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RESEARCH ARISING FROM CSIRO/AMIRA REGOLITH GEOCHEMISTRY PROJECTS 1987-1993

In 1987, CSIRO commenced a series of multi-client research projects in regolith geology and geochemistry which were sponsored
by companies in the Australian mining industry, through the Australian Mineral Industries Research Association Limited
(AMIRA). The initial research program, “Exploration for concealed gold deposits, Yilgam Block, Western Australia” (1987-1993)
had the aim of developing improved geological, geochemical and geophysical methods for mineral exploration that would facilitate
the location of blind, buried or deeply weathered gold deposits. The program included the following projects:

P240: Laterite geochemistry for detecting concealed mineral deposits (1987-1991). Leader: Dr R.E. Smith.

Its scope was development of methods for sampling and interpretation of multi-element laterite geochemistry data and application of
multi-element techniques to gold and polymetallic mineral exploration in weathered terrain. The project emphasised viewing
laterite geochemical dispersion patterns in their regolith-landform context at local and district scales. It was supported by 30
companies. ’

P241: Gold and associated elements in the regolith - dispersion processes and implications for
exploration (1987-1991). Leader: Dr C.R.M. Butt.

The project investigated the distribution of ore and indicator elements in the regolith. It included studies of the mineralogical and
geochemical characteristics of weathered ore deposits and wall rocks, and the chemical controls on element dispersion and
concentration during regolith evolution. This was to increase the effectiveness of geochemical exploration in weathered terrain
through improved understanding of weathering processes. It was supported by 26 companies.

These projects represented “an opportunity for the mineral industry to participate in a multi-disciplinary program of geoscience
research aimed at developing new geological, geochemical and geophysical methods for exploration in deeply weathered Archaean
terrains”. This initiative recognised the unique opportunities, created by exploration and open-cut mining, to conduct detailed
studies of the weathered zone, with particular emphasis on the near-surface expression of gold mineralisation. The skills of existing
and specially recruited research staff from the Floreat Park and North Ryde laboratories (of the then Divisions of Minerals and
Geochemistry, and Mineral Physics and Mineralogy, subsequently Exploration Geoscience and later Exploration and Mining) were
integrated to form a task force with expertise in geology, mineralogy, geochemistry and geophysics. Several staff participated in
more than one project. Following completion of the original projects, two continuation projects were developed.

P240A: Geochemical exploration in complex lateritic environments of the Yilgarn Craton, Western
Australia (1991-1993). Leaders: Drs R.E. Smith and R.R. Anand.

The approach of viewing geochemical dispersion within a well-controlled and well-understood regolith-landform and bedrock
framework at detailed and district scales continued. In this extension, focus was particularly on areas of transported cover and on
more complex lateritic environments typified by the Kalgoorlie regional study. This was supported by 17 companies.

P241A: Gold and associated elements in the regolith - dispersion processes and implications for
exploration. Leader: Dr. C.R.M. Butt. ‘

The significance of gold mobilisation under present-day conditions, particularly the important relationship with pedogenic
carbonate, was investigated further. In addition, attention was focussed on the recognition of primary lithologies from their
weathered equivalents. This project was supported by 14 companies.

Although the confidentiality periods of the research reports have expired, the last in December 1994, they have not been made
public until now. Publishing the reports through the CRC LEME Report Series is seen as an appropriate means of doing this. By
making available the results of the research and the authors' interpretations, it is hoped that the reports will provide source data for
future research and be useful for teaching. CRC LEME acknowledges the Australian Mineral Industries Research Association and
CSIRO Division of Exploration and Mining for authorisation to publish these reports. It is intended that publication of the reports
will be a substantial additional factor in transferring technology to aid the Australian Mineral Industry.

