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INTRODUCTION

Clay-like sediments composed mainly
of alumina and iron oxide and practically
devoid of silica were first described by
Berthier in 1821 from Les Baux, in south-
east France; such sediments were later
named “bauxite” from their type locality.
The term bauxite is now used for lithified
or unlithified, residual weathering pro-
ducts rich in alumina and low in alkalis,
alkaline earth and silica (Table 1 pro-
vides definitions of terms used in this
review). Frorm an industrial perspective,
bauxite is a natural material that can be
economically processed to high-purity
alumina in the Bayer Process, thus
making bauxite the principal ore of
aluminum.

Bauxite consists primarily of a mix-
ture of aluminum hydroxides. Gibbsite,
boehmite and, to a lesser extent, dia-
spore are the main aluminous minerals.
Other components, deleterious to al-
umina production, are ctay {(mainly kao-
linite), iron oxides, quartz, titanium ox-
ide, water and a variety of other
minerals.

Bauxite can be structureless, granu-
lar or earthy, pisolitic and concretionary,
massive or stratified, or largely pseudo-
morphic after the parent rocks. Older
bauxites that may have been subjected
to burial are hard and compact, with
boehmite and diaspore commonly
being the dominant aluminous minerals.
More recent bauxites are generally soft-
er, with gibbsite commonly being the
dominant aluminous mineral.

Bauxite is found throughout the geo-

logical sequence, from the Precambri-
an to the Recent. The distribution of
bauxite in geclogical time seems to indi-
cate that late Paleozoic, Middle to Late
Crelaceous and Middle to Late Tertiary
were favourable periods for bauxite for-
mation. This distribution is a result of
climatic and tectonic conditions which
favoured sustained weathering pro-
cesses leading to the enrichment of alu-
minum hydroxides. Such conditions
may also be characterized by thick ter-
restrial and paralic formations on shield
and shelf regions, extensive blankets of
sandstones and kaolinite clays, coal de-
posits, ferralitic soils and sedimentary
iron ore.

The geographical distribution of
bauxite suggests that bauxite deposits
can be grouped inlo large provinces
such as the Caribbean Province in Cen-
tral America, the Guyana Shield Prov-
ince and the Brazilian Shield Province in
South America, the Guinea Shield Prov-
ince and the Cameroon Province in Af-
rica, and the Australian Province. Small-
er provinces include those of indone-
sia and Malaysia, China, the [former]

USSR, Southern Europe, and Arkansas
in the United States (Fig. 1).

ALUMINUM PRODUCTION
Production of aluminum metal from
bauxile is a two-stage process. The first
stage, the Bayer Process, involves the
refining of bauxite ore, resulling in the
production of pure alumina. The second
stage, the Hall-Heroult Process, in-
volves the electrolytic reduction of al-
umina to aluminum metal.

Bauxite Production

Bauxite is the principal ore for the pro-
duction of aluminum metal. Most baux-
ite production comes from surficial de-
posits which formed in tropical or sub-
tropicat environments, located in areas
which are comparatively stable tectoni-
cally.

More than 80% of the world's bauxite
production is extracted from shallow
open-pit mines. Deposits are usually 2-3
m thick, and overburden is only a few
metres at the most. While some depos-
its are lithified, requiring explosives for
their mining, most bauxite is prasently

Available Alumina (A A}

Bauxite

Bauxite Ore
{Metallurgical Grade
Bauxite)

Chemical Grade Bauxite

Reactive Silica (RSI0O;}

Refractory and Abrasive
Grade Bauxite

High-purity aluminum oxide (Al,O,). Pure alumina
(100% Al,O4) contains 52.9% aluminum and 47.1%

Table 1 Definitlons of terms used in this review.
Alumina

oxygen.
Aluminum

Aluminum metal is the thirteenth element of the
Periodic Table. It is produced by electrolytic smelting
of alumina in the Hall Heroult plant.

