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EXECUTIVE SUMMARY 
Transition’s CEI funded grant provided fiscal support for a multi-element geochemical study of samples 
from historical assay programmes in its Cloncurry tenements. The CEI re-assay programme was 
successfully completed to specification and in the required timeframe. 

The samples included in this study had previously been assayed for a very limited range of elements, 
that did not include many of the New Economy Metals that are the focus of this program.  For example, 
the rare earth elements and other technology metals such as tungsten and cobalt. The historical pulp 
assays also did not include results for vector elements such at scandium, platinum and palladium, 
whose abundances and elemental ratios provide critical information that is relevant to an improved 
understanding of the regional mineral system and hence the applicability of exploration methods. 

Samples selected for the study included pulps from surface samples (e.g., soils, termite mounds, 
outcrop and float rock) as well as an extensive array of historical drill-chips (RC drilling). Samples were 
selected from a total of 40 unique mineralised prospect areas. 

The multi-element re-assay programme was undertaken by Intertek Testing Services (Australia) Pty 
Ltd in Townsville and Perth (Intertek). It involved a combination of analytical techniques (both 
digestion and instrumentation) that are superior to previously used methods. A selection of 
appropriate certified lithological standards, as well as several internal laboratory standards, were 
analysed concurrently with Transition’s samples to provide appropriate QA/QC control and hence 
confidence in the accuracy of the new data as well as the appropriateness of the sample digestion 
technique. 

Samples for the re-assay program were selected following interrogation of Transition's ~6,000 
historical assay pulps to identify samples containing Ni-Co-Cu-Au, and in some instances elevated Y. 
This resulted in 1801 pulps being selected for re-assay: 

• Historical RC drilling assay pulps (from 2008 and 2011) = 1350 
• Recent surface rock and soil sample assay pulps (2017-2019) = 451 

Results from the programme identified New Economy Metal anomalisms at a number of prospects.   

Table 1. List of prospects where noteably elevated results for New Economy Metals were identifed 
Prospect Significant results for New Economy Metals 
Noontide  Nd 287 ppm, Pr 79 ppm, Gd 17.35 ppm 
Ready Rhino  Gd 9.82 ppm, Yb 4.21 ppm, Sc 320 ppm, Ag 11.6ppm 
Comet  Gd 17.8 ppm, Yb 22.1 ppm, Sc 107 ppm, Co 1040 ppm 
Columbiad Gd 12 ppm, Yb 8.35 ppm, Co 3664 ppm 
Horseshoe  Gd 8.9 ppm, Yb 7.10 ppm, Sc 51.5 ppm, Co 2051 ppm 
Junction  Gd 14.6 ppm, Yb 3.69 ppm 
Mountain Maid  Gd 11.3 ppm, Yb 4.87 ppm, Sc 45.8 ppm, Co 1333 ppm 
Success Gd 8.9 ppm, Yb 3.9 ppm 
Brilliant Sc 55.7 ppm, Co 753 ppm 
Dulce Co 971 ppm 
Forget-Me-Not Sc 51.3 ppm, Co 959 ppm 
Hideaway Sc 67.5 ppm 
Ida Sc 100 ppm, Co 515 ppm 
Marguerite Sc 53.9 ppm, Co 611 ppm 
Micawber Co 960 ppm 
New Dollar Sc 47.8 ppm, Co 517 ppm 
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In addition, the majority of prospects exhibit significant enrichment in Pd and Pt, further supporting 
Transition's exploration model. For example, samples from Noontide and Ready Rhino contain up to  
610 ppb and 76 ppb Pd, and 264 ppb and 75 ppb Pt respectively.   

All but two of the prospects listed in Table 1 (Brilliant and Marguerite) were included in Transition’s 
2019 high-resolution geophysics programmes. The possible enrichment of New Economy Metals at 
these prospects, particularly the REEs and PGEs at Noontide and extremely elevated Sc at Ready Rhino, 
adds an additional level of interest to these historical prospects.  

The results confirm the scientific basis of Transition's mineral system model (MSM) for the Cloncurry 
area, which has challenged existing crustal and metallogenic models and is leading an exploration 
paradigm shift. 

The model provides an alternative explanation for the metallogenic evolution of iron-oxide-copper-
gold (IOCG) and iron-sulphide-copper-gold (ISCG) mineralisation in its Cloncurry tenements and it 
addresses deficiencies in current IOCG models which do not explain the source of the element 
association that includes New Economy Metals, such as Ni-Co-Pt-Pd-W-Sc (±REE+Y).  

Transition’s MSM explains deposit field relationships 
within a geologically coherent narrative that includes 
understanding the source of the diverse metal association 
in the Cloncurry District. These include the presence of 
gold-tellurium rich epithermal vein deposits, that formed 
by hydrothermal processes at a very shallow crustal depth. 
These contain similar textures to silica rich deposits at 
Yellowstone and at Lihir in PNG.  

As epithermal mineralisation commonly occurs above 
porphyry Cu, Cu-Au and Pd-Au-Cu mineral  deposits that 
host the world's largest Cu and Au resources, significant 
potential exists for new phases of discover of Tier One 
mineral deposits in the NWMP. 

Figure 1. Locations where notably elevated New Economy Metals shown in Table 1 were identified (main image) 
and their location within Transition’s tenements relative to Cloncurry (top right). 

CLONCURRY 

Columbiad 

Comet 
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INTRODUCTION 
The origin of iron oxide–copper–gold (IOCG) mineralization is a matter of debate, despite sharing 
common geological and geochemical features (Hitzman et al. 1992; Williams et al. 2005). Some authors 
have postulated a link with basinal brines (Barton and Johnson 1996), others associate IOCG 
mineralization with magmatic–hydrothermal activity (e.g., Sillitoe 2003; Mark et al. 2004, Pollard 2006). 