This report (CRC LEME Open File Report 58) is a First revision (second printing) of CSIRO, Division of Exploration Geoscience
Restricted Report 442R, first issued in 1993, which formed part of the CSIRO/AMIRA Project P240A. i

Copies of this publication can be obtained from:

The Publication Officer, c¢/- CRC LEME, CSIRO Exploration and Mining, PMB, Wembley, WA 6014, Australia. Information on
other publications in this series may be obtained from the above or from http://leme.anu.edu.au/
Cataloguing-in-Publication:

Geochemical exploration in complex lateritic environments of the Yilgarn Craton, Western Australia. Final Report.
ISBN 0 642 28237 4 v1, v2: 0642 28264 1 v3: 0 642 28271 4 v4: 0642 28276 5 set: 0 642 28282 X
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RESIDUAL REGIME

AT

Black Fe-rich duricrust, lateritic duricrust (low in Fe), lateritic pisoliths and nodules,
ferruginous saprolite fragments, acid to cakareous red clay soil: crests and low
topographic highs

Lateritic pisoliths and nodules and ferruginous saprolite fragments; backslopes

EROSIONAL REGIME

Lag of ferruginous saprolite and ferruginous lithic fragments with minor lateritic nodules
and pisoliths, acid to calcareous red clay soil, some hardpan in soils; crests, backslopes
(upper and midslopes), gently dulating highs

Lag of ferruginous granules, cakareous brown clay soil with carbonate nodules over
non-calcareous red/orange clays and mottled zone; gently sloping terrain

Saprolite and mottled zone exposed-break y ps; pediments

Saprolite as pale clays with carbonate nodules, black ferruginous granules and quartz; erosional plains

- EB

Bedrock fragments and red, calcareous sandy clay soils; scree slopes

E6

Bedrock; low hills

E7

Ferruginous bedrock; low hills

E8

Bedrock; high hills

E9

Ferruginous bedrock; high hills

D1

DEPOSITIONAL REGIME

Acid to calcareous red sandy clay soil with polymictic ferruginous lag within
major drainage basins and channels, ferruginous granules common in soils

D2

Calcareous soils - colluvium as sheetwash, ferrugir g le in soils

D3

Black highly magnetic, fine hematite-maghemite-rich ferruginous granules,
non-calcareous red clays at surface, carbonates at 10-20cm, ferruginous
granules common in soils; gently sloping plain

D4

Black highly gnetic, fine h i ghemite-rich ferrugin granules, acid to calcareous
red clay soils with ferruginous granules, colluvium/alluvium; gently sloping alluvial floor

D6

Acid to cakareous soils with ferruginous granules, alluvium; broad alluvial floor

D6

Orange to brown saline clays and muds; playa

D7

Gypsiferous sands with minor rounded quartz and lithic fragments; playa

D8

Calcareous sandy soil as di with jated pale ge clays within swales

D9

Elevated, undulating topography with valley slopes and floors, now inactive depositional
regimes identifiable, lags, gravels, nodules, sands, loams, colluvial/alluvial
gravels and dune fields

Regolith boundary ... .. .. . . . . . .
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SURFACE DISTRIBUTION OF REGOLITH-LANDFORM

UNITS FOR THE ORA BANDA DISTRICT

RESIDUAL REGIME ,
Rt Black Fe-rich duricrust, lateritic duricrust (low in Fe), lateritic pisoliths
and nodules, ferruginous saprolite fragments, acid to calcareous red
clay soil - crests and low topographic highs
EROSIONAL REGIME
E1 Lag of fragments of ferruginous saprolite and ferruginous lithic
fragments with minor lateritic nodules and pisoliths, acid to calcareous
red clay soil - crests, backslopes (upper and midslopes), gently
undulating topographic highs '
E3 Saprolite and mottled zone exposed - breakaway scarps, pediments
E6 Bedrock - low hills
E7 Ferruginous bedrock - low hills
£8 Bedrock - high hills
DEPOSITIONAL REGIME :
Dia  Acid to calcareous red clay soil with polymictic ferruginous lag within
major drainage basins and channels '
D2 Calcareous soils as sheetwash - colluvium
D3 Black, highly magnetic, fine polymictic hematite-maghemite- rich
granules, non calcareous red clays at surface, carbonates at 10-20 cm
- gently sloping plain
D4 Black, fine hematite-maghemite- rich ferruginous granules, acid to
calcareous red clay soils, colluvium/alluvium - gently sloping alluvial
floor '
DS Acid to calcareous soils - broad alluvial floor
Ds Orange to brown saline clays and muds, playa
- D8 Calcareous sandy soil as dunes with associated pale orange clays
within swales
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SURFACE DISTRIBUTION OF REGOLITH-LANDFORM
UNITS FOR THE KANOWNA BELLE DISTRICT
RESIDUAL REGIME

