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PREFACE

This publication arose from a two day seminar-workshop organised by the Centre for
Australian Regolith Studies and held at the University of Canberra on 20-21 June 1995. The
seminar-workshop was the second in an annual series designed to explore issues related to
Cainozoic geology, regolith and other topics relevant to landscape evolution and
geomorphology. Thirty six scientists and students attended the seminar-workshop,
representing eight organisations in the ACT and local area with interests in regolith mapping.
The main aim of the seminar was to present an overview and information on new developments
in regolith mapping techniques and their applicability to a range of clients. The workshop
addressed issues concerned with regolith nomenclature and terminology and outlined some
possible future directions for the further development of regolith characterisation and mapping.

K.G. McQueen ' M.A. Craig
Co-Director, CARS Regolith Group, AGSO
November 1995
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An Unreliable History of Regolith Mapping

C.D. Ollier
CRES, The Australian National University, Canberra ACT 0200

Introduction

The study of regolith is modern. Geologists studied rocks and soil scientists studied soil. The
idea that there may be something in between was not usually interesting, so usually the regolith
was, and is, ignored.

A simple definition of regolith might be “all surficial materials above fresh bedrock.” More
formally:

“Regolith (reg’-o-lith) A general term for the layer or mantle of fragmental and
unconsolidated rock material, whether residual or transported and of highly varied
character, that nearly everywhere forms the surface of the land and overlies or
covers the bedrock. It includes rock debris of all kinds, volcanic ash, glacial drift,
alluvium, loess and aeolian deposits, vegetal accumulations, and soil. The term was
originated by Merrill (1897, p. 299). Etymol: Greek rhegos, “blanket”, + lithos,
stone.” (Bates and Jackson, 1987, Glossary of Geology).

Although this definition is almost 100 years old, the study of “regolith”, meaning something
more than surficial sediments is fairly young - fifty years covers most of it. But what is meant
by ‘more than surficial sediments’? To most people it means the addition of soil, some specific
feature such as duricrusts, and perhaps weathering profiles, though most earth scientists seem
remarkably ignorant about weathering profiles and saprolite. Maps of soils and sediments have
been around for quite a long time, but these are only partial or surrogate regolith maps, and the
history of true regolith mapping is much shorter.

The first maps that showed regolith were devised in the first place to show other things. Soil
maps are of great antiquity, but usually only refer to the top metre or less of regolith. The
oldest I have found is one of Suffolk produced in 1797 (Fig. 1), and it is a rough map of the
texture of the topsoil (sand, rich loam, fen, etc.). Perhaps we should have a prize for the oldest
regolith map yet discovered. Graham Taylor (pers. comm.) told us of regolith (soil) maps used
by tax collectors in ancient China, and there may have been equivalents in ancient Egypt or
Mesopotamia.

We shall now consider various maps that are in some way ‘regolith maps.’

Depth of Weathering

At the simplest, one might expect maps of regolith thickness to be produced, but they are rare.
Thomas (1966) produced one which is of considerable interest, for a small area of Nigeria, but
I have not found any others. Engineers have sometimes collected information but usually are
content with sections, and do not produce maps. Moye (pers. comm.) told me of vast amounts
of drilling information obtained by the Snowy Mountain Authority during its exploration. This
was not produced in map form, and years later it was not even possible to find the raw
borehole data.



Fig. 1. Map of the soil of Suffolk, England, produced by the Board of Agriculture in 1797.



One of the saddest ‘regolith’ maps (Fig. 2) is that showing the distribution of deep weathering
profiles, a very rough attempt by Roy Woodall (1981) produced in the hope of inducing
CSIRO to take up regolith studies for the benefit of the mining industry.

DEEP WEATHERING PROFILES
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Fig. 2. The distribution of deep weathering profiles in Australia, after Woodall (1981).

Surface Deposits

Hunt was an American interested in the geology of soils. He produced a small-scale map of
surface deposits of the United States that included various kinds of surface deposits, and three
categories of weathered rock (Hunt, 1967). This is perhaps the nearest thing to a regolith map
of the United States.

The inclusion of surficial sediments in regolith means that some maps, such as maps of flood
plains, have been with us since the early days of geomorphology. An example is the
Geomorphic Map of the Riverine Plains (Butler et al., 1973).

Drift Maps

Maps of glacial and periglacial deposits are a specific type of regolith or geomorphic map that
have been around a long time. In Britain the bedrock geology is obscured in many areas by
regolith, much of which is glacial ‘drift’, and the Geological Survey produced maps of both
solid geology and ‘drift maps.” The drift was not only glacial, but any surficial material.
However, there was no interest in deep weathering, and drift maps are only part way to being
regolith maps.



