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LIATERITE IN AUSTRALIA

- SUMMARY, _

Iaterites are widespread throughout Australia.
Their origin and occurrence are related to Tertiary tectonic
and physiographic history and their distribution accords in a
broad way with present-day physiographic regions. Typically,
an upper concretionary zone, ferruginous and aluminous, passes
downwards to zones of residual weathered rock distinguished by
differing proportions of iron o:ide, alumina and kaolinitic
material, In the drier parts of northern and central Australila
and the western plains of Wueensland an upper, concretionary,
ferruginous zone passes down to a mottled kaolinitic zone,
through a nallid kaolinitic zone, to less weathered parent-
rock., A zone of secondary silicification may be present. The
proportion of Fe O decrcases from the surface downwards, In
the Eastern HighlTands, where many of the laterites have formed
on basic igneous rocks, the upper concretionary ztig may be
succeeded in twrn by ecarthy, nodular, and granular laterits,
kaolinitic clay and weathered rock. The proportion of F6205
below the concretionary zone may rcmain wirétmmlly constant,
In arsas of rolatively high and uvniform rainfall, generally
along portions of the coast and of the Eastern Highlands, the
latorites are markedly aluminous. :

Australian latoritcecs typically occur as surface
cannings on flat-topped hills and tablslands,.,. These are
residuals of an early Yertiary mature erosion surface, commonly
referred to as a peneplain, It has gensrally boeen accepted
that the laterites devcloped as a result of prolonged weathering
and leaching of thc surface rocks, possibly under warmer and
moister climatic conditions than those that prevail at present,

The prolonged wocathering postulated for lateritization has bsen
linked with that which led to the develo-ment of the very

mature early Tertiary surface or peneplain, ahnd following this
to a logical conclusion the two surfaces 'laterite' and
"heneplain® have practically been regarded as synonymous.
Epeirogenic uplift and rejuvenation of dralnage significd the
end of the peneplain and also of the period of lateritization,
However, in somec areas shcct-like deposits of laterite follow
the slopes of prec-lateritc valleys, and hore at least uplift
and re juvenation of any earlier pceneplain must have taken
place before the laterites wocre formed,

Because of the absence of Tertiary sediments that
contain suitable fossils the age of the laterites can, in few
places, be detormined within close limits, They have generally
been thought to havo dcveloped during the Miocone. Howevor,
evidonce is accumulating that the necriod of still-stand to
which the lateritization is related dates back at lcast to the
Oligocens,. ©Some lateritcs formed as carly as mid-Eocenc time,
and in a few restrictod localities lateritlization appears to
havo pcrsisted for some time after the ond of the iliocens.

Lo INTRODUCTION

_ Lateritic deposits arc known throughout Australia,
In occuirencc and origin they are linked with Tertilary tectonics
and physiographic history., A brief review will be made of the
tectonic history of the continent since the Mesozoic and its
present-day physiography. This will be based on David, 1950
(odited by W.it. Brawno) and tho succeeding scctions on laterito
will be drawn in vart from David (1950), Prescott and rendleton
(1952) and Owen (1954), These authors give numcrous rcforenccs
of which only a few will be ropeated herec.
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TECTONIC HISTORY

Excepting a small coastal area in southern Queens-:
land where Mesozoic rocks were foldcd at about thc end of the
Cretaceous the Australian land mass has not becn subjected to
orogeny since the end of the Palaeozoic., Epeirogemic movements
during the Mesozoic and Tertiary resulted in both uplift ond in
sinking of the continent as a whole. Portions of ths continent
experienced greater uplifts than the average and these are
included in the principal highlands. It may be assumed that
they initially had a somewhat higher elevation than the average,
particularly within the boundaries of the arca occupied by the
folded, intruded and metamorphosed rocks of the Tasman Geo-
syncline, Other regions lagged bechind as lowlands, sunklands
and marginal basins, Uplift at the end of the Cretacecous was
succecded by a long period of stability accompanied by weathering
and erosion which resulted in the development of very mature or
sonile land forms early in the Tertiary. The opinions of most
Australian goologists in the past go further than this, and
imply early Tertiary pconeplanation. Over practically the ontlre
continent erosion had become negligiblc and the surfaco was
encrusted with the products of prolonged woathering and leaching,
In other words, over vast arcas, 1t had becomo lateritizod,

The surface capping, which Woolnough (1927) tormed "duricrust”,
varies in composiltion from vplaco to place ranging from ferruginous
to siliccous and aluminous. The term 'laterite” has been
apolicd in Australia and elsewherc to the ferruginous and
aluminous cappings. The siliccous cappings originated through
deposition of the silica leached from the weathering rocks,
Although 1t 1is a product of latcritic wocathoring many workers
prefer not to classify it as a type of latorite. Later this
silicoous materinsl will bc related more dircctly to its modec

of origin by tcerming it a silicificd zonse of a latcritic
profile, '

Epeirogenic movemonts during the Tertiary included
at lecast a minor uplift in Eastorn Australia during Eocenc or
Oligocoene, continont-widc diffcerontial clevation about the ond
of Miocene and a general unlift towards thec end of Pliocone.,
Throughout most of Australia thc very mature or scnile erosion
-surface already described had developed probably ocarly in the
Tortiary and cortainly beforc tho end of the Miocene. In tho
Bastorn Highlands this erosion surface did not reach such an
advanced stage of maturity. The iiocene uplift resulted in
dissection of the mature carly Tertiary surface. Re juvénated
streams cut wide Plioceone valleys into it. In thc intsrior
the valleys widoned out as broad plains botween flat-toppcd
lateritized rermmants of the early Tertiary surfoce. Tho latoe
Pliocene uplift rosulted in further rejuvenation and crosion,

