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. Mechanistic understanding of regolith landscape evolution
and biogeochemical mineral transport/transformation

Process

New, innovative, cost effective methods of determining
mineral targets through cover

Scientifically robust NRM intervention options

Knowledge based R&D and Innovation
CRCLEME



LEME Approach

“Integrated multidisciplinary multi-scale approach”
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Movement of weathered
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Recently transported
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Leached colluvial soils with

Low K feldspar, high U and Th  High K, Th and U no outcrop

Y Variable weathering front??

b |

D@”fé from Roberts. et al., 2003

map regolith thickness and composition.

High K-feldspar and K
mica bedrock, mod Th
and U - partially
weathered bedrock and

Low K, mod Th and U,
siliceous soils with high
guartz sand content
Potentially different
fithology or highly
weathered with the
burial of parent
material?

Figure 2: 3-Channel radiometrics draped over DEM and individual bands K, U and Th.
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Palaeochannel Dataset Release and Subsequent Exploration - May to July, 2007

w i '_' ;l

.

o

Exploration Licence Applications May - July 2007
- ELA Intersecting Palasodrainage May - July 2007
- Merged Palaeodrainage and Coastal Barriers (June 2007)

o

Number of current ELAs lodged from May 1, 2007 - July 27 2007: 148
Number of ELAs lodged From May 1, 2007 intersecting palaeochannels: 78

Data Source: PIRSA Spatial Data Library ELA datasets, date range 01/05/2007 - 27/07/2007
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PHYTO-EXPLORATION

Deep rooted vegetation provides a surface expression of
underlying substrate — Focus Australian native Vegetation
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Pinnacles - lodes extensions
River Red Gum- Pb, Zn Phytoexploration

Photographs: Steve Hill C R C I_ EM E
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U Phytoexploration 4 Mile Creek prospect sampling
Sponsored by PIRSA PACE f_undlggxa_nd Heathgate Resources
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Location of metals (Nuclear Microprobe) In
Acacia aneura leaf (Base metal deposit)

» Leaf sections show
veined structure

* Bright grains under
SEM are calcium
oxalate crystals

* Zn present in tissues
of leaves

Highest
Concentration

Zn 0.2%
Ca 23%
Fe 1%

Low High

Nl
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Want to find buried treasure? Nature’s little diggers
will show you the way, says Beth Geiger

THEKalahari desert in Botswana
. guardsits geclogical secrets well,

Alayerof sand, soill and weathered
rock tens of metres thickblanketsall but a few
outerops ofthe underying bedrode, Trvingto
find precicusminerals embedded inthe
bedrock is ablind and very ex pensive grope,

That's why, whenageclogist intheigyos
discovered asingle fleck of a mineral called
ilmenite onthe surface, he paid attention.
Lmenite cotnes fioma typeofrod called
kimberlite, and kimberlite hosts diamonds,
That telltale fleck gave up an invaluable secret
fromthe rock below: therichest diamond
deposit in thewotld, now theTwaneng diamond
mine, But the minerals were 4o mettes down,
sohow did aleone grain of imenite see the
light of day ¢ Termiteshauled it
Desert termites dig deep. They need to In

hiot, arid areas, termites buidd large mounds
above ground tohel p air circulation and
temperature control If a meound is damaged,
it mast be repaired immediately tokeep out
predatorsand protect the colony, However dry
thedeser, termites always need wet mud for

construction, To getit theinseds tunnel

3o metresor more down tothe watertable,
dlamp bits of clay or wet rock intheirjaws,
then cdimb back home to build the meound,
grainby damp grain, Indoing this they not
only bring up samples ofthe soil fromthat
depth, but alsotraces of waterthat may have
flowed through rods containing precicus
ores, Termite moundsare packed with clues
towhat liesbeneath,

Meow geclogistsand mining cmpanies aTe
wakingup tothetne potential oftermite
sampling, 4 team of Australian researdhersis
developing precisetechniques that make the
mounds, along with desert plarts, reliable
indirators ofthe rocksbel ow, 4 swell as scouring
termite mounds fortraces of gold, they ate
searching for dhemiral signatures of gold
formation, brought up fromthewatertable
and concentrated inthe mounds, Termites,
theybelieve, are the ticket to new reservesof
diamends, geld and ctherburied treasure,