Soil Maps

Soil maps usually only show the top metre or so of material, and if the maps are based on
conventional soil profiles they may be somewhat limited. In Britain the concept of the Soil
Series was used. These were more ‘natural’ units, and often reflected genuine regolith units. In
the Chalk country of the Chiltern Hills, the distribution of soil series really brought out the
distribution of regolith - Plateau drift, hillslope creep materials, footslope debris, decalcified
footslope debris and alluvium, and enabled some detailed geomorphic interpretations to be
made (Ollier and Thomasson, 1957). The Batcombe Soil Series, for instance, was not simply a
soil, but had a profile consisting of Tertiary sedimentary clay with rolled flints (Reading Beds),
underlain by a decimetres-thick layer of clay with unrolled flints derived from Chalk solution
beneath the Reading Beds, with an addition at the surface of Quaternary windblown silt
(brickearth), the whole bearing a brown earth type of soil.

In Scotland the concept of soil association was used. Although based on soil hydrology, the
mapped units were significant regolith units. In some areas the soil boundaries were roughly
like the geological boundaries but about 2 km further south, indicating the average movement
of glacial bedload.

Buganda surface

Acholi surface

Africa surtace

Other terrain units

Fig. 3. The location of the Acholi Surface in northern Uganda. The African Surface to the
south is the same topographic surface but has a cover of saprolite that has been
stripped from the Acholi Surface. A few “pendants” of saprolite occur within the
Acholi Surface. (after Ollier, 1992).

In Uganda a reconnaissance soil map was prepared in the years 1956-60. The soils were mainly
variants of tropical red earths, but the soil maps could be simplified into “geomorphic maps”
which purported to show “erosion surfaces.” In reality, in northern Uganda the map separated
those areas with deep saprolite from those with soils formed on fresh bedrock (Fig. 3). The
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significance of old saprolite was recognised at the time: “The African surface is largely cut
across rotted or pre-weathered rock, and such areas are shown on the geomorphic map. The
so-called Acholi surface is cut across fresh rock. The two surfaces are not separated by any
fundamental change in base level, and there is no erosion scarp between them, and it is
probable that they are parts of one and the same erosion surface; the Acholi being part of the
African surface where all the regolith has been stripped off by erosion. As the presence or
absence of a regolith is of fundamental importance to soil formation the term Acholi surface
has been retained as a useful name for the lowest parts of the African surface.”(Ollier, 1959, p
2.). The story of the regolith map was published in more accessible form in the Israeli Journal
of Earth Science (Ollier, 1992).

The Soils Atlas of Australia is another regolith map disguised as a soil map: it is described
later.

Geomorphology Maps

Geomorphologists have concentrated on landform in their maps, which is right and proper in
view of the etymology. A few have included aspects of weathering, but generally only in
passing. In areas of glacial deposition some geomorphology maps are regolith maps in the
sense that they depict surficial deposits.

Hays (1967) produced a map of erosion surfaces in the Northern Territory, which, in
conjunction with his text that described the regolith in some detail, came close to a small scale
regolith map. In the same book (Mulcahy, 1967) published a map of soils and land surfaces in
part of Western Australia, which was based on an earlier survey by Mulcahy and Kingston
(1961), again very close to a regolith map.

Duricrust Maps

Duricrusts have attracted attention quite disproportionate to their area, or perhaps importance,
and maps purporting to show the distribution of laterite and silcrete have been around for a
long time. Prescott and Pendleton (1952) presented a laterite map for Australia and Litchfield
and Mabbutt (1962) a silcrete map (Fig. 4). Mabbutt (1974) produced a map of silcrete and
laterite cappings; as did Dury (1968) and Stephens (1971; Fig. 5); Twidale (1983); Twidale
and Campbell (1995; Fig. 6), and others. Many duricrust maps were devised to illustrate a
theory - most often an alleged relationship to some climatic parameter such as the 10 inch
isohyet. The maps are all quite wrong, and silcretes are now known in Victoria, eastern New
South Wales and Queensland - well outside the areas indicated on the ‘distribution’ maps.

Terrain Classification

Some terrain classification maps also come close to being regolith maps. Terrain classification
arose after the second world war in various guises. As Mabbut wrote in 1968: “Tired of fitting
boundaries which did not exist around areas which did not matter, regional geographers
abandoned the search for the elusive ‘natural region’ and sought real objects of study in
distinctive parts of the observed environment.”

The basic idea is that there are areas (mapping units, land systems) with repetitive landscape
units that differ from other areas with their own, different repetitive landforms. When the land
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Fig. 4. The distribution of silcrete (a) (after Litchfield and Mabbutt, 1962) and
ferricrete/laterite (b) (after Prescott and Pendleton, 1952). According to Cruickshank
(1972) “The distributions are partly complimentary, indicating different formative
conditions on opposite sides of the present 10 in (250 mm) isohyet.”
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Fig. 5. The distribution of ferricrete (outside) and silcrete (inside) after Dury, 1968 (solid
line) and Stephens, 1971 (dashed line)
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S 1 Basalt, laterite and
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Fig. 6. The distribution of silcrete and ferricrete according to Twidale and Campbell (1995).
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was subdivided, each land system (terminology varies) was described in terms of topography,
vegetation, soils, and so on, and incidentally the regolith was often included. The first CSIRO
Land Research maps were on the way to being regolith maps. The method was used by others,
in many parts of the world, summarised by Ollier (1977). In Nigeria terrain maps were made
for road making and other engineering purposes (Dowling, 1968). In Britain the lead was
taken by the military who wanted “going maps” - essentially maps that showed where you
could go with infantry, tanks, camels or whatever - which could be prepared for enemy
territory, in advance (from air photos at the time). Again these maps showed a lot of
topography, vegetation and other features, but inevitably described the geology and soils, and
became a sort of surrogate regolith map.

