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Cooperative Research Centre for
Landscape Environments

and Mineral Exploration

Bugs, Trees and Minerals

- How microorganisms and Australian native plants are
| Ing to discover new mineral deposits

help




Cooperative Research Centre

LANDSCAPE ENVIRONMENTS AND MINERAL EXPLORATION

“create breakthroughs in mineral exploration and
environmental management by generating and applying
knowledge of the regolith” —

Collaborative Industry, Government and Academic R&D

‘everything between fresh air
and fresh rock’
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Australia — Regolith
Dominated Continent

Early Palaeocene
60+10 Ma
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- CRCLEME

Landscape Environments
and Mineral Exploration

Mechanistic understanding of regolith landscape evolution
mineral transport/transformation process

Innovative, cost effective methods of determining mineral
targets through cover

Knowledge based R&D and Innovation

Researcher and Industry End-User partnerships
CRCLEME



LEME Approach

“Integrated multidisciplinary multi-scale approach”
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landscape to atoms
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Molecular
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EDUCATION,
TRAINING &
TECH TRANSFER

‘Addressing the
Skills Shortage’

CRCLEME



25% CRC LEME resources allocated to
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E&E&T
AUS3$4.5M annually

Critical component of R&D Innovation

Key focus of Federal Government CRC program
Industry ready graduates and postgraduates
Current Minerals Boom - Skills shortages
Maintain training through industry slumps

Undergraduate Teaching
Postgraduate Training

. Industry/Postgraduate Short courses

CRCLEME
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University Education

1. Introduction of Regolith Geoscience Undergraduate Courses

e The University of Adelaide, Curtin University of Technology, and The
Australian National University (ANU)

e 2005-2006 over 100 students taking Regolith courses

2. Regolith teaching materials - On Line, Virtual Field Tours

3. National Undergraduate Regolith Geology School (NURGS)
4. Honours Students

e Graduated 89 Honours students to end 2001-2006

5. PhD Students

e Ontarget to Graduate 60 PhD students by June 2008

Key: Provide geoscience graduates with dual career path
1. Minerals Industry
2. Natural Resource Management

CRCLEME



Industry Professionals/
Postgraduate Courses

Regolith Geoscience _ _ _
Course Programme Minerals Council of Australia

- Minerals Tertiary Education
Council (MTEC)

- Employment of a full time
MTEC/CRC LEME lecturer
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Bringing Together a range of
new scientific disciplines
not traditionally associated
with each other

Molecular Geomicrobiology

CRCLEME



Siderophore induced

dissolution of oxides and

release of bound metals
- increase metal mobility

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

Geomicrobial Mineralisation

Biomethylation and volatilization of Hg, As, Sb
and Sn - affect gas mechanisms

AsH, AsH(CH,),
Arsine DMA AsH,(CH),

Volatiles T \ MM r

1 1
As(V) X—» As(ll!)g\ MMAA

DMAA
f

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

Anomalous
groundwater
& regolith
Water Table

Humics
Acetate (electron Fe{ 1)
shuttle oxid
Electron shuttle (
reduced

Fe(lll)

Bedrock

i Biomineralization - decrease metal mobility
Au(llly —> Au(0)

Au(0) particles -~

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

Determine rate of sulphide weathering by catalyzing Fe?*
oxidation and release of S gases - affect generation of H* & impact
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?* + 250, + 16H"

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

Fe(lll) + ions

* 5000 microbial species isolated and identified
« Estimates 100,000 to 1 x10° species

* 959% regolith microorganisms unidentified (can’t be cultured)
* Inhabit all areas of regolith
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Gold Flake

DAPI-Nucleic Acid Stain
(DNA/RNA)
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Figure 4

How DNA fingerprinting works

The process for analyzing DNA - deoxyribonuclaic acid, the ganatic
Bluzprint found in avery call of the human body - to datermine whethar
armously cornplicated. It invalves infricats
cated application of mathamatical
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Sources; Chizage Tritune, Colmens DVageastics, Lifscodas Lovp.,. Cafus Sovp.

(Dalizs Morming Mavs, Enéghi-Fidder Tribune)

Source: The Globe and Mail, 19 July 1997, p. AG
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16S rDNA Bacterial Diversity Analysis and Identification

TOMAKIN PARK
GOLD MINE - SOILS
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Energy Dispersive X — Ray

Spot Analysis
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Biomineralization of Gold:
Biofilms on Bacterioform Gold

Frank Reith,%*" Stephen L. Rogers,™* D. C. McPhail,™? Daryl Webb’

Bacterial biofilms are associated with secondary gald grains from two sites in Australia. 165
ribosomal DNA clones of the genus Ralstonia that bear 99% similarity to the bacterium
Ralstoniz metallidurans—shown to precipitate gold from aqueous gold{I11) 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
Tmntmversial and widely debated i the
sclentific community; the two main the-
ories are that they are detrital or are formed by

warwsciencemag.org  SCIENCE  VOL 213

chemical accretion (7). However, there is grow-
ing evidence pointing to the importance of mi-
crobial processes in the cycling of gold (2, 3.
Common soil bacteria (Bacillus megaterium,

