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IITTRODCCTION

The object of this paper 1s to presont a general discussion about
bauxite, its mineralogical charactoristics, geological occurreﬁce;
origin, chemic¢al aspects, etc., including also som data ebout its dis-
tribution, production, and uses.

0f course, the discussion is not exhaustive becaulse the pap=r has
becen rado chisfly based on bibliographical refercnces, using only the
publications found in the Ifain Library and at the Department of Geology
Iibrary of this University. On the subject of hauxite and the closely
related subject of labterization many artiecles have been written and a
selection of an appropriate bibliography is not easy to rakes although,
i:he refercnces used gave an ample information,

o field work was made, but some nersonal expsrience in the search
for bau#ite in Costa Rica, and & recent visit to the baurite mines in
Arkansas have been useful in writing this papere

Thanks are due to Dr. We. S. I®Camn, for whom I worked in Costa Rieca
at the close of the year 1943 and the beginning of 1944, and who invited.
ne to visit the Arkansas mines,

LTHERALOGICAL AND CHEMICAL COMPOSITION

Cormonly bauxite is roeparded as an amorphous earthy mineral, its
formula being Als0s.2H,0, that is AL,0; 73.9 per cent, and H0 26,1 por.
cent, Bubt 1t is rather & mixture of varying character "contailnines larée_
anounts of a coloidal form-of AJBOS.HZ'O. This substénce has benn called
spbrogelite or diasporogelite, cliachite and alunogel.{1l).

1,7.E. Ford, DANA'S TEXT300K OF IMIIIERALOGY, Hew York, John Villey and
SOIlS Inc' 1952’ p. 586.
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In a moro strict senso bnuxite ie not & apo:éii‘ic mineral, but a
roek boing defined by its chemical and mineralog‘fcal compoeition, "It
erbraces gibbsite (hydrargillite or alphs trihydrate), A].zoz.zﬂzo; diap-
pors (beta monohydrate) A1205.820; bochmite v(alpha monohydrate) A1,0z,
Hzo, ard mixtures in any provortions of any two of them, Bauxite of
the Mesozole and Tertiary in Europe is predominantly a mixture of gib-
bsite and boekmite, subordinately a mixture of boehmite and diaspore,
or gibbeite end diaspors. The bauxite of North ans South Ameriea, tro-
pical Africa and Asia, consist largely of gibbsite."(2)

P, X, Yorse (3), says that for *;ractical purpos'es bauxite ray be
dei;ined as an ore which is hsrdrated ox'ide of aluninum or a mixture of
several hydrates, ‘sufficiently pure to serve ac a commercial ore of
alu:::inmn'and its salts,

Gradations from bauxite to corundum (Al;03) exist as a result of
netemorphic actions

Several impurities occur in bauxite, such as silica in the form
of clay minerals (kaolinite, halioysite, ete.) or quartz, iron oxides
(hemtite, limonite, goothite), titania (leucoxene or rutile), and in
some particular cases iron carbonate (siderite), and iron sulphide (py-
rite, rarcacite), manganese compounds, etce. Of these, especially impor-
tant in determining tha value of the ore are the iron and silicon com=-
pounds. |

Bauxite beloncs to a group of matérials called latcrites, formed
chierly by surface weathering., Iaterites are weatheriﬁg products
compose@ mostly of aluminum and iron sosquioxides, with som amount of
silica,- cormbination water, and other substances pfesont;,’.{"na}' have been
2:E.Cs Harder, "Bauxite", INDUSTRIAL IMITERALS A¥D ROCTS, Mew York, Am,
Aseoce Min, and Met. Enge, 1957, pp 11l.

3, P.,K, Morse, THZ BAUXITE DEPOSITS OF MISSISSIPPI, lis. Geol. Survey
Bull, 19, 1923, p. 12,
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studied by pedologists as a .8oil group and by geologists as sources of
concentration of minerals, Clarke (4) considers that laterite corres-
ponds to the formmla RO:;,HS, which 1s that of gibbsite, But the resi-
dual substance is & mixture of gibbsite, diaspore, and limonite. That
is, laterite is iderntical with bauxite in type, aﬁd is merely an 1fon
rich variety of the later. Betweon the alunimm ore bauxite, and the
iron ore limonitec, all sorts al mixtures may occur. TFor instance, in
Cuba, a highly ferruginous laterite is Foun& (5).

The relations of the chemical composition of gibbsite, bau:xite, and
laterite are seen in the following analyses: '

Analyses of gibbsite, bauxite, and laterite,

A B (] D E F
Quartz  —eST  ——— - — 10,52 —_—
5i0p U278 93 3,90 . .37 23 .. .90
2150z 62,80 67,88 54,80 43,83 35,38 26,37
IL:S% 005 —= e e == 020
Ca0 «20 «36 55 <86 40 o864
Ti0p 04 1,04 «38 4,45 - .10 1.59
H50 33.74 26447 26482 23,88 19,00 14.39

A; glbbsite, B: bauxite, C,D,E,F: laterite, (6)
CeSs Fox (7) 1n. 1923 stated that bauxite implies chemicel purity and

leterite carries a genetie significance, and that not all bauxites are

lateritic in origin.
Fermor (8) restricted the term laterite to soils containing 90 to
100 per cent af tha oxides of Fe; Al, Ti, end !n, some of them being

more or lese hydrated.