The British system, known as the Oxford/MEXE System, was tried out in Uganda, Swaziland,
and part of Kenya. The Uganda map (Ollier et al., 1969) proved to be potentially very useful.
Had it preceded the Soil Survey of Uganda instead of coming years later it could have made
the Soil Survey quicker, cheaper and more accurate. It also provided a better objective base
map for geomorphology map when compared with a straightforward geomorphology map (De
Swart and Trendall, 1970).

The terrain classification approach was adopted by the BMR for its first maps. These included:
The Hamilton Regolith Map at 1:1 000 000 (Ollier and Joyce, 1986);

The Regolith Map of Australia at 1: 5 000 000 (Chan et al., 1986);

The Kalgoorlie Regolith Map at 1:1 000 000. (Chan et al., 1992).

It was, of course, premature to try to make a map of the regolith of all Australia, but there is a
basic tenet amongst surveyors - “Always work from the whole to the part.” and it was thought
that an overview, however skimpy, would help to relate later work in different parts of the
country. This would overcome the problem of the CSIRO Land Research maps, which were
scattered here and there but had no relationship to each other.

This situation contrasts with Papua New Guinea, where the Land System mapping was
completed for the whole country. It provides a superb basic document for research into
regolith or geomorphology. Unfortunately the documentation that goes with the maps is not
especially helpful, and it is best to use these maps in conjunction with the book by Loffler
(1979).

Other people were also mapping regolith in Australia. Victoria led the way. The Soil
Conservation Authority of Victoria produced a series of volumes on terrain classification in
various parts of the state (e.g. Gibbons and Downes, 1964). Some of the work was published
in learned journals, such as the paper by Gibbons and Gill (1964) who proposed units still used
much later in the BMR Regolith Map of the Hamilton Sheet (Ollier and Joyce, 1986). The
CSIRO Division of Applied Geomechanics also produced a series of volumes on terrain
classification of specific areas (e.g. Grant, 1972). They had an engineering approach, and when
they described ‘soil’ they were not thinking of pedological or agricultural soil. A typical
description might be: “Duplex light grey clay over silt to 10 in, over yellow heavy-textured
clay, over decomposed rock at variable depth.” Generally they worked on a detailed scale, but
they also produced a map of all Australia at 1:2 500 000 (Grant et al., 1984). This used a great
soil group classification of soils (e.g. podzols, soloths, but also alluvial soils, siliceous sands)
and also had a class of Superficial Lithology which included duricrusts and sand dunes.

The Soils Atlas of Australia (Northcote, 1968) is essentially a terrain classification map, and a
very good one too. By a complex system of keys you can find the soil at a given place (in the
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Northcote Classification), but it is also possible to get a rough idea of the topography and
regolith for each unit. Much of this information was used in the BMR Regolith Map of
Australia.

Much more detailed maps are desirable for specific purposes. In particular engineers want
details for foundations and other structural information, and mineral explorers want to home in
on their targets. There is here a conflict: you need a regolith map to give an overview, but
detailed site investigation for a specific damsite, tunnel, gold prospect or mine. If you
concentrate all your work on specific sites you can cover little territory, so a decision has to be
made on just what is required. In general small companies will work on detailed scales;
government agencies (and major companies that want to cover a lot of ground) will work on
small scales. CSIRO Division of Exploration and Mining, getting much of its funding from
mining companies, works on small areas, but the information remains in private hands. On the
other hand, AGSO in the National Geoscience Mapping Accord, works on large areas, but the
work is ultimately published.

A very interesting series of terrain classification maps are produced on large scales in Hong
Kong, basically for geotechnical purposes associated with engineering in this densely populated
area, but allied to excellent regolith studies, so these are close to being regolith maps.

The Impact of Theory on Mapping

Theory has a very significant impact on regolith maps, though it is usually more implicit than
specifically stated. One set of theories comes from climate, and the usually unstated idea that
soils and regolith are in equilibrium with the present climate. In Prescott’s early soil maps of
Western Australia he used rainfall patterns as surrogate boundaries for soil types. These
diagonal boundaries in the Perth corner of the State are lingering on still. I once asked C.G.
Stephens why such boundaries still appeared on his soil map, though he knew it was
inaccurate. He replied that they were ‘political boundaries’ (meaning that Prescott was still the
boss!).

Another neat example comes from volcanic Western Samoa (Fig. 7). A soil map had been
made by Wright (1963) who assumed that climate controlled soil types and his ‘soil map’ had
boundaries that followed rainfall (assuming further that rainfall followed altitude). A later
survey based in the first place on terrain classification, showed that the age of the lava flow
was the dominant factor, not climate (Ollier, 1988). The regolith/soil divisions were very
simple. On the youngest lava flows a bushknife could make a ringing note as it hit the rock; on
middle-aged flows a bushknife could penetrate about 20 cm; on older flows a bushknife could
be plunged to the hilt in the stone-free deeply weathered basalt.