To accommodate field, petrographic and geochemical evidence, Transition has developed a new 
mineral system model (MSM) to explain the metallogenic evolution of IOCG mineralisation at its 
Cloncurry tenements in the north-west minerals province of Queensland. Supporting evidence 
acquired by Transition provides a coherent scientific basis for the MSM, offers alternative exploration 
methodologies and explains the New Economy Metal endowment in these mineral systems. 

Transition’s MSM explains deficiencies in the current IOCG models, in which metals are either 
interpreted to have been sourced from sedimentary rock in high crustal level basins by circulating 
brines, or are deposited from magmatic-hydrothermal fluids associated with the Williams-Naraku 
Batholith, a granitic suite (Williams, 2015). Neither of these models explain the source of Ni-Co-Pt-Pd-
W seen in the Cloncurry mineral systems.   

Re-assay programme 

The focus of Transition’s re-assay programme was to analyse selected historical assay media that had 
previously been analysed for a very limited range of elements, and did not include a full suite of New 
Economy Metals, including the rare earth elements and other technology metals such as tungsten and 
cobalt. The historical pulp assays also did not include results for vector elements such at scandium, 
platinum and palladium, whose abundances and elemental ratios provide critical information that is 
relevant to an improved understanding of the regional mineral system and hence the applicability of 
exploration methods. 

The multi-element re-assay programme was undertaken by Intertek (Townsville and Perth). It involved 
a combination of analytical techniques (both digestion and instrumentation) that are superior to 
previously used methods (see Table 2 for assay suite).  A selection of appropriate certified lithological 
standards, as well as several internal laboratory standards, were analysed concurrently with the 
Transition samples to provide appropriate QA/QC control and hence confidence in the accuracy of the 
new data as well as the appropriateness of the sample digestion technique. 

Table 2 Multi-element suite used in the re-assay programme. 
Element Unit Method Element Unit Method Element Unit Method Element Unit Method 

SiO2 % 4A-OM48 Pt ppb FA25NMS Nd ppm 4A-OM48R Re ppm 4A-OM48 

TiO2 % 4A-OM48 Pd ppb FA25NMS Pr ppm 4A-OM48R Sb ppm 4A-OM48 

Al2O3 % 4A-OM48 Au ppm FA25NMS Rb ppm 4A-OM48 Se ppm 4A-OM48 

Cr2O3 % 4A-OM48 Au ppm FA25NMS Sm ppm 4A-OM48 Te ppm 4A-OM48 

Fe2O3 % 4A-OM48 Ba ppm 4A-OM48 Sn ppm 4A-OM48 Tl ppm 4A-OM48 

MnO % 4A-OM48 Ce ppm 4A-OM48 Sr ppm 4A-OM48 Ag ppm 4A-OM48 

MgO % 4A-OM48 Cr ppm 4A-OM48 Ta ppm 4A-OM48R Cd ppm 4A-OM48 

CaO % 4A-OM48 Cs ppm 4A-OM48 Tb ppm 4A-OM48R Co ppm 4A-OM48 

Na2O % 4A-OM48 Dy ppm 4A-OM48R Th ppm 4A-OM48 Cu ppm 4A-OM48 

K2O % 4A-OM48 Er ppm 4A-OM48R Tm ppm 4A-OM48R Li ppm 4A-OM48 

P2O5 % 4A-OM48 Eu ppm 4A-OM48R U ppm 4A-OM48 Mo ppm 4A-OM48 

SrO % 4A-OM48 Ga ppm 4A-OM48R V ppm 4A-OM48 Ni ppm 4A-OM48 

BaO % 4A-OM48 Gd ppm 4A-OM48R W ppm 4A-OM48 Pb ppm 4A-OM48 

LOI % 4A-OM48 Ge ppm 4A-OM48R Y ppm 4A-OM48R Sc ppm 4A-OM48 

   Hf ppm 4A-OM48R Yb ppm 4A-OM48R Zn ppm 4A-OM48 

      Ho ppm 4A-OM48R Zr ppm 4A-OM48 Co % 4A-OM48 

      La ppm 4A-OM48R As ppm 4A-OM48 Cu % 4A-OM48 

      Lu ppm 4A-OM48R Bi ppm 4A-OM48 As ppm 4A-OM48 

      Nb ppm 4A-OM48 Hg ppm 4A-OM48 Bi ppm 4A-OM48 

            In ppm 4A-OM48 
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Samples for the re-assay program were selected following interrogation of Transition's ~6,000 
historical assay pulps to identify samples containing Ni-Co-Cu-Au, and in some instances elevated Y. 
This resulted in 1801 pulps being selected for re-assay. They are listed in Table 3 and included: 

• Historical RC drilling assay pulps (from 2008 and 2011) = 1350 
• Recent and historical surface rock and soil sample assay pulps (2017-2019) = 451 

Table 3. Sample locations, quantities and types. 

 

 

Historical drilling pulps
Total Total

Prospects = 38 451 Prospects = 9 1350

Prospect
Number of 

samples Prospect
Number of 

samples Prospect
Number of 

samples Prospect
Number of 

samples

Alone Hand 1 Easter Gift 4 Micawber 1 Columbiad 124
Belfast 1 Eva 13 Mountain Maid 1 Dulce 60
Blue Bell 2 Forget Me Not 4 New Dollar 4 Forget Me Not 165
Brilliant 8 Furnace 2 Newcastle 1 Horseshoe 396
Celestial 1 Ghost Field 10 Noontide 8 Junction 27
Chinaman 10 Glory Hole 4 Pioneer 1 Micawber 74
Columbiad 2 Hideaway 65 Ready Rhino 2 Mountain Maid 209
Comet 41 Horseshoe 2 Scorpion 1 New Dollar 157
Comet East BX 4 Ida 7 South Prospect 1 Ready Rhino 138
Comet West BX 28 Jones Surprise 6 Speculation 1
Commonwealth 2 Marguerite 10 Success 189
Copper Town 1 Marraba Shear 1 Tulip 1
Daisy 9 Mascotte 2

CEI PULP REASSAY PROGRAMME - SAMPLE LOCATIONS
Recent TR surface geochem pulps (total samples = 1801)

Total unique prospects = 40
Combined surface and drilling pulps

Figure 2. Sample pulps were sourced from 40 unique prospects (yellow points) within three areas of Transition’s 
East and West Project tenements (see Figure 2 for details of inset areas and see Appendix 1 for sample locations 
and assays. 