The Tertiary movcments in thc Eastcrn Highlond
Bclt werce accompaniecd by vast outpourings of basalt, "Oldor
Basalts', probably mainly Oligoconc but in part oldor, flowod
over large areas in New South Walcs and extondcd into south-
castorn Queensland and castern Victoria, They fillod valleys
that had been eroded since the carly Tocrtiary uplift. Apparontly
they werc 1little affected by erosion and their surfaces bocame
lateritized., 'Newer Basalts’, Pliocenc in age, coversd portions
of Queensland, Victoria and Tasmania., Pliocene basalt at Myalla
in north-wostern Tasmania has apneorently beon bauxitized but
clscwhere the Newer Basnlts show no evidence of latecritization,

The "epeirogenic movemonts resulted in local warping,
faulting and tilting particularly in the southern part of
oastern Australia, Resultant obstruction of drainage and tho
damming of rivors by basalt flows was followed by lacustrinc
gsedimentation over parts of the carly Tertiary maturc surfacos
and their lateritic cappings. -
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PHYST OGRAPHY.

The Australian continent comprises three main
topographic regions - the Great Wostern Plateau, tho Central
Bostern Lowlands, and the Eastern Highlands. The Great West-
ern Platecau occupioes more than half the contincnt and much of
it is underlain by a pre-Cembrian shield, Its surface clevation
is mainly less than 2,000 fest., Throughout its area topographic
rolief is provided mainly by flat-topped, lateritic ressiduals
of the mature carly Tortiary surface or penoplain, The Contral
Eastern Lowlands has an oclovation goncrally loss than 860 foet,
Much of it is underlain by Crotaccous and carly Tertiary
sediments, Its surface oxtonds as broad cxpanccs of plain
cbove which rise lateritic rcmnants sssentially the samo as
those in the Western Plotcau, The Bastern Highlands consist
of differontially upnliftcd portions of the early Tertiary
erosion surfaccs, deeply dissccted in the castern margin, and
sloping down gradually on thc west to thoe Contral Eastorn
Lowlands, The Highland Bclt is wunderlain in part by folded. .
goeosynclinal sedimonts, moctamorphic rocks and granites and in
part by Tortiary basalts. In Quecnsland tho greater part of
the surface is below 2,000 foct,. It attains grecter clovations
in New South Valcs, Victoria and Tasmania., The highest
2ltitudes oxccod 6,000 fect in the Kosciusko Platcoau of southern
New South Wales.

LATERTTE
Gencral

Lateritic doposits arec kmown throughout ecach of tho
threc physiographic rogions. They have 2all becn formed in situ
by weathoring of the undorlying rock, Alkalis and alkaline
carths and much of the combincd silica have becn removed by
loaching oand the residual matericl is composcd essentlally of
varying proportions of ferric oxide usually hydrated, hydrated
alumino, and titmnia, Hydrous aluminium silicate, kaolinitic
in typc, persists where latoritization is incomplctc., Where
drainage has been poor, generally in the hot and arid interior,
8ilica has becn re-deposited and forms an additional componont
of the lateritic tcrrain.

Typical Australion latcerites consist of an uppcr
ferruginous and aluminous concretionary zone that merges
dowmwards through a mottled zone in which ferric oxide is
irrogularly distributed to o pallid or blcached zonc in which
the propertion of ferric oxidec may be markedly reduced, The
concretionary zono commonly consists of o pisolitic capping of
hydratod iron and aluminium oxides and this may be succocded by
a tubular, vermiform or massive laycr similar in composition.
Tho mottlecd zonc may also bo dominantly ferruginocus and
aluminous or it may consist simply of mcttled clay in which
the proportion of frecc alumina as distinct from hydrous
aluriinium silicate is quitc low. The pallid zonoc may be
entiroly kaolinitic and almost dcvoid of forric oxide., In
other arcas its upr~or portion is gronular where developed over
basic igncous rocks and contains o high proportion of free
alumina and ferric oxide as wcell as hydrous acluminium- silicato
or kaolin, Tho ferric oxide of the conerctionary zono in
domp climatos occurs largely as hydratod oxidc covered broadly
by the term limonite. In norc arid climates the oxidss tend
towards gooethitc, turgitc and hoematito, The alumina is
proscnt partly in tho crystallinc form as gibbsite A1(OH)z and
partly cmorphous as cliachite which h~s the composition o%
gibbsite modifisd by a small proportion or staining of hydrated
ferric oxido, Boehmite, A10.0H, occurs in somc Australian
latoritos ¢.,g. in dry inland arcas and in the Eastern Highlands
whore thoe trihydratc has beon partly dehydrated by basalt flows,
Silica is presont as quartz dorived from the parent rock, as
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amorphous and cryptocrystalline silica precipitated from
ground water, in aluminium silicates residual from QGgomeSed
parent rock, and in hallaysite formed from the re-s%llcatlon
of gibbsite and cliachite. DMeny investigators consider that
the concretionary zone of a laterite is the B horizon o@ a
fossil soil, the A horizon, having been removed by erosion.
In certain localities in Queensland (Bryan, 1939), western
Victoria, north-eastern Tasmania, South Australia and.Western
Australia (Stephens, 1941, 1946) the pisolitic layer is overlain
either by sand or by a red loam which is thought to represent
the A horizon,

Laterites are not affected by sub-aerial weather-
ing and their preservation means essentially freedom from
erosion. The rost extensive deposits now remain in the stable
Great Westcrn Plateau and in the Central Eastern Lowlands,

In the Eastern Highlands lateritic deposits persist along
divides and necar the headwaters of streams, Some of Fhem in
the loss elevated areas of Queensland are very extcnsive,
Other deposits farther south remain under protective covers of
basalt and of fresh-water sediments. :

