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SUMMARY.
Current views on the structure and origin of laterite are swmmarized
briefly, and a laterite profile with a depth of over 200 feet, indicating a long
period of laterisation, is described.

INTRODUCTION,

The purpose of this communication is to report a spectacular occurrence
of laterite near Gayndah, in south-eastern Queensland, and to give a brief
description of the components of the profile. No chemical analyses of the
material in the component horizong are available to add to the descriptions, as
no facilities were available for chemical work; but it is considered that, for the
purpose of this paper, the field observations are of sufficient importance to
warrant publication without supporting chemical data.

WHAT IS LATERITE?

The term laterite was used first in 1807 by Buchanan® and was the name
given by him to a type of red soil which is of frequent occurrence in southern
India. These red soils are characterised by layers of ferruginous concretions
and segregations which present a soft, cheesy consistency when freshly exposed
and harden on exposure. On this account laterite was found to be very
convenient for making bricks; hence the derivation of the name from the Latin
later—Dbrick.

The term was adopted by pedologists and applied to a wide variety of
soils and materials in tropical and subtropical parts of the world. The result
was utter eonfusion, which is only now being resolved. Much of this confusion
arose from attempts to regard laterite simply as a material with certain chemical
properties. One definition defined laterite as a material in which the molecular
ratio of silica to alumina in the clay is less than 1.33. This would include many
materials not even remotely resembling the components of Buchanan’s red soil.
It would exclude Buchanan’s original laterite.

The idea of laterite as a soil in which the silica: alumina or silica:
sesquioxide ratio of the clay fraction falls within certain narrow limits has
now been abandoned by most workers. This conception of laterite once received
strong support from pedologists in the United States, but the present viewpoint

* See Russell, E. J. 1932, Soil Conditions and Plant Growth. 6th ed., p. 281.
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in that country is now clearly stated by Kellogg and Davol (1949), who use
the term for ‘‘the sesquioxide-rich, highly weathered clayey materials that
change irreversibly to coneretions, hardpans, or erusts, when dehydrated, and for
the hardened relicts of such material, more or less mixed with entrapped quartz
and other materials. Many of the clays and hardpans have prominent reticulate
mottling with some combination of yellow, red, brown, white, grey, and black.”’
This is the laterite of Buchanan, Campbell (1917), Mohr (1930), Pendleton
(Pendleton, 1941; Pendleton and Sharasuvana, 1942), Prescott (1931), Humbert
(1948) and many other authorities. ‘

Laterite as defined by Buchanan is particularly common in tropical
countries—India, Siam, Java, Africa, South America and New Guinea, to men-
tion but a few. It has been recognised, also, in the United States and in Medi-
terranean countries, and is of widespread occurrence in Australia.

Laterite has formed on many types of rocks. In fact, it appears to be
the product of certain climatie, drainage and topographic conditions, and the
rock type merely affects the character of the laterite. Basice rocks appear to yield
laterite and associated upper soil of dominantly red colours; on acidic rocks the
laterite is commonly brown to yellow brown and the soil profile above greyish
and yellowish in colour.

‘While it is not intended to discuss theories proposed to explain the forma-
tion of laterites, attention is directed to that offered by Pendleton (1941).
Pendleton considers laterites to be ground-water formationsg which develop on
level or gently-sloping relief. The ground-water level is presumed to fluctuate
seasonally with variations in the rainfall, giving two zones:—

(1) A zone of permanent saturation and persistent reducing
conditions ; and

(2) A zone above this of intermittent saturation where there would
be an alternation of reducing and oxidizing conditions. ‘

Iron dissolved under reducing conditions would deposit to form a charac-
teristic pattern in the zone of intermittent saturation.

During the process of laterite formation there would be loss by drainage
of potassium, calcium, magnesium and related cations, and of silica.

THE LATERITE PROFILE.

Observations in Australia suggest that ‘‘laterite’’ is mormally part of a
profile, or group of genetically related horizons. These observations are
supported by many writers on the subject, but there is a divergence of opinicn
on the relationship between the laterite and the associated soil profile.

The complete laterite profile as observed in Australia appears to consist
of six distinet layers. Commencing at the surface these are:—

(1) An unconsolidated and uncemented surface showing features of
the upper part of a soil profile.
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(2) A zone of enrichment with sesquioxides in pisolitic form
embedded in the soil matrix. '

(3) A zone of enrichment with sesquioxides in which a cellular or
vesicular strueture has developed. The cavities contain soil
material or kaolinitic clay, which may be removed on exposure
and weathering, leaving a honeycomb of sesquioxide material.