WEST PROJECT 
TENEMENTS 

703km2 

EAST PROJECT 
TENEMENTS 

333km2 

1801 PULPS WERE 
SOURCED FROM 40 
UNIQUE PROSPECTS 

AREA 1 

AREA 2 

AREA 3 
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Area 1 prospect areas 

Figure 4. Area 1 sample locations. Not all sample text will be 
visible in high sample density areas - see Appendix 1 for sample 
locations and assays. 

A1-01 

A1-02 

A1-04 A1-06 

A1-05 A1-07 

A1-03 

AREA 1 AREA 2 AREA 3 

Figure 3. Details of inset areas from Figure 1. Sample pulps were sourced from 40 unique prospects within these 
three areas. Area 1 insets (see Figure 4), Area 2 insets (see Figures 5 and 6) and Area 3 insets (see Figure 7). 
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Details of inset areas from Figure 2, with prospect areas highlighted. 
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Area 2 prospect areas 

Figure 5. Area 2 sample locations. Not all 
sample text will be visible in high sample 
density areas - see Appendix 1 for sample 
locations and assays. 
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Figure 6. Area 2 sample locations continued. Not all sample text will be visible 
in high sample density areas - see Appendix 1 for sample locations and 
assays. 

Area 2 prospect areas continued… 
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ANALYTICAL TECHNIQUES 
Major and trace element geochemical data in this report were analysed by Intertek Genalysis 
Laboratory Services Pty Ltd, Perth, Western Australia. 

Table 4 Intertek analytical methods and detection limits 
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Au ppb 1 FA25/MS  Ho ppm 0.01 4A/MS  Sc ppm 0.1 4A/MS 
Au-

 
ppb 1 FA25/MS  Ho ppm 0.1 FP6/MS  Sc ppm 20 FP6/OE 

Ag ppm 0.05 4A/MS  In ppm 0.01 4A/MS  Se ppm 0.5 4A/MS 
Al ppm 50 4A/OE  In ppm 0.1 FP6/MS  Sm ppm 0.01 4A/MS 
As ppm 0.5 4A/MS  K ppm 20 4A/OE  Sm ppm 0.1 FP6/MS 
Ba ppm 0.1 4A/MS  La ppm 0.01 4A/MS  Sn ppm 0.1 4A/MS 
Be ppm 0.05 4A/MS  La ppm 0.2 FP6/MS  Sr ppm 0.05 4A/MS 
Bi ppm 0.01 4A/MS  Li ppm 0.1 4A/MS  Ta ppm 0.01 4A/MS 
Ca ppm 50 4A/OE  Lu ppm 0.01 4A/MS  Ta ppm 0.1 FP6/MS 
Cd ppm 0.02 4A/MS  Lu ppm 0.1 FP6/MS  Tb ppm 0.01 4A/MS 
Ce ppm 0.01 4A/MS  Mg ppm 20 4A/OE  Tb ppm 0.1 FP6/MS 
Ce ppm 0.5 FP6/MS  Mn ppm 1 4A/OE  Te ppm 0.2 4A/MS 
Co ppm 0.1 4A/MS  Mo ppm 0.1 4A/MS  Th ppm 0.01 4A/MS 
Cr ppm 1 4A/OE  Na ppm 20 4A/OE  Th ppm 0.1 FP6/MS 
Cs ppm 0.05 4A/MS  Nb ppm 0.05 4A/MS  Ti ppm 5 4A/OE 
Cu ppm 0.5 4A/MS  Nb ppm 10 FP6/MS  Tl ppm 0.02 4A/MS 
Cu-

 
ppm 10 4AH/OE  Nd ppm 0.01 4A/MS  Tm ppm 0.01 4A/MS 

Dy ppm 0.01 4A/MS  Nd ppm 0.1 FP6/MS  Tm ppm 0.1 FP6/MS 
Dy ppm 0.1 FP6/MS  Ni ppm 0.5 4A/MS  U ppm 0.01 4A/MS 
Er ppm 0.01 4A/MS  P ppm 50 4A/OE  U ppm 0.1 FP6/MS 
Er ppm 0.1 FP6/MS  P % 0.01 FP6/OE  V ppm 1 4A/OE 
Eu ppm 0.01 4A/MS  Pb ppm 0.5 4A/MS  W ppm 0.1 4A/MS 
Eu ppm 0.1 FP6/MS  Pd ppb 0.5 FA25/MS  W ppm 1 FP6/MS 
Fe % 0.01 4A/OE  Pr ppm 0.01 4A/MS  Y ppm 0.05 4A/MS 
Ga ppm 0.05 4A/MS  Pr ppm 0.1 FP6/MS  Y ppm 0.5 FP6/MS 
Gd ppm 0.01 4A/MS  Pt ppb 0.5 FA25/MS  Yb ppm 0.01 4A/MS 
Gd ppm 0.1 FP6/MS  Rb ppm 0.05 4A/MS  Yb ppm 0.1 FP6/MS 
Ge ppm 0.1 4A/MS  Re ppm 0.002 4A/MS  Zn ppm 1 4A/MS 
Hf ppm 0.05 4A/MS  S ppm 50 4A/OE  Zr ppm 0.1 4A/MS 
Hf ppm 0.1 FP6/MS  Sb ppm 0.05 4A/MS  Zr ppm 5 FP6/MS 

Figure 7. Area 3 sample locations. Not all 
sample text will be visible in high sample 
density areas  - see Appendix 1 for 
sample locations and assays. 

