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The problematic terrains for geochemical exploration

Glacial deposits
Thick gravel and scree deposits
Thick alluvium or colluvium + deep weathering
Aeolian deposits

?Ice
Volcanic ash
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Data: Australian Minerals Atlas
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⇒ Systematic approach to 
identifying regolith 
materials and landforms

⇒ Link evolution of regolith 
and its components to 
geochemical processes 
and sampling strategies

Weathered profiles typically have 
RESIDUAL and TRANSPORTED 
components of varying ages

Several distinct phases of 
creation and destruction of 
secondary Fe, Ca, Si and Al 
minerals  – each with total or 
partial resetting of trace 
element geochemistry

Anand and Smith, 2005
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(data: Lawrance, 1999)
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Dispersion mechanisms?

Dispersion timing?
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McKinnons deposit, 
Cobar
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Mixed pediment / alluvium

Au mineralised structure Cohen et al, 1996
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Dispersion models – gases and aerosols
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Osborne (Kulthor) Cu-Au deposit, Qld
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Figure 5 - Model of Cameron et al

Cameron et al., 2004

Dispersion models – dilatancy pumping
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Spence porphyry Cu 
deposit, Northern Chile
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Dispersion models – electrochemical

Govett, 1977
Smee, 1983
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Transported 
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Integration of dispersion over time
Progressive accumulation of metals
Stabilisation and fixation of pattern

Progressive degradation
Reworking of metals
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Carbonates Resistate 
mineralsSilicates

Mn-oxides 
& 

am. Fe-ox.

Soluble
phases

Cryst. 
Fe-oxides

Adsorbed 
& Exch.
species

Organics

SMEDG -
AIG 
‘09

Acetate + HOAc

HF / fusion

Aqua regia

Mixed acids (Canadian wine)

Weakly acidified NH2OH

EDTA / H+

Water (Qld Beer)

Strongly acidified NH2OH

Regoleach

HCl

Ammonium acetate

MMI

Guinness

Enzyme Leach / H2O2

Na-pyro / H2O2t

Selective Extractions



Mandamah, NSW
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Incr conc of some 
trace elements
e.g. Cu, Ni and Zn
in SEx
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Initial weathering phase 
(period of elevated rainfall)

Dispersion model for Mandamah
? archaeo-electrochemical

Ore body

Host rock
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Data Analysis
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Objective  – detecting samples whose geochemistry 
appears “anomalous”
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Data transformed 
and standardised
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RED scheme (Anand et al, 1998)



Summary of various forms of interactions of deeply buried 
mineral deposits with hydrosphere and biosphere
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Seeing Geochemical Dispersion Haloes

OBJECTIVE:

Separate processes that have affected the elemental and 
mineralogical composition of regolith (both gain and loss)

METHODS:

Isolate signals that can be related to the effects or presence of
mineralisation through: 

PHYSICAL (the extraction) and/or

NUMERICAL (data processing) methods
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research into fundamental processes of geochemical dispersion 
development of new approaches to definition and detection of 
geochemical patterns related to the effects of underlying 
mineralisation

SEx not (yet) the silver bullet for thick transported or deeply 
weathered cover, but has prompted:  

The bests tool for detecting deeply buried, sulphide mineralisation, 
may yet prove to be a simple pH meter and a bottle of dilute HCl

Developments in media and analysis, based on process 
modelling
Application of isotopes to refine understanding of dispersion 
mechanisms and regolith evolution models
Abandoning “baselines”, “backgrounds” and “anomalies”    
in favour of new data processing methods that recognise 
geochemical signals related to processes of interest

Future Research Directions
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