4, F. We Clarke, THE DATA OF GEOCEEVISTRY, U.S.G.S. Bull 770, 1924, p.498

5. H.He Bemlett and R.V. Allison, TEE SOILS OF CUBA, W shington, Tropical
Plant Besearch Fundation, 1928, p aSQ.

E. .;..?. Cl&rke. Op. Cit. Pe 4—98. :

7e CeSe Fox, "Bauxite", EICYCLOPAEDIA BRITAINNICA, léth edition, 1929,

8. JoS. Joffe, PEDOLOGl New Brunswick, Rutgers Univ. Press, 1936, p.360,



Physical propertiecs,
In nature bauxite rarely exhibits the characteristics. of its consti-
tuent minerals, perhaps becauss much of tha alumina 4is presout in col-
loidal forms, and for the variable cusbined water contents

The hardmess is variable from medium soft to hard., The specific
gravity also varies. The less water bauxite has, the grgter are its
hardness and spoecific gravity. In some samples, althoush the hardness
and specific grevity are variable, the composition of selected pisoli-
tes is essentially %he sars.

The structure also varies in diffefént localities; It my be
fina-grained eellular, pordus or compaet, and in mny places it is
characteristically oolitic or pisolitice

The color ranges from lisht gray, cream, yelloy, bz;own, to dark

rede

GEQOLOGIC OCCURRENCE OF BAUXITZ

Bauzitoe deposits have been fdound inv diﬁ‘ergnf geologic associa-
tions which have been grouped by Harder (9) in four n:éin groups:
1., Blanket deposits occurring at or near the surface in sheots or lenses.
These are found in tropical and subtropical climtes, on basc-leveled
surfaces, and thsy generally have the upper part indurated by the cemen-
tation of iron oxide and siliceous material. . They range in thickness
from 1 to 75 feet, and ﬁorizontal]:f they may be extended for sev;eral
- milese
- 2, Beds ané 1ensiike deposits occurring at definite strétigraphic horizonsi-
interlayered with sediments or between sediments and igneous rocks,

Tl;ese are surface deposits of past geologic ages that have been
subnierged after their formation. If the rocks have been su‘bjected to

leber deformation, the bauxite have suffered changes, i.e. in France,

9. E.C. farder, Op. cit. pp. 112-115.
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Rowwunia, and Greece, gibboite hasc been partially shanpgod to dimspore.
5, Pocket deposits of irregular rasses enclosed within lixﬁestones and
clays. They represent irrerularities in the surface upon which bauxite
woB formed.
4, Detrital deposits. They have bben formed by the transportation and
redeposition of the ratorial from deposits of the other types.

C.S. Fox (10) makes the distinetion between bauxite, laterite, and
terra-rossa, discussing the opinion of other authors and claiming cer-
.tain differences in origin as well as differsnt uscs of the terms, Ile
considors two nmodes of origin and oc':cu.;vrence of bauxite as follows:

a) Terra-rossa type, whers the bbauxite represents an exceedingly small
insoluble fraction of what was a great mass of soluble limestone or do-
lomite; and which was 1) primary dedosited in sheets or irregular cavi-

ties, when first 1liberated, end which may be subseguently eroded; and
2) -redeposited with other sedements; and

b) The lateritic type, where the bauxite rerains in the locality of the
originel aluminous rocks, of which it represents the grater part (by vo-
lume), and is consecuently 1) also a primary or in situ occurrence,

which is 8lso capable of being eroded; and 2) redeposited as detrital

or secondary material.

The laterite type 1nc]_.udes those of India, CGold Coast, British
Guiana, Arkansas, etc. The terra-rossa type includes the bauxite of
France and the :iediterranean seaboard.

Annlyses (11): :
Lateritic Terra-rossa

bauxite: bauxite:
Si0g 25 to 10.00% +25 to 15.00
Ti02 1.)00 - 10,00 1.25 - 4,00
41,04 50,00 = 65,00 = 56,00 = 75.00
FepOx «25 = 15,00 50 - 25,00

!

E,0. Corb. 20,00 - Z3.00 8400

15,00
The malin ghexﬁcal differsnce is the content of coritined water.
In the discussion ebout the origin af bauxite some of the geolozie

r2lations will be better understood. ’

18, 0.3, Fox, BAUXITE AWD ALU}INOUS LATERITZ, london, Tho Technical Press
Ttde, 1932, p. 16,

11, C.S. Fox, "Bauxite™, ERC. BRIT.
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Bauxite occurs in association with rocks of different geolorical

a8,

The following is a compillation made by Harder (12):

General Age Relations of the Principal Bauxite Deposite:

Pleistocene and Recent. Tropical latoritic bauxite of the Guianae, Brazil,

Cenozolc
Plioeceno
¥docene
Oligocene
Focene

Lovwer

Yesozoic
Cretaceous
Upper
Danian
Senonian

1dddle
Turonian
Cenomanian
Albian

Lower
Aptian
Urgonian
Heocomian

Jurassic ‘
1ain ’

Dogzer

Lias

Triassic
Rhastic
Keuper

Lower

Paleozoic
Upper Carboniferous
Lower Carboniferous
Devonien

French West Africa, Gold Coast, Nyasaland, India,
Dutch Fast Indies, Australis, g
German bauxite (Vogelsberg lountains),

Irish bauxits (County Antrin).

