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DISCLAIMER 
 

 
The Westmoreland Preliminary Assessment Report 11 May 2007 (PAR or Technical Report) has 
been prepared for Laramide Resources Limited (Laramide) by GRD Minproc Limited 
(GRD Minproc), based on assumptions as identified throughout the text and upon information and 
data supplied by others. 
 
The PAR is to be read in the context of the methodology, procedures and techniques used, 
GRD Minproc's assumptions, and the circumstances and constraints under which the Technical 
Report was written.  The Technical Report is to be read as a whole, and sections or parts thereof 
should therefore not be read or relied upon out of context. 
 
GRD Minproc has, in preparing the Technical Report, followed methodology and procedures, and 
exercised due care consistent with the intended level of accuracy, using its professional judgment 
and reasonable care.  However, no warranty should be implied as to the accuracy of estimates or 
other values and all estimates and other values are only valid as at the date of the Technical 
Report and will vary thereafter.  
 
Parts of the Technical Report have been prepared or arranged by third party contributors, as 
detailed in the document.  GRD Minproc is not in a position to, and does not, verify the accuracy or 
completeness of, or adopt as its own, the information and data supplied by other Qualified Persons 
identified in the Technical Report and the experts set out in Section 3 (the Contributors) and 
disclaims liability, damages or loss resulting from any errors, omissions or other defects in the 
information or data supplied by the Contributors.. However, the contents of those parts have been 
generally reviewed by GRD Minproc for inclusion into the Technical Report, but they have not been 
fully audited or sought to be verified by GRD Minproc. 
 
The preliminary assessment is preliminary in nature in that it includes inferred mineral resources 
that are considered too speculative geologically to have the economic considerations applied to 
them that would enable them to be categorised as mineral reserves, and there is no certainty that 
the preliminary assessment will be realised. 
 
This disclaimer must accompany every copy of this Technical Report, which is an integral 
document and must be read in its entirety. 
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1. SUMMARY 

1.1 PROJECT OVERVIEW 

This report is a Preliminary Assessment Report under the National Instrument 43-101 
Standards of Disclosure for Mineral Projects of the Canadian Institute of Mining and 
Metallurgy (CIM).  It has been written to report on the conceptual engineering study 
conducted on the Westmoreland Uranium Project by GRD Minproc Limited 
(GRD Minproc) on behalf of Laramide Resources Limited (Laramide) as requested by 
Mr Peter Mullens, VP Exploration and Project Development.  The engineering study 
conducted was to ±30% accuracy.   
 
The Westmoreland Uranium Project is located within a group of mineral tenements 
controlled by Laramide that extend for 200 km east-west and 150 km north-south, 
straddling the Queensland-NT border.  Westmoreland is located in a region known as the 
Gulf Country, which includes the southern shores of the Gulf of Carpentaria and the 
country around the many rivers that flow into the Gulf.  It is the largest tropical savannah 
region in Australia, with an area of 425 000 km2. 
 
The Westmoreland region was probably first prospected in the 1890s, after the discovery 
in 1887 of silver-lead deposits at Lawn Hill, 100 km south. Pitchblende was found in the 
Pandanus Creek area of the Northern Territory in 1955 by prospector R.T. Norris and 
mined in the late 1950s. 
  
In early November 1956, the Australian federal government Bureau of Mineral Resources 
(BMR) commenced an airborne scintillometer survey of the Westmoreland area. 
Anomalies located by the BMR were notified to the holders of mineral tenements in the 
area as soon as they came to hand, together with a comment as to their relative value.  
While following up one of these anomalies in the second week of November 1956, a 
promising occurrence of torbernite was found in the Westmoreland Conglomerate, in the 
vicinity of Westmorland, by prospector A. Blackwell from Mount Isa Mines Limited (MIM).  
The deposit was given the name Redtree.  Exploration by various companies through the 
next 15 years discovered numerous other deposits and prospects, and a significant 
resource of uranium was delineated. 
 
Exploration continued in the Westmoreland region through the 1970s and 1980s.  By 1990 
CRA Ltd held a dominant interest in tenements in the region.  An internal reorganisation 
saw CRA absorbed into the Rio Tinto group, which by 1996 had published an inferred 
resource of 17.4 Mt at 0.12% U3O8 containing 20 900 t of U3O8 (Rheinberger et al, 1998). 
 
Rio Tinto relinquished the EPMs in 2000 and subsequently Tackle Resources Pty Ltd filed 
applications over the areas previously held by Rio Tinto. Tackle was subsequently 
purchased by Laramide. 
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It is noted that the current policy of the Queensland State Government not to allow the 
mining of Uranium Deposits.  However, this policy is under review in light of the changing 
domestic and international political situation. 
 

