
The rather lively and emotional debate
which took place at our annual general
meeting in Townsville is still fresh in my
mind. It centred on whether the AEG
should embrace environmental geochemis-
try as a sister discipline in its activities
and publications, and if so, to what
degree. My personal opinion is that we
should, not to attract more members to fill
the void created by declining North
American explorationists (actually we are
quite healthy these days!), but rather to
bring our expertise and experience to the attention of those
working in the "environmental field". Let me show you why.

Together with about 20 colleagues from the Geological
Survey of Canada, I recently attended a 2-day workshop at
York University on issues related to long range transport of
atmospheric pollutants (LRTAP), specifically dealing with
mercury. It was organized by the Ecological Monitoring
Coordinating Office (EMCO) of Environment Canada and
was probably the first meeting of its kind where so many
"geological types" came together with "traditional environ-
mentalists", for want of better labels. Presentations were
made by both "camps" in such areas as atmospheric model-
ling of Hg transport, use of the lake sediment core as an
historical record of Hg input, levels of Hg in various media
and health concerns for those living in the aquatic and
terrestrial ecosystems (sport fish, otter, loon, whale, seal,
homo sapiens..). Actually, it was very unclear as to whether
there was need to worry about Hg levels in any of these
species, the data being sparse and inconclusive. It was
interesting to hear Hg described as a "persistent chemical"
and that "it gets into the environment", as if it wasn't there
already. The language is completely different, with its own
slant. Watersheds are net "exporters" or "retainers" of Hg
(deposited from the atmosphere), the term "leaching" is
absent. The surficial environment is seen more in a static than
kinetic mode, as passive rather than active. I saw a diagram
of a tree where the input through the root system was given
negligible importance compared to wet or dry deposition
from above. It begs the questions: why is phytoremediation
being seen as a way to clean up pollution around landfill sites
and why are we bothering to use vegetation as a geochemical
exploration tool?

As natural or geogenic fluxes of Hg have been so difficult
to measure or estimate, they are usually left out of the input
equation to the model(s). We, the geoscientific community,
have a plethora of data on the diverse elemental compositions
(not just Hg) of various media and we have at least some
understanding of the complex interactions of metals in the
environment (geochemical cycling). This meeting and others
have highlighted the vital need for these two disciplines to

come together in scientific collaboration to address some of
the issues which are being brought to the fore now. One
obvious and potentially enormous task is to come to grips
with the relative contributions of anthropogenic and geogenic
sources of metals, in air, water, soil etc., from a long and short
range perspective, in a global, regional and local context.

Geoscientists may scorn the concept of "zero discharge of
metals" and shrug, but more attention is needed. There are,
from several organizations, criteria levels being proposed for
metals in sediments which are so low that much of Canada's
lakes would require action (dredging of greenstone belts?).
The same criteria which have been used to assess whether
certain organic chemicals are potentially dangerous to the
environment are being transferred to the metal arena, with
little regard to such facts that: metals occur naturally; many
are essential to life; and they are involved in complex
equilibria within their particular environment which dictates
their species distribution. A crystal ball is not needed to
deduce the ramifications of current environmental activities
and future legislation for the mining industry.

This is not a Canadian issue, it is worldwide. Canada,
through the Mining Association, the Ottawa headquarters of
the International Council for Metals in the Environment
(ICME) and the Federal Government, is hosting a series of
workshops internationally to illustrate the weaknesses of
these approaches and to encourage the development of more
appropriate guidelines and criteria for metals. I believe we,
the geoscientific community including the AEG, have an
important role to play in bringing our expertise to the table,
to improve the scientific database and understanding of the
reactions occurring on our planet. Ultimately this should lead
to better interpretation and decision-making.

Gwendy E. M. Hall
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Sherman Marsh and Tom Nash

The Technical Note by Ravi Anand of CSIRO carries an
acknowledgment that we would like to see more often:
collaboration with the mineral industry and assistance and
support of the mineral industry for his government-sector
research. The science summarized in this Technical Note is
evidence of the synergism that comes from this cooperation.
In a similar manner, The AEG and EXPLORE play an
important role in facilitating cooperative research programs
among the mineral industry, academia, and government
sector, chiefly through friendships and exchange of ideas
through our publications and our regional and international
meetings. These interchanges foster a sense of trust and
integrity are cornerstones of professional careers in geochem-
istry, and are especially important in environmental studies,
as noted in President Hall's Message. Much work remains to
be done on geochemical baselines and on processes operating
in mineral environments to provide a realistic and valid basis
for regulatory actions.