The amount of alumina extractable in solution from
bauxite by the Bayer process, a hot, high-pressure,
caustic soda (NaOH) leach.

Bauxite is a soil or a rock formation which is
compased mainly of aluminum hydroxide minerals.
From an industrial perspective, bauxite is a natural
material from which alumina can be extracted in a
Bayer plant.

A bauxite body which is economically minable at
present or in the foreseeable future. Currently, its
composition would normally be >45% Al,O,, <20%
Fe,0, and <5% SiO,.

Commercial bauxite used for the production of
chemicals, mainly aluminum sulphate (alum). Bauxite
compaosition must conform to accepted specifications
for different uses.

Silica phases present in the bauxite, generally as clays
and fine-grained guartz, which cause caustic soda
loss in the Bayer Process. Quartz, if present as coarse
silt or sand, is unreactive in the Bayer Process.

Commercial calcined bauxite used for the production
of refractory and abrasive materials. Calcination of
bauxite reguires temperatures of 1600-1700°C.
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mined without explosives.

In 1989, ten countries produced more
than 1 million tonnes of bauxite. The five
leading producers in 1989 included Aus-
tralia (37.8 million tonnes), Guinea (17.0
million tonnes), Jamaica (9.4 million
tonnes), Brazil (8.2 million tannes} and
India (3.9 million tonnes). Total world
bauxite production in 1989 amounted to
102.9 million tonnes, these five coun-
tries produced 76.3 million tonnes, or
about 76% of the total.

Alumina Production
The Bayer Process, patented in Ger-
many by Karl Bayer in 1888, exploits the
relatively high solubility of aluminum ox-
ide minerals in causlic soda solution,
Following separation of the insoluble
residue (called red mud, and rich in iron
oxides and quartz) from the pregnant
solution, trihydrate aluminum oxide is
precipitated from the solution by cool-
ing and seeding with gibbsite. As a final
step, this oxide is calcined at abouwt
1000~C to produce high-purity alumina.
Certain features of bauxite deposits
control the efficacy of the Bayer Pro-
cess. The mosl important are the rela-
tive amounts of the alumina-bearing
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minerats, and the presence of deleteri-
ous minerals which also react with
caustic soda. The two main aluminum
oxides in bauxite react differently in
caustic soda solution: gibbsite is more
soluble than boehmite. Therefore, de-
posits in which the only ore mineral is
gibbsite have a lower energy require-
ment at the refining stage and are inher-
ently more valuable. Diasporic baux-
ites, which require more energy than
either gibbsitic or boehmitic bauxites in
their treatment, are less valuable. Other
minerals in the ore which react with the
caustic soda, such as clays and fine-
grained quartz, cause caustic soda
losses in the Bayer Process.

Four 1o seven tonnes of bauxite,
depending on its composition, are re-
quired to produce two lonnes of alumi-
na.

Aluminum Production

Electrolytic reduction of alumina (the
Hall-Heroult Process) was first applied
in aluminum foundries in Great Britain
and Switzerland in 1888-1889 to pro-
duce aluminum at an industrial scale.
The method had been independently
devised in 1886 by Charles Hall in the
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United States and Paul Heroult in
France. The invention of the dynamo
had made currents of several hundred
amperes available, and gave momen-
tum to the industrial production of
aluminum.

In a modern aluminum smelter, a mix-
ture of molten, high-purity alumina and
cryolite (Na,AIF ) is placed in a carbon-
lined steel box and a direct current of
50,000-100.000 amperes is applied at
approximatety 900°C. The box acts as
an electrolytic cell, with the box itself
being the cathode and carbon rods dip-
ping into the box forming the ancde. The
oxygen fromthe alumina is eliminated at
the anode, while the aluminum, being
denser than cryolite, accumulates al
the bottom of the box.

About two tonnes of alumina are re-
quired to produce one tonne of alumi-
num.