TUnited States bauxite—--underlain by Lower Focene

or Lower Cretaceous.

Dalmatian bauxite-- underlain by lower Focene and
Upper Crétaceous,

liontenegrian bauxite-- underlain by Upper Creta-
ceous,

Istrian bauxite-—- underlain by Upper Cretaceous.
Spanish bauxite-- underlain by Focene and Rbastic.
ashnir deposits-- underlaln by Jurassic,
Funcarian bauxite-- underlain by Rhaetic,

Grecl: bauxite-- underlain by Jurassiec.
French bauxite (Herault)- underlain by Jurassie.

Italian bauxiiz {Centrzl Apennines),
lontenegrian bauxite (Kotor and Niksic)- under=
1lain by lower Cretaceous.

French bauxite (Var)- underlain by Urgonien,
Weoconian gnd locally Jurassic.

French bauxite (Ariege)- underlain by Jurassic,
Rurmnian Bauxite (Bihar)- underlain by Yalm.

Croatian bauxite- under 1ain by Eiddle Triessic.

Chinese diaspore (Boshan)- underlein by "Permo-
Carboniferous”,

rsissouri diaspore- underlain by U.Carboniferous. .
Russian bauxite (Tikhvin)-underlain by Devonian.

. Russian bauxite (Ural)- in Kiddle ond L. Devonian,

12, E.C. Harder, Op. cit. p. 114,
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‘Some of these bauxite deposits are discussed later with more detail.

ORIGIN OF BAUXITE '
Concentration of aluminum by weatheringe

The orig¢n of tauxite deposits have been @&xpleined in several ways,
baged c;n the geolorical relantions of them. They may be grouped in 1)
chermicel sedimentation, 2) weathering, and 3) detrital deposition.
1) Chemical sedimentation, It requires the actiorn of solvents because
this method of formation 1e based in the solution and redeposition of
the eluminous mteriéls. Various acids and alkalis have teen teken into
consideration, For instance, T. H. lloland (13) surpgests that mokiwr the
| activity of bacilli or other micro-organisms over the organic matter in
the soil may be a source of nitrie acide J, Walther and S, Passarge {13},
suzrest that the nitric acid may be formed duriﬁg tropical thunderstorms.:
Sulfhurie ‘acid resulting from the elteration of sulfides may ‘be another
solvent, h

Dayes (14) interprets the pisolitic structure of the Arkansas bauxl-
te as a proof in favor of the chemical precipitation, sugmesting that
thé material forming the bauxite deposits was in sqlution or in suspen-
sion in & gelatinous form. Te considers that the main solvent agent
has been water coming from hot s-rings.

Although the action of chemical azents is needed for the foz;m.ation .
of bauxite, the chemical precipitation theory has been disfavored in
more rccent studies, |
2) Iaterization. .The i‘oﬁaation of bauxite by means of the weathering
in situ of the protores has been explained by the rprocess called. late- /
rization.

Iaterizé.tion is éssential]y the progressive hydrolysis of rock
minerals (15), which takes place under tropiecal and subtropical con=
13, F. W, Clarke, Op. cit. De496e - |
14, C, W, l'ayes, THE ARZATISAS BATYXITE DEPOSITS, USS.G.S. Bl st Annual

Report.,1900, p.406l.
15, ¥e Go Byers, "Formation of Soil", SOILS AIDD YEI,U,S,D.A. 1938,p973.
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ditions, wheres the rainfall is heavy and the tomperoture 1s hich. This’
results in an inteneive woathering which, in the aluminun boaring
roeke producee the colution end removal of the constituonts othor than
eluninune In recent ycars this process of formation of bauxite and
laterite has been clecarly recognizeds

Just es it hapens during the formation of lkaolin, the procéss of
laterization may be complate or partial, and the typf;cal producte appear
only whea the alterztion of tﬁe parent rocic has been completed,

It oy anpear that only cerdain rocks are fzvorable Tor the forma=
tion of laterite and baurxite, but in general it may be said that any
rock, under favorahle circumstances, may be laterized. Of course, the
rocks of a high aluminunm content and a low silica per(:entag.e such as
nepheline-srenite, phonolite, basalt, shale, etec., are especially favo®
roble for the laterization,

The following is‘a list of the parent rocks of several bauxite

deposits formed in situ:

Roeck Place

piabase Surinam (16)

Shale Hetherlands Indies (1'7)
Shale » Go{ld Coast (18)
Hepheline-syenite Avrkansas (19)
Phyllites Gold Cozst (18)
Diataso British Guiana (18)
Basalt Ireland (18)

Basalt ' Germany (20)

Beealt Indie (20)

Frrons (21) remrds as good pro"ofes of bawuxite deposits the mine-
rals sericite, feldespars, and nepheline, due %o 'b‘:ier high alwminum -
conten‘f:.

