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INTRODUCTION 
Biogeochemistry is increasingly being employed in exploration surveys in Australia and it is also important 
in mine site rehabilitation especially with regards to plants that are metal-tolerant. Biogeochemistry is used in 
this study to investigate ore bodies within the deep weathering profile developed over an ultramafic lithology. 
The advantage that biogeochemistry has over soil sampling is an ability of the roots to sample material from 
greater depths and a wider area through the plant root system. Other advantages of biogeochemical 
exploration are low cost sample collection over large survey areas, less time consumed for the sampling 
program and low environmental impact (Kovalevsky, 1987). A pilot biogeochemical survey was carried out 
in Western Australia by Cole (1973) targeting nickel and its relationship to local plant species in Western 
Australia. However, most work has focused on gold (e.g. Lintern et al., 1997; Arne et al., 2001; Anand et al., 
2005). 
 
AIMS 
Vegetation sampling within two areas of known Ni-Co mineralization was undertaken to investigate which 
plant species, tissue type and analytical methods could be used to detect the target and associated elements 
(Ni, Co, Cu, Cr, Fe), as well as to assess the suitability of biogeochemical techniques as an exploration tool. 
 
THE STUDY AREA 
Bulong Mine, operated by Preston Resources Ltd., is located 35 km east of Kalgoorlie, Western Australia. 
The Mount Magnetic ore body is located to the south of the Bulong Mine site and the Boulder Block ore 
body is located at Bulong itself (Figure 1). The Bulong Ni-Co deposit is hosted within a laterite weathering 
profile developed over the Bulong Complex ultramafic rock. This laterite profile comprises four zones; the 
oxidized bedrock zone, the saprolite zone, the clay zone and the limonite zone. High grade Ni is found in 
nontronite clay (Elias et al., 1981). 

 
 
Figure 1. Location of study area: The Boulder Block (Area A) and Mt Magnetic deposit (Area B), Bulong 
Mine (Courtesy of Bulong Nickel Operations). 

Regolith 2006 - Consolidation and Dispersion of Ideas

330



 

SAMPLING AND ANALYSIS 
Both twigs and leaf samples were collected from twelve native species of open woodland shrubs and trees; 
Hybanthus floribundus, Eucalyptus striaticalyx, Alyxia buxifolia, Acacia brachystachya, Eucalyptus lesouefii 
(Blackbutt), Eucalyptus torquata (Coral gum), Eucalyptus salubris (Gimlet gum), Acacia collectioides, 
Acacia translucens (Poverty bush), Eremophila scorparia (Broom bush), Casuarina pauper (Sheoak) and 
Santalum spicatum (Sandalwood). They were collected in standard paper sample bags at intervals of 
approximately 40 metres along a single east-west transect over the Mount Magnetic Ni-Co laterite deposit, 
which was adjacent to a drill hole sequence. 
 
All samples were oven dried in bags at 90 oC and then ashed at 450 oC for analysis by Inductively Coupled 
Plasma Optical Emission Spectrometry (ICP-OES) following a 4 acid digestion (HCl, HNO3, HF and 
HClO4). 
 
An initial study at the Boulder Block ore body was limited to four plant species (Hybanthus floribundus, 
Eucalyptus striaticalyx, Alyxia buxifolia and Acacia brachystachya), and to test three different analytical 
techniques: Instrumental Neutron Activate Analysis (INAA), Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP-OES) following a 2-acid digestion and ICP-OES following a 4-acid digestion. 
 
RESULTS FROM THE BOULDER BLOCK 
From the three techniques mentioned above, it was determined that ICP-OES, following a 4-acid digestion, 
was most effective at measuring Ni-Co and associated elements in vegetation (Table 1).  Therefore, this 
technique was selected as a suitable analytical method for further study of the Mount Magnetic area.  
 