GEOLOGICAL CHARACTERISTICS
CF BAUXITE

Mineralogy

The ore minerals in bauxite comprise
several forms of hydratled aluminum ox-
ide: gibbsite (Al,0,+3H,0), boehmite

.
Chinese
Province

D

Cape York Peminsula
See Figure 3

)

S

Darling Range

See tigure 4
g v

Austrdlian Province &



Geoscience Canada Volume 20 Number 1

{Al,05°H,0) and diaspore (Al,04+H,0).
All three, white when pure, are aimaost
always coloured by impurities in the nat-
ural state. Gibbsite and lesser amounts
of boehmite comprise the ore minerals
in surficial bauxite. In rare cases, gibbs-
ite is the only alumina mineral present.
Diaspore-rich bauxites have usually un-
dergone burial and metamorphism.

Gangue minerals in bauxite include
iron oxides (Fe,03), quartz (Si0,), ti-
tania {TiO,), and water. Minor amounts
of clays, phosphate minerals, and un-
altered bedrock are often present as
contaminants.

Texture and Colour
Bauxile occurs in a number of textural
forms, ranging from earthy through
pisalitic to structured or massive. Later-
itic bauxites are generally structured or
pisolitic while earthy bauxite is more
typical of “terra rossa” deposits.
Bauxites are usually the colour ofiron
oxides, red to brown or yellow, but when
organic material is present they may be
black or dark green.

Bauxite Chemistry

The chemistry of bauxites is variable,
reflecting the geology of the parent rock
and the history and geography of the
deposit. A relatively complete analysis
of a bauxite ore would include: total
alumina (TA|203), total available alumina

(TAA), monohydrate alumina (MHA:!
boehmitic or diasporic alumina), trihy-
drate alumina (THA: gibbsitic alumina),
quartz, reactive silica (RSiO,: this value
shoutd be less than 4% and ideally less
than 2%), Fe,0,, TiO,, and loss on igni-
tion (LOI: combined water).

A number of these paramelers are
interdependent; specifically, LOI will be
high when THA is high.

Age

While there is no apparent reason why
bauxite deposits might not be of any
geological age, the ages of most depos-
its fall within a number of specific ep-
ochs. Major times of bauxite formation
include the late Paleozoic, the Middle to
Late Cretaceous and the Middle to Late
Tertiary.

It is difficuit to constrain the age and
time of formation of bauxite deposits
and to date the land surfaces upon
which they lie.

CLASSIFICATION

Bauxite deposils have been classified
using several criteria, including miner-
alogy, chemica! composition, geo-
morphology and host rock type. The
classification used herein divides baux-
ite deposits into two types based on
host rock. The first type includes those
developed in karst on carbonate rocks,
the "ferra rossa" deposits. The second
typeincludes those deposits developed
on other rocks and referred to as “lateri-
tic” deposits. Such a classification is
supported by genetic and paleogeo-
graphical considerations. Either type
may be subjected to burial or may be
reworked.

About 14% of bauxite production is
from terra rossa bauxite, about 85% is
fram lateritic bauxite, and the remaining
1% from allochthonous (transported)
bauxite (Bardossy, 1982).

GENETIC MODEL

Bauxite is the product of pedogenic pro-
cesses under weathering conditions
which are conducive to progressive de-
sitication and alumina concentration in
the residual soil. Such conditions are
prevalent in, but not restricted to, tropi-
cal and equatorial regions.

The general discussion on the origin
of bauxite which follows is based, to a
large extent, on the work done and con-
cepts developed by many workers. The
principal contributions to be acknowl-
edged are those of Hose (1960, 1986),
Grubb (1963), Valeton (1966, 1972),
Norton (1973), Duchaufour (1977), Bar-
dossy (1982) and Butty and Chapallaz
(1984).

