have praotioally not boen invostigated., The part of tho resorves of these countries
is estimatod as 10 per oent of world reserves. In the future we expeot here not a
doubling of reserves, but a far greater inorease of them,

100. The possibilitics of an incroasc of bauxite reserves in Europe are more
limited. Geological knowlcdge does not allow for 2 discovery of large deposits,
Mowever, it is quite possible to expert not less than a double inorease of lnro’éan
sesources. Thc inorease of thc reserves in Europe will probably take place at the
oxpense of ores in old bauxite-bearing rogions, which aro o nsidered to be low-grade
aocording to present teohnologioal requirements, But the possibility of discovering
large deposits of high-grade bauxites in Yugoslavia, Ureoce, Turkey, both in the
"Buropean” - Low Cretaceous bauxite horizon and in more anocient ones, o.g. in Franece
in the Carbonio, cannct be cxoludod. SBummariging, it is nccessary to say that she
bauxites on the ocarth, ospecially shose, comncoted with the ancient oyoles of
beuxite formation, have beon studied in most oountrics to quite an insufficieat
extont, The great number of these oyclos and the large deoposits, oonneeted with
them in separate bauxite regions, allow. discoveries of now deposits in other regioms
where similar geoclogioal ocondivtiome oxist.

101, Achievemcnts reachdd. in teghnology .allow for tho extraction of alumine buaxite
otes with a oonsiderably worse composition than that of ores being processed at
present, but with thc same technioal-economio indices. These oonditions permit an
estimate of tho possible world reserves of bauxites at not loss than 25 milliapd
WO

|
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102. The total reserves of alumosilioatc alkaline (nopholine rook\l) and alumosilicate
alkaline-free (foldspathic and kaoline rooks) raw materials undoubtedly constitute
many scores of milliard tons, It is impossiblc to show how they arc spread quantita-
tively among continents and om?ue- becausc this cuestion has not been studied
sufficiontly. Nepheline-ocontaining rucks are certainly the most perspective ones for
the next 20 to YO years. Up to now large reserves of this raw material have been
discovered only in the Union of Boviet Socialist Republios, the United States of
Ameriocs and Canada. Nepholine rooks are cspecially economical for countries whioh
canno$ oount upon disoovering b uxitos boocause of their gcological structure such as
Canada and the Soandinavian countries,

10). Alumestiliocates of the disthen $ype are of c-mmon interest %o all countries,
especially those with o hgh consumption of aluminium. In the wee of these mincrals
thore is o possibility for mtional producing of alloys and simmine omiting the
separate stage of obtaining alumine and metnllic silioon. The proocossing of such
rooks would keep bauxite for the production of pure aluminium, Reserves of disthen
yochs have been disoovered only im a few oountries such as the United States of
America, the Union of BSoviet Socialist Repudlics and South Africa but the potemtial
possidilities of theiv discovory are very great.