Ironically, environmental studies, and earth science in
general, are being cut during current major budget reforms.
EXPLORE v. 89 is being assembled during a period of
unprecedented upheaval in North American government-
sector geoscience. The U. S. Geological Survey and the
Geological Survey of Canada have suffered large cuts in staff,
particularly in mineral resource programs, the U.S. Bureau of
Mines is being eliminated and its functions and people are
being assigned to other agencies. The U.S. Biological Survey
is being dismembered, apparently because some politicians
do not appreciate the economic impact of their science on
private property and business. The role of government
scientists in environmental research is being decided by
politicians, while managers scramble to redefine programs
that are politically correct. Capable scientists are in limbo at a
time when the majority of the public does indeed care about
the environment.
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Genesis and classification of ferruginous
regolith materials in the Yilgarn Craton of
Western Australia: Implications for min-
eral exploration

R.R. AN AND

Introduction

Ferruginous regolith materials are abundant and wide-
spread in the deeply weathered landscapes of the Yilgarn
Craton. Many of these materials preserve geochemical
dispersion patterns from concealed mineral deposits
(Smith,1989; Anand, 1993). A wide variety of ferruginous
materials exist, and their geochemical response to
mineralisation and bedrock differs according to their mode of
origin. They occur as crusts, as lag, as a gravel component in
soil, colluvium and alluvium, and as segregations and
infusions in saprolite. Several types may occur in a single
weathering profile, having developed in different parent

materials or substrates. Understanding these materials is
important for selection of suitable sampling media and
subsequent interpretation of geochemical data in mineral
exploration. In addition, close study of the relationship of
ferruginous materials to the landscape contributes to the
general understanding of landscape evolution in the Yilgarn
Craton.

Classification and environments of formation

The topographic relationships, position within the
weathering profile, mineralogical, chemical, and mesoscopic
characteristics of ferruginous materials suggest four main
groups of material formed in different environments (Fig 1).

1. Lateritic residuum. Lateritic residuum is a collective term
for lateritic duricrust and loose lateritic nodules and pisoliths.
All of these are thought to have formed, during lateritic
weathering, within the zone of water table fluctuation.
Ferrous iron, released by breakdown of the primary minerals
under relatively reducing conditions has been redistributed
and precipitated as pisoliths and nodules under oxidising
conditions in this zone. As a result, a ferruginous horizon
typically develops in upper parts of the deeply weathered
profile. Nodules and pisoliths commonly have thin (1 mm)
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Figure 1, Mechanisms of formation of residual and transported ferruginous materials in the Yilgarn Craton of Western Australia and subsequent
modification by geomorphic processes, (a) In a "typical" weathering profile, (b) In sub-aqueous environments.
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Technical Note
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goethite- and kaolinite-rich cutans, which are rinds that have
developed by deposition of Fe and Al around a core.
Pisoliths with multiple cutans are rare, being found mainly
at the base of palaeo-channel infill.

Major minerals are hematite, goethite, maghemite,
kaolinite,and gibbsite with some quartz and other resistant
minerals. Maghemite, which is formed by heating of goet-
hite, for example during bush fires, is restricted to surface or
near-surface pisoliths. Where maghemite-rich pisoliths are
found at depth, it is probable that they have spent some time
at the surface. Lateritic pisoliths and nodules contain highly
Al-substituted goethites, indicating ample availability of
aluminum during their formation. The major and trace
element composition of these materials is largely litho-
dependent at a landscape scale; Fe and Al are largely derived
from the underlying rocks. However, lateral accumulation of
Fe and Al also occurs.

Several types of lateritic duricrusts (massive, vermiform,
fragmental, nodular, and pisolitic) have been identified in the
Yilgarn Craton. Some are related to pisolitic-nodular lateritic
residuum; others to ferruginous saprolite (Fig 1).

2. Ferruginous saprolite and mottled zone . Ferruginous
saprolite is commonly developed over mafic and ultramafic
rocks by infusion of kaolinite-rich saprolite with goethite and
is hard, massive to mottled. This saprolite occurs below the
ferruginous zone and is younger than overlying pisoliths
and nodules. Fragmentation and collapse of ferruginous
saprolite may lead to the generation of nodules. The mottled
zone is characterised by hematite-rich mottles in a kaolinite-
rich matrix. Mottles may evolve into nodules and pisoliths.

3. Iron segregations. These include stratabound and discor-
dant to sub-horizontal Fe-rich bodies and lenses occurring
dominantly in saprolite (Fig 1). They are dense, dark brown
to black and rich in Fe, Mn, Zn, Cu and Co. They are non-
magnetic and are dominated by low Al-substituted goethite

(< 5 mole %), with variable amounts of hematite and quartz;
maghemite and kaolinite are absent.

Iron segregations are the result of extreme ferruginisation,
the Fe being derived from a variety of sources, including
weathering of Fe-rich and/or sulphidic rocks, and by lateral
enrichment by groundwater. Very low Al substitution in the
goethites of iron segregations indicates that they must have
developed in an environment that was very poor in Al.

4. Ferruginous materials characteristic of sub-aqueous environ-
ments consist of Fe-oxides that have impregnated and
indurated sediments of various ages and may overlie either
complete or truncated profiles (Fig 1). The Fe is contributed
by broad-scale lateral movements so that there is no genetic
relationship between these ferruginous materials and the
underlying geology. Typical examples include bog iron ore,
and mega-mottles in palaeo-channel sediments. These
commonly mark former lakes, valley floors, swamps, rivers,
streams and, channels. Some now occur on low hills as a
result of relief inversion.