Controls on Weathering
Processes Conducive to
Aluminous Residual Soils
The main factors in physical and chemi-
cal weathering which control the de-
velopment of aluminous soils are cli-
mate, vegetation cover, chemical con-
ditions, bedrock composition and tex-
ture, groundwater circulation, relief,
time and tectonic conditions.
Weathering is a function of tempera-
ture and amount of water percolating in
the bedrock. High, regular rainfall and
absence of low temperatures are impor-
tant factors favouring the developrnent
of aluminous residual soils in equatorial
areas. Abundant vegetation favours
mechanical weathering through root
penetration of the bedrock, production
of soluble organic compounds which ac-

"

celerate chemical weathering and alu-
minum concentration. It also limits
water loss due to evaporation, and pro-
tects weathering products from erosion.
Progressive desilication is promoted by
alkaline conditions which result from
base release in solution (hydrolysis)
during rock dissolution. Conversely,
concentration of hydrolized Al ions in
solution and their removal from soils
decreases draslically with increasing
pH. Formation of organometallic com-
plexes (chelates) and phenolic acids by
direct action of micro-organisms or
through leaching of organic matter has
animportant role in enhancing weather-
ing processes leading to alumina
enrichment.

in principle, there are no minerals ca-
pable of withstanding sustained
weathering conditions. Mineral phases
of bedrock are unsiable in the near-
surface environment. Weathering of
bedrock to a soil is the result of the
transformation of the mineral phases to
attain equilibrium with the prevailing
conditions. The order of mineral stabili-
1y is the reverse of the order of mineral
crystallization, and felsic rocks com-
posed mainly of teclosilicates have a
greater resistance to weathering than
mafic rocks which are rich in layer siii-
cates. Texture is also important be-
cause it affects porosily and per-
meability, which control the rate of solu-
tion of the mineral phases.

Groundwater movement is respons-
ible for the concentration of alumina
and the dissolution of many of the dele-
terious rock components. Ground con-
ditions which favour bauxite formation
and preservation (e.g., sink holes, pla-
teau areas) are an important factor in
the development of bauxite deposits.
The time required for bauxite formation
depends on a variety of factors. Under
favourable conditions, however, bauxite
deposits would be likely to form over a
period in the order of 100,000 years.
Tectonic stability is critical because it
allows chemical weathering to domi-
nate erosional processes. Continued
stability is essential to encourage pre-
servation of the deposit. Tectonic stabil-
ity appears to be less important for “ter-
ra rossa” bauxites than for lateritic
bauxites.

Aluminous Soil Formations

and the Evolution of Bauxite

The most important of aluminous soils
which can evolve to bauxite are lato-
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sols, andosols and podsols. The pro-
cess of ferralitization of one of these soil
types is considered an essential precur-
sor to bauxite in the sequence of ped-
ological evolution.

Latosols are lateritic soils and are
commonly confined to old peneplains in
warm, humid climatic regions. Amongst
the latosols, the “ferralitic soils” are par-
ticularly rich in Fe and Al oxides. The
Mediterranean and Caribbean alumin-
ous red soils (terra rossa) are ferralitic
s0ils.

Andosols are residual soils derived
from volcanic ash. They are commonly
rich in aluminous minerals and are
characterized by a dark, friable top-
horizon rich in organic material. The
development of andosols requires both
a humid climate and a parent material
rich in voicanic glass.

Poedsols form from weathering-resis-
tant, guartz-rich, coarse-grained, acid
rocks under humid, cold and temperate
climates, as well as in hydromorphic
conditions in coastal plains of tropical
regions.

Bauxitization of each of these soil
types involves a process of ferralitiza-
tion and the formation of ferralitic soils.
The process includes mineral destruc-
tion and the release of silica, iron ox-
ides, alumina and bases. Aluminum
and, to a lesser extent, iron are concen-
trated in the soil {(Fig. 2). The end resuit
of this process is bauxite.

Genesis of Karst Bauxites
Bauxite hosted in karsted carbonate
rocks is the result of ferralitization of
aluminosilicate residue derived from
the dissolution of limestones, volcanic
tuffs, or alluvial material from adjacent
formations, The theories on the genesis
of specific karst bauxites are, as a rule,
divided according to these alternative
parent rocks. Recent research (Lyew-
Ayee, 1986. Bardossy ef af., 1977) fa-
vours the concept of a volcanic source
for most of the typical karst bauxites of
the Caribbean and Mediterranean
regions.