1.2 GEOLOGY AND RESOURCE ESTIMATE 

For details refer to the Mining Associates report titled “A Review and Resource Estimate 
of the Redtree Group of Uranium Deposits – 16 October 2006” in which: 

• All facets of the geology and data collection at Redtree were reviewed  

• The mineralised systems were visited in the field  

• The drill data entry systems and database were audited, U3O8 assay and data 
entry were checked and use of old data validated.  

 
No new drilling was undertaken by Laramide at that time, but this is planned pending 
Queensland State Government approvals.  Rio Tinto had completed approximately 
50 000 m of drilling to produce what Rio classed as a JORC-compliant inferred resource. 
Laramide has recently negotiated with Rio Tinto to obtain the full data set and this was 
used as the basis for the Mining Associates estimates.  
 
A new set of three dimensional (3D) geological interpretations was made by Mining 
Associates.   
 
The resources estimates have been classified by Mining Associates above an economic 
cut-off grade of 0.02% U3O8, which is considered reasonable at the time of this report for 
such a shallow and flat lying deposit.  This is summarised in Table 1.2.1. 
 

Table 1.2.1       
Summary of the Westmoreland Resource Estimate Above 0.02% U3o8 

Category Deposit  Tonnes  U3O8 Uncut U3O8 Cut  kt M lb 

Red Tree 10 928 500 0.094% 0.093% 10.2 22.4

Huarabagoo 2 925 250 0.122% 0.108% 3.2 7.0

Junnagunna 2 149 500 0.077% 0.075% 1.6 3.6

Inferred 

Total Group 16 003 250 0.097% 0.094% 14.9 32.9

Red Tree 3 672 250 0.096% 0.096% 3.5 7.8

Huarabagoo 0     0.0 0.0

Junnagunna 4 364 750 0.082% 0.081% 3.5 7.8

Indicated 

Total Group 8 037 000 0.088% 0.088% 7.1 15.6

 
The information in relating to Mineral Resources is based on information compiled by 
Mr Andrew J Vigar, who is a Fellow of The Australasian Institute of Mining and Metallurgy 
(Melbourne) and a Member of the Society of Economic Geologists (Denver).  Mr Vigar is 
employed by Mining Associates Pty Ltd of Brisbane, Australia. 
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The resource estimate contains no Measured Mineral Resource.  Extensive use of 
previous drill data has been made.  Further work is required as follows: 

• The old MIM drilling data may need confirmation through further drilling. 

• Completion of geological mapping, including host lithology interpretation and 
mineralisation “typing” and variation mapping. 

• High variances associated with the steeper style of mineralisation around the 
dyke, these areas will require much closer spaced drilling as the ore is higher 
grade but of a complex geometry.  

 
These issues do not apply to the Indicated Resource areas, which are currently confined 
to the shallow, flat lying stratabound ore to the east and west of the dyke. 
 
Recommendations have been made to both increase the confidence levels (and hence 
resource categories) and for the targeting of areas of possible extension of the 
mineralised system beyond the current resources.   
 
Potential remains to both add to the total resource with additional Inferred material and 
upgrade confidence moving resources from the inferred to indicated and measured 
categories.  Further data will be required for this, in particular drilling.  Areas have been 
identified by Mining Associates in the flat lying portions of the deposit where this can be 
achieved in the shortest time and at lowest costs.  The steeper portions of the deposit 
have better grades (for example, most of Huarabagoo) but the complexity of the ore in 
these areas requires extensive drilling to achieve adequate confidence levels for mine 
planning.  
 
It should be noted that significant gold grades (up to 87 g/t Au over 1 m) were recorded in 
drill holes at Huarabagoo, averaging around 1 g/t Au for the entire volume of U3O8 
mineralisation investigated (Penny et al, 1982).  This prompted a stream sediment survey 
to assess the gold potential of the Westmoreland Conglomerate (Beerbaum, 1983).  Five 
significantly anomalous drainages were detected.  Visible gold was seen in outcrops 
within three of these areas.  The gold appeared to be shedding from quartz veins 
(Robinson and Schindlmayr, 1984).  No assessment has been made of the gold potential 
since that time, and it is not examined in this report. 
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1.3 CONCEPTUAL ENGINEERING STUDY OUTCOMES 

Laramide Resources Limited (Laramide) requested that GRD Minproc Limited 
(GRD Minproc) conduct a conceptual study (±30% accuracy) for mining and processing 
the available reserves. 
 