Climate, Drainage, and Parent Rogk

Apart from the pro-requisite of prolonged weathoring
free from mechanical erosion the thicknoss, internal structure
and composition of the laterite that has developed in any area
has been influenced by rainfall and tomperaturc, drainage, and
paroent rock., The effeots of those agents are not complctely
separable, Adequate drainage to dispose of tho products of
loachlng, in particular of silica, is possible only if an
outlet is avallable, and only if rainfall is sufficicnt in
hot tropical and inland arcas whorc the ratc of cevaporation is
high., The character of the laterite depends on the type and
composition of parent rock, but a particular rock-type rocsponds
differently to lateritic wcathering undor different conditions
of rainfall, temperature and drainage. In tropical Australia
weathering has procecded to greater dopths than in the temperate
or cool temperate areas of the south., Furthermore in tho
tropical climates lateritization has proccedsd over practically
all types of rocks, sedimontary, igncous and metamorphic. In
the cooler climetes, it seoms to have boen largoly rostricted
to basic igneous rocks,that are susceptible to wecathcring, In
the inland where the climate is hot and the rainfall inter-
mittent or seasonal resulting in neriods of dessication the
surface capning is highly forruginous and the proportion of
free alumina is low, The absencc of good drainagc in those
areas has resulted in widesprcad re-dcposition of silica and
the formation of siliceous laterites or of silicified zones
within and below the laterite., In regions of more continuous
rainfall, which in Australia arc essentually in the coastal
regions and in the Eastern Highlands, the proportion of ferric
oxlde in the lateritc is lower and that of alumina higher,

The composition of the paront rock is commonly
roflccted in that of the lateritc. In the warmor regions
aluminous sedimonts and igneous and metamorphic rocks of
granitic composition, viz., rocks that do not contain an
exceptionally high proportion of iron oxide, yield typical
laterites, Basic rocks genorally yicld highly ferruginous
laterites,. On sandstones and quartzites the laterite is poorly
developed as a thin zone of ferruginous pisolites or concretions
passing down into iron-stained weatherod parent-rock, A
silicified zone may be formed above or within the weathercd
sandstone,
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LATERITES OF THE MAIN HYSTIOGRAPHIC REGIONS

THE GREAT WESTERN PLATEAU

dﬁneral

- —

The Groat Western Platcau covers nearly all of

We storn Australia and thc Northern Territory and north-westorn
South Australia, Littlc of its surface attalns an elevation

of more than 2,000 feect, It is highest in the interior and
slopes very gradually towards the coast on the north, west and
south and towards the Central Eastern Lowlands on thb east,

In the intoerior, mesa-like lateritic residuals of the carly
Tertiary mature erosion surface or poneplain rise above very
extensive Pliocene plains, In Vsestern Australia the. residuals
cormmionly have heights of 30 to 100 fect, and where dissection
has been decper, in the Kimborley rogion of the north,the
heights approach 300 fect, At Darwin on the north coast of

the Northern Torritory the lateritic surfacc is only 30 foet
above sca lcvel, Parther cast at Cobourg Peninsula it slopcs
bonocath the sca, East of the Macdonnell Ranges, in Central
Austrnlia the lateritizecd surfaco i1is cut up into moesas and
tablelands rising to 400 fect above plains and broad, alluviated
valleys., Similar type of country extends into South Australia
vhero it is well-developcd in th. Ccntral Eastern Lowlands,

Northern and Contral Parts of Plateau

Excepting somo aluiinous or bauxitic deposits
along the Arnhem Lend coast these laterites have not boon
cxanined in dotail and no analyses of them arc avallable. In
the inland parts of Northern Australia (Noakes and Traves,

1949) a fully developed or commletely intact lateritic proflle
may contain four zones, eoxcluding an A horizon offsurfacoc soil,
They arc sumarizcd in Table I,

TABIE I. GREAT PLATEAU., TYPICAL TATERITIC rROFIIE
IN NORTHL,RN AND CENTRAL REGIONS

Zone Composition and Texturo Remarks

Herru- High proportion of iron and alunm- May extond down
rinous inium oxides, Ranges from nassivo to 12 fect, ard
' naterial to scattercd ironstono rocrges into

concretions, Generally roed or brown |riottled zone,
in colour,

-~

Mottlod Knolinic matorial with patches of Staining |Mottlec
iron-stainingse Moy show traces of becomes |and
structure and texture of parent less ovid|pallid
roclk, ent with |[zones

dcpth & nay
mottled cxtond
zone paswg to
dovm into| dcptls

pallid of 40
- jzone. to
50
Pallid Whitc koolinitic matorial; 1little Merges feot,
iron staining. May show traccs of dowvnward

structurc and texture of parent rockliinto par-
: : ‘ lont rock,

Bilicified | Zono of secondary silicification Position in

in any part of nottled and iprofile not

pallid zones, or as a basal regular, May

horizon, jeven occur in
iferruginous
tzone or os
fsilicification

of -parent rock,
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Durable cappings to tablelands and mesas are forned
of the resistant ferruginous and siliceous zonos including
silicified pallid zone, and in places tho mottled zono.,

Ferruginous loterites are widesproad in the northern
and central rogions of the Great VWestern Plateau, Silicified
pallid zone developcd on Lowzr Crctaceous shales forms the
resistant cappings of residuals in the Northern Territory betweon
Katherine and Darwin (lockes 1949) and in parts of thoe Barkly
Tablcland, Silicified saondstone or quartzite which has boen
termed "illy' and “desert sandstone* is commonly grey and
vitreous., It hos been described by Woolnough (1927) as opaline
quartzite or sandstone. It occurs in northern Qucecnslend and
is found mainly as boulders at many places in thc¢ central and
southern portions of the Worthern Territory. Because of their
resisteonce to crosion the boulders and fragments of billy”
remain strewn across plains and ridges and concentra ¢d in
creck gravcls after other evidence of lateritization has becn
removed., These silicecous fragments contributc largoly to stony
plains of the arid interior callod "gibber"” plains,