Chemical and physical erosion are
preconditions to the formation and pre-
servalion of karst bauxite. Acidic condi-
tions promote carbonale dissolution.
This generates the karst-related poro-
sity and attendant internal drainage
which is critical to the removal of the
residual silicales Carbonate solution is
enhanced by high production of CO,
and intense nitrification as a result of
biodegradation of organic matter. Liber-
ated Ca ions encourage hydrolysis of
the silicates, destruction of two-layer
clays and precipitation of organometal-
lic complexes of iron and aluminum.

Residual phases from decarboniza-
tion are generally iron- and aluminum-
rich red ferralite (terra rossa). Residual
ferralite is transported during periods of
intense rainfall and accumulates in sink
holes and caves in the karsted carbon-
ate topography. Bauxitization is ac-

complished through progressive desili-
cation, which is most likely to occur
after redeposition of the ferralitic soil in
the karst cavities where optimum drai-
nage conditions prevai.

The paleogeographic selting of terra
rossa deposits at the time of bauxitiza-
tion is that of carbonate platforms de-
veloped in Mesozoic and Tertiary times
under tropical climates on microplates
of oceanic island arc bells charac-
terized by intense tectonic and volcanic
activity.

Bauxite Preservation

Bauxite formation may last from
100,000 to a few million years and sta-
ble tectonic and paleogeographic con-
ditions are critical for the development
of the bauxite profile and for the preser-
vation of the newly formed bauxitic ma-
terial. Ferricrust formation (as at the
Darling Range bauxite of Australia, see
below) or resilication (as at the Az
Zabirah bauxite of Saudi Arabia, see
below) at the top of the bauxite profile
may have had a role in preserving the
underlying bauxite.

Erosional processes involving trans-
portation and redeposition of bauxite
affect all bauxites to varying degrees.
Drastic reworking by continued dissolu-
tion and accumulation of ferralitic ma-
terial in sink holes and caves of the
carbonate host is characteristic of karst
bauxites. Minor to large-scale rework-
ing from the edges of elevated plateaux
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and redeposition into fringing fluvial
channels have been observed in many
lateritic bauxites.

Changes of the local base level are
critical to bauxite preservation, proba-
bly more so for lateritic bauxite than
karst bauxite because of the added pro-
tection from erosion provided by the
carbonate host of the latter. A drop of
base level inevitably leads, over pro-
longed time, to total erosion of the haux-
ite profile, while a rapid rise as a result of
enhanced tectonism may trigger high-
energy sedimentary processes, caus-
ing the destruction and dispersion of
bauxite in the new sedimentary regime.

Epeirogenic tilting may tead to the pro-
gressive burial and preservation of de-
posits under sedimentary cover.

EXAMPLES OF BAUXITE DEPOSITS
Laterite-type Bauxite

Weipa, Australia

The Weipa deposits (Fig. 3) are located
on the western side of Cape York Penin-
sula in northern Queensland, Australia.
Bauxite covers an area of more than
800 km2 and “inferred resources” of
approximately 3700 million tonnes are
claimed. Production in 1989 from the
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operation was 9.7 million tonnes.

The Weipa bauxite deposits are de-
veloped on the sub-horizontal Weipa
Formation of probable Tertiary Age. The
Weipa Formation lies unconformably on
Cretaceous sediments and consists of
partly bedded kaolinitic sands and clay
units with some beds of rounded quartz
pebbles. The maximum thickness of the
Weipa Formation is approximately 30
metres. Grubb (1971) drew attention to
the high permeability of the sedimenis
present below bauxite in the Weipa
area.