Table 1: Comparison of Cr, Co and Fe concentrations in raw vegetation from Hybanthus floribundus 
between INAA, ICP-OES following 4-acid digestion and ICP-OES following 2-acid digestion techniques. 
 
ELEMENTS Cr Cr * Cr ** Co Co * Co ** Fe Fe * Fe ** 
UNITS ppm ppm ppm ppm ppm ppm ppm ppm ppm 
SAMPLE  (BNP)

4144 7.5 8.6 0.06 78.50 45.23 0.48 480 540 4.2
4144a 4.7 4.1 0.04 46.90 82.66 0.72 295 330 2.99
4145 8.6 7.3 0.06 60.40 141.2 1.36 397 450 4.34
4146 14.7 9.3 0.08 26.80 79.38 0.71 559 580 4.74
4147 6.7 6.3 0.05 10.70 18.64 0.18 342 480 3.96
4148 8.0 7.1 0.05 19.60 20.25 0.2 440 530 4.3
4149 8.6 6.4 0.07 18.90 32.36 0.34 389 500 4.62
4150 13.3 10.4 0.08 17.90 29.28 0.29 535 490 4.5
4151 15.5 18.4 0.19 39.60 40.75 0.42 517 780 6.88
4168 9.3 5.9 0.05 15.80 22.14 0.24 470 400 3.92

 
Note: Cr = INAA, Cr* = ICP-OES following 4-acid digestion, Cr** = ICP-OES following 2-acid digestion 
    
RESULTS FROM MOUNT MAGNETIC 
A more extensive study at Mount Magnetic was aimed at investigating variations in the elemental uptake 
between plant species. Results revealed that Hybanthus floribundus contains both Ni and Co in much higher 
concentrations than adjacent soil samples (Figure 2). The more common and widespread Eucalyptus species 
and Casuarina pauper (Sheoak) also contained high concentrations of Ni (Figure 3). As these species are 
common and widespread, a biogeochemical survey of these plants has the potential to highlight Ni-Co 
mineralization in covered regions. 
 
Alyxia buxifolia displays potential to uptake Cr and Cu over the Boulder Block deposit, whereas Acacia 
collectioides shows elevated Cr concentrations in the Mount Magnetic area. Santalum spicatum 
(Sandalwood) is widely distributed throughout the area and the only species found at every sampling 
location, however, it shows no elevated concentration of target elements and is therefore not suitable for 
biogeochemical prospecting. Of the other common shrubs studied, Eremophila scorparia (Broom bush), 
Acacia translucens (Poverty bush) and Acacia brachystachya, none appear to be effective in accumulating Ni 
or Co in the area (Figure 3). 
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Spearman Rank correlation coefficients indicate Ni displays a positive correlation with Co, although there is 
no relationship between elemental concentrations in plants and adjacent soil samples for either Ni or Co. 
Levels of both Ni and Co in soil correlate with Mn and Fe, suggesting Ni and Co are adsorbed onto Mn-
oxides and scavenged by Fe-rich compounds in this area.  For the plant samples, Fe also displayed a 
significant positive correlation with Cr and Cu. Results using INAA show significant positive correlations 
between Fe and Sc, Sc and Cr, La and Sm, and a negative correlation between Fe in soil and Au. 
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Figure 2. Element contents from biogeochemical data (ashed) and the shallowest regolith samples along the 
drill hole line (AC- Acacia collectioides, She-Casuarina pauper, SW-Santalum spicatum, Gl- Eucalyptus 
salubris, BB-Eremophila scoparia, PB-Acacia translucens, Bt-Eucalyptus lesouefii, HF- Hybanthus 
floribundus) and CG- Eucalyptus torquate. 
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Figure 3. Element contents from biogeochemical data (ash) and the shallowest regolith samples along the 
drill hole line (AC- Acacia collectioides, She-Casuarina pauper, SW-Santalum spicatum, Gl- Eucalyptus 
salubris, BB-Eremophila scoparia, PB-Acacia translucens, Bt-Eucalyptus lesouefii, and CG- Eucalyptus 
torquate. 
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CONCLUSIONS 
The data show that the ash of Hybanthus floribundus shows an extremely high uptake of nickel of about 40 
times the concentration of Ni in the soil. Therefore, Hybanthus floribundus can be used as a tool to assist 
mineral exploration. There was no correlation between Ni and Co in the plants and Ni and Co values in 
shallow drill samples. Apart from this nickel indicator plant, eucalyptus species and Casuarina pauper (Black 
Sheoak) are also suitable plants for investigation in this area. Adsorption of elements onto Mn oxide and 
scavenging phenomena occur in soil from this area, and this may also occur within some of the plants 
examined. Inductively coupled plasma optical emission spectrometry (ICP-OES) following a 4-acid digestion 
is considered a suitable analaytical technique for Ni and associated elements (Co, Cr, Fe, Mn). 
 