Area 3 prospect areas 

A3-02 

A3-01 
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Major and trace elements by 4-acid dissolution - 4A/MS or 4AH/OE 
This method, which was required under the terms of the CEI grant, offers a combination of low 
detection limits and provides a multi element analytical suite. It involved weighting ~0.8 gram of 
sample and dissolution in a 4-acid digest. Once in solution the samples are volumed and diluted for 
analysis by ICPOES or ICPMS.   

Although 4-acid dissolution does enable 
dissolution of light rare earth bearing phases (like 
florencite) it does not dissolve refractory heavy 
rare earth bearing trace minerals (like xenotime). 
This is illustrated in Figure 9, which shows 
analytical data for Intertek internal standard 
REE005, a xenotime and florencite bearing 
standard from the Brown Range in WA. 

Aware of this problem, Transition contracted 
Intertek at its own expense to dissolve selected 
samples using sodium peroxide fusion (FP6MS) to 
dissolve refractory phases in samples with high 
REEs and Y. These samples were also analysed by 
ICPMS.   

This report contains comparative data for a 
number of samples analysed by both methods. 
Results  are given below. 

Determination of Au, Pt and Pd by Fire Assay and ICPMS - FA25/MS  
The method used lead collection fire assay digestion and is applicable for Au, Pt and Pd, but the other 
platinum group elements are lost, in varying amounts, during the cupellation (oxidation) stage. The 
method involved mixing 25 grams of crushed sample with a lead oxide-based flux and fusing the 
sample-flux mix in a furnace. The use of new crucibles precludes cross- contamination and thus enable 
a detection limit of 1ppb. The lead oxide is reduced to lead using an organic reducing agent. The molten 
lead metal is miscible with the precious metals but immiscible with the slag. The lead collects the 
precious metals and sinks to the bottom of the melt where it coalesces to form a button. These lead 
buttons are placed in cupels in a furnace where they melt and oxidise. The lead oxide is absorbed by 
the cupel leaving the precious metals behind which coalesce into a prill due to surface tension. The 
presence of a small amount of silver in the flux allows for a prill of manageable size. The precious 
metals are transferred into a test tube, digested in aqua regia, volumed and diluted for analysis by ICP 
mass spectrometer. The use of sensitive instrumentation such as ICPMS enables a detection limit of 
1ppb for Au, Pt and Pd. Internal standards are used to correct for drift and plasma fluctuations.   

 

 

Figure 8. Plot showing recovery of REEs following 4-
acid dissolution of an Intertek internal standard 
REE005, which is a xenotime (HREE rich) and florencite 
LREE rich)  standard from Browns Range in WA. 
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Quality Assurance and Quality Control (QA/QC) 
To monitor accuracy, samples were analysed with certified laboratory standards. Links to the 
standards Certified Values are listed in Table 5.   

Table 5: QA/QC standards analysed in this study 
Standard Certificates 

OREAS 13b https://www.ore.com.au/crm/oreas-13b 

OREAS 20a https://www.ore.com.au/crm/oreas-20a 

OREAS 24b https://www.ore.com.au/crm/oreas-22b 

OREAS 45h https://www.ore.com.au/crm/oreas-45h 

OREAS 97 https://www.ore.com.au/crm/oreas-97 

OREAS 98 https://www.ore.com.au/crm/oreas-98 

OREAS 100a https://www.ore.com.au/crm/oreas-100a 

OREAS 146 https://www.ore.com.au/crm/oreas-146 

OREAS 460 https://www.ore.com.au/crm/oreas-460 

OREAS 462 https://www.ore.com.au/crm/oreas-462 

  

AMIS0283 https://www.amis.co.za/certificates-products-in-stock/amis0283 

AMIS0301 https://www.amis.co.za/certificates-products-in-stock/amis0301 

AMIS0420 https://www.amis.co.za/certificates-products-in-stock/amis0420 

AMIS0423 https://www.amis.co.za/certificates-products-in-stock/amis0423 

AMIS0424 https://www.amis.co.za/certificates-products-in-stock/amis0424 

AMIS0450 https://www.amis.co.za/certificates-products-in-stock/amis0450 

  

REE-01 Intertek Standard Dr Richard Holdsworth (pers com.) 

REE-05 Intertek Standard Dr Richard Holdsworth (pers com.) 

  

KLEN74593 http://www.klen.com.au/CRM/Certificates_of_Analysis/ 

KLEN74110 http://www.klen.com.au/CRM/Certificates_of_Analysis/ 

  

BGM Std 3 http://www.geostats.com.au/certs 

Standards analysed during acquisition of the analytical data for the 1801 samples are in excellent 
agreement with the certified values over a wide range of concentrations. Raw data are provided as 
CSV files in Appendix 1. 

A comparison between selected trace element analytical data for standards and their standard 
certified values are shown in Figures 9 to 17.  
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Figure 9: QA/QC plot showing agreement between certified and measured values for (a) Cu, (b) Ni, (c) Co, 
(d) Cr, (e) Sc and (f) Zr, 
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Figure 10. QA/QC plot showing agreement between certified and measured values for REE analysed 
following 4-acid dissolution (a) La, (b) Ce, (c) Pr, (d) Nd, (e) Sm and (f) Eu 
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Figure 11. QA/QC plot showing agreement between certified and measured values for REE analysed following 
4-acid dissolution (g) Gd, (h) Tb, (i) Dy, (j) Ho, (k) Er and (l) Tm 
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Figure 12: QA/QC plot showing agreement between certified and measured values for REE analysed following 
4-acid dissolution (m) Tb, (n) Lu, and (o) Y. 
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Figure 13. QA/QC plot showing agreement between certified and measured values for (a) Au, (b) Ag, (c) Pt 
and (d) Pd 
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Figure 14. QA/QC plot showing agreement between certified and measured values for REE (a) La, (b) Ce, (c) 
Pr, (d) Nd, (e) Sm and (f) Eu analysed by ICPMS following dissolution using sodium peroxide fusion. 
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Figure 15. QA/QC plot showing agreement between certified and measured values for REE (g) Gd, (h) Tb, (i) 
Dy, (j) Ho, (k) Y and (l) Er analysed by ICPMS following dissolution using sodium peroxide fusion 
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Figure 16. QA/QC plot showing agreement between certified and measured values for (m) Tm, (n) Yb, (o) Lu, 
(p) Th, (q) U and (r) Sc analysed by ICPMS following dissolution using sodium peroxide fusion. 
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Figure 17. QA/QC plot showing agreement between certified and measured values for (s) Ta, (t) Nb, (u) Zr 
and (v) Hf analysed by ICPMS following dissolution using sodium peroxide fusion. 
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RESULTS DISCUSSION 
New Economy Metals endowment of Transition’s Cloncurry tenements 
Analytical methods are summarised in Table 4 and listed in Appendix 1.    