Psewdomonas fluorescens, Bacterium ritrificans)
are able fo solubilize several milligrams of
gold per liter of medium under in vitro con-
ditions (2, ). A recent microcosm study of au-
riferons seils from the Tomakin Park Gold
Mine in southeastern New South Wales, Aus-
tralia (35°48%51.9S, 150°10'264°E) showed
that resident microbiota solubilized up to 80
wt % [Le., 1100 ng per g (dry weight, soil)] of

Youperative Research Centre for Landstape Environments
and Mineral Exploration, Post Office Box 1130, Bentley,
Western Australia 6102, Australia. 2Departrmsm of Earth
and Marine Sciences, *Research School of Biological
Sdences, Electron Microscopy Unit, Australian National
University, Acon, ACT 0200, Australia. ¢ ommonwealth
Scientific and Industrial Research Organisation CSIRO} Land
and Water, PMBZ, Glen Osmond, South Australia 5084,
Australia,

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

Fig. 1. Secondary electron micro-
graphs of bacteriaform gold (A and
B} and confocal stere laser micro-
scope images (C and D} of fluo-
rescently sined bicfilms on gold
grains from the Hit or Miss Gold
#ine in Queensland, Australia. (A)
Bacterioform gold with apparent
exopolymers (white arrows) possi-
bly derived from a migobial bio-
film. (B) Detailed view of brandhing
network of rounded and oval
hudding cell-lke structure with ap-
parently preserved cell wall struc-
tures (white amows). (O Bioflm
covering an area of 200 pm by
100 um of undertying baderioform
gold. (0) Detailed view into & small
aevice in the bioflm, showing cells
or cell dusters (in blue) separated by
unstained interstices. Fluorescent
cels are spreading predominantly
over the surface af the bacterioform
gold and are not present at the base
of the crevie.

14 JULY 2006

Science, 313 14 July 2006
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PHY TO-EXPLORATION

Hypothesis

Deep rooted vegetation
9 | expresses geochemical
¥ <. signatures of ‘Buried’

g Wl mineralisation

—ocus-Australian native
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Pinnacles - lodes extensions
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Field Sites
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Coyote Results: Spinifex
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Spinifex
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Spinifex habitat
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Uranium biogeochemistry

Michael Neimanis
CRC LEME/The University of Adelaide
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Beverley Uranium Mine-Northern Flinders
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Future work: 4 Mile Creek prospect sampling
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wownwsnews cientist.oom

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

THEEalahari desert in Botswana
. quardsits geological secrets well,

Alayerof sand, seil and weathered
rock tens of et res thickblankets all buta few
outcrops ofthe underlying bedrode, Trvingto
find precious minerals embed ded inthe
bedrock is ablind and very ex pensive grope.

That's why, whena geclogist intheioyos
discovered asingle fleck of amineral called
ilmenite onthe surface, he paid attention.

I menite comes fioma typecfrod called
kimbertlite and kimberlite hosts diamonds.
That telltale fleck gave up aninvaluable secret
fromthe rock below: the richest diamond
deposit intheworld, now theJwaneng diamoend
mine, But the minerals wereqo metres dowr,
sohow did alone grain of lmenite see the
light of day? Termiteshauled it.

Desert termites dig deep. They need to In
hot, arid areas, termites build large mounds
above ground tohel p air droalation and
termnperature control, Ifa mound isdarmaged,
it st be repaired immediately tokeep out
predatorsand protect the colony, However dry
thedesert, termites always need wet mud for

construction, To getittheinseds innel

o metres ol more downtothe watertable,
clarnp bits of clay orwet 1ock intheir jaws,
then dimb back home to build the mound,
grainby dampgrain, Indeing this they not
only bring up samples of the soil fromthat
depth, but alsotraces ofwaterthat mav have
flowed through rodes containing precious
ores Termite moundsare packed with clues
towhat liesbeneath,

MNow geclogistsand mining companies aTe
wakingup tothetme potential oftermite
sarnpling, A team of Australian researchers is
developing precisetechniques that make the
mounds, along with desert plants, reliable
indicators oftherocks below, Aswell az scouring
termite mounds fortraces of gold, thevare
searching for chemircal signaturesofgold
formation, brought up fromthewatertable
and concentrated inthe mounds. Termites,
they believe, are the ticketto new reservesof
diamonds, goldand otherburied trea sure,

Meormally toget a sampleofbedrock from
beneath all the accurnmilated sand, seil and
stones, collectively known as regolith, .4

30 lune2007 | Hewscientist | 25

New Scientist 30 June

2007

Anna Petts PhD CRC
LEME/The University of

Adelaide
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