Modification and distribution

These ferruginous materials were formed within the
regolith but their present distribution in the landscape has
been affected by later erosional and depositional processes (Figs
1 and 2). The distribution can thus best be described by
establishing a framework and regolith-landform regimes
(Anand and Smith, 1992; Anand, 1993).

Lateritic duricrusts, lateritic gravels, and lag of lateritic
nodules and pisoliths outcrop in relict regimes, whereas
outcrop and lag of hardened mottles and ferruginous sapro-
lite occur in transitional to erosional regimes . (Fig 2). Lateritic
duricrusts, ferruginous saprolites, and mottled zones are
commonly present beneath colluvium and alluvium in
depositional regimes that have not suffered post-lateritic

erosion.

Continued on Page 5
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Figure 2. Idealised cross section showing the relationships between landforms and ferruginous materials in the Yilgarn Craton of Western
Australia.
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Erosion of the upper saprolite has led to exposure of
bodies of iron segregations at the surface, where they disinte-
grated and contributed to a coarse lag in the erosional
regimes.

Where erosion has removed most of the pre-existing
lateritic regolith, more recent weathering has led to the
formation of indurated, goethite- and hematite-rich bedrock.
This later weathering has not been intense, and weatherable
primary minerals are retained as important components.
Disintegration has formed a coarse lag of ferruginous, lithic
fragments.

Horizons of lateritic pisoliths and nodules are generally
developed above, or laterally associated with, indurated,
lateritic duricrust. This gravelly horizon commonly arises
from in situ breakdown of pisolitic-nodular duricrust,
followed by limited colluvial transport. However, if the
lateritic residuum in upland areas is entirely dismantled, the
resultant gravels may be deposited in flanking low lying
areas. These gravels progressively lose their cutans on
transport and are incorporated, with other clasts of diverse
origin, within colluvial-alluvial units or occur as gravelly
lenses (Fig 1). These lenses may be recemented by Fe-oxides
and resemble the residua! duricrusts from which they were
derived.

There are also regional trends in the distribution of
ferruginous materials in the Yilgarn Craton. For example, in
the Leonora-Wiluna region, lateritic residuum and ferrugi-
nous saprolite commonly form extensive buried blankets
whereas, in the Kalgoorlie region, ferrugenous materials are
much less widespread. Similarly, iron segregations are
abundant in erosional regimes of the Leonora-Wiluna region
but rare to absent in the Southern Yilgarn Craton, around
Kalgoorlie. These differences may reflect contrasts in the
tectonic history, geomorphology and /or weathering condi-
tions between the two regions. Thus, it may be that neither
lateritic residuum nor Fe segregations were ever extensively
develop ed in the Kalgoorlie region or that subsequent
weathering has caused their modification or destruction.

Relief inversion

There is no evidence of large scale relief inversion within
the Yilgarn Craton despite reports to the contrary (Oilier et al.,
1988). Dendritic patterns are lacking in exposed or buried
duricrust, and palaeo-drainage systems dominantly occupy
lower parts of the present landscape. However, very
localised relief inversion is indicated by small hills formed by
detrital duricrusts and mega-mottled zones along edges of
some lakes.

Geochronology

The ferruginous materials are of varying ages but none has
been dated precisely. However, stratigraphic relationships
suggest that some pisoliths and nodules may date from at
least the late Mesozoic. Transported maghemite-rich,
pisolitic and nodular gravels occur in basal sediments of
palaeo-channels that elsewhere contain late-Eocene lignites.
The transported pisoliths were presumably derived by
erosion of the earlier lateritic regoliths that predate incision
of the palaeo-drainage. Eocene sediments themselves have

been further weatheredto form mega-mottles, probably
during Oligocene and Miocene time.

Sampling strategies, regolith mapping, and identification of
ferruginous materials

Understanding the nature and distribution of ferruginous
materials helps to develop geochemical sampling strategies
for weathered terrain. This knowledge can be obtained by
regolith-landform mapping and by establishing regolith
stratigraphy. When regolith-landform regimes are mapped in
an area, it generally becomes clear which geochemical
sampling media are the most appropriate (Anand, 1993).

Where preserved, lateritic residuum is an ideal sampling
medium to detect the widespread dispersion haloes from Au
and base metal deposits. Lateritic nodules and pisoliths may
be collected from the surface or near-surface in relict regimes
or by drilling in depositional regimes. Mechanical dispersion
of loose nodules and pisoliths (5-50 m) is very common and
thus results in a wider anomaly than does the underlying
duricrust. There appears to be no special advantage in
sampling magnetic nodules and pisoliths despite the greater
homogeneity of the sample. On the contrary, some non-
magnetic materials are more useful because both target and
pathfinder elements are associated with goethite and hema-
tite that can comprise either the core or cutans of nodules
and pisoliths (Anand and Smith, 1992).

In drilling to sample buried laterite, an explorationist must
be able to recognise and distinguish transported lateritic
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