X8, ¥, We Clarte, Op. ¢it. p. 498,

17+ Re We Van Bemmelen, ORICIN AND MINING OF BAUXITE IN WETHERIANDS
TIMIES, Lecone. Geole vole 35 {1941) »n. 632,

18, C. S¢ Fox, "Bauxite", ElC. DRIT, 14th edition, ’

19, !, N. Bramzlette, GEOLOGY OF THE ARWANSAS BAUXITE REGIC!, Ark. Geol.
Sur, Circuler B8, 1936, p. 25.

20, P.,K. lorse, Op. c¢it., D. 18, ’

21, 7. H. Ezaons, PRIICIPLES OF ECOTIQXIC G"‘OLO’*Y, Tew York, M Grow-rill
Book Company, 1940, p. 459.
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The procecs of lntorizntion hes beon exploined in various ways,
and there is still some disagreerent among soveral suthobs. Clarke (22)
points that "the process by which aluminous silicates are transformed
4into hydroxides has not been determincd with certeinty", Joiffe (23),
aefter e consideration of the different viow poinfs of saveral authors,
coasiders that for thoe process of laterization it is necessary that the
nucleil of kaolin, mica, hornblende, or any othcr eluirino-iron-cilicates
conplex decomposc, the silica be romoved cnd the soccuioxides be left
behind, A complete hydrolysis of- the silicates tekes place., It 1s
possible the existance of an alaline hyarol,\,féis es & result of the
organie mtter decay. The silice will go into solution more readily
than will the sesgquioxides, resulting in an accu*:xulatio-n of the latter
in the_suri’ace'ml& e sirmltaneous loss cf the forrer.

Accoréing to Van Berrelen (24), the first stage of leaching is
the solution of allmlis due to the €O, disolved in the ground water,
which takes place under ceriain pd conditions. Then the- process consists
of the alternatinzg solution and precipitation of the aluminum &nd iron
hydroxides, The important fact is that the solution of silica occurs
easlly in carbonated alkaline waters. |

| Several ratios bstween the chemicai componente have been studied

to see if they give information about the emount of incombined alumina
in the ore. Amongthen, it is valuable to mention the "Ei of Harrazo-
- witz" or 510,- A150, ratig '(25). "A ki value (molar) below thet of
kaolinite (2.00 may be said to maicate the presence of free alumina,
and can thercfore be considered aé a ‘safe index of the precence of ine-
corbined alumina®™, There are som‘excep'tions.
22, Fe 7, Clarke, Op. cit., D. 500,
23,J. Se. Joffe, Opes cite, pPe 373-374.

24, Ry W. Van Berrmelen, Op. cit., p.631.
25, Jo Ss Joffe, Op. cot., p. 381,
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Data on the plI under which lutorizaticn occurs hove been widely
considered but the information is moagor and the ovinions on thes sub-
jeet are confXicting,

Tt has beon considered that especial conditions are necessaz"y for
the process of laterization, Fox (28) summarizes them as follows:

1) A tropical clirmte subject to alternations of dry and wet scasons
of monsoonse ( There is some disagreement about this point)e

2) A level, or very gently sloping, elevated land surfaece which is not
sub ject to apprcciable mochanical erosion (abrasion by rain and wihdy.

3) The chermical and mineralogical composition of the exposed rocks to
be suitable ror & supply of lateritic constizuents —alumina end =
ferric oxide-. (This point has alrecdy been discussed in this paper).

4) The texture of the roc: to be (or rapldly become duringweathering)
sufficient®¥ porous for the entry of percoleting water, so that the
conditione Tor chemicul action will be at the maxirmm, :

5) The infildrating water to remain in the interstices of the rock for
lons periods annusly; i.e. during the wet monsoon, butb eventrually
to drain awsy in the dry poriod, %thus givins maxirrm place to cheni=-
cal erosion. ‘

6) The infilirating water to con&ain either an acid or an alxaline subs=
tance with which to react on the rock components as well as to cons-
titute an electrolyie and allow electro-kinetic phenomena to opcrate.

7'7) These annual processes to-be in operaf:ions continuosly for at least
a geological epoch or roushly a million yearse.

3) Detritial depositione

This $ype of forrmtion of bauxite and laterite Gepositis is due to
ihe mchiocn of erosion over deposits formed ip situ. The mmterials are
transporved arnd sédimn‘bed forming deposits of secondary origine

e

26, C.S. Fox, "Laterite", EICYCLOPAEDTA BRITANICA, 14th edition, 1929.
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Associgétion of bauxitc and lignite in relation to the formntion of
bauxito.

In 1932, C. H, 3ehre (27), bascd on his obsorvations on the
bauxite deposits af Arkansas, and having in consideration the obsorva-
| tions of Stejskal made on the Karlsbad china clay which has been formed
by the alteration af granite beneath ceal swamps, and on the obsefva=-
tions of Freise made on the bauxite devosits of !dnas Geraes in Drazil,
stated thot there mus be some relation between the formation of bauxi-_
te and the lignite beds which overlie those depositse In Arkansas, the
bauxite depoeits and the Tertiary lirmite beds are unconforreble, but
it seems that the sulphate waters, which result form the oxidation of
the iron sulphides of tle lirnite, have had some important adtion
over the bauxite,

Refering to Behre's statement, E. Just (28) says that his observa-
tions on the Tikhvin bauxite deposits in the U.S.S.R; are partly corro-
boratory and partly contradictory. There the bauxite occurs along the
Devonian -fiarboniferous unconformity, It 'grades into the Devonian clfq,;
benecath, and at the same time it is partially associated with black
clay 1ense$.