Geomorphic theory also has its place. Throughout much of this century geomorphology has
been based on the idea of cycles, with successive erosion surfaces. Davisian peneplains are all
that most geologists have ever heard of, but the successive pediplains of Lester King are also
widely known amongst geomorphologists. Some workers, such as Wooldridge and Linton
(1939) in England, mapped specific erosion surfaces and examined their regolith, giving some
factual authority to the concept. They recognised a Plio-Pleistocene marine platform on the
dipslope of the Chalk, and identified deposits by mineralogy, gravels, and fossils. Detailed re-
examination of the same area cast grave doubts on that interpretation (Moffat et al., 1986). In
similar style, Sparks (1949) found a whole suite of surfaces on the South Downs of southern
England. Naturally the older surfaces should bear a more weathered regolith than younger
ones. Unfortunately, later workers (Hodgson et al., 1974) who studied the regolith in detail

9



Fig. 7. A soil map of part of Western Samoa by Wright, 1963 (a), with climatic boundaries
acting as surrogate soil boundaries, and by Ollier, 1988 (b) based on terrain
classification and field checking.
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found it was not so, and even the surfaces themselves proved spurious. The re-assessment
arose from the regolith work of the Soil Survey of Great Britain.

In Western Australia the first systematic account of the physiography (geomorphology) was
given by Jutson (1914). He envisaged an ancient peneplain (the Old Plateau) which was
covered in laterite - a deep weathered profile with an ironstone (ferricrete) crust. This was
dissected by valleys which then widened to form a Young or New Plateau, leaving only
remnants of the Old Plateau (Fig. 8). The model was continued by Mabbutt (1974; 1988) and
no doubt goes on to the present day. It is the basis of the RED (residual, erosional,
depositional) scheme of regolith mapping used by CSIRO Division of Exploration and Mining,

Old plateau
Hard cap -

—— — — — ——— — — — — — — — —— — ——— T c——

plateau
cap. -

1

New plateau

Old plateau entirely removed

New plateau

Fig. 8. Cross sections depicting landscape evolution of the Yilgarn region, Western Australia,
according to Jutson (1914). This implies (1) formation of the "old plateau” and
development of a “hard cap” (ferricrete) across the entire landscape. (2) incision of
valleys (apparently to the base of the saprolite). (3) valley widening (or scarp retreat)
to the level of a "new plateau" leaving remnants of the “old plateau” as duricrusted
hills in the present landscape.

11



the residual corresponding to the old plateau, the erosional to the slopes, and depositional to
those parts covered in younger sediments. Formally the three ‘regimes’ are defined as follows
(Craig, 1993):
Residual Regimes
Residual regimes are mappable areas characterised by widespread preservation of
lateritic residuum. Conceptually, they are relics of an ancient weathered land surface.
Erosional Regimes
Erosional regimes are characterised by erosion and removal of the lateritic residuum
to a level where the mottled zone, clay zone, saprolite, or fresh bedrock are either
exposed, concealed beneath soil, or beneath thin locally-derived, associated
sediments.
Depositional regimes
These regimes are characterised by widespread sediments which can be many metres
thick. The boundary between residual and depositional regimes can be gradational or
sharp. The substrate can range from stripped surfaces to complete weathering
profiles.

The definition of the Erosional Regime in particular conveys the idea that the entire landscape
was once covered in laterite, as in the Jutson model. In the Kalgoorlie region the BMR
mapping suggested an alternative hypothesis of inversion of relief, and the “old plateaus” are
interpreted as old valley floors. In fact it is doubtful if there was ever enough iron to form a
sheet of ferricrete across the entire landscape, but if iron is concentrated in drainage lines -
perhaps five percent of the landscape - there is no problem.

The same story has been found in North Queensland on the Cape York Peninsula (Pain and
Ollier, 1992), and the Charters Towers region provides a modern example. Rivers and
Eggleton (1994) wrote that “The older (Tertiary?) ferricretes have developed ir situ on the
granodiorite.” but Henderson and Nind (1994) wrote of the Charters Towers region “Deep
weathering is ubiquitous and ferricrete duricrust is commonly developed in its upper horizons.
The upland association of the formation is the product of topographic inversion resulting from
the duricrust development.”

Another, classic example of inversion of relief is at Robe River, Western Australia, a huge
economic iron ore deposit. This points out another problem encountered in regolith mapping -
the tendency to map a specific attribute rather than all the regolith. There are many maps of the
iron ore deposits, but little attempt to map the regional regolith.