Mormally, toget a sample ofbedrock from
beneath all the accurmalated sand, soil and
stones, coll ectivelyknown as regolith, >

30 lune 2007 | Hewscientist | 35

New Scientist 30 June

2007

Anna Petts PhD CRC
LEME/The University of

Adelaide
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Siderophore induced O\

dissolution of oxides and Fe(lll)
release of bound metals
- increase metal mobility

R
Siderophore

Geomicrobial
Mineralisation

Aspandiar et al. (2006) LEME Open File
Report 230

Litter

Biomethylation and volatilization of Hg, As, Sb

and Sn - affect gas mechanisms

ASH; ASH(CHa)z
Arsine DMA AsH,(CH),

Volatiles T \ MM ?

oo !
As(V) <=—2= As(ll) MMAA

DMAA

/

Q Biomantle

' [J

Weathered
Tr;gsg%%ed Anomalous
groundwater
& regolith

Water Table

Reductive dissolution of oxides facilitated by
humics as electron shuttlers - increase "bound"
metal mobility

Humics
Acetate foluction Fe(ll) .
> shuttle oxid p ) ‘,
Electron shuttle ( @l'
co? reduced Fe(lll)

" Biomineralization - decrease metal mobility

Au(llly — Au(0)

Au(0) particles 7

Catalyze Fe(ll) and Mn(lll) oxidation in acidic
and near neutral solution - redox fronts & water
table, resulting in Fe oxide biomineralization

Determine rate of sulphide weathering by catalyzing Fe?*

hydrogeochemical and gas mechanisms

FeS, + 3.50, + H,0 —> Fe?" + 280, + 2H*

14Fe?* + 14H* —> 14Fe®* + TH,0 catalyze Fe(ll) oxidation
FeS, + 14Fe®* + 8H,0 —> 15Fe?* + 280, + 16H*

oxidation and release of S gases - affect generation of H* & impact

B Nutrients mobilized from bound sources via
secretion of enzymes from fungi- Roots

Fe(lll) + ions




Molecular Geomicrobiology
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Biomineralization of Gold:
Biofilms on Bacterioform Gold

Frank Reith,”* Stephen L. Rogers,™* D. C. McPhail,"” Daryl Webb®

Bacterial biofilms are associzted with secondary gold grains from two sites in Australiz. 165
ribosomal DNA clones of the genus Ralfstonia that bear 99% similarity to the bacterium
Ratstonia metaltidurans—showin to precipitate gold from aqueous gold{Ill} tetrachloride—were
present on all DNA-positive gold grains but were not detected in the surrounding soils. These
results provide evidence for the bacterial contribution to the authigenic formation of secondary

bacterioform gold grains and nuggets.

he origin of secondary gold grains is
Tcmﬂmversial and widely debated in the
scientific community; the two main the-
orfes are that they are detrital or are formed by

www.sciencemag.org  SCIENCE  VOL 313

chemical accretion (1), However, there is grow-
ing evidence pointing to the importance of mi-
crobial processes in the cycling of gold (2, 3).
Common soil bacterfa (Bacillus megaterfum,

14 JULY 2006

Implications

FPrevdomonas fluorescens, Bacterium nitrificans)
are able to solubilize several milligrams of
gold per liter of medium under in vitro con-
ditions (2, 4). A recent microcosm stady of an-
riferous soils from the Tomakin Park Geld
Mine in southeastern New South Wales, Aus-
tralia (35°48'51.9°8, 150°10264°E) showed
that resident microbiota solubilized up to 80
wt % [Le., 1100 ng per g (dry weight, sofl)] of

1. Transport models

Yooperative Research Centre for Landscape Enviranments
and Mineral Exploration, Post Office Box 1130, Bentley,
Western Australia 6102, Australia. ZDepanmenl of Farth
and Marine Sciences, Research School of Binlogiral
Scences, Electron Microscopy Unit, Australian National
University, Acton, ACT 0200, Australia. “Commonuealth
Scientific and Industrial Research Organisation (CSIRO) Land
and Water, PMBZ, Glen Osmond, South Australiz 5084,
Australia.