(4) A mottled zone of Lkaolinitic material irregularly impregnated
with or invaded by sesquioxidic material, brown or reddish in
colour due to its content of ferric oxide.

This zone merges into the layer above it and also into the
pallid zone below it.

(5) A layer of white or whitish kaolinitic material which has been
termed the pallid zone by Whitehouse (1940). This layer may
be distinetly pinkish at times, due to impregnation with small
amounts of red iron oxide.

(6) A zome of enrichment with silica constituting the base of the
profile. This may occur as a quartzite known in Queensland
and New South Wales as ‘“billy.”” It may be quite soft or
extremely hard.

Below the profile is the weathering parent rock, which may be regarded
as the seventh layer. (An interesting example of weathered rock below laterite
is deseribed by Humbert (1948).)

There are many examples of incomplete profiles. The horizon of silica
deposition may be absent; the pallid zone may be imperfectly developed, or
absent; some of the upper layers may be lost by truncation, ete.

LATERITE AN ANCIENT FORMATION,.

Much of the laterite observed in many parts of the world appears to -be
an ancient formation.

Of course, there is no lack of evidence that laterite is forming in certain
areas at the present time. Considering the range of present-day climates it
would be extraordinary if this were not so. Dr. C. E. Kellogg* considers that
laterite is in the process of formation in certain soils of Belgian Congo; G. A.
Stewart®* claims that laterite is forming mnow in the Northern Territory of
Australia. Humbert’s (1948) observations in New Guinea may be interpreted
to indicate that laterites are now forming in ‘‘areas with climates between humid
and arid regions’’ and ‘‘occur almost exclusively on level to gently sloping
relief.”” The ‘‘laterite is generally formed within the zone of intermittent
saturation.”’

But there is overwhelming evidence that the laterite of many formations
is the product of a by-gone age, that it commenced to form a long time ago,

* Private communications.
B
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and that dissection and truncation are now effecting denudation. Prescott
(1931) referred to such soils containing laterite in Australia as ‘‘fossil’’ soils.
While this term emphasises the concept of age and the absence of laterising
conditions to-day at these sites, it is not particularly appropriate. The sequence
of changes in climatic conditions since laterite commenced to form seems to
have eftected little. or no fundamental change in the laterite, except by denuda-
tion. Laterite, composed as it is largely of sesquioxides and kaolinite, is not
responsive to such changes and may be cited as an example of ‘‘pedogenic
inertia’’ (Bryan and Teakle, 1949). Tt is suggested that the processes of
laterisation have slowed down, perhaps even stopped, under the changed con-
ditions, but there is little evidence of aectual reversal in the direction of the
main chemical processes. The laterite would be better regarded as ‘‘senescent’’
than as ‘“‘fossil.”” The term ‘‘senescent’’ has been used by Stephens (1947)
for certain South Australian soils.

Bryan (1946) restricts the term ‘‘fossil’’ to soils buried and preserved by
an overlay of material such as sediments or lava. He suggests the term
““inherited’’ for soils, such as laterite, which show evidence of the effects of an
earlier period.

Mueh, if not most, of the laterite in Australia is ancient. There is
geological evidence that it commenced to form in late Miocene or early Pliocene
times—say 12 to 15 million years ago—when the climate must have been pro-
pitious and mueh of the land surface had been reduced to base level by
planation. These conditions must have persisted for a very long time before
uplift or eustatic movements rejuvenated drainage with consequent dissection
and truncation.

THE GAYNDAH LATERITE.

The profile described hereunder as the Gayndah laterite occurs on the
Binjour Plateau, which lies in the Gayndah district about 250 miles north-west
of Brisbane. The natural vegetation of the district is mainly of open and closed
forest types. The vegetation carried on the profile to be described is an open
eucalyptus woodland ; the chief trees are spotted gum (EBucalyptus maculata),
narrow-leaf ironbark (E. crebra or E. paniculata), and messmate (E. obligua),
and there is a ground cover of native grasses.

The mean annual rainfall of the district is about 30 inches, with a
marked summer incidence.

District soil types include recent river alluvials, poydzolics, black clays,
““red loams,’’ laterites and skeletal types.