Reglon of the Ord and Victoria Rivers., In the region of the Ord
and Victoria :iver systcms on cither side of the border betwoen
Western Austrolia and Northern Worritory, Traves (1955) has
mapped two types of lateritc, Onc, developed on fins-grainocd
sedinents, displcys the four typicol zones in its profile,

viz, ferruginous, mottled, pnllid, and silicified, In thc other
type, devoloped on basic volcanic rocks, the ferruginous zone

is gencrally vernicular rather than concretionary, The ‘mottled"
zono has & fairly evon roddish-brown colou: with little or no
mottling but rather a fine spcecklsd eppearance. Therc is no
definite pallld zonc. The colour fadecs through pink to the groy
of thc decomposcd volcanics. This profile rescrblos in a general
way those notod by Owen (1954) over basic igncous rocks in
Eastern Australia (see Tnble 5).

Arnhom Land Coast

Along tho coast of Arnhcm Lond thoe rainfall onnecors
to bo nore svenly distributed than in other portions of Northorn
Austrolia, A closcr covor of vegaetation helps to ensurc moisture
in the soill and proxinity to the coast has pormitted rioro cfficiont
drainage and leaching than farther inland., The laterits here is
bettor described as aclurinous than ferruginous and deposits that
havs been investigated in rccent ycars (Owen 1954: Gardner, 1957)
have large reserves of bauxite suitable for the production of
aluninium, ILatcrites have been derived from Archcean grenitic
rocks and from Upper Protorozoic shales, fclspathic sandstones,
and felspathic and micacoous siltstoncs, A typical scction fron
%ogi P%ninsula at the north-cast tip of Arnheri Land is given 1in

able 2:

TABIE 2, GOVE PENINSULA, NORTH-EAST AiNHEM LAND

LYYPTCAL SECITUN THROUGH LATERITE

-

Saction - Thicknocss
Oolitio and pisolitic-bduﬁitc N | Up to 15 foot
Nodular bvauxite Approx. 2 fest
Comipact amorphous bauxite Up to 1 Toot
Tubular laterito Up to 12 fout
“Psaudo~-conglomerato” Up to 10 foct
Lithomarge (2) Approx, 2 foot

Weathered felspathic sedinent Thicknéoss not observed.
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A typical pisolite is spherical, about % inch in
diameter, and is formed of concentric shells of brick-red, dull,
earthy cliachite (?) surrounding a red-brown sub-vitreous or
resinous coro of cliachite, The nodules are i inch to % inch
diameter, almost spherical, and they closely rosemble the pisolites
in texture and structure., Some nodules enclose groups of
pisolites., Comnact amorphous bauxite occurs at many localitiecs
on Gove Peninsula as on aponroximately horizontal shect at ths base
of the nodular bauxitc, It is textuicless and dense and resombles
in apnocarance the cores of the pisolites, although it is very
pale brown rather than rediish-brown in colour. The tubular
laterite is reddish or reddish brown and traversed by vesicles
and tubes disposcd rainly vertically, The tubos and cavitles
are cootted by buff, yellow red and brown ochreous material which
gives thc hand specimen a variegated appearance, Towards the
bottom of the tubular zone the tubules become restricted and lose
their continuity. The tubuler zone pesses into a lateritic
mgterial comnosed of seni-angular fragments cormomly 1 inch to

% inch in their major dimensions, Each fragrnent is coated by
a limonitic skin, A broken fragment is porous and leached, and
in places rormants of felspathic shale or sandstone can be
recogniscd in it,

The oolitic, pisolitic, nodular, and pr sumobly the

corpact amorghous buuxito contai %OrOklnTtuly 50% Al,0= and
ilica 1s commonly about 4% and rengcs froﬁ Poss than

17° Fe

250 go about 6%, The tubular laterite and the pscudo conglom-
orauo cormonly contains rnorc than 20% Si0o though locally the
conposition of the tubular zone is not noticcably diffcront
"from that of thc concretionary bauxite above it,

Bauxite at Marchinbar Islend off thc Arnhcn Land
coast (Owon, 1954) has doveleped from sericite-quartz siltstonc.

Compositions of samples of parent rock and of bauxitc arc given
in Table 3.

TABLE 3, MARCHINBAR ISLAND, COMPOSITIONS OF BAUXITE

AND OF rARENT ROCK

2 Soricite-quartz siltstone Bauxitoc

Sioeo

Total ) 64.6 4 to 8

Quartz 45 1l to 4 T

é&gqsm_“-‘_" 19.5 48 to 53

MgO 1.5

Fo o83 2.5 10 to 19

K0 5,9 S
" Nag0 0.1 T

505 0.1

Ign. loss =~ 4.2 ' 26 to 27

Furthor analyses of this bauxito arc given in “wable 5.
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South-Woestern rart of Plateau.

Simpson (1912) states that irmense lateritic doposits
occur in sxtra-tpopical regions of Western Australia, They have
developed from gronites, groenstones, amphibolites, chlorite
schists and other similar rocks of pre-Cambrioan age. Whorever
investigated they are found to overlie “on almost pure pine-clay
oend this in turn crystalline rock®. He divides the extra-tropical
portion of Western Australia into two provinces. One, the
Darling Plateau, lies within 50 to 100 milcs from the western
coast, whore overage annuel reinfall is 20 to 40 inches,
distrivuted betwecn well-defined wet and dry scasons. The
other provincc which cembraces ths inland arcas of the scuthérm
half of the State has no defined annual wet and dry scasons,

The average rainfall is betweon 7 and 12 inches, irregulerly
distributod, Ranges in composition of typical samples of
laterite from the two pravinces arec given in Table 4:

TABLE 4, SOUTH-WESTERN PART OF GREAT PLATEAU,

COMPOSITIONS OF TYPICAL TATERITES

— ——

Locality A loO= Fe 50z S51i0o Tio,

Near Coast 31 to 47 10 te 40 6 to 17 0.6 to 4,3
(Darling Plateau)

Interior 4 to 13 60 to 80 1.8 to 2,7 2 to 6

The laterites are nearly all pisolitic, the concre-
tions ranging in size from a pin head to about 1 inch diameter
and averaging 1/8 to 1/4 inch, The spaces between are partly
filled with amorphous material similar to the pisolites and are
partly unfilled., Some of the more ferruginous laterites are
devoid of concretionary structure but they contain numerous
visible pores., Alumina is present in all laterites but is most
abundant in those overlylng granite and other less ferruginous
rocks, Ferrlc oxide is present as limonite, turgite, and
probably in some samples as goethite and hematite, Wherever
laterite overlies greenstone (in the interior) ferric oxide is
the predominant constituent, TiO2 is always present in apvreciable
amounts, Silica 1s present as quartz and in combination,
probably as halloysite.

Terrill (1950) showed that laterite overlying a
quartz-dolerite dyke in the Darling Plateaun developed in situ
from the quartz-dolerite ard there was no anpreciable lateral or
vertical migration of its constituents, The ratio of Alo0gz to
FeEO% in a sectlion downwards through the laterite remains nearly
constant and very nearly the same as in the underlying quartz-
dolerite. A sharp contact was observed between laterite and
remnants of quartz-dolerite within it, Terrill considers that
the laterite overlying the surrounding granitic country developed
similarly in situ from the granite.

Recent mapping within the coastal province (Playford,
1954) has revealed that in a distance of scveral miles laterites
occur at elevations ranging from 210 feet to 860 feet above sea
leve%. In river valleys they follow valley~slopes, having
inclinations up to 10 degrees, In e ffect they developed on a
surface which had much the same topography as the nrcsent -day
surface. The early Tertiary erosion surface or peneplain had
already been upliftgd and incised by rivers,

In some inland regions of the south-west the surface
of the Great Plateau is formed of extensive, flat or gently
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undulating sand plains. Varying proportions of pisolitic and
nodular ironstone occur within the sand., ILaterite-like deposit§
exposed at shallow depth consist of similar ferruginous concretions
containing angular grains of quartz and held together by a
ferruginous and aluminous cement (Ellis, 1939). After a detailled
study of their e avy minerals, Carroll (1939) concluded that the
sands were formed in situ by weathering of the underlying rocks,
pre-Cambrian granitic gneiss and metamorphics, Teakle and
Samuel (1930) found that the sand-plain soils are acidic even
though they occur in an area of low rainfall and cannot have
formed by weathering in the present-day climate., It appears
likely that the sands and the underlying laterite represent the
A and B horizons, rcspectively, of a fossil soil,

CENTRAL EASTERN LOWLANDS

General

The Central Eastern Lowlands extend as a roughly
meridional belt from the northcecrn coast at the Gulf of Carpontaria
to the southern coast. They cover nearly all the western half
of Queensland and New South Wales and much of the eastern half of
South Australia., In the Cretaceous thée northern part was first
Inundated by the sea and later occupied by a lake, In sarly
Tertiary time large areas were again occupied by fresh-water
lakes, These werc drained as a result of Tertiary uplift and
during a succeeding long period of crustal stability the surface
sediments, Cretaceous and Eocens, were lateritized. The Lowlands
were not greatly elevated during the Tertiary epeirogenic
uplifts, )

Laterite
Nearly all the southern half of the Lowlands is
covered by post-Tertiary sediments, lacustrine, ascolian and
alluvial, Excepting swmall areas in the marginal country rising
towards the icstern Plateau and the Eastern Highlands the

lateritic depamits have becn removed by erosion or burisd beneath
the post-Tertiary sediments.

In its northern half, in Qucensland (%Whitehouso,
1940; 1948; 1951 ) the -Lowlands form wide plains that rise very
gradually from sea level at the north coast and near Lako Eyroc
to a maximum elevation of about 800 feset. Above them reddish
flat-ton»ed reslduals of the early Tertiary erosion surface or
peneplain rise to heights of 100 foct and more. Some of theso
have areas of many hundrcds of square miles. The lateritic
profile is essentially the same as that in the inland areas of
northern Australia, consisting of ferruginous, mottled, pallid,
and silicified zones; As in northern Austrelia the silicification
is irrcgularly distributed both vertically and horizontally.
(hitehouse avoids the use of the torm "zone" when reforring to
it.) The ferruginous zonc rangcs in its constitution from a
rod loam containing scattered small, limonitic nodulss to a
nodular layer loosely held by a little ferruginous cement, It
is poorly coherent and nearly everywhere has been eroded from
the flat-toopned hills, Thc mottled zone is composed generally
of a white kaolinic materisl irregularly mottled in red and 20
to 50 fect thick, Commonly it is vermicular, The transitional
matorial between the ferruginous and mottled zono is relatively
resistant to erosion and forms the top few feet of most of the
mesas and buttes in western Queensland. The pallid zone in
its upper part is a kaolinltic material ossontially the same as
that in the mottled zone. It grades downward to parent rock
depleted of lime and iron oxides. The silicification ranges
from slight impregnations within any of the lateritiec zonos to
irregular nodules of “billy# and great sheets of "billy" formed
by tho uniform cementation of a horizon,
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As in the inland regions of the VWestern Plateau,
where a lateritic mass has been removed by erosion the surface
of the plain is commonly covered with tightly packed stones or
igibbers” derived meinly from the silicified zone. #An umusual
form of silicification is scen in the opal deposits of south-
western Queensland and adjoining parts of New South Wales and
South Australia, Opal is formed in the mottled and pallid
zones commonly by replacement of calcite in calcareous bands,
concretions and fossils,