A further consideration has been made by ﬁarder (29) who says
that the association of bauxite with lignite is not only confined to
Arkansas, Brazil, end Ruseia, but it ocecurs also in Georgia, Alebana,
southern France, the Istria peninsuls, etc; Carbonaceous deposits

co:monltj overlie the bauxite and lead to "the supposition tha_t the

27 C¢ H, Behre Jr, "Origin of Bauxite", ECO. GEOL. vol 27, Ilo 7 (Nov.
1952) . )

28, E, Just, "Origin of Bauxite Deposits", ECON. GTOL. vol 28, llo 5
(Aug. 1933), pp. 506-507, - _ ' ,

29. E. C, arder, "Origin of Bauzite Deposits", ECO’7. GEZOL. vol 28,
Yo 4 ( June 1933), pp. 395-G98., ’
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conditions which resulted in laterization and bauxitization, whatever
they may have been, were-followed in many places by swamp conditions
which later ;ave place to the total submergence.™ Actually in Surinam
the bauxite is miked in several places under BwampsS.

This does not impl& any direct bearing of the carbonaceous sedé-
rments on the origin of bauxito and latcrito; Apparently these pheno=
mena vere supcrimposed upon the original laterization.

Bauxite deposits under those conditions present ecertain well-recog-
nized characteristics not possessed by bauxite deposits that have not
been associafed with lignite. 1) They have iron in ferrous form, either
as carbénate, sulphate or sulphide. B) Sulphur is present as iron sul-
phate, iron sulphide, or aluminum sul-hate. The later is present in
the centrar Uréls where alunite churs in the upper portions of the

bauxite deposits,

Chemical and mineralogical changes during the formation of bauxite,
This topic has been already diséussed, but here some more detailed
inforuation is given,
As it hes beén explained before, thé essanﬁial chemical constitu-
ents of bauxite are:

Aluminum hydréxzide as glbbsite or in colloidal formse.

Ferric hydroxide which is the commonest impurity, also colloidal.

Terric oxide. A8 hematite.

Silica. As cquartz or as hydrous aluminum silicates.

Titaniuvm. As dioxide or hydroxlide,

lanzanese. As psilomelane and pyrolusite. ilot very common,

 Other minor impurities. ' -
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In :some instances the chomical analysis of the original rock, of
the intermediate weathoring materials, and of the bauxite, of samples
taken alongz a section in residual deposits, show some of the chemical
chanzes that have operated during the laterization process. Among
them,the important ones are the lost of silieca and the concentration

of alumdnum hydroxide, Thie mAay be seen in the following analyses of

Arianess bauxitz, taken from “ramclette(30}):

_ llepheline-syenite Inermediate samples Bauxite
S10 58,00 52,64 39,80 10.64
1,0, 27.10 29,56 37.74 °  57.48
Fe, Oz 1.86 1,06 1.60 = 2,56
Fod 5,30 .80 .10 .20
10 25 . _— -— -—
Cca0 1.62 S _— _—
Ha 0 6.70 4,46 _— .
K .25 Wil — —
7250 «40 1.20 . 3.50 1,20
H,0 1.22 9,00 17,00 28,36

If thesc analyses arc taken, and the nmolecular proportions are
found from them, the applicetion of the diagram of Brogger (31) is
possibls, and the chemical chenger are showm diagram’gtically (£ig.1).

Table of moleculsr proportions:

Nepheline-syenite Intermediate samples Bauxite
Si0s -~ 966 877 663 177
A1,0, 265 289 374 572
Fag0z ‘ 11 6 ic 18
Tel 45 11 1 3
1iz0 6 - - -
Ca0 7 - - =
Nas0 108 72 - =
. a4 -

K50 2

Wo further discussion of the chémical changes are made here,
althoug there are some interesting oneé such as suffered by the
water and titanie. Chemical enalyses of bouxites from &ifferent places
are given in following pages.
30. M. No Bramelotte, Op. eit. p. 13,

. 31. ¥, Grout, KE'PS5 IAIDBOOX OF ROCTIS, llew York, D, Van Nostrand Compa=
ny, 1942, p. 43.
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In refercnce to the mineralogical changes, Dramlette suggests
that the amorphous material has been formed through the solution and
redepoeition of the erystalline gibbeite. Then he statos that the
order of alteration of minerals as studied in Arkansas is as follows:

"31) Brown hornblende changes to green hornblendej 2) nepheline changes
to analeite, and the feldspars becoms distinctly cloudy with clay mi-
nerals; .5) analecite and appatite disappear through leaching; 4) pyro-
xones, emphiboles, and perhaps fluorite disappear; 5) biotite becones
bleached arn then disappears, titanite alters to the hydrous mineral
xanthitzne, end the fecldspars are completely altered to clay minerals;
6) magnetite disappears, ilmenite is partially altered to lsucoxene,
and the clay minerzls alter to gitbsite." (32).