The bauxite is developed on flat pla-
teaux extending up to 50 km inland from
the sea. These mesas are thought to
represent remnants of a Tertiary fand
surface (Evans, 1965). The mesas
stope gently west at an average grade of
about 1.5 mekm-1. The present-day cli-
mate is monsconat, with a short sum-
mer wet season and a rainfall of 160 cm
per year. Average monthly maximum
dry-bulb temperatures vary from
30-35°C.

A typical bauxite profile in the Weipa
deposits consists of about 3.5 m (range
of 1-10 m) of loose pisolite-rich material
overlying an iron-rich concretionary
layer which may be cemented. Locally,
the pisolite layer is overlain by soil up to
1 m thick. The interstices of the pisolitic
bauxite are filled with lcose sandy clays.
About 80% of the dry crude ore is re-
covered as product. The Weipa profiles
are weakly stratified and tend to be rela-
tively more boehmitic towards the top of
the profile. Grubb (1971) concluded that
the high boehmite content was related
to a lower leaching rate during profile
development. On average, boehmite
makes up between 5% and 20% of the
available alumina minerals,

Tectonic activity was not entirely ab-
sent from the Weipa area. Broad warp-
ing of the Tertiary land surface oc-
curred, so that the Weipa area is on the
western limb of a broad anticline, or
possibly along a broad synclinal warp.
However, Grubb (1871) considered that
the Weipa deposit was the most stable
of the Australian bauxite deposits.

Darling Range, Australia
Bauxite deposits of the Darling Range
area of Western Australia (Fig. 4} are
located belween 31° and 34° south lati-
tude, in a zone approximately 50 km
wide between 116° and 117° east longi-
tude.

The bauxite deposits occur on a dis-
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sected undulating plateau and the bulk
of the bauxite is present between 250 m
and 340 m above sea level, although
some of the bauxitic rock extends to
approximatety 550 m above sea level.
Slopes in bauxitized areas have mean
gradients between 5° and 9° (Baker,
1975).

The bauxite deposits of the Darling
Range occur as a number of separate
bodies which show varying amounts of
clustering. Where individual deposils
are grouped, they may be separated by
30-300 m (Webb, 1980). The deposits
are located on the flanks of ridges and
individual deposits cover an area of
10-25 ha. Typically, the deposits aver-
age ~5 m deep and are overlain by <1 m
of overburden.

The alumina content of the Darling
Range bauxile grades between 25%
and 38%, with all of the alumina present
as gibbsite. The impurities are mainly
iron oxides and silica, present as quartz.

The hosts for most of the Darling
Range bauxite are coarse-grained gra-
nitic rocks with lesser amounts of acidic
gneisses. Locally, some younger sedi-
ments have been bauxitized, but these
appear to be anomalous. The presence
of gold in the bauxite profile in the Bod-
dington area attests to the residual na-
ture of the bauxite.

Buried Laterite-type Bauxite

Az Zabirah, Saudi Arabia

The Az Zabirah bauxite (Fig. 5) was
discovered in 1979 in a remote desert
region of northeastern Saudi Arabia,
where it is discontinuously exposed
over a sirike length of approximately
100 km.

The bauxite is developed along a ma-
jor angular unconformity of fate Early
Cretaceous age which truncates a suc-
cession of sandstones, siltstones and
mudstones of probable Late Triassic to
Early Cretaceous age. It is overlain and
progressively buried by Late Creta-
ceous terrigenous clastic and carbon-
ale rocks. The bauxite is preserved at
surface over an area of 250 km? and is
known to occur below surface to adepth
of >80 m (Black ef al., 1982, 1984).

The bauxite profile averages ~6 min
thickness and can be subdivided into
three zones: the Upper Clay Zone, the
Pisolitic Bauxite Zone, and the Lower
Clay Zone. Commercial-grade bauxite
is preserved in discontinuous layers
and pockets up ta 3m thick in the middle

pisolitic zone. Bauxite and clay minerals
form the bulk of the profile, and iron
oxides are a major component only in
some areas. Minor components are al-
unite, gypsum and calcite, as well as
residual zircon, tourmaline, staurolite,
kyanite and titania. Quartz is generally
<1%. Both boehmite and gibbsite are
major components in the bauxite, while
diaspore occurs locally in minor
amounts. The boehmite to gibbsite ratio
is 2:1. Boehmite tends to increase down
the profile.