Results from the programme identified New Economy Metal anomalisms at a number of prospects.   

Table 6. List of prospects where noteably elevated results for New Economy Metals were identifed 
Prospect Significant results for New Economy Metals 
Noontide  Nd 287 ppm, Pr 79 ppm, Gd 17.35 ppm 
Ready Rhino  Gd 9.82 ppm, Yb 4.21 ppm, Sc 320 ppm, Ag 11.6ppm 
Comet  Gd 17.8 ppm, Yb 22.1 ppm, Sc 107 ppm, Co 1040 ppm 
Columbiad Gd 12 ppm, Yb 8.35 ppm, Co 3664 ppm 
Horseshoe  Gd 8.9 ppm, Yb 7.10 ppm, Sc 51.5 ppm, Co 2051 ppm 
Junction  Gd 14.6 ppm, Yb 3.69 ppm 
Mountain Maid  Gd 11.3 ppm, Yb 4.87 ppm, Sc 45.8 ppm, Co 1333 ppm 
Success Gd 8.9 ppm, Yb 3.9 ppm 
Brilliant Sc 55.7 ppm, Co 753 ppm 
Dulce Co 971 ppm 
Forget-Me-Not Sc 51.3 ppm, Co 959 ppm 
Hideaway Sc 67.5 ppm 
Ida Sc 100 ppm, Co 515 ppm 
Marguerite Sc 53.9 ppm, Co 611 ppm 
Micawber Co 960 ppm 
New Dollar Sc 47.8 ppm, Co 517 ppm 

The majority of prospects exhibit significant enrichment in platinum group elements (PGEs). Maximum 
Pd and Pt values listed in Table 7 are significantly enriched relative to average upper continental crust 
Mungall and  Naldrett (2008).  For example, samples from Noontide and Ready Rhino contain up to 610 
ppb and 76 ppb Pd, and 264 ppb and 75 ppb Pt respectively. This clearly indicates that New Economy 
metals in these deposits were derived from a sub-lithospheric plume source.  

In view of these values, this study has shown the potential for economic Pd and Pt mineralization in 
the Cloncurry area. 

Table 7: Maximum Pt and Pd concentrations in individual prospects compared to average upper 
crust   

Prospect  Pt ppb Pd ppb Prospect  Pt ppb Pd ppb 
Av. Upper Crust1  0.5 0.52 Av. Upper Crust1  0.5 0.52 
Brilliant 2.3 6.7 Junction  11.9 17.5 
Chinaman  10.2 Marguerite 5.2 7.9 
Columbiad 8.2 7.9 Marraba Shear Zone  13.8 10.2 
Comet 9.9 19.2 Micawber 9.6 11.4 
Commonwealth 13.7 32 Mountain Maid 9.8 9.1 
Daisy 19.9 20.8 New Dollar 25 25.1 
Eva 31.8 58 Noontide 264 610 
Forget-me-not 15.4 15.4 Ready Rhino 74.7 76.3 
Ghost Field 5.6 17.2 Success 10.3 14 
Hideaway  10.9 63.3 Tulip 7.6 17.3 
Horseshoe 16.6 48.4    
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Sc is also enriched in some deposits relative to average upper continental crust (viz., 14 ppm; Rudnick 
and Gao 2014).  Although Sc is commonly grouped with the REEs it is in fact a transition group metal. 
As a result and unlike the REEs, Sc is a compatible element, one that remains in the residue during 
partial melting (Wiliams-Jones and Vasyukova 2018).  

By contrast, the other REEs are incompatible elements and thus are incorporated into mantle melts 
and also hydrothermal fluids. Clinopyroxene is the main ore mineral in many scandium deposits. 
However, scandium may also be hosted by other phases e.g., baddeleyite (Kalashnikov et al., 2016). 
However, to discriminate the Sc-bearing phase as Cr substitutes into clinopyroxene, by evaluating 
covariation between Sc and Cr one can infer the role of pyroxenites in the metallogenic evolution of 
the regional mineral system. Collerson (2019) used this to show that altered pyroxenites at Mount 
Cobalt, part of the same mineral system responsible for the Duck Creek mineralisation, contained  
economic grades of Sc (200 to 280 ppm). 

Thus the transition group elements e.g., Cu, Ni, Co, Sc, and precious metals (PGEs Pt and Pd) 
abundances provide important information regarding the metal source and facilitate a better 
understanding of the nature of the New Economy metal mineral system in Transition’s tenements The 
enrichment in PGE together as well as Fe (see Appendix 1) Ni and Co in these deposits clearly indicates 
a sub-crustal metal source further supports Transition's exploration model. 

Geochemical results are consistent with Transition’s mineral system exploration model 
Transition’s CEI funded re-assay programme of assay pulps previously obtained from surface soils, 
rocks and drill holes, from 41 of Transition’s prospects, confirm the scientific basis of Transition’s MSM.   

Transition's mineral system model (MSM) for the Cloncurry Belt challenges existing crustal and 
metallogenic models and is leading an exploration paradigm shift. 