Some confusion occurs because of the distinction between soil and regolith. In some areas
there is a simple story of soil formation on fresh rock; in others there is inheritance of deep
weathered profiles from former times, and saprolite, not fresh rock, is the parent material. In
the Ballarat area there is hardly any exposure of fresh rock (Ollier and Joyce, 1986), and in east
Gippsland there is extensive deep weathering, even on steep slopes. In contrast, on the Monaro
Plateau, despite prolonged erosional stability and a parent material of basalt, the soils are thin
and related to the present conditions (Pillans and Walker, 1995). No geomorphic theory that I
know of could predict these distributions, which demonstrate the importance of field
observation.

Partial, Surrogate and Real Maps

Mapping regolith is difficult because it cannot be seen without digging it all up. So how can it
be mapped? As we have seen, some maps devised for other purposes are partial regolith maps.
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Soil maps at a small scale may be regolith maps if there is no inherited deep weathering, or if
the soil surveyors have genuinely concerned themselves with the total weathering/soil profile.
Terrain classification maps may also be regolith maps.

Alternatively, soil may be mapped as a surrogate for regolith, and it gives lots of clues. So does
topography, but topography alone is a poor surrogate map. Workers with a strong biological
or ecological bent often use vegetation as a surrogate for regolith mapping. This is generally
dubious, even positively misleading, in my experience, especially if the mapping is done using
remote sensing. Basically most remote sensing sees the top few microns of what is beneath.
You may see the tree canopy, but if that is penetrated there is bush, grass, or moss to reflect
and it is rare to see the earth at all. That is why the success stories of remote sensing come
from Death Valley and the Simpson Desert. Only radiometrics really ‘sees’ through vegetation
and into the top metre of regolith. Lastly there are various ‘black-box’ techniques for making
surrogate regolith maps. I have yet to be convinced that they have anything to offer. At the
moment regolith mapping is more an art than a science, but in view of the real advances that
have been made over the past fifty years I think a generation of ‘real’ regolith maps is close.

One thing that has held back regolith mapping so far is the fact that the maps are hard to
interpret. We should remember that a geology student probably spends a year learning the
basics of interpreting geology maps, a geomorphologist can spend a long time learning how to
interpret contour maps properly, but people still expect to understand a regolith map on first
inspection. For ‘real’ regolith maps it is probably advisable to have a “How To Use This Map”
box included on the map, or a chapter on the same in the accompanying account.

The Need for Mapping

“During the Second Australian Conference in Soil Science held in Melbourne in August 1957 it
was stressed that the collection of systematic information about the various geomorphic
features of the continent would contribute greatly to the understanding of the origin and
development of Australian soils and thereby facilitate their mapping and help to explain their
fertility characteristics.” This quote from a Symposium held in Adelaide in 1961 was, I think,
the first clear call for geomorphic maps of Australia. At the Symposium, E.S. Hills (1962) said
“In the long run, the results of your work will be expressed in cartographic form. We are
certainly very far from being able to show soils, geomorphology, Quaternary geology and
current earth movement on maps, even for southeast. Australia where a good deal of work has
been done. But it is clear that a beginning should be made, and I do hope that out of this
symposium may come suggestions for the preparation of such maps.” It seems to me that a
beginning has been made and we now hope for a successful continuation.

Mapping regolith is difficult, because most of it cannot be seen. Furthermore there may be
disagreement on what is seen even when it is exposed. The interpretation usually depends upon
a burden of prior knowledge and theoretical concepts. Even if you know what you are
mapping there are problems of scale. Above all there is the problem of purpose - who is going
to use the map and for what end? For these, and other reasons the history of regolith mapping
has been a stuttering and unsatisfactory affair. But I believe it is now showing its value in such
diverse fields as mineral exploration, highway engineering, hydrology and soil erosion control
that it must consolidate.

In the past a great deal of regolith research has concentrated on the study of single profiles, or
on sections, or on catenas. A full three-dimensional approach has been generally lacking, but
will be provided by regolith maps. We can expect that a burgeoning of regolith mapping will
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lead to greater understanding and new concepts. As the great geologist Lapworth wrote: “Map
it, and it will all come out right.”
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Regolith Mapping: What Do We Think We Are Doing?
(and are We Really Doing 1t?)

S.M. Hill
Centre for Australian Regolith Studies, The Australian National University,
Canberra ACT, 0200

Introduction

The origins of regolith mapping largely come from an incorporation of many different
approaches to representing the distribution of the Earth's surface and near surface features and
materials. Approaches to mapping in these related fields have a long history of development,
however regolith mapping (sensu stricto) is a relatively recent development and as a result
many of its conceptual approaches are still being developed. This paper will raise some
questions concerning the development of regolith mapping strategies and philosophies and as a
result issues such as mapping constraints and surrogacy as well as circular arguments,
assumptions and subjectivity will be identified and discussed. These issues need to be
appreciated when either compiling or utilising regolith maps.

What Are We Trying To Do?

Regolith mapping is generally concerned with representing the distribution and location of the
mantle of materials, including weathered rocks, sediments and soils, altered or formed by land
surface processes (the mantle of material overlying the bedrock). This involves more than just
adding detail to the Cainozoic, or even the "yellow shaded" and "soft rock" areas of geological
maps, and requires a specific approach and philosophy to its mapping.