Fige 2 shows diabramatically the mineral changes.

\\ Pove space |-
\\ Pove s‘omcc
\\ Pore space
. : Feldspavs |\
Ftll;rqts FQHSFG\'S \ \
and ’ \
Ftlds‘mﬁn&. \
KQO“V\ \ :
Hydvous etc. ' \ Bavxite
/ ARlumingm \
/ Siticates,
Kaaliwn, \
Hafloysite
/ gfz ) Iven ¢ Titaniom K"""““)‘*‘*
Fervamagnesian :: e 7) [
Unaltesd Pactiall Cowpletel B :
Syanite. Kaoli wizlek anlmizzz ausile-
Syenite. Syenite.

Fig. 2. Diagranm showing = in terms of volume the mineral gradation
from syenite to bauxite, usingsemples from a single locality in
Arkansas (After lead) (33).

32, I, Bramslette, Opes cit. p. 1C.
336 Welle Emmons, Ops cit. pe. 45%
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BAUXITZ DEPGSITS IN DIFFERAIT COUNTRIES

Bauxite and latzrite depocits have beaﬁ found ;n all the conti-
nents. Zurops has been +he chief producer for many years, ond most
of the ore that has been mined has come from the famous devosits of
France. In North Amcriea the principal deposites =are in Arkensas,
and in South Amorica in Surinem and the British C-t}iann.

. United States.
Arlansas, (34 = 35). Aricansas plz'oduces 90 per cent of all the bauxite
preduced in the United States. Tb:e doposits are found in Saline and
" Pulaski Counties. They are associated with nepheline-syenite chiefly,
but sorme low grade bauxitie clays occur within Eocene sediments. The
beuxite has been regarded -as formed through alteration of the nepheline=
sycnite,

The geolozie events of this area, rclated with the foriaticn of
the baurite, werc: 1) intrusion of the nepheline-syenite in‘to folded
Paieozoic rocks, before early Eocene (Midway); 2) before !Midway time
the syenite ras exposcd by erosion§ 3) The Hidﬁay rocks were deposited
whj.le island:- of syenite were altered into kmolin and bauxitc; 4) the
weathered sur:r’.'ace was then buried under the ilcox continental depo-

sits;‘ands) Erosion exposcd some of the bauxite as it is ¥Bound todaye.

Uncano{m\"7

Bavyite .
Kaolinized zowne syt:r\l\'g

Fige 3, Sketch of the bauxite deposits in Arksmnsas showing the geolo-
gical relstions ( After Bramelette).

34, Co Vo Bayes, Op. cit, pp. 435-472,
35 Yo No Bramclette, Op. cit. ppe.7-10,
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Analyses of thece deposits were l[d.ven before in page 13,
Georgia, The bauxite is fgound in Wikinson Coxinty, in the contact
between the Tuscaloosa (ILower Cretaceous), and Claiborne (Eocene)
forrations, which consist mainly of clay and sands.
Other Ceorgla deposits are found as the rosidual alteration pro-
ducts of the EKnox dolomite (lower Siluricn)e (36).

Tenneseecs
Bauxite occurs as resicdual denosits in teh Vatanga shales

(Cambrian), They are of the same ‘character of those found in Georgia
and Alsbama.

Aralysis of bauxite from lMssionary Ridpe, Tenn. (37)
Insoluble 12,13

0 284,97
Oz 57.56

Alabama. ’ '
Jones (3B] classified the Alabame deposits as follows:

1) Carmbro-Crdovician contact. In Cherokee County
2) Mi&way-lanfalia contact. In Hagrbour and Lenry Counties.
3) ldssiasippilan- Tuscaldosa ccentact. In Colbert County.

- The first group is the more important. The ore bodies are mainly
as‘sociated with limsstones occupying er_osional channels, and all the
depostts occur at or near unconformable contacts, that is, they were
formed during intervals of long duration,

1ssissippl (39-40).
The deposits occur in erosicn channe}s in !4dssissippian limestone

that have been partially f£illed with Tuscaloosa tavel.

38e JeFe Kemp, THE ORE DEPOSITS 07 TiIE UNITED CTATIS AND CA'JADA., Hew
Yorke ! Grow-Xill Book Company, 1906, pe 405.

37, He Ries, BECONOIIC GEOLOGY, John Wiley and Sons, 1937, P.638.

" 38, #le B Jones, THE BAUXITX DEPOSITS OF ALABA'A, Geol. Surv. 6f Ala.
Circular &, 1929, p.7 :

39, E, Fs» Burcharch, BAUXIT: IN NORTHEASTERN IISSISSIPPI, U.S.G.S. Bull
750, pp. 101-146, ‘

40, P. K, liorse. Op. cit.
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South America,
Ioterito in South America occurs chiefly alor;(;‘ the coestal region
from the Orinoco to the Amazon. Its age is not definitely lmmﬁ but
it is thought to be not older than early Tertiary.