Kaolinite is the main silicale mineral
and dominates in the Upper and Lower
Clay zones. In the Upper Clay Zone,
kaolinite is hard and compact, and ap-
pears to have formed by downward re-
silication of bauxite minerals, This pro-
cess took place prior to deposition of
the terrigenous clastic rocks that fringe

and overlie the bauxite.

The Az Zabirah bauxite was de-
veloped over a geologically short period
during Middle Cretaceous time (Albian-
Aptian). The main controls leading to
bauxite formation are interpreted to be
stable tectonic conditions and tropical
paleogeography of the region during the
Middle Cretaceous, as well as good per-
meability and high kaolinite content of
the parent clastic lithologies.

An evaluation drilling program was
conducted over the deposit during
1980-1982 (Black ef al., 1982). A total of
~7900 m was drilled in some 360 holes,
with an areal spacing varying from 5000
m x 500-2000 m x 500 m. Some 200
million tonnes grading 57% Al,O,, 8%
Si0, and 10% Fe,0; at 14% SiO, cut-off
have been delineated: they have been
classified as “indicated subeconomic
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resources”. Of these, 94 million tonnes
grading 57% Al;Q,, 6% Si0; and 1%
Fe,0, at 10% Si0, cut-off have been
classified as “inferred reserves”.

Terra Rossa Deposits

Jamaica

The main production of bauxite from
terra rossa lype deposits comes from
Jamaica (Fig. 6). From 1952 (when in-
dustrial mining began) to 1971, Jamaica
was the world leader in bauxite produc-
tion. Production to 1989 totalled 304
million tonnes, and total reserves are
estimated at 2 billion tons (Lyew-Ayee,
1984).

The bauxite occurs as infill of karst
sinkholes, pipes and caves developed
in the Late Eocene-Miocene White
Limestone which covers most of Jamai-
ca. Deposits are highly irregular in
shape and vary greatly in size, ranging
from small pockets only a few centi-
metres thick to large bodies up to 30 km
iong and up to 30 m thick. The average

thickness is ~7 m (Patlerson et al,
1986). The contact with the limestone
hostis generally sharp. A thin seil cover
composed of clay and limestone gravel
commonly conceals the bauxite.

High-grade bauxite deposits are con-
centrated in the central part of the is-
land and are located on elevated pla-
teaux between 300 m and 1000 m above
sea level {plateau deposits). The pla-
teaux are characterized by higher pre-
cipitation (>500 cm per year in places)
and better drainage, and they common-
ly represent the upthrown block of a
major fault. Bauxite is usually soft and
earthy, and typically dark red (terra
rossa) due to the high hematite content.
Goethile predominates over hematite
in the lower grade yellow bauxites that
are found closer to the water table at
lower elevations (valley deposits).

The Jamaican bauxites consist of a
mixture of predominant gibbsite, lesser
boehmite and abundant iron oxides as
the major components. Boehmite con-
tent ranges from <3% (Jamaica-1 baux-
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ite; Hill, 1977) to 5-20% (Jamaica-2 and
Jamaica-3 bauxite). Iron oxide content
is generally >10%, predominantly hem-
atite in Jamaica-1 and Jamaica-2 baux-
ites, and moslly goethite (20%) in Ja-
maica-3 bauxite, Kaolinite is the main
clay mineral, and typically accounts for
<3% of the composition of high-grade
bauxite. Impurities rarely exceed 5%,
and include quartz, titania, manganese
and phosphate minerals.