Binjour Plateau is capped by Tertiary basalt which overlies Palaeozoic
rocks. On the eastern side, the plateau presents an escarpment which rises
about 700 feet above the bed of Reid’s creek. Characteristic of this escarpment
are sheer cliff faces up to 45 feet high. The escarpment appears to form a rim
to the plateau, as the centre is much lower—some 300 to 400 feet—apparently
as a result of internmal erosion.
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Recent examination of the laterite exposures both at the natural cliffs
and in road cuttings revealed details which are represented in Figures 1 and 2.
The cliff face was measured with a surveyor’s chain and other heights were
cstimated from altimeter readings. In constructing the figures, it has been
assumed that the contact between the basalt and the laterite is horizontal,
as also are the profile horizons of the laterite. It is recognised that neither
of these assumptions will be strictly correet, but it is unlikely that deviations

“BINJOUR - PLATEAU -
/ / [ !

To MUNDUBBERA

Figure 1.

Diagrammatic representation of the contours of the escarpment of Binjour Plateau
with the road ascending from Reid’s Creek valley to the top of the plateau. The line XYZ
shows the location of the traverse from which the section represented in TFigure 2 was
constructed. : ‘

would alter the order of magnitude of the figures deduced. The costly expedient
of sinking shafts was out of the question, so the nature of some of the layers
was deduced from the stones and gravel strewn on the surface along the
traverse of the plateau examined. The contour lines and location of the road
in Fig. 1 are largely diagrammatic. Elevations were measured by the altimeter
along the road and along the traverse XY. According to the speedometer
readings, the gravel pit was 0-4 miles from the traverse XY and the first exposure
of basalt 0-2 miles. The point Y, at the highest point of the traverse, was 23
chains from the road.
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Figure 2.

Diagrammatic representation of the section through the traverse XYZ of Figure 1.
The section veveals a mottled zone of about 200 feet in thickness which appears to be eapped
by hardened vesicular laterite. Above the cliffs the soil is of the ‘‘red loam’’ type. Four
subdivisions of this soil are recognised on the basis of the nature of the gravel and stones
observed on the surface. The gravel and stones are indicative of the underlying lateritie
material. '

Figure 3.
General view of the escarpment of Binjour Plateau. The laterite cliff of the extreme left
is about 45 feet high." The vertical graining of this laterite is.shown in Figure 4.
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Figure 4.
Vertical graining of the mottled zone of the laterite at the site of Figure 3. Elevation

about 1,090 feet. This is considered to represent the junction of Zones A and B in the
mottled layer.

Figure 5.
Horizontal graining of the mottled zone of the laterite on the escarpment of Binjour Plateau
0.4 miles from the site of Figure 3. Elevation about 1,080 feet.
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It appears that -here is a laterite profile of approximately. 200 feet.
Assuming that the basalt occurs at the 1010 feet level, there is about 120 feet
of mottled zone to the top of the cliff. From a study of the cliff face it
seems that the lower 75 feet of this zone shows a predominance of whitish kaolin.
This is designated mottled zone B in Fig, 2. The upper part, designated mottled
Zone A, ig over 40 feet to 1l e top of the cliff and is more highly ferruginous.
No evidence of a true pallid zone or of a silicified layer (billy) was observed.
Fig. 3 gives a general view of the escarpment with the 45 feet laterite (mottled
zone) cliffs at the site measured. The obvious vertical graining of this laterite
at the 1090 feet level is shown in Fig. 4. Curiously, at the gravel pit 0-4 miles
along the road up the escarpment and where the elevation is about 1080 feet,
" the laterite shows a horizontal graining (see Fig. 5). No evidence of fault
or landslide was observed.

Above the cliff top the platean rises at least 100 feet to Y on the traverse
at a slope of about four feet per chain. There are no rock exposures, and, in
the absence of pits or borings, the nature of the underlying material was judged

from the gravel and stones strewn on the surface. Four subdivisions were
recognised :—

(A) A ““red loam’’ soil with stones consisting of fragmental material
of mottled zone A (the more ferruginous type). This persists
for a rise of about 50 feet above the top of the cliff,

(B) For the next 30 feet vertical the goil seems similar but the stones:
are of the hardened, vesicular laterite type.

(C) Above this is a zone of about 20 feet in thickness vertically
where the surface is strewn with stones and gravel derived from
hardened, vesicular laterite.

(D) On the higher levels the soil is of the red loam type, with
only a little lateritic gravel.

These observationg lead to the conclusion that the mottled zone (type A)
extends well up the slope, probably to about the 1200 feet level (F'ig. 2). Above
this there is layer of hardened, vesicular laterite between 10 and 30 feet in
thickness. It is estimated that the mottled zone, including both A and B, is
approximately 200 feet thick.

It is concluded that this laterite profile exceeds 200 feet in vertical
section and that the mottled zone alone approximates 200 feet in thickness. It
is- considered that laterisation commenced in Pliocene times and must have
continued over a very long period to account for such a thickness of laterite.
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