A number of different regolith maps and mapping schemes can be applied to regolith mapping
projects. Many of these schemes are designed for specific purposes and therefore may not
always be generally applicable, however a scheme that fulfils most general needs should have
the following features:

(i) Flexibility and robustness - allowing for application in a variety of terrain and regolith
types.

(ii)  Simplicity and clarity - it is important that the map is readily interpretable, and this is
often dependent upon the production of a logical and easy to comprehend
presentation scheme.

(iii)  Scale independence - the scheme should be able to be used at a variety of scales,
allowing for the ready transfer of information from one scale to another.

(iv)  Time independence - regolith materials cover a broad age span, so therefore age
specific limitations should not restrict the use of the scheme. This may be a limiting
factor for mapping philosophies developed in regions dominated by a specific age
of regolith, such as in a Quaternary landscape (e.g. Thornbury, 1954, p. 26, and the
limitations of his "Concept 6", when applied to areas of more ancient regolith).
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(v) 3-dimensional representation - the distribution of regolith materials and features varies
both in the horizontal and also the vertical dimensions. Ideally a regolith map
should give some feel for this.

(vi)  Compatibility with special purpose maps - regolith maps may be utilised for a variety
of objectives in a variety of fields. The regolith mapping schemes and maps must be
compatible with these.

In reality a number of different regolith maps and mapping schemes can be applied to regolith
mapping projects. Many of these schemes have strengths and weaknesses, often dependent
upon the requirements and specific purposes of the work, and they may not always be
generally applicable. Regolith mappers therefore need to determine whether the scheme they
are going to use fulfils their needs.

More specific requirements and map types may be related to many different applications,

including:
e mineral exploration;
o land use;

e landscape research;
e hydrology;

e ecology;

e soil sciences;

¢ engineering;

e military.

Regolith mapping has the potential to provide general landscape information as well as
information for specific fields of interest. The development of these maps to provide
information about a wide range of features and also to cater to a wide user base is one of the
great strengths of regolith mapping, however it is a very large task and in reality frequently
encounters various constraints. Some of the constraints and issues that require consideration
are outlined in the following discussion.

What Do We Actually Do?

Do all regolith maps really represent the distribution and location of the mantle of materials
overlying the bedrock?

Regolith mapping projects and the nature of the map produced may be influenced and
constrained by a variety of things including time, money, as well as the general mapping
philosophies and concepts. Constraints relating to regolith mapping philosophy and concepts
include: the scale of mapping, surrogacy employed in mapping, subjectivity and inbuilt genetic
connotations. These constraints may not necessarily be detrimental, however their presence
and influence should be appreciated when compiling and using regolith maps.

Scale of Mapping

There have been various approaches to regolith mapping related to scale. It is important to
decide from the outset whether the map information needs to be represented in detail or as a
broad regional view. For instance an alluvial fan may be considered as a single unit in the
regional context or as a series of smaller lobes and associated depositional facies on a detailed
scale. There is also a limit to the amount of information that can be shown on a map face,
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therefore mapping units at regional scales tend to be more general and have more internal
variation than units shown at more detailed scales. For a given map scale, units that are
narrower than about 3 mm on the map cannot be easily read.

Cartographic precision will also vary with map scale. For example, a 0.3 mm line thickness at 1
: 100,000 scale is equivalent to 30 m on the ground. This distance will be more significant for
smaller scale maps, and highlights a potential problem with using regional scale maps for local
scale applications. Related to this is the problem of distinguishing between gradual and sharp
unit boundaries in a detailed scale map presentation. In the case of gradual unit boundaries a
dividing line often represents the site of intermediate characteristics or where maximum change
occurs. Some boundaries may be difficult to precisely ascertain in the field and map users need
be aware of the criteria used for developing map polygon boundaries. Consistent use of
particular criteria is important and an hierarchy of polygon boundary lines to represent the
differences in boundary precision may help alleviate some of these problems (i.e. the use of
solid, dashed and dotted lines).

Internal variation within mapped regolith unit polygons will usually be greater for regional
scale maps than for detailed maps. At regional scales either the dominant regolith type or a
characteristic assemblage of regolith types is shown. Regional scale mapping also tends to
employ a greater level of surrogacy than detailed scale mapping.

Surrogacy

Surrogacy, in the context of regolith mapping, is the employment of a mappable feature the
distribution of which can be related to the regolith features that we intend to map. It may be
employed at various scales and different types of surrogacy may be used, even within a single
hierarchical level of classification. Different types of surrogacy used in regolith mapping
include: landsurface morphology (geomorphology and landforms), lithology (materials),
geology, chronology, soils, remotely sensed features and vegetation.

It is important to remember that with surrogacy we are indirectly mapping the regolith. The
success of a particular surrogate is dependent upon how well the relationship between the
regolith and the surrogate is known. This usually requires some detailed investigation of this
relationship at selected sites within the mapping area. Extrapolating from one area to another
without investigating the relationship of the surrogate to the regolith in different areas is
potentially dangerous. For example in one terrain ferruginous duricrusts may be intimately
associated with mesas however that does not mean that mesas in another region will
necessarily correspond with ferruginous duricrusts. This highlights the need to critically test the
value of surrogates for regolith mapping on an area to area basis, before they are put to use.