The composition of a typical metal-
turgical-grade Jamaican bauxite is
~50% alumina, ~20% iron oxides, ~1%
Si0,, ~3% impurities, and ~25% com-
bined water. Free moisture is approxi-
mately 20%. Because of the mixed
gibbsite-boehmite composition, a high-
er temperature madification of the Bay-
er process is used to extract alumina
from Jamaican bauxite.

The genesis of the Jamaican bauxites
has been the subject of extensive litera-
ture. Three main hypotheses have been
proposed. The “residual limestone” hy-
pothesis (Hill, 1955; Sinclair, 1967} post-
ulates that the bauxite is the result of
limestone weathering. The “alluvial hy-
pothesis” (Zans, 1959; Bumns, 1961) sug-
gests that bauxite derives from weath-
ering of volcanic, plutonic and sedimen-
tary parent material transported in the
limestone host by surface and under-
ground afluvial processes. The "volcan-
ic ash” hypothesis (Comer, 1984; Lyew-
Ayee, 1986) maintains that bauxite is
due to weathering of volcanic ash.

EXPLORATION METHODS

Initial area selection will depend on po-
litical as well as geological factors. Of
the geological factors, climate, relative
tectonic stability, age and type of rocks
will be important.

Application of the genetic medel for
bauxite deposits shows that the areas
most likely to contain economic depos-
its will have been tropical or near tropi-
cal al the time of bauxite formation. The
rainfall of any area prospective for surfi-
cial bauxite deposits is likely to be com-
paratively high. Present-day climates
are indicative of climates in the near
past, at least in stable geological areas.
These considerations are less impor-
tant in the search for buried deposits.
Geological age would probably be the
major discriminating factor in selecling
areas o explore for such deposits.

Remote sensing may be useful in def-
ining more highly prospective areas,
and reconnaissance radiometric sur-
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veying is a valuable broad-scale explo-
ration tool. Many “terra rossa” bauxite
deposits will have a radiometric re-
sponse of the order of 10x background,
while bauxites developed on sediments
will likely have responses in the range of
2x 10 3x background. Unless potential
bauxites are lithified, a hand auger will
be an effective sampling tool in early
stage exploration.

Assaying remains a problem in baux-
ite testing, as reproducibility is difficult
to achieve. Initial assaying should pre-
ferably include TAu,o,- Si0,, Fe,04,

TiO, and LOI. Loss on ignition is still a
valuable field-assay technique for baux-
ite reconnaissance, particularly when
there are delays in oblaining assay re-
sults. Combined H,0 is »34% in gib-
bsite and 15% in boehmite and dia-
spore. If gibbsite and hematile are the
only Al and Fe oxides and only minor
clay is present, ignition loss provides a
rough estimate of the alumina content
{Chowdhury et al., 1965).

Devetopment drilling is typically car-
ried out in a grid pattern in the flatter,
surficial bauxite deposits. Drill centres
would likely be 30-50 m apart. The test-
ing of “terra rossa” deposits is more
complex, as grade variation between
separale sink holes may occur and the
bauxite-carbonate contact may be
highly irregular, leading to mining and
recovery problems.

CONCLUDING REMARKS
Both lateritic and karst bauxites are the
result of desilication of ferralitic soils.
Lateritic bauxites are derived from a
variety of parent materials, and formed
in a variety of paleogeographic settings,
although stable continental shelves and
shields are prevalent. Conversely, most
of the known karst bauxites formed in
tectonically active oceanic island arc
settings in tropical climatic conditions,
and likely derived from a combination of
carbonate and volcanic parent material.
Relatively short times of teclonic and
paleogeographic stability of the ocean
arc setlings may require bauxitization
processes leading to karst deposits to
proceed faster than in more stable con-
tinental environments typical of lateritic
bauxites. An alumina-rich composition
of the parent rock (such as a soil cover
rich in volcanic ash), the tropical cli-
mate, and excellent drainage condi-
tions of the carbonate-host terrain are
the likely crucial elements for the accel-
erated bauxitization process required

in these mobile belts.
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