Brazil,.
There are several deposits without economic x=m3 value, and algso

soms velucble ones, together Wit'ﬁl‘ lateritic iron depositc, The latter
are found near linas Cerzes,
British Guiana,

The lateritic bauxite of Brifaish Guiaﬁa is The residual weatheririg ’
product of diabasé and other basgc rocks.. The high grade deposits
zre locaied near the Demecrara River, and soms of them are intimately
aesociated with ks=o0lin,

Renge in compesition of the ore (41):

; Iaxirmum Minimun
A3 O, 61,08 57«30
518,° 4.58 1.07
Feq03 335 1.30
Ti0, 4,84 2,60
EzOQ Comb. 51.62 - 27 086
lioisture 3.88 ‘ 054

The deposits of British Guiana mre considered among the best in
ths world not only in quality but in quantity,

Dutth Guiena.
These deposite erc also extensive and of hich €rade ore. The mode

of occurrence is similar to the British Guiana devposits. !any of them
are found under swarps in. the coastal plains,
In French Guiera and Venezuela, depoéits/ of lateritic bauxite have
been found also,. .
| Central Amcrica and Antilles,
teritic depesits hé.vs been Bound but of 1itlle if any economie
value. In Cuba the leterites have a high iron content, and in Haiti

4:1. P. Ko Z-for_se' op. cito Pp. 52—33.



19
they have & good alwiina concentration as to be used as ores,
| In Costa Rica lateritic elays were found as woathering procducts
of volcanic tuffs, but not in corrercial quantity. They have, as
all the eamples taen in Cemtral Amorica and the Antilles, a high
iron percentage. -
Furops.
Bauxite in Europe occurs in various countties: France,'flungary, Italy,
Rounanie, Yugoslavia, Grecce, Cermany, Ireland, ctce The following
references- are in relstion only to the mein localitiese.

Francoe .
The Fronch bauxite has been estensively worked since 1872,

The chief deposits ere in the Department of Herault and Ver, in as-
sociation with Cretaceous rocks, and sore authors believe that they
were formed by the action of therrmml waters..

The bauxite deposits hawdpeen under the action of dynamic agents,

suffering structural changes together with the other rocks.

‘Fig. 4, Sections cf bauxite as it occurs in Var, France. (After C, Fox).

Aralysis of a French baurite neoar les Baux:

510, 507
s 6060
Fezos 25.0 .

Hungarye ,
The beuxite deposits of Hungary together with the French ones ars

the most important ia Europe. They are of lower Cretcccous age and

are found bebweon a Triassic dolomite and Tertiary stmata. The struta h

42, C, S. Fox, BAUXITE A'D ALTLMIOUS IATZRITE, p 148,
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are faulted and tho bauxite occurc rminly in tho’doprc’?zions totwoeen

the ridges formed by faulting (42), as it may be seen in fig. B

Twhmy beds -

Do ln mite. %%w e

NE

© Soeo qe oo

wmeters,

Fige 5o Sketeh section near Gant, Hungary. (After Singewald).

The analyses range betgecn:

03 50 to 60
. Fe_ 0O 15 to 30
3.
518 2 to 4

Roumania. .
Bauxite occurs near the Bihar Hounteins associated with Upper

Jurassic likestorno, forming extensive deposits,. .

Its composition isg .

Si0 12,00
Alo% 69,00
3400

%5 15.C0

In many other Zuropcan loczlities bauxite has been foundy among
then therc; are of interest from the geological point of view those
found in Ireland and Germany waich are the result of weathering over
basaltic lavase

- Lsia,

Tro moet importantlocality in Asia where bauxite is Tfound is India,
It occurs in several places as & resudial product of flat;-lying basal=
tic lavas. Feany of the deposits were formed over the Deccan lavas which

43¢ Qe Do Singewald, "™ Bauxitc Denosits al Gant, Hungery”, LCON.GEOL,
vol. 33, o 7 ( Nov. 1938), pp 732.
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arc Upper Crotaccous in aree.

The relatione between tha basalt and the beuxite ha¥e been very

well established as it is shown in fige 6.

High Gvond-

— A = =

Bavyite

—— ———

/492 Feel.

Unalteved bousal)-

Fig. 6. Diagrammatic section of part of a typical laterite plateau
with baurite., (After TFox).

~ The following is en anclysis af a pisolitic bauxite from Indiag

S10 .66
402 8.50
21,05 58,40
Fe50, 1,51
1,0 51,54

Netherlands Indies (44).
. Those arev the rost important deposits of the Far Fast. The prin-
cipal ones occur in the island of Bintam. The ores have been referred

as aluminous lateritcs havinr an average composition as follows:

44, R, W, Van Bemelen, Op. cit. pp. 630-640,
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Al 0O 5%7%

Figog 13.5
510, 2,5
Ti05 1.2

Tey occur in the top part of granitic rocks, weathercd clay-shaloes,

and in c_on‘cact mnotomorphic hornfelsic shales.
Africa,
ateritc occurs in various palces in Africa, particularly in the

Atlantic seabomad in tho hinterlands of the Gulf of Guinea,
Gold Coeaste

Tis is tne moct important 10ca1ity in Africa. The baurite occurs
on the Kwehu plateau as 8 weathering prod';lct of shales, an;i~near Yiount