2. Biloprospecting

3. Au bioprocessing
(Parker CRC)

ARC Linkage 2007-10

o whom correspondence should be addressed. E-mail:
frank.reith @csiro.au

Fig. 1. Secondary eledron micro-
graphs of bacterioform gold (A and
B) and confocal stereo laser micro-
scope images (C and D) of fluo-
rescently stined biofilms on gold
grains from the Hit or fiss Gold
Mine n Queensland, Australia. (&)
Bacterioform gold with apparent
exopolymers (white arrows) possi-
bly derived from a micobial bio-
film. (8) Detailed view of branching
network of rounded and oval
budding cell-tike structure with ap-
parently preserved cell wall struc
tures {white arows). (C Bioflm
covering an area of 200 pm by
100 um of underlying bacterioform
gold. (O) Detailed view into & small
aevice in the biofim, showing cells
or el dusters {in blue) separated by
unstained interstices. Fluorescent
cells are spreading predominantly
over the surface of the baderioform
gold and are not present at the base
of the crevice.

Barrick Gold, Newmont,
Adelaide University,
CSIRO

AMIRA P/78

Science, 313 14 July 2006
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Spectral Analysis — LEME/CSIRO Chip Logger
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Salinity NRM Focus

1. INTEGRATED SALINITY AND
GROUNDWATER MANAGEMENT IN
FLOODPLAIN LANDSCAPES

2. REDUCING SALT
EXPORT FROM UPLAND

o LANDSCAPES

3. SALINITY

ANCIENT SALINISED
LANDSCAPES




Environmental Geophysics

» Use of AEM and in-river EM has assisted the baseline
planning of salt interception schemes in Murray Basin

» AEM data is now considered an important dataset for
improving recharge models, irrigation zonation
Floodplain studies- significant changes to understanding
of floodplain processes at Chowilla with broader
implication for the Lower Murray
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New South Wales
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A GUIDE TO
SULFUR GAS EMISSIONS FROM
WETLANDS AND DISPOSAL BASINS:
IMPLICATIONS FOR SALINITY
MANAGEMENT

W. 5. Hicks and 5. Lamontagne

CRC LEME OPFEN FILE REPORT 208 /
CSIRO LAND AND WATER REPORT 37/0&

August 2006
(CRC LEME Project P3. |8 Loveday Drawdown)
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Acid Drainage WA Wheatbelt
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Maximum solution phase concentrations determined in drains
and adjacent ground waters

Element Maximum concentration (ppb)
Co 650
Ni 380
Cu 9000
Zn 7000
Pb 1000
AS 16
U 900
Ce 2500




WA Recelving Environments

»Alkaline lakes low buffering
capacity (low total alkalinity)

W Limits acid drainage
L disposal options
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Additional Web Pages
Include
A models
Sail chemisiry
Statistical analysis
JGraphical analysis
CAerial phatagraphy

SGeological, soil & vegetation maps

' |I:|V :::fﬁ: -
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New methodology for:

- data collation and
- communication

-~ ' 'Web Based: Fully
- INtegrated/searchable package

*Advice on monitoring,
identification, and management

*Hierarchical entry points
-Landholder

lllllll

| -Consultant
-Regulator

| -Scientist
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EDUCATION &
TRAINING

‘Addressing the
Skills Shortage’

Regolith Geoscience
Undergraduate Courses

Regolith teaching materials
Honours Students
MTEC

Graduated 100 Honours
students to end 2006-07

PhD Students

Graduate 60 PhD students by

June 2008 CRCLEME




Delivery

215 Journal Publications; 152 Books and Chapters; 317 Refereed Conference papers

Regolith Geoscience Textbook — 2008 csiro publishing
Thematic Volumes — inland ASS, Environmental geophysics
Six Regional Explorers Guides
Hydrogeochemical Exploration Field Guide
Phytoexploration Field Guide

Open File Reports >300 - PDF free download
Digital compendium of LEME Regolith Maps
Integration with AMIRA Data Metallogenica

CRCLEME
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