EASTERN HIGHLANDS

General

Tho Eastern Highlands are underlain mainly by
folded Palacozoic rocks and granitic intrusives, in part covercd
by Tertiary basalt flows. In northern Queensland extensive
plateaus were formcd by basalt lavas in Pliocene and post-Pliocene
times. Large areas of New South Wales werc covered by thick
flows of early Tertiary basalt . Early Tertiary basalts occur in
southern Quoensland, eastern Victoria and in parts of Tasmania.
Towards the end of the Pliocene,inthe final stage of uplift, the
highlands werc raised to elevations ranging in Queensland from
1000 to more than 2000 feet, in New South Wales from 4000 to
more than 6000 feet, and in north-castern Victoria up to more
than 5000 fect,

It was pointed out cearlier in a discussion of
teotonic history that in the Highlands the early Tertiary erosion
surface did not reach the advancod stage of maturity that is
evident elsewhere in Australia. However, it did develop to a
mature land surface, and laterites were formed on it.

In Tasmonia the topographic rclief is due partly to
Tertiary uplift and partly to the occurrcnce of resistant
Mesozoic dolorite sills which must have formed monadnocks on
any early Tertiary surface. In other parts of the Australian
Bastern highlands rcsiduals of sarlier crosion surfaces ranging
in ago probably from Cretaceous to carly Tertiary risec above the
lovel of the mature lateritic surfacc. They include granitic
masses, folded Palacozolc strata, horizontally-bedded kesozoic
sediments and flat-topped hills or tableclands of early Tertiary
basalt,

The early Tertiary mature erosion surface can be
recognisod in many parts of the Highland belt as differentially
uplifted plateaux of varying dimensions, in part capped by
laterite., It persists as 2 prominent physiographic feature in
parts of the highlands of Necw South Walss and Queensland, In
Victoria, although the older surfaces are much dissected, remants
of the same surface continue southwards from New South Wales at
an clevation of more than 5000 feet, decreasing in height towards
the south, In the faulted blocks of Jurassic strata thot make
up the Southern Uplands (or South Gip»sland Highlands), the early
Tertiary crosion surface is marked approximately by remmants of
early Tertlery basalt, In Tasmania it can be recognised in
sunkland areas and in several plateau and highland recgions,
Nearly all the known Tasmonian loterites occur within Tertiary
basins and sunklands, Although at quite low elevations they
, occur within the region of pronounced differential elevation,

faulting and warping that sharply distinguishes the Eastern
Highlands from thoe other two main physiographic regions.

Laterite.

Large lateritic dcposits within the Eastern Highlands
bolt occur in the far north in Cepe York. Peninsula, in contral
and southcrn Queecnsland and in northern ond central New South
Vales., ©Smaller deposits are known in southern New South Wales,
Victoria and Tasmania., In Cape York Peninsula very large doposits
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of bauxite woere discovered during 1956, Details of their
occurrence are not available. On the Alice Tablelands north

of the Tropic of Capricorn sub-horizontal beds covering an area
of about 20,000 square miles ave largely coverced by laterite.
Tho underlying rocks include sandstones, shales, and limestones
ranging in age from Carboniferous to Cretaceous. The plateau is
formed partly of pisolitic laterite and partly of the lower
leached material, Farther south lateritization apnears to have
affected mainly basic igneous rocks, although in New South
Wales and Victoria a few lateritic deposits are known to occur
on Palasozoic sediments and gronitc and on sediments of later
age. The laterites of the Eastern Highlends are on the whole
aluminous rather than ferruginous, and silicifiecd zones comparable
to thoso in the inland regions of the lWiestern Plateau and the
Lowlands have not been recorded. They have been thoroughly
invostigated as a possible source of bauxite and are dcsceibed
in detail by Owen (1954). In most areas the latoritic profile
observed in northcrn and inland Australia is not rcadily rccognis-
able. Instead, Owon describos five zones summarised below in
Table 5 which is a slightly abridged copy of his Table 42,  An
ideal soction in which all five zones arc observed 1s rare,

Owen statcs that both the pisolitic and massive or
tubular zones are formed undcr strongly oxidizing conditions
which fix tho iron as ferric oxide or hydroxide., There is 1little
differonce in th: composition of the two zones in any one locality
but their ap-carance is markedly differcnt and commonly the
boundary botween the two zones is sharp. The up~cr zone is made
up wholly of pisolites which arc roughly spherical and range
between 5 and 10 mm, in diamcter, Thoy conslist of concentric
shclls of cliachite built on 2 nuclous which may consist of a
ninute grain of quartz, a crystal of gibbsite, or a smell mass of
granular bauxite.cold seme instancoes tho nucleus of granular
bauxite constitutes half or morc of the total mass of the
pisolite and it may rotaln clear evidenco of the parent rock
texturc., Tho pisolites may be loose, loosely held in an ecarthy
or oolitic cement, or firmly cemented in a tough matrix of
cliachite.

The tubular latcrite is usually fairly hard, rcd
or dark-brown to noarly black, and is penotratced by solution
channols whicharc roughly circular or clliptical in cross scction
and gonerally 10 to 30 mm, in diameter, They arec mostly vertical
or stecply inclined.

Barthy latceritc in thc mottlcd zone 1s texturcless,
soft oand usually lightér in colour than the concrotionary laterite
abovo it. The colour, commonly light brown, buff or pinkish-
brown is irrcgulerly distributced and red ferruginous batchos give
the zonce a coarscly mottled apnocarance.