The model provides an alternative explanation for the metallogenic evolution of iron-oxide-copper-
gold (IOCG) and iron-sulphide-copper-gold (ISCG) mineralisation in its Cloncurry tenements. It 
therefore addresses deficiencies in current IOCG models which do not explain the source of element 
associations that include new economy metals such as Ni-Co-Pt-Pd-W-Sc (+/-REE+Y).  

Transition’s MSM explains deposit field relationships with a geologically coherent narrative on the 
source of the diverse metal association in the Cloncurry District.  

The presence of gold-tellurium rich epithermal vein deposits in Transition's tenements, and elsewhere 
in the Cloncurry area (Collerson, 2019) reflects the role of magmatically driven hydrothermal processes 
operating at very shallow crustal depths. Veins display textures that are similar to metal-bearing silica-
rich deposits at Yellowstone and Lihir.   

Assay data from the current study shows that logAg/Au systematics of the pulps are virtually identical 
to the log normal Ag/Au distribution exhibited by epithermal - Cu Au porphyry systems in PNG (Ok 
Tedi, Fune and Antares) (Figure 18) where Ag/Au fractionation occurs during boiling (Cole and 
Drummond 1986). 
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Epithermal mineralisation commonly occurs above porphyry Cu, Cu-Au and Pd-Au-Cu mineral  deposits 
that host the world's largest Cu and Au resources. Examples are listed below (Table 8). 

Table 8. Size and grades of epithermal and porphyry deposits 

Deposit Country Au Grade g/t Cu wt.% Size 
Ok Tedi - Epithermal PNG 0.63  700 Mt 
Lihir - Epithermal PNG 3.88  164 Mt 
Grasberg West Irian 2 1.5 2800 Mt 
Porgera - Epithermal PNG 3.98  98 Mt 
Oyu Tolgoi Mongolia 0.29 0.67 6380 Mt 
Bingham Canyon USA 0.2 0.48 840 Mt 
Northparkes NSW 0.19 0.55 605 Mt 
Cadia NSW 0.48 0.27 1670 Mt 
Los Bronces Chile  1.0 5000 Mt 
El Abra Chile  0.49 1779 Mt 
Batu Hijai Indonesia 0.35 0.44 1640 Mt 
Padcal Santo Tomas Philippines 0.7 0.38 449 Mt 
Haquira East Peru 0.038 0.59 688 Mt 

Transition's assay suite included the platinum group element (PGE) e.g., platinum (Pt) and palladium 
(Pd), elements that have not been commonly analysed historically in the district. The majority of 
samples returned geochemically significant concentrations. Although not currently at economic levels, 
the PGEs provide valuable geochemical evidence (e.g., Cocker et al; 2015) that supports Transition's 
epithermal-porphyry model for the district, and hence, the significant prospectivity of its entire 
tenement package in the Cloncurry District. 

Figure 19 shows where world class porphyry and epithermal deposits plot according to Pd/Pt and MgO 
ratio plots. The rise in Pd/Pt ratio at MgO values <5 wt.% is due to crystallisation of Pt alloys. Samples 
with low Pd/Pt ratio at MgO < 5 wt.% reflects sulphide melt segregation.  

Figure 20 shows a similar plot for some of Transition's deposits using the results from the pulp re-assay 
programme. Deposits with low MgO values like Transition’s Brilliant Prospect are similar to Lihir.  

 

Figure 18. Histogram showing logAg/Au data for (a) Transition pulps and (b) Comparative epithermal and 
Cu-Au porphyry systems from PNG. 
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This geochemical vignette provides scientific confirmation of the MSM developed by Transition and 
clearly enhances the geological and geophysical model for targeting deep exploration targets. 

The widespread association of Pt and Pd together with Cu, Ni and Co, as well as W and the rare earth 
elements shows that Transition has correctly interpreted the unique character of the metal source 
(mantle plume - Au, PGE, W, Co, Ni) (mantle wedge - Cu) responsible for all Cloncurry Belt mineral 
deposits.  The MSM is therefore aligned with the geodynamic model for the area proposed by Betts 
(2007, 2009) that envisaged the impact of a mantle plume during the breakup of the supercontinent 
Columbia during the Mesoproterozoic. 

From a geodynamic perspective, the spatial and temporal association of IOCGs and porphyry Cu-Au 
deposits in the Cloncurry area closely resembles the pattern of mineralisation seen in the Cu-Au rich 
deposits of northern Chile where Tornos et al., (2010) has demonstrated the spatial association 
between IOCG deposits and Cu-Au porphyry systems in a younger geodynamic setting. 

  

SELECTION OF PROSPECTS FROM 
TRANSITION’S WEST PROJECT TENEMENTS 

SELECTION OF WORLD CLASS  
PORPHYRY AND EPITHERMAL DEPOSITS 

 Figure 19. This plot shows where world class porphyry 
and epithermal deposits plot of Pd/Pt against MgO 
space. The rise in Pd/Pt ratio at MgO values <5 wt.% 
is due to crystallisation of Pt alloys.  Samples with low 
Pd/Pt ratio at MgO < 5 wt.% reflects sulphide melt 
segregation. 

Figure 20. Plot of Pd/Pt against MgO showing data for 
Transition Resources samples from the Duck Creek 
area that were analysed as part of the CEI grant study.  
Results show a strong resemblance to the porphyry 
and epithermal fields shown in Figure 20. 
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REVISED ASSAY METHODOLOGY 
Transition’s initial CEI application identified fusion dissolution methods for its re-assay programme, 
but on request this was amended to use 4-acid methods to accommodate DNRMEs strategic objective. 

DNRME’s objective includes the generation of a regional-scale New Economy Metals geochemical 
database by combining results from different locations and different companies that use a common 
standardised assay method; namely a 4-acid dissolution method.  