R1 Black Fe-rich duricrust, lateritic duricrust (low in Fe), lateritic
pisoliths and nodules, ferruginous saprolite fragments, acid to

E1 calcareous red clay soil - crests and low topographic highs
EROSIONAL REGIME _
E1 Lag of fragments of ferruginous saprolite and ferruginous lithic
E2 fragments with minor lateritic nodules and pisoliths, acid to

calcareous red clay soil - crests, backslopes (upper and
midslopes), gently undulating topographic highs

E2 Calcareous brown clay soil with carbonate nodules over non-
calcareous red/orange clays and mottled zone - gently sloping
terrain

E3 Saprolite and mottled zone exposed - breakaway scarps,
pediments

E4 Saprolite as pale clays with carbonate nodules, black
ferruginous granules and quartz erosional plains

ES Bedrock fragments and red calcareous sahdy clay soils -
scree slopes

E7 Ferruginous bedrock - low hills
ES Bedrock - high hills

DEPOSITIONAL REGIME
pDta  Acid to calcareous red clay soil with polymictic ferruginous lag
within major drainage basins and channels

Dib  Acid to calcareous red clay soil with common black polymictic
ferruginous lag within minor drainage basins and channels

D2 Calcareous soils as sheetwash - colluvium

D4 Black, fine hematite-maghemite- rich ferruginous granules,
acid to calcareous red clay soils, colluvium/alluvium - gently
sloping alluvial floor ‘

D5  Acid to calcareous soils - broad alluvial floor
ps  Orange to brown saline clays and muds, playa

p7  Gypsiferous sands with minor rounded quartz and lithic
fragments, playa

D8 Calcareous sandy soil as dunes with associated pale orange
clays within swales .
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SURFACE DISTRIBUTION OF REGOLITH-LANDFORM
| UNITS FOR THE WOMBOLA DISTRICT
RESIDUAL REGIME
Rt Black Fe-rich duricrust, lateritic duricrust (low in Fa), lateritic pisoliths . 07

and nodules, ferruginised lithic fragments, acid to calcareous red clay
soil - crests and low topographic highs

EROSIONAL REGIME

E1 Lag of fragments of ferruginous saprolite and ferruginous lithic
fragments with minor lateritic nodules and pisoliths, acid to caicareous
red clay soil - crests, backslopes (upper and midslopes), gently
undulating topographic highs

E3 Saprolite and mottled zone exposed - breakaway scarps, pediments

E4 Saprolite as pale clays with carbonate nodules, black ferruginous

granules and quartz-erosional plains b8
E6 Bedrock - low hills
E8 Bedrock - high hills
DEPOSITIONAL REGIME :
Dia  Acid to calcareous red clay soil with polymictic ferruginous lag within

major drainage basins and channels
Db Acid to calcareous red clay soil with common black polymictic D7

ferruginous lag within minor drainage basins and channels , J
D3 Black, highly magnetic, fine polymictic hematite-maghemite- rich

granules, non calcareous red clays at surface, carbonates at 10-20 cm b7

- gently sloping plain 0 1 2 3 4 5 km
D4 Black, fine hematite-maghemite- rich ferruginous granules, acid to L L L 4 L |
calcareous red clay soils, colluvium/alluvium - gently sloping alluvial This map uses an uncontrolled photomosaic as its base;

fioor - some minor distortion occurs.
D5 Acid to calcareous soils - broad alluvial floor

D6 Orange to brown saline clays and muds, playa
D7 Gypsiferous sands with minor rounded quartz and lithic fragments,

playa
D8 Calcareous sandy soil as dunes with associated pale orange clays 'q '
within swales
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AUSTRALIA

SURFACE DISTRIBUTION OF REGOLITH - LANDFORM UNITS | MT McCLURE

REFERENCE

RESIDUAL REGIME

Iy

ﬁﬁ

Exp

Black, magnetic, hematite-goethite-Maghemite rich, pisolitic and

mR1 nodular iron rich duricrust, crests.