Supirrl as the laterization product of steeply inclined phyllites and

rnica-schists,

Anelysis:
Al50. 60,55
—- 5]
Te O:5 0,75
5102 l.42
0 25,59 ((45)

Australis,

Tha laterifes found in Australia are both highly ferrucinous or
highly aluminous varieties, In Viestern Australia they are associated
with granite, diorite, amphibolite, chiorite—schists, etece

The purposc of thém fefercnces about laterite and bauxite deposits
in diffcren.t places of the world is chiefly to illustrate and give exam—
pies of several of the cstatements that were mede at the beginnig of
the papere The analyses were given with the purpose of slmwing how
sore of thé con‘stituents, chiefly water and iron, vary widely from one
region to anbther,

———

45, Ps K, lLiorse, COp. cit. p.40.
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USES OF BAUXITE
Bauxite has meveral uses such ac manufacture of matallic alumi-

nuna, chemicals, abrasives, rofractories, coment, eotc.
tstallic aluminum. Tho largest amount of bauxite is used for extracting
aluminum, being this its principal use. |
Chomicals, Hext in use aro the chemicals. The principal ones made from
beuxite are: aluminum sulphate (using ore with no more than 2 per cent
of Fezos),' aluminun chlo;'ide, aluminum hydrate., sodium alumi(nate, etce
Abrasives. These are also important products made from certain quali-
ties of bauwxite, .

Cement and refractories made from bauxite are more expensive than thoss

made from other materiels, but they are appropriate foi‘ certain uses,

TECITIOLOGY OF ALIIULLe

MS is a broad subject beyond the limits of this paper; thus, only
a short reference is made here.

There are sevez;al processes to extract the aluminum from bauxite.
The earlier ones wore based dn the reduction vof aluminum chloride using
sodium amlganm as reducing agent. This method was first used b&r Henri
Saint Claire-Beville in France, as &n improvement of the Oersted-T7dhler
method which used potassium armlgan.

One of th@ﬁost outstanding methods, used during most of the years
af the aluminum industry, is the lall process which is based on the
fact that alumina is disolved by molten cryolite (Al Fy.ila F), at
about 1000° C, and then it can be reduced electrochemically (46).

Sinece 1941 several frzetl1oés have been used, trying fo obtain alumi-
nun from 1671 grade bauxites and clays. Among the most importent advan-
cements in the technology in the alumimir; industry is the combination

46, A, Von Zeerleder, THE TECITIOLOGY OF ALBIOITUL ATD ITS LIGIT ALLOYS,
few York, 1936, Gustav Fock, D.3.



24
of the so called Bayer end lime-soda-sintor processes sthich is in use
at the Government's Ilurricane Creek Alumina Plant near Bauxite, Arkansas,

This permits the use of low grade bauxite having 13-14 per cont of silica.

PRODUCTION

In 1941 the production of aluminum in the United States was
618,1.34,000' pounds and the consumption was 605,577,231 pounds. "How-
ever, 1941 was only the beginning of a new era for aluminum as the
Hation prepared for its gratest war, which could not be won unless
vast quantitie/s of the light, strong metal were available." (47).

Since then the production and the import of bauxite from other
countries, chiefly form Surinam, has supplied the actual needs for
the mnufacture of warfare Iirmplements.

The production in different countries is not discussed here, but

the following table gives the data from 1937 to 1941 (48).

World Produccion Of Bauxite, 1237-41. in letric Tons:

1937 193 1939 1940 1941

Australia .

Iew South VWales 6,793 442 820

Victoria 1,007 1,341 18,279 1,000 1,600
Brazil (exports) 8,770 12,928 7 82 14,365
Czechoiiovakia , 846 L, - 800,000
France 638,200 - 682,440 ° 20,000 700,000 700,000
Germany 18,2128 19,703 *, 186,906 20,000 25,000
Greece 137,412 179,886 50,000 50,000
Cuiana

British 305,533 382,409 433,653 700,000 1,089,333
_ Surinam 392,447 377,213 511,619 615,434 1,198,900
Bungary 532,057 540,718 485,000  647Q000 1,000,000
India 15,393 15,005 9,121 15,000 25,000
Indochina 7,000 160 530 118 1,000
Ttaly 386,498 360,837 483,965 530,000 600,000
ilotherlands Indies . 198,970 245,354 230,668 247,345 171,021
Portugese East Africa  ——-—o —— 180 1,030 1,000
Rumania 10,701 11,807 10,460 40,000 40,000
Southern Rhodesia ———— S, — ————e 1,000
Johore 19,305 55,965 . 93,787 63,787 20,000
U.S.S.R. 230,000 250,000 300,000 300,000 250,000
United States 431,898 511,808 445,958 445,958 208,525
TYusoslavia 354,233 3596 ,368 31682800 290,000 _ 300,000

5,746,600 3,849,000 4,805,800 4,693,800 6,596,900

47, #.A, Franke, YeEe Trough, BAUXITE A'D ALUILET, Iinerals Yearbook 1941,
48, Ibid.
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