REFERENCES 
ANAND, R.R., CORNELIUS, M. & PHANG, C., 2005. Use of biota in mineral exploration in areas of  

transported cover. 22nd International Geochemical Exploration Symposium (IGES 2005), 19-23  
Sept 2005, Perth WA, Program and Abstracts. pp.27-28. 

ARNE, D.C., HUGHES, M., WALTERS, B. & WALDRON, H. 2001. The Application of biogeochemistry  
to gold exploration in Central Victoria. VICMIN 2001; The Third Conference on developments in  
Victorian geology and mineralisation.  Australian Institute of Geoscientists Bulletin 34, 53-62. 

COLE, M.M. 1973. Geobotanical and biogeochemical investigation of the sclerophyllus woodland and shrub  
associations of the Eastern Goldfields area of Western Australia with particular reference to the role 
of Hybanthus floribandus (Lindl.) F. Muell as a nickel indicator and accumulator plant. Applied 
Ecology 10, 269-320. 

ELIAS, M., DONALDSON, M.J. AND GLORGETTA, N., 1981. Geology, Mineralogy, and Chemistry of  
Laterite Nickel-Cobalt Deposits near Kalgoorlie, Western Australia. Economic Geology, 76, 1775-
1783. 

KOVALEVSKY, A.L., 1987. Biogeochemical Exploration for Mineral Deposits. VNU Science Press,  
Utrecht, 224 p. 

LINTERN, M.J., BUTT, C.R.M., SCOTT, K.M. 1997. Gold in vegetation and soil – three case studies from  
the gold fields of southern Western Australia. Journal of Geochemical Exploration 58, 1-14. 

 
Acknowledgements:  The project was supervised with great patience and guidance by Dr Dennis Arne and 
Associate Professor Jeff Vaughan of the Western Australian School of Mines, Curtin University of 
Technology, who are gratefully acknowledged. Other staff members from the School of Mines are also 
thanked for their help throughout the duration of the study, in particular Bob Crossley and Dr Bob Fagan.  
 
The author would like to thank the Royal Thai Department of Mineral Resources (DMR) for granting a 2-
year scholarship to undertake Master degree studies at the Western Australian School of Mines, Curtin 
University of Technology, Australia.  
 
Also thanks to the staff of Bulong Nickel Operation for providing invaluable information and access to the 
study area. Brian Fergusson of the Centre for the management of Arid Evironments, Curtin University, is 
thanked for his advice on biological matters. Wade Bollenhagen formerly of Bulong Nickel Operations and 
Natasha Stoiche are thanked for their helps in collecting samples. Kalgoorlie Assay Laboratory kindly provided 
low-cost acid digestions and ICP analyses. Becquerel Australia is thanked for providing INAA data. 
 
Special thanks go to Dr Mehrooz  Aspandiar and Dr Ravi Anand for their additional advice for this extended 
abstract. 
 
 
 
 
 
 

 
 

 
 

 
 
 

Regolith 2006 - Consolidation and Dispersion of Ideas

333



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