An appreciation of the type of surrogate used is also important when making correlations
between regolith map polygons and the distribution of other features in an area. Without this
appreciation there is a danger of becoming locked in circular arguments where the distribution
of regolith features may only be found to correlate with the surrogate that was used to map the
regolith in the first instance. Examples include correlations between regolith and possible
surrogates such as vegetation and geology. There is also the danger of correlating regolith
distribution with another feature that was mapped using the same surrogate. For instance
correlations between soils and regolith that have both been mapped using landform as a
surrogate, or regolith and geology that have both been mapped using a vegetation surrogate.
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Morphological, geomorphological and landform based maps

Land-surface morphology is a traditional surrogate for regolith mapping. Its use relies on the
generally intimate relationship between regolith and landforms (not only can the type of
regolith influence land-surface morphology, but the land-surface morphology commonly
determines the type of regolith that occurs in a given area). Advantages with this surrogate
include:
o greater speed and efficiency of mapping than for regolith at every point in the
landscape;
e continuos coverage of the landscape by landforms;
« generally good suitability for representing spatial relationships between regolith units;
 the potential to allow extrapolation beyond the study area (although beware of some of
the previously discussed dangers).

There are, however potential problems that should be considered:

o the success of the surrogate is dependent upon how well surface morphology correlates
with regolith profiles (this relationship usually needs to be established on an area to
area basis); ,

o the surrogate is good for widespread and thin depositional units, but subsurface
information is more difficult to consider; '

e schemes based on landforms may sometimes be confronted with problems of in-built
interpretation, whereby they assign subdivisions and connotations of genesis and/or age
(morphogenetic and morphochronological maps).

Landform units are often grouped hierarchically on the basis of genesis. The recognition,
emphasis and classification of landforms also commonly involves a degree of subjectivity. This
will depend on the compiler's previous experience and also their landscape evolution
philosophical standing. One person's etchplain may be another's peneplain or pediplain,
depending on their recognition and emphasis of particular genetic processes. Compilations of
standard landform classification units, such as those in Speight (1990) and Pain et al. (1991)
help to overcome this problem, although their success is still dependent to some degree on the

user's interpretation.
Lithological and materials based maps

This surrogate is usually less subjective than the others listed here. Unit descriptions are
typically based on such features as grain size, type of induration, and colour, although the
criteria that may be used is limitless. Lithology can be used to show differences in regolith both
horizontally and vertically and may be used in conjunction with other approaches (e.g.
regionally mapped morphological features may be subdivided on the basis of constituent
materials at the detailed scale). A major limitation with this approach is that it is very time
demanding especially at the regional scale. Subjectivity and surrogacy problems may also arise
due to specific lithological features being used to delineate regolith mapping units. For example
a single feature such as textural properties or chemistry may alone be used as a mapping
surrogate.

Geology based maps

The main objective of geological mapping is to represent the surface distribution and geometry
of bedrock geology. Geological maps may also directly and indirectly provide some regolith
information. Direct information such as the occurrence of significant areas of unconsolidated
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relatively young deposits or duricrust outcrops are usually rather simplistically presented.
Other, more indirect information may include regolith parent materials, sediment provenance
and morpho-tectonic features.

Regolith maps, particularly at a regional scale, may use geology as a parent material surrogate.
Mapping units classified as "weathered granite”, "granitic debris", "deeply weathered basalt
flow" are invariably associated with the use of a geological surrogate. It is foreseeable that an
unjustified reliance on this approach could present a misleading regolith distribution pattern,
where map polygons more closely reflect the underlying geology rather than regolith units in
the purest sense. While regolith maps do have a lot of potential for making associations
between regolith and bedrock geology, care needs to be taken that such correlations are not
entrenched in circular arguments, where regolith mapping units derived from geological

surrogates are found to have a perfect correlation with geological maps.
Chronology based maps

These maps define regolith mapping units based on their age. They are most successfully
applied to younger depositional units that may be absolutely or relatively dated. Their
application to older deposits and deeply weathered and erosional features is more difficult. For
instance a polygenetic weathered landsurface that has undergone several periods of weathering
and erosion is not only difficult to obtain a single age for, but any age that is obtained is open
to many interpretations. There is also the problem of deciding what age the map should
represent (e.g. for saprolitic areas, should the map show the age of weathering profile
development or of the erosion that defines the landsurface?).

Soil based maps

Soil maps essentially show the pattern of soils in the landscape. Soil mapping units are
generally related to variations in parent material, time, climate, topography and living
organisms (Ollier, 1984), aspects that also affect regolith development. Thus the soil units will
be similar to the polygons on a regolith map. Polygons will also be closely related because
regolith is the parent material for many soils. The association between soils (which is usually
taken as being the near surface regolith that is influenced by biological activity) and the deeper
parts of regolith profiles is usually less diagnostic. The relationships between soil and regolith
maps is an area that needs more investigation and is discussed further in other papers in this
publication.