The multi-element suites used in Transition’s grant funded CEI re-assay programme included: 

• major elements by ICPOES;  
• trace elements by 4-acid dissolution ICPMS; and  
• Au, Pt and Pd by FA. 

Whilst superior to the methods used in the 
historical assay suites, the 4-acid dissolution 
method is less than optimal for accurately 
assessing the geochemical abundance ratios of a 
specific suite of New Economy Metals including 
REEs. 

With 4-acid dissolution, there is a possibility of 
precipitation of insoluble REE-bearing fluorides 
that would fractionate the REEs.  

These digestion issues are addressed by using 
fusion lithium metaborate (LiBO2) or sodium 
peroxide flux fusion techniques.  

Examples from Transition’s historical QAQC 
analysis of fusion and 4-acid dissolution methods 
are shown in Figure 21 and 22 (see also Figure 8 
for similar laboratory assessment).   

Figure 21. Chondrite normalised plot showing variable 
dissolution of xenotime and monazite bearing 
samples.  Although the xenotime bearing sample is 
only partially digested the shape of the pattern mirrors 
the fully digested xenotime pattern. 

Figure 22. Chondrite normalised REE plot showing comparison between ICPMS analyses achieved using 4-acid 
and fusion dissolution for sample TRI-19-9A (left) and comparison of 4-Acid (4A/MS) and Fusion (FP6/MS) on 
rock samples TRI-19-11A and TRI-19-11B (right), that were dominated by HREs. 
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The  LREEs (La-Pr) in monazite and xenotime are dissolved by the 4-acid procedure. However, from 
Nd to Lu there is clearly a significant difference in REE abundance, with 4-acid dissolution yielding 
results between 40 and 60 x chondrites while the fusion dissolution yields almost an order-of-
magnitude higher values between 144 and 216 x chondrites (Figure 22). 

Select samples from the CEI programme re-assayed using fusion dissolution methods 
The improved assays yields are Illustrated in Figure 23 . 

Figure 23. Chart displaying the percentage increase of concentrations of REEs, Y and W when analysed using 
fusion methods compared to 4-acid digest methods, when (assumed) xenotime is the REE host. 
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Four-acid analytical method increases cobalt grades compared to historical methods. 
The CEI re-assay programme used 4-acid dissolution techniques compared to aqua regia, or 2-acid 
dissolution techniques that were used as the analytical method in historical drilling pulps. 

Cobalt results in the re-assay programme were on average 11.89% higher for the entire 1801 pulps 
that were re-assayed compared to historical results: 

• 1660 results increased by an average of 17.08% 
• 138 results decreasing by an average of 7.55% 
• 4 results remained unchanged. 

The increase in cobalt concentration is higher in the lower Co concentrations and lower in the higher 
Co concentrations (see Figure 24). 

Table 9. Change in cobalt concentration at different grade ranges using 4-acod methods 

 

  

Figure 24. Re-assaying of 1801 historical pulps resulted in an average increase in cobalt grades compared to 
previously, with largest increases at lower Co concentrations. 



 
 
 
 
 

 
Page 31 
   

Transit ion 
R e s o ur c es               P t y  L t d 

NOTEABLE RESULTS 
Elevated New Economy Metals were identified at the following prospects and will require follow-up: 

Noontide (samples sourced from early TR rock chip and soil sample pulps). 
Rare earth elements (REEs) dominated by light REEs including the battery metal neodymium (Nd 
287ppm), praseodymium (Pr 79ppm) and Samarium (Sm 38.3ppm). Elevated platinum group metals 
(PGEs) include palladium (Pd 0.61ppm) and platinum (Pt 0.26ppm) were also identified. 

Transition previously identified high-grade copper (Cu 8.9%) and gold (Au 0.48ppm) at this prospect. 

Comet (samples sourced from early TR rock chip and soil sample pulps). 
REEs dominated by heavy REEs including the battery metal dysprosium (Dy 19.42 ppm), yttrium (Y 131 
ppm) and the rare metal scandium (Sc 107 ppm). Elevated tungsten (W 417 ppm) was also identified.  

Transition previously identified high-grade copper (Cu 34.2%), cobalt (Co 3580ppm), and gold (Au 
9.46ppm) at this prospect. 

Figure 25. Cross section through 3D inversion model (SAM MMC - conductivity) shown on 100m x 100m grid at 
Transition’s West Project tenements. The Noontide Prospect (left) appears to be a separate mineral system to 
the surrounding anomalies and this has been confirmed from the results of the re-assay programme. 

Figure 26. Cross section through 3D inversion model (SAM MMC - conductivity) shown on 100m x 100m grid at 
Transition’s West Project tenements. The Comet Prospect (middle right) corresponds with a strong MMC 
(conductive) and TFEM (chargeable) anomaly that aligns with surface enrichment over 800m of strike. 
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Ready Rhino, Junction and Forget Me Not (samples sourced from historical drilling pulps). 
Significantly elevated scandium (Sc 320 ppm) identified, silver (Ag 11.6ppm) 

Early analysis indicates the mineral system at Ready Rhino, Junction and Forget Me Not is unique in 
the Duck Creek area. 

Historical production immediately north of these prospects are among only a hand full in the Duck 
Creek area reported to include the rich copper mineral bornite in their ores. It is also one of the few 
locations where ore zones are interpreted to dip to the north. 

Transition previously identified high-grade copper (Cu 23.1%), cobalt (Co 914ppm), and gold (Au 
4.53ppm) at this prospect. 

 

 

Figure 27. Cross section through 3D inversion model (SAM MMC - conductivity) shown on 100m x 100m grid at 
Transition’s West Project tenements. The Ready Rhino (top image) and Forget Me Not Prospects (bottom 
image) correspond with one of Transition’s strongest and largest MMC (conductive) and associated TFEM 
(chargeable) anomalies. These align with historical production and historical shallow drilling by third parties. A 
small resource (non-JORC 2012) has been defined by Transition at the Forget Me Not Forget Prospect and is 
among Transition’s highest priority deep drilling targets. 
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Columbiad (samples sourced from historical drilling pulps). 
A total of 126 samples were re-analysed from the Columbiad prospect, 124 of which were from 
historical drilling. 