Nodular bauxite consists of uncvenly distributed
nodulcs of haord bauxitc, mainly gibwvsitic, cmbedded in a matrix
of buff, brown, or light red siliccous clay. Tho nodulcs may be
§cvera1 inchos in dimensions, range from nearly spherical to
irrcgular in shape and possoss a srooth outcer surface. Some are
wholly concretionary, others disnlay relict toxture of parent
rock Internally. Thesc nodules differ from thosc already
doscribod from the bauxite at Gove Peninsuvla, north-sast Arnhem
Land. The Gove nodulcs arec concrcetionary and appear at the bottom
of the pisolitic layer. 'Thc nodulcs described B& Owen are boelow
tho'concretionary zone of tho laterite and arc embeddcd in
siliceous clay. Possibly the clay originated through silicific-
ation of carlier laterite or bauxite and tho nodulos arc
rgmnants that worc not silicified, perhaps because of a protective
limonitic coating, Owen's nodular zonc brobably is the equivalent
of the "pseudoconglomcrete™ at Gove, i B

Tho mottlecd zono passes gradually into the i
o : : a8 g > pallid
zone by diminution of tho gibbsitic nodules or ferruginous patches,
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TABIE 5. ZONES IN THE IATERITIC PROFILE (AFTER OWEN, 1954)

(Excepting the laterite from Wessell Islands the
deposits occur within the Eostern Highlands belt).

AY

Zones . - - Com=- ~ Tynical Composition
mon
Iraroix Velther Idcal Bauxite Seclan P 8105 Mpg Feg0y Free  Soo
(1913) (1915) . A0, footnote
i | Feot ) N | i
Derived soil ie %o %o % %
s 4,0 35,5 35,2 29,8 BT
5 9,3 31.3 34,1 21,0 BN
c Pisolitic 3.5 52,4 13.8 49,7 SW
© F i 2,5 42,7 31.6 33,7 BN
n © O
o N 20 3.6 38.5 36.4 27,9 BN
e u
t g - -
i 1 Tubular and i 2,5 48.4 19.6 47.8 SW
(0]
by o et to 4.6 34,2 36.9 32:4 BN
a u P e 8 1,3 26.7 47,1 25,8 BN
§ 5 3,4 38,7 35,2 36,5 DT
Earthy; with or 3.9 37.9 32.1 32,3 BN
without poorly 3.8 55,3 4.2 50,5 BN
preserved relict * * L ¢
M ity " 2,4 44,9 24,7 42,7 DT
8 variegated to
or 20 :
L E Nodular; hard gibb- 8.0 38,7 27.0 32,7 BT
sitic nodules in =
0 & soft clayey matrix 9.1 3649 28.5 28.6 BQ
d (Nodula: zones un- 11.1 48.3 13,5 37.8 DT
a cormon and poorly o
dowalapsd dn 9.7 40,4 25,8 30,1 DI
c Aus tralia,
h .
CGranular; relict 5 18.3 25,5 39.9 7.2 BN
e texture well to
(G]
D preserved, 10 3,7 43,8 26,5 40.6 DT
d . 12,8 39,2 22,4 28,1 DT
a . :
1 Clay zone 0.5 30,5 35,5 12,5 11,2 BN
. Eg 24.0 23,2 34,2 - DT
1 * 30.3 8.7 23,7 = D
5 o
?irini rock 64,6 19,3 2D - SW
d otal iron expresscd '
as Fec0z) 45,6 14,8 11,7 5 BN
53,4 14.7 10,3 - DT
54,8 14,5 11.3 - DT
Explanation of lctter symbols:
B, basalt; D, dolorite; Q, Quocnsland;

S, micaceous siltstone; T, Tasmanie,
N, Noew South Wales; W, Wessoel Islands, Northern Territory.
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Granular bauxite occurs near the base of thc profile and
constitutes nart of the pallid zone, The texture of tpe parent
rock is well prescrved., In some cases not only the original
texture but also the original grain size arc retained.

The clay zone is a rosidual product of kaolinltic
weathoring of the bedrock and usually rctains traces of Fhe
original rock texture. It is a ferruginous clay containing a
few per cent of frce alumina,

It may be noted that the letcritic profile observed
by Owon mainly in the Eastern Highlonds does not closcly resemble
that observed in northern and inlond Australia, In the north,
mainly within the Great Platcau and in western Queonslond,
mainly within the Central Eastern Lowlands, tho iron-contont
stoadily doecreascs downwards from the ferruginous to the mot§led
and to thoe pallid zones., This is not the case for the lateritcs
shovn in Table I, The ratio of Al 0O, to Fe, 0, in the several
zonos of thesc laterites (excluding The sempleés from Wesscl
Islands) 1s summarizcd below: -

TABIE 6, TLATERITES OF THE EASTERN HIGHILANDS BL.LT

Ratio of Alg0z to Foglg

’ Lateritic Zone Ratio Iron contont
: composscd with
Walther (1915) Owon (1954) Alp0z/Fe g0z parcent rock
Pisolitic 0.9 Incrensc 449
Horrigdnous ] .
Tubular and . o7
T 0.8 Incrogse 62%
Earthy, or B Decrcasc 44%
Mottled
Nodular 1,8 Docroasc 28%
Granular 1.2 Incrcase 89
Pallid Clay zone 1.2 Increase 8%
Perent rock 1:5

N

Hanlon (1944) statcs that in many New South Wales deposits the
proportions of alumina and iron oxide are similar in the
forruginous bauxite, the underlying clay and the parent rock.
Apart from the diffcrencc in the distribution of iron in the
profilc, the absencc of a silicified zone 1is notabls,

The lateritecs or bauxitos of Victoria have in

art bcoen buricd boencath lacustrine lignitic sedimonts and have
bocn altereduby porcolating water contoining organic matter and
silica, Beccause of the rcducing action of the ground-water somo
bauxltes are characterized by a rolatively high contont of
ferrous iron devecloped from the carlicer ferric oxides., Others
have been re-silicated, the aluminium hydroxide being converted
to halloysite., The Victorian bauxites differ from thosc of
other S8lates in colour and texture as well as in chonical
composition., Light brown, pink, buff and cream-coloured near the
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surface, it passes at depth to white, grey, ond bluish-grey.
Mottling is not apparent. Textures range from that of_a fine
garth which may contain small, irregular, hard gibbsit%c masses
showing basaltic texture to a coarsely gritiy earth which

crumbles when wet., HMost of the bauxite is finely cellular and

the higher grade material contains veinlets and numerous fine
crystols of gibbsite. Massive or tubular zones are not represented.