Regolith developed from
MAFIC BEDROCK

mR2 Reddish brown, kaolinite-goethite-hematite rich, loose lateritic
pisoliths and nodules and nodular duricrust, blackslopes.

?gﬁg'lltch gg\[seéoopgg( from R1 Ygalldwish brown, kaolinite-goethite-hematite rich loose nodules

? . on nodular duricrust, ridges.
(Felsic volcanics) L ' s

EROSIONAL.REGIME

T Black, massive, non-magnetic, goethite (lesser hematite) rich iron
mE1 ségregations: silicified saprolite, patches of hardpanized saprolite
________________________ low hills and undulating tracts.
£2 Light yeliow-brown, non-magnetic, kaolinite-goethite rich ferruginous
: m saprolite, breakaways, pediment slopes and bluffs bounded by breakaway.
Regolith developed from " mE3 Black, non-magnetic, hematite rich (lesser goethite) iron segregations,
MAFIC BEDROCK m low hills and steep valleys.
6965000 mN
mE4 Quartz and black, hematite rich (lesser goethite) iron segregations, low hills
and undulating tracts.
mES Mafic (metamorphosed basalt, amphibolite} outcrop, rounded hills.
fE1 Quartz sand on pale white saprolite, erosional plains.
{2 Coarse blocky quartz lag surrounding quariz veins, ridges.
fE3 Quartz lag and micaceous quartz sand on gneiss, gentle slopes.
6966000 MN fmeee
Regolith developed from : ita ri ; ;
{E4 Ferruginous saprolite ridges developed from felsic volcanic rocks.
FELSIC BEDROCK E
Iron segregations, quartz, silicified saprolite and patches of
// {ES hardpanized saprolite developed from felsic volcanics, moderately
|
,/4/\ \\ \ steep slopes.
- \
. \ _ A )
miD2 . } ‘ E6 Gneiss saprock, low hills.
. Plant \ / _— /s - :
g 51600 N — . -
. ,: “ - : {E7 Gneiss outcrop, iow hills.
! ) L=
. / \
i
{
'\\ CHERT .CE1 Chert ridges and surrounding lag of chert fragments.
\
8964000 mN

DEPOSITIONAL REGIME

Mixed fine lag of quartz, lateritic pisoliths and nodules (without

miD1 cutans), and red clayey sand. Lateritic residuum beneath 20m of
- hardpanized collyvium and alluvium.

Mixed fine gravelly lag of quartz, lateritic pisoliths and nodules

. . miD2 (without cutans) and red clayey sand. Lateritic residuum is truncated,

1a Colluvium-alluvium on saprolite clays beneath 20-30m of hardpanized colluvium and alluvium
MIXED LITHOLOGIES . and palaeochannel clays. ‘

——1 (Granites, Gneiss, basalt, Lag of iron sog 't_ artz, lateritic s (with and without
: . g of iron segregations, qu ateritic gravels (with and withou

ultramaﬂcs)._ mib3 cutans) and red clayey sand in minor and major tributaries.

miD4 Iron segregations, quartz and red clayey sand-containing gypsum
in local drainage sumps. .

Colluvium on 01 Iron segregations and quartz on red clayey sand (from upland

MR2 1 FELSIC BEDROCK mafic regions).

6962000 mN

S YMBOLS
7 “—— Mapping unit boundaries

“Tne T Inferred mapping unit boundaries

N~ > Transition between residual, erosional and depositional regimes
’ (i.e. contacts between units from different regimes)

S — "™\ Inferred transitions between residual, erosional and depositional regimes

mE4
-——— [ ——— Fence line

———————— — Roads and station tracks

— s e+ = Water pipeline
mi = mixed lithologies
. o Station well - m = mafic bedrock :
6960000 f =felsic bedrock
N " Breakaway ' c = cehelrt

R =residual regime

. Sample and/or photograph locality E onal roi
= grosional regime

R.A.B. line used for stratigraphic purposes D =depositional regime
mE2
LOCALITY MAP ' RELIABILITY DIAGRAM
‘ o
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Well
/ ..
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fE1 T
_ PLATE ONE
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