Elevated heavy REEs yttrium (Y 87 ppm), dysprosium (Dy 15.4 ppm) and ytterbium (Yb 8.35 ppm), rare 
metals gallium (Ga 40.69 ppm). Analysis also confirmed the generally higher ratio of cobalt at this 
prospect including cobalt zones in historical drilling that are outside of the previously targeted ore 
zones and not generally associated with high-grade copper mineralisation such as: 

• RC drill hole DC11RC04 
11m @ 684ppm Co (456ppm Cu) from 55m  

• RC drill hole DC11RC03  
3m @ 811ppm Co (Cu 182ppm Cu) from 40m 

Transition had previously identified high-grade copper (Cu 4.5%) and associated cobalt (Co 3590ppm), 
and gold (Au 1.1ppm) at this prospect. 

Hideaway (samples sourced from early TR rock chip and soil sample pulps). 
Elevated rare metal indium (In 14.6ppm), precious metal silver (Ag 16.14ppm), and technology metal 
vanadium (V 1823ppm). 

Figure 28. Cross section through 3D inversion model (SAM MMC - conductivity) shown on 100m x 100m grid at 
Transition’s West Project tenements. The Ready Rhino and Forget Me Not Prospects (centre) correspond with 
one of Transition’s strongest and largest MMC (conductive) and associated TFEM (chargeable) anomalies. These 
align with historical production and historical shallow drilling by third parties. A small resource (non-JORC 2012) 
has been defined by Transition at the Forget Me Not Forget Prospect and is among Transition’s highest priority 
deep drilling targets. 
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Transition previously identified high-grade copper (Cu 42.4%), technology metals vanadium (V 
1912ppm) and cobalt (354ppm) precious metals gold (Au 95.72ppm), silver (Ag 27.5 ppm), and PGE 
palladium (Pd 0.91 ppm) at this prospect. 

Ida (samples sourced from early TR rock chip and soil sample pulps). 
Elevated technology metals scandium (Sc 100 ppm) and tungsten (W 77 ppm). 

Transition previously identified high-grade copper (Cu 14.2%), cobalt (Co 435ppm), and gold (Au 
3.64ppm) at this prospect. 

Marguerite (samples sourced from early TR rock chip and soil sample pulps). 
Elevated technology metals scandium (Sc 54 ppm) and tungsten (W 106 ppm). 

Transition previously identified high-grade copper (Cu 4.3%), cobalt (Co 551ppm), and gold (Au 
5.1ppm) at this prospect. 

SUMMARY COMMENTS 
The focus of Transition’s re-assay programme was to undertake geochemical analysis of selected 
residual assay material (pulps) from prior and historical assay programmes that did not test for rare 
earth and certain technology metals (New Economy Metals). The new assays utilise laboratory 
methods that are more appropriate to test for the presence of New Economy Metals (see Table 2 for 
full assay suite). 

Transition’s ~6,000 historical assay pulps were assessed for important metal associations with a 
particular focus on correlating elevated historical results for Ni-Co-Cu-Au. From this process 1801 the 
following pulps were included in the re-assay programme: 

• Historical RC drilling assay pulps (from 2008 and 2011) = 1350 
• Recent and historical surface rock and soil sample assay pulps (2017-2019) = 451 

The programme successfully highlighted highly elevated New Economy Metals at several prospects 
including Noontide (Nd 287ppm, Pr 79ppm, Pd 0.61ppm) and Ready Rhino (Sc 320 ppm, Ag 11.6ppm), 
and these will become the focus of follow-up investigation including with pXRF field reconnaissance 
grids, rock and soil sample selection for laboratory assay using fusion analytical techniques and high-
resolution drone photogrammetry and DTM surveys. 

Both projects included in Transition’s high-resolution SAM geophysics programmes in 2019 and 
prospective areas at each prospect were already identified for drilling. 

The possible enrichment of REEs and PGEs at Noontide and extremely elevated Sc at Ready Rhino, 
adds a further level of interest for these historical prospects. 

The re-assay programme was completed on time and to budget. 
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PROGRAMME COSTS 
The re-assay programme included direct costs for: 

1. Data sourcing, pulp analysis and selection (desk-top). 
2. Physically sorting through ~6,000 historical pulps, locating and selecting 1801 specific pulps 

for analysis. 
3. Preparation, shipping and handling (to and from lab). 
4. Independent laboratory assay using 4-acid dissolution methods (see Table 2). 
5. Geological oversight and result management including QAQC and compilation of final data. 

Table 10. Cost of the the pulp re-assay programme 

Pulp re-assay programme CEI Estimate Actual 
Source of pulps Totals Totals 
Historical RC drilling assay pulps 1343 1350 
Recent RC and RAB/AC drilling assay pulps1 65 0 
Recent and historical surface rock and soil sample assay pulps 396 451 
Total samples 1804 1801 

   
 CEI Estimate (excl GST) Actual (excl GST) 
Pulp retrieval and sorting (staff costs)2 $12,084.00 $17,579.47 
Shipping and handling (both ways)3 $2,500.00 $3,354.57 
Laboratory assay cost $97,416.00 $97,141.92 
Total cost of the programme $112,000.00 $118,075.96 

   
Amount claimed under CEI  $112,000.00 

   
Total additional paid by TR   -$6,075.96 

 
Notes to Table 10: 

1. Recent RC and RAB/AC drilling assay pulps (65 samples) could not be retrieved due COVID-19 
restrictions. Replacement pulps were sourced. 

2. Pulp retrieval and sorting costs increased due to COVID-19 health and safety measures, including 
additional HSEC, travel and accommodation costs. 

3. Shipping and handling costs more than doubled for the return trip from Perth due to the effects of 
COVID-19. 
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