GRD Minproc initial scope of work was to cover mining and process plant requirements for 
1.0 Mt/a processing capacity.  This later expanded to include site infrastructure including 
roads, accommodation, airstrip and power supply.  During the study a request for a high 
level evaluation of 1.5 Mt/a and 2.0 Mt/a options was also made and was done on 
factored estimates.  The 1.5 Mt/a case was then decided upon as the preferred option. 
 
The following assumptions were used throughout the study: 

• Throughput rate of 1.5 Mt/a 

• Product price of US$ 50/lb U3O8 as set by Laramide 

• Exchange rate of US$ 0.78 to A$ 1.00 as set by Laramide 

• All costs were reported in Australian dollar as at Quarter 1 2007 (Q1 2007) 
unless otherwise specified. 

 
Based on the above assumptions Table 1.3.1 summarises the study outcomes. 
 

Table 1.3.1       
Project Summary 

Mineable Pit Inventory 17.0 Mt at 0.10% U3O8 

Annual Production 3 million lb U3O8 per annum 

CAPITAL COSTS 
Direct Capital (‘000) A$232 631 US$181 452 

Indirect Capital (‘000) A$41 874 US$32 661 

Subtotal Capital A$274 505 US$214 113 
Accuracy Provision (‘000) A$37 058 US$28 905 

Initial Working Capital (‘000) A$5 951 US$4 642 

TOTAL A$317 514 US$247 661 
OPERATING COSTS 
Years 1 to 6 (per lb U3O8) A$24.38 US$19.02 

Year 7 onwards (per lb U3O8) A$32.27 US$25.17 

OTHER COSTS 
Sustaining Capital (‘000) A$10 100 US$7 878 

Closure Costs (‘000) A$45 788 US$35 715 
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Based on historical information and studies provided by Laramide, open pit mining was 
selected as the mining method for use in this study.  The assumed production rate and 
likely strip ratios suggested that a likely fleet would consist of 50 t trucks and excavators. 
 
As the area is in a high rainfall region, additional support equipment and dewatering 
pumps would likely be required.  
 
As directed by Laramide, mining was assessed entirely on a contract mining basis. 
 
A series of pit optimisations were carried out to determine practical pit limits whilst 
maximising the project value.  Pit optimisation was carried out using all classified 
mineralisation (indicated and inferred) contained within the resource model.  It was also 
assumed that the resource model was a diluted model; therefore a mining recovery of 
100% was applied.  The cut-off grade (COG) was 0.04% U3O8.   
 
Pit designs were carried out on the deposits to convert the optimisation shells into more 
practical mining shapes, to generate more detailed pit inventories and thus more accurate 
cost and revenue allocation.  Pit inventories were then used to generate 1.5 Mt schedules.   
 
Two process options were investigated; heap leaching and conventional leaching, the 
selected option for the study being the conventional leach option. 
 
Throughput rates of 1.0, 1.5 and 2.0 Mt/a were also investigated with the selected 
1.5 Mt/a case resulting in a pit inventory of 17.0 Mt at an average grade of 0.10% U3O8.   
 
The annual production will be 1359 t U3O8 (or 2 996 000 lb U3O8) based on 90.6% 
recovery. 
 
Golder Associates Pty Ltd (Golder) was engaged to evaluate the requirements for tailings 
disposal and water supply.   
 
For the tailings storage facility (TSF), Golder has proposed a double lined dam comprising 
clay and HDPE lining with a series of overdrains to control the phreatic water surface 
within the tailings.  Golder proposed 15 m, 20 m and 30 m high TSF embankments for 
comparative purposes.  GRD Minproc selected the 20 m high TSF for the purpose of this 
study.  The tailings dam will be situated four kilometres from the process plant and will 
adopt a spigot style tailings discharge approach with a decant system for water recovery.   
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With regards to water supply, Golder has concluded that local borefields may not be 
sufficient to provide the water requirements for the Project.  Golder has also evaluated the 
collection of run-off water as a possible source for the Project.  For the purpose of this 
study, water supply, based on bores and transfer pipelines from as far as the Northern 
Territory.  
 
The project life is expected to be greater than 11 years with a pre-tax and royalty cashflow 
of A$825 M and a payback period of approximately 3.5 years from commencement of 
operation. 
 
The preliminary assessment is preliminary in nature in that it includes inferred mineral 
resources that are considered too speculative geologically to have the economic 
considerations applied to them that would enable them to be categorised as mineral 
reserves, and there is no certainty that the preliminary assessment will be realised.  
Mineral resources that are not mineral reserves do not have demonstrated economic 
viability. 
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2. INTRODUCTION 

2.1 BACKGROUND 

The Westmoreland Uranium Project (Westmoreland or the Project) comprises the eastern 
end of a series of prospects and deposits spread over about 50 kilometres straddling the 
Queensland – Northern Territory border, some 400 kilometres north of Mount Isa.  
Westmoreland is on the Queensland side of the border and its deposits extend over 
approximately 10 kilometres.  The main deposits comprise three mineralised pods being 
Redtree, Huarabagoo and Junnagunna, with Redtree being the largest deposit. 
 
Laramide intends that this report satisfy Part 4 Section 4.2 (1) j (1) of Canada’s National 
Instrument 43-101 Standards of Disclosure for Mineral Projects as this will be first major 
report on this property. This section states that: 
 
PART 4 OBLIGATION TO FILE A TECHNICAL REPORT 
 
4.2   Obligation to File a Technical Report in Connection with Certain Written Disclosure about 

Mineral Projects on Material Properties 
 
(1) An issuer must file a technical report to support scientific or technical information in any of the following 
documents filed or made available to the public in a jurisdiction of Canada describing a mineral project on a 
property material to the issuer, or in the case of paragraph (c) below, the resulting issuer: 
(j)  a news release or directors’ circular that contains 
(i) first time disclosure of a preliminary assessment or mineral resources or mineral reserves on a property 

material to the issuer that constitutes a material change in respect of the affairs of the issuer 
 

2.2 AIM 

At Laramide’s request, the scope of the inquiries and of the report included the following: 

• References to the Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – 
Held by Laramide Resources Ltd” and published on 16 October 2006.   
– A review of historical Redtree resource estimates 
– In particular, a detailed review of resource estimates carried out by 

Rio Tinto in 1994 and 1995. 
– An opinion as to the quality and reliability of previous resource estimates. 
– An opinion as to the quality and reliability of historical resource data. 
– Construction of new geology models and estimation of resources 

• The conceptual study conducted by GRD Minproc for mining and engineering 
covering: 
– Pit inventory calculations 
– Capital and operating cost estimates for the Westmoreland processing 

facility and associated site infrastructure. 
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GRD Minproc has not been requested to provide an Independent Valuation, nor has 
GRD Minproc been asked to comment on the Fairness or Reasonableness of any vendor 
or promoter considerations and therefore no opinion on these matters has been offered. 
 
This report is based on technical data provided to Laramide by Rio Tinto and made 
available to GRD Minproc, as well as discussions with Laramide’s representatives in 
Australia.   
 

2.3 RESPONSIBLE PERSONS 

The following are the persons involved in the preparation of this report: 

• Peter Nofal, Manager – Studies, GRD Minproc Limited, is responsible for the 
compilation of the document and has reviewed the process and capital and 
operating cost estimates.  

• Andrew Vigar from Mining Associates as a reviewer of all previous work 
conducted by Mining Associates.  Mr Andrew Vigar is a qualified person as a 
Fellow of the Australasian Institute of Mining and Metallurgy (AusIMM). 

• Graeme Baker, Senior Mining Engineer, GRD Minproc Limited, is a Qualified 
Person to report on the mining work as a Member of the AusIMM. 

• Zeyad El-Ansary, BSc (Mineral Science/Extractive Metallurgy), Senior Process 
Engineer, conducted process reviews and design as well as operating cost 
estimates. 

• Phil Payne, Senior Estimator conducted capital cost estimates. 

• Marshall Lee, Manager - Environment, Golder Associates Pty Ltd, is responsible 
for the Environmental consideration section. 

 
Andrew Vigar had spent three field days in October 2005 in northwest Queensland 
examining key areas, including detailed inspection of the Redtree, Junnagunna and Long 
Pocket prospects.  
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3. RELIANCE ON OTHER EXPERTS 

The authors of this report state that they are qualified persons for those areas as identified 
in the appropriate “Certificate of Qualified Person” attached to this report.  The authors 
have relied upon, and believe there is a reasonable basis for this reliance, the following 
experts and reports, who/which have contributed information regarding legal, land tenure, 
corporate structure, permitting, environmental and other issues in portions of this 
Technical Report in the Sections as noted below. 

• Scoping Level Study for Tailings Disposal and Water Supply at the Proposed 
Westmoreland Uranium Mine, Golder Associates Pty Ltd, 5 April 2007.  (The 
study was conducted by Michael Gowan and Ewan Wilson for the Tailings and 
Water Supply areas, respectively.) 

• Crushing Simulations for a Uranium Heap Leach Project (JKTech 93046 – 
May 1993). 

• Mineralogy of CRA Westmoreland HQ Core Samples and Selected Leach 
Residues (ANSTO R94m042 – March 1994). 

• Westmoreland Project – Extraction of Uranium from Various Ores (ANSTO/C367 
– March 1994). 

• Mineralogy of Westmoreland Uranium Ore Samples (ANSTO/C305 – 
December 1992). 

• Location of Unleached Uranium in Conventional Agitation Leach Residues from 
CRA Westmoreland Ores (ANSTO/C315 – May 1993). 

• Mineralogy of CRA Westmoreland Ore Samples (ANSTO/C323 – May 1993). 

• Evaluation of the Junnagunna and Huarabagoo Samples from the Westmoreland 
Uranium Deposit (CRAE Rep 21463 – November 1995). 

• Westmoreland Project - Resource Update Study (Minenco Pty Ltd – 
November 1995). 

• Laboratory Testing of Redtree/Westmoreland Uranium Ore and Rainwater Leach 
Tests (ANSTO/C351 – Oct 1993). 

• Laboratory Testing of Redtree/Westmoreland Uranium Ore (ANSTO/C326 – 
May 1993). 

• Lead Isotope Results Redtree Uranium Deposit (Rep 18738 – April 1993). 

• Metallurgical Testing of Six Murphy Uranium Ore Samples by Amdel 
(Rep 07019/90 – December 1989). 

• Metallurgical Testing of Redtree Uranium Ore by Amdel (Rep 06836/89 – 
March 1989). 
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4. PROPERTY DESCRIPTION AND LOCATION 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” on 16 October 2006.   
 

4.1 PROPERTY DETAILS 

A Schedule of Tenements has been provided by Laramide.  The Laramide tenement 
situation has not been independently verified by Mining Associates, apart from a search of 
the Queensland Interactive Resource and Tenement Map (“IRTM”) on-line database.  
 
The result of this search is shown in Table 4.1.1 below: 
 

Table 4.1.1       
Schedule of Laramide Tenements in Queensland as at 31 August 2006 

Original 
Applicant 

Tenement 
No. 

Area 
sub 

blocks 

Area 
Sq km 

Westmorland 
Interest 

Grant 
Date 

Expiry 
Date 

EPMA 14967 100 328 100% Application Westmorland 

Resources Pty Ltd EPMA 15061 100 328 100% Application 

EPM 14558 100 328 100% 26 Jul 2005 25 Jul 2010 Tackle Resources 

Pty Ltd EPM 14672 100 328 100% 26 Jul 2005 25 Jul 2010 

 TOTAL AREA: 500 1640    

 
Laramide’s Westmoreland EPMs and EPMAs are contiguous. The group is centred about 
400 km NNW of Mt Isa, a major city in northwest Queensland (see Figure 5.1.1).  The 
Redtree group of uranium deposits are almost all located within EPMA 14558 (see 
Figure 4.1.1). 
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Figure 4.1.1      

Uranium Deposits (Green Dots) Within Laramide’s Tenements 
Figure compiled by D G Jones from GSQ IRTM database 

 
 

 
It should be noted that the Queensland Boundaries Declaratory Act 1982 purports to fix 
the Queensland-Northern Territory border at a line surveyed on the ground in the late 
19th Century.  In the Westmoreland area, this line runs some 600 m west of the 
138th meridian of longitude. The 138th meridian was previously generally understood to be 
the border line: “by letters patent made 13 March 1862 there was annexed to the Colony 
of Queensland the territory lying northward of the latitude 26 degree south and between 
the longitudes 141 degree east and 138 degree east” (preamble to the 1982 Act). 
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However, the 1982 Act declares that: “a reference to a parallel of latitude or a meridian of 
longitude referred to in Letters Patent; shall be taken to be a reference to that boundary of 
the State that has been permanently fixed by marking it upon the surface of the earth 
before the year 1900”. The surveyor, Augustus Poeppel, lost the use of one eye during 
the original survey, which may explain the error made while he was marking the border on 
the ground during the period 1883-1886. At 1047 km, it is the longest surveyed straight 
line in Australia, and Poeppel accomplished this feat with the aid of only two theodolites, 
two camels and a field assistant. The border was re-surveyed in 1986 by a Department of 
National Mapping team led by Ken Redwood, wherein the border was defined as a 
bearing of 359° 59' 30" from Poeppel’s Corner. Poeppel’s Corner marks the meeting point 
of the Queensland, Northern Territory and South Australian borders. 
 
For this reason, there is a 600 m gap between the western edge of EPM 14672 and 
EPMA 15061 and the Northern Territory border, as the Queensland Department of Natural 
Resources will only grant title up to the 138 parallel of longitude, while the Northern 
Territory border is 600 m west of this parallel. 
 
4.1.1 PURCHASE AGREEMENT AND JOINT VENTURE TERMS 

a) Tackle Resources Pty Ltd 

On 28 April 2004, Laramide signed a binding letter of intent and paid Tackle 
Resources Pty Limited (“Tackle”) an initial $50 000 non-refundable payment. 
Laramide was entitled to exercise its option and acquire 100% of Tackle by 
issuing Tackle up to 4.5 million shares of Laramide and agreeing to make a 
further payment of $100 000 on the anniversary date of the option exercise. 
 
Laramide was not required to issue the shares to Tackle until such time as 
Tackle received formal granting of EPM 14558 – the permit covering the bulk of 
the Westmoreland deposits. The grant was issued by the Queensland 
government on 26 July 2005. Tackle had also applied for an adjacent exploration 
area which covers a number of smaller but prospective mineral occurrences. This 
EPM 14672 was also granted on 26 July 2005 and will also form part of the 
Laramide acquisition. A further Tackle EPM 14589 lies well to the south near the 
Century zinc mine. 
 
On 16 August 2005 Laramide announced that the acquisition of Tackle had been 
completed. A finder’s fee of 300 000 shares of Laramide was paid to Ironbark 
Geoservices SRL for locating this project. 
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4.2 ROYALTIES 

In Australia, each state owns all petroleum and gold and most minerals. Royalty is 
payable to the state government when a mineral is sold, disposed of or used. In 
Queensland, the Mineral Resources Act 1989 requires that the holder of a mining lease or 
mining claim lodge a royalty return and any royalty payable at least annually for all leases 
and claims held, even if no production took place. Larger producers are required to pay 
royalty on a quarterly basis, while smaller producers generally pay royalty on an annual 
basis.  
 
On 14 December 1995, the Queensland Governor in Council approved the Mineral 
Resources Amendment Regulation (No. 10) 1995 which gave effect to new royalties for 
base and precious metals effective from 1 January 1996. 
 
The key features of the Queensland royalty arrangements are: 

• Companies to elect for each mining project, for a five year period, between a 
fixed (2.7%) or variable (1.5% - 4.5%) ad valorem rate royalty, with the latter 
dependent on London market metal prices 

• Royalty rate to be applied to the value of payable metal 

• $4 000 000 half royalty threshold for each base metal mining project 

• Royalty discounts to apply from 1 January 1998 to base metals processed to 
95% contained metal in Queensland. 

 
Note that since the Queensland Labour government has a policy of discouraging the 
mining of uranium, no royalty level has been set for uranium.  
 

4.3 PERMITS AND OBLIGATIONS 

In Australia all minerals belong to the Crown.  Under the Australian Federal system the 
Commonwealth and State Governments are responsible for different aspects of the 
regulatory system.  The Commonwealth Government is responsible for overall economic 
policy, tax, interest rates, foreign investment and corporate law, and for regulations 
regarding environmental and safety aspects of uranium mining and the sale of uranium 
product. The six States and the Northern Territory of Australia own and allocate mineral 
property rights for exploration and mining, regulate operations and collect royalties on 
minerals produced. 
 
The various regulatory authorities and other parties with responsibilities or interests in the 
area of the mining tenements are: 

• Queensland Department of Natural Resources and Mines (“DNR”) 

• Queensland Environmental Protection Agency (“EPA”) 
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• Queensland Department of Transport 

• Burke Shire Council 

• Various Pastoral Lease holders. 
 
Before exploration can begin, a Queensland Exploration Permit for Minerals (“EPM”) must 
be granted. An EPM is a tenure granted for the purpose of exploration and if exploration is 
successful, may eventually lead to an application for a mineral development licence or 
mining lease. This type of permit may be granted for a period of up to five years 
(Queensland) and may be renewed. Registered native title parties have a right to be 
consulted about the proposed exploration permit, a right to object to the granting of the 
proposed exploration permit and a right to negotiate with a view to reaching agreement 
about the granting of the proposed exploration permit. 
 
In Queensland, “Mining Activity” is classified as an “Environmentally Relevant Activity” 
under the Environmental Protection Act 1994. An EPM will not be granted until an 
Environmental Authority (Exploration) has been issued by the EPA. 
 
An EPM allows the holder to take action to determine the existence, quality and quantity 
of minerals on, in or under land by methods which include prospecting, geophysical 
surveys, drilling, and sampling and testing of materials to determine mineral bearing 
capacity or properties of mineralisation. 
 
Once a significant mineral resource has been identified, a holder then has the option of 
undertaking further exploration under a mineral development licence. A mineral 
development licence allows the holder to undertake more thorough testing to evaluate the 
economic viability of developing the mineral resource. 
 
A mining lease must be obtained before full-scale mining can take place. The term of the 
lease is determined in accordance with the amount of reserves identified and the 
projected mine life. 
 
Under the Queensland Mining Act (Mineral Resources Act 1989), holders of EPM must 
comply with certain conditions to maintain tenure of their permits, the most important of 
which regarding the Laramide EPMs are as follows: 

• Payment of an annual rental fee to the DNR 

• Conduct of activities in accordance with EPA requirements 

• Compliance with all compensation agreements and making compensation 
payments as required 

• Depositing security and financial assurance in the form of bank guarantees. 
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5. ACCESSIBILITY, CLIMATE, LOCAL RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” on 16 October 2006.   
 

5.1 ACCESS 

Westmoreland is located in a region known as the Gulf Country, which includes the 
southern shores of the Gulf of Carpentaria and the country around the many rivers that 
flow into the Gulf. It is the largest tropical savannah region in Australia, with an area of 
425 000 km2. 
 

Figure 5.1.1      
Local Access 

Figure compiled by D G Jones from published topographic maps 
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The largest city, Mt Isa, has a population of 21 636 according to the 2001 Census. It is 
serviced by direct daily jet flights from Brisbane by Qantas, the Australian national air 
carrier.  The main road and rail system in Queensland connects Mt Isa to Townsville, the 
largest city in Queensland outside of the capital. Mt Isa is a major mining industrial city. 
The population of other centres in the region are tabulated in Table 5.4.1. 
 
Westmoreland is readily accessed from the Savannah Highway, a formed gravel road 
leading from Normanton via Burketown to Borroloola (see Figure 5.1.1).  A network of 
local formed roads and pastoral tracks provides good access to most of the area of 
interest.  During occasional periods of intense rainfall in summer both the major and minor 
creeks may be impassable for some days.  There is an airstrip suitable for medium twin-
engine aircraft at Hell’s Gate, approximately 30 km ENE of Redtree. 
 
The tenements are situated in remote, sparsely populated, rugged hill country.  
Topography ranges from broad gentle valleys covered by open woodland dominated by 
grey box eucalypt trees, to steep rugged east-west trending ridges on the flanks of the 
valleys.  The terrain ranges in elevation from 80 m to 360 m. 
 

5.2 CLIMATE 

A number of the Gulf's climatic gradients appear to be aligned with the coast as well as 
having a north-south component. Average summer rainfall ranges between 400 mm in the 
south up to 800 mm in the north with moderate to high variability each year. Temperatures 
are hot with maximums around 36ºC; however, more frequent pleasant weather is 
recorded in the far north coastal sections and the extreme eastern areas in Queensland. 
Winter dry-season temperatures can drop, after warm, sunny days, to an average 
overnight low of 12ºC. 
 
Figure 5.2.1 shows climate data for Burketown, a small town (population 220) located 
150 km east of the tenement block (see Figure 5.1.1).  Weather observations have been 
recorded at Burketown since 1886. Westmoreland and Burketown are within the influence 
of the Gulf of Carpentaria which modifies the temperatures somewhat from the extremes 
further inland. The bulk of the rainfall occurs during the summer monsoon from December 
through March. Average maximum precipitation in January, the wettest month, is 212 mm, 
although it can be as high as 1000 mm. 
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Figure 5.2.1      
Average Temperature and Rainfall at Burketown 

Drawn by D G Jones from data provided by the Australian Bureau of Meteorology 

 
 

5.3 LOCAL RESOURCES 

Westmoreland is the major local watercourse at Westmoreland.  It is dry for half the year, 
but in the monsoon the braided channels fill and overflow creating a floodway some 3 km 
wide and quite impassable.  The nearest gauging station is on the Nicholson River at 
Doomadgee (see Figure 5.1.1 above).  Mean discharge of the Nicholson River is 
985 000 ML/day (data from National Land and Water Resources Audit, 2003) from its 
72 000 km2 catchment area.  Highest monthly discharge ever recorded in the Nicholson 
River was January 1974 following Cyclone Tracy when average discharge for the month 
was 2 M ML/d. 
 
Although the creeks are dry during the winter, artesian water was observed flowing 
copiously from a bore near the Redtree uranium prospect (Figure 5.3.1).  The most likely 
aquifer is the Westmoreland Conglomerate, and this may offer a ready source of water for 
any potential mineral processing plant in the area. 
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Figure 5.3.1      

Artesian Water Flow 
Photo taken by D G Jones adjacent to the Redtree project, 

at UTM Zone 54K coordinates 0195711m N, 8066683m E. 

 
5.4 INFRASTRUCTURE 

The major land use in the region is pastoral, although most income is generated by mining 
with several large mines in the region including the Mount Isa copper mine and the 
McArthur River and Century lead-zinc mines.  The fishing industry is also a major 
employer in the region. Any skilled workforce for a mining development in the region 
would be expected to be drawn from Mt Isa. 
 
The major towns in close proximity to the Westmoreland tenement block are tabulated 
below and shown on Figure 5.1.1 above.  Facilities are as would be expected from small 
communities of the size indicated.  There is a significant generation facility (total of 
325 MW) at the Mica Creek Power station near Mt Isa.  This station supplies the Mt Isa 
network, which covers customers in Mount Isa, Cloncurry and several mines in this area. 
Smaller towns generate their own power from diesel generators. 
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There are two designated Gulf ports in the region, Burketown and Karumba.  However, 
Burketown is a non-trading port and is not active. 
 

Table 5.4.1       
Population Centres (from 2001 Census) 

Town Population Principal Activity 
Mt Isa 21 636 Mining 

Cloncurry 4828 Mining 

Normanton 1447 Fishing 

Karumba 1346 Fishing 

Doomagee 1100 Indigenous 

Borroloola 769 Pastoral 

Burketown 221 Pastoral 

 
The Port of Karumba is viewed as the economic pearl of the Gulf of Carpentaria. It has 
strategic importance with relation to mining with the export of zinc from Century Mine, live 
animal exports and provides a facility for the fishing and prawning fleets of the Gulf. 
Karumba Port also services several coastal communities for general freight as well as 
being a major centre of export of live cattle to Asian countries.  
 
The Port of Karumba was dredged in 1996, increasing the draft capacity of the port and 
further enhancing the strategic importance for the region. In 2004 more than 1 Mt of 
Century mine concentrate was exported from Karumba in regular monthly shipments.  
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Figure 5.4.1      

Local Topography and Infrastructure 
 

Figure compiled by D G Jones using Commonwealth of Australia SE5406 1:250,000 topo map as base 

 

 
 
The Savannah Highway passes through and around the north end of the Westmoreland 
tenements (see Figure 5.1.1).  In this area it is a wide, formed gravel road, popular with 
tourists (“the grey nomads”) in the dry season. There is a small roadhouse and airstrip at 
Hells Gate, 30 km ENE of Redtree (see Figure 5.4.1).  The roadhouse stocks fuel, and 
has basic accommodation facilities. A network of pastoral station tracks provides generally 
ready access to most part of the tenement block. 
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6. HISTORY 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” on 16 October 2006.   
 

6.1 DISCOVERY AND OWNERSHIP 

The Westmoreland region was probably first prospected in the 1890s, after the discovery 
in 1887 of silver-lead deposits at Lawn Hill, 100 km south. Copper was discovered in 1911 
at Settlement Creek and at the nearby Redbank lode in the Northern Territory in 1916.  
In 1912, the Packsaddle and Bauhinia copper lodes were discovered near Wollogorang 
homestead.  Pitchblende has been mined in the Peters Creek Volcanics, which overlie the 
Westmoreland Conglomerate, 20-30 km west of Redtree (Syvret, 1957). 
 
Uranium exploration in Australia was initiated in 1948 by requests from the United States 
and British governments for uranium oxide.  The federal government encouraged 
explorers by offering tax-free rewards up to $50 000 for uranium discoveries and by 
offering a guaranteed price for any uranium produced. A local prospector found secondary 
uranium minerals on his leases at Rum Jungle in 1949, which initiated the first uranium 
exploration boom in the Northern Territory. 
 
The BMR acquired regional airborne radiometric data and offered free geological advice 
to prospectors to further encourage exploration.  Individual prospectors or newly formed 
companies undertook most exploration activities, which mainly involved ground-truthing 
BMR airborne radiometric anomalies using Geiger counters.  Most of the smaller vein-type 
deposits were found at this time, including those in the Pandanus Creek area of the 
Northern Territory in 1955 by prospector R T Norris (Lord, 1955).  The main deposit was 
discovered in 1958 by Eva Clarke, niece of Norris, who was found playing with yellow 
pebbles of autunite and torbernite (Morgan, 1965), and named the Eva prospect. 
  
Mount Isa Mines Limited (“MIM”) were granted Authority to Prospect (“AP”) 46 M on 
1 August 1956. The AP covered 4662 km2 from Westmoreland station to Lawn Hill station, 
adjacent to the Queensland-Northern Territory border. The principal targets were copper 
and uranium.  In early November 1956, the Bureau of Mineral Resources (“BMR”) 
commenced an airborne scintillometer survey of the Westmoreland area.  Anomalies 
located by the BMR were notified to the MIM field party as soon as they came to hand, 
together with a comment as to their relative value.  While following up one of these 
anomalies during the second week of November 1956, a “promising occurrence of 
torbernite was found in the Westmoreland Conglomerate, in the vicinity