In Tasmania Owen (1954) has suggested that the
occurronce of laterite on dolerites and basdlt and its aprarent
absoncoe on nearby Mesozoic sediments throws doubt on the hypo-
thesis that penevlanation 1s a necessary prc-requisitc for
lateritization, In addition to the usual typc of lateritic )
deposit that occurs as a remant of a former widespread shcet he
has recorded lenticular deposits which apprarcntly formed in situ
from the dolerite or basalt in donressions with rcstricted
horizontal extent, Some deposits of this typc in the City of
Lounceston were formed on dolerite in narrow valleys considerably
below the crests of thoe interfluves., This is in accordance with
similar observations along tho wcst coast of Westorn Australia
(Playford, 1954) and perhans with obscrvations of Whitehouse(1948)
who records latcrites in rlioccne valleys cut bolow the ocaridyo
Tortiany mature erosion surface,

FORMATION OF IATERITE

In many localitics throughout Australia it has
been shown that the latcrites have formed by woathering in situ
of the underlying rocks. Where the latcritization has procecded
to complotion practically all the constitucnts apart from the
oxides of iron, cluminium and titanium hawe boon removcd by
lcaching. Present-day lateritic weathering has been renorted
from several tropical countriecs of the world, and latoritic
podsols are in vnrocess of formation in the Kathorine-Darwin
region, As far as 1s known lateritic weathering is not pro-
cecding elsewhorc in Australia, This su;gests that the Australian
climate may have beon welrmor and moister carly in the Tertiary
then it is now. David (1950) romarks that the Tertiary fauna
and flora indicote a warmer climate during the lMiocono, Possibly
the coincidence of such a climate with a period of relativo .
stability and the dovelopment of a rclatively subdued topography
accomplished the lateritization, "

t is not at all clear whethor the lateritos
developed directly from the underlying rocks or whether the
ipltial product of wcathering of those rocks was koolinitic in
composition., In many localitics latoritos scem to have devolopod
dircctly from basic igneous rocks, Whore a laterito PrGSCrvaes
both tho original texturs and grain size of tho parent rock it
socms unlikely that it could have formed from kaolinitic matorial,
oven though underlain by kaolinitic cley derived from the parsnt
rock. The conflicting evidence suggests that some laterites
have formed directly from ths parcent rock, others from kaolin,
Apparently when the downward progress of weathering is fairly
rapid a kaolinitic material rcsults. Possibly if the downward
rato of wcathcring becamc extrcecmely slow, ¢.g. under pcenoplain
conditions, & kaolinitic mantle would be converted to laterite
through slow leaching of its silica. Progression of the slow
woathering bencath the kaolinitic mantlc would rosult in dirocct
lateritization of the parent rock,

After the cossation of lateritic weathering,
soveral secondary changes may take place in and below tho
laterite, The underlying rock moy become kaolinized, The

latorite may become silicified by porcolating ground watcrs that
have derived silica from such sources as weathering basalt and
siliceous organisms in lacustrine sediments. Forric iron may be
reduced to foerrous iron and be procipltated as siderite or lcached
from the laterite, Removal of ferric iron rosults in the
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breaking down of original texture and the bleaching of the
latorite, as noted in the case of Victorian bauxites.

[

AGE OF AUSTRALIAN LATERITES

Throughout the greater part of Australia an absencs
of Tertiary sediments contoining diagnostic fossils makes 1t
impossible to assess directly the age of the laterite., 1t is
ubiquitously associated with the early lertiary mature erosion
surface which had beon thought to have rcached a very advanced
stage of develomment during the Miocene and has commonly been
termed the Miocene Pencplain, Woolnough (1927) considered that
the latorites were a ‘chemical critcrion” of peneplanation and
he regarded them as Miocens in age, ¥Work in recont years indicates
that in both eastern and westorn Australia conditions of stability
and associated lateritization had devcloped carlicr than the
Miocenc., Bauxite in Victoris is overlain by fresh-water sediments
that range back in age to mid-Eocenc and it must have becn
formed in lowcr or mid Eocene time, Tasmonian latoerites and
bauxites in part overlain by similar fresh-water scdiments are
probably of the same age. In Ncw South ¥iales lateritized basalt
overlies esarly Tcrtiary sandstone and is nrobably Oligocens 1in
age. ZSlscwhere in the same Statc lateritized basalt is covered
by lignitic secdiments that apncear to be lowor Pliocenc, Fairly

mature valleys had been croded through the latcritec bsforc the
sodiments were laid down and the end of the veriod of latsritiz-
ation must considerably antedate the Pliocene, Lateritized
basalt in southorn Quecnsland can probably be corrclated with
similar basalts in Neow South Walcs although they were rcgarded

as Pliocene before the ¢ arly Tcrtiary cge of the New South Wales
basalts was establishod. In the Ccntral Eastern Lowlands 1
laterits has formed over Eoconc sediments and in the Great
Western rlatecau over Tertiary lake beds, but the position of
those beds in the Tertiary has not beon determined, In cach case
the uppor linmit to their ago is sct by the latc Miocens uplift,
In Exmouth Gulf area laterite, dovelopcd on Eocene is ovorlain
Egségwer Miocens beds (Condon, Johnstone, Prichard, and Johnstone,
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