Vegetation based maps

Vegetation is frequently used as a regolith surrogate, either directly or indirectly. This
surrogate exploits relationships between vegetation and the supporting regolith substrate. The
relationships between regolith mapping units and vegetation are discussed further in Hill
(1995), although it is stressed that the same cautions that apply to the other surrogates also
apply to vegetation.

Remotely sensed features

Remotely sensed features such as patterns, colours and tones derived from aerial photographs,
satellite imagery and geophysical responses are a major tool used by regolith mappers to
determine entire polygon boundaries or to close mapping polygons where other information is
scant. The surrogate nature of this information is frequently overlooked and users need to be
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cautious about having absolute faith that this data is always showing regolith information in the
purest sense. Remotely sensed responses are also frequently a reflection of other regolith
surrogates such as vegetation or surface lithology or morphology. The relationship between
regolith and its remotely sensed attributes needs to be understood for a given region before the
potential advantages of this surrogate can be utilised.

Genetic Models

Genetic models as applied in regolith mapping are usually based upon regolith-landform
models. The value of these schemes is therefore dependent upon the model's ability to account
for the features of a given area. Many models, are limited in their success, because there is
insufficient information available to understand the processes that influence the regolith and
associated features such as landforms. Robust models are therefore needed if a mapping
approach is to have a suitable genetic basis. In reality these maps are perhaps best considered a
means of conveying interpretative results, rather than a source of raw data.

Examples of genetic model schemes include those based on climatic, geomorphological and
pedological models, continent scale maps based on plate tectonics theory and the classification
of mapping units based on models of landscape evolution. Map compilers and users of these
schemes should be cautious of subjectivity in support of a particular model. For example in the
Yilgarn Craton of Western Australia the identification of a regionally mapped dendritic lateritic
duricrust pattern may be seen as supporting evidence for regolith-landscape models invoking
inversion of relief (Ollier et al., 1988). However, critics of this model are unable to map a
similar pattern at the local scale (Anand, 1995). This is a concern to users who require a map
that objectively shows the distribution of regolith types, and has major implications for the
understanding of these landscapes.

The CSIRO/AMIRA's regolith mapping scheme is an example of a genetic-model based
scheme. This scheme broadly subdivides regolith into three main types (Anand and Smith,
1993):
e Residual regimes - where near complete laterite profiles are preserved;
e Erosional regimes - where the lateritic profile is assumed to have been truncated to the
level of saprolite/bedrock; and
e Depositional regimes - characterised by units of sedimentary origin.

This scheme (generally referred to as the RED scheme) has been developed mainly to serve the
practical requirements of mineral exploration programs in lateritic terrains, such as the Yilgarn
Craton of Western Australia. The underlying genetic model here is one of a former deeply
weathered landscape covered with a lateritic duricrust, that has since undergone erosion and

subsequent deposition in some areas.

This model may appear to be satisfactory for the requirements of the mineral exploration
industry although it also raises many questions about the widespread validity of the underlying
regolith-landscape model. For instance:

e Is it valid to assume that "erosional" regimes were formerly covered by a lateritic
duricrust that has since been removed (i.e. was the lateritic duricrust a single
continuous cover)? This argument is often based on negative evidence, and in most
cases is a gross over-simplification. It is probable that many erosional areas never had a
lateritic duricrust cover.

e What about the possible existence of "residual” landscape features that are comprised
of materials other than lateritic duricrust?
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e How applicable is the scheme to polygenetic, diachronous, laterally variable and
reworked lateritic material? For example lateritic duricrust developed in transported
material may have attributes that are similar to both depositional and residual regimes
(the induration may be consistent with residual regimes, whereas the framework
material is essentially depositional, and is actually derived from former landscape
materials).

e How applicable is the scheme to non-lateritic terrains? The scheme was developed for
the Yilgarn Craton, but is this landscape and its evolutionary models similar to
landscapes elsewhere?

The success of the RED scheme in assisting exploration programs and discovering concealed
ore bodies in deeply weathered terrains is most likely due to its inherent mapping of the
regolith material types, rather than the classification of this material according to regimes
within this regolith-landscape model. Parts of the model are likely to be applicable to some
parts of other landscapes. However, many other areas may not be this way. The long-term and
widespread success of this scheme will be dependent upon how well it is able to deal with
many of the issues discussed here.

Where Does This Leave Us?

Hopefully this discussion has left us in a position where we can ask meaningful questions and
make better assessments of approaches to regolith mapping. This should reduce the possible
disappointment resulting from having false expectations of what regolith maps are showing. An
important point to consider is whether or not what is called a "regolith map" is in reality
showing us regolith information in the purest sense. As has been discussed, many "regolith
maps" may be more closely related to mapping surrogates or derivative mapping philosophies.
By considering many of these issues better interpretations and assessments can be made of the
features shown in regolith maps. It is hoped that regolith mapping schemes are able to develop
to the point where they can satisfactorily deal with many of these issues and maybe even come
to a universal or at least compatible and communicable approach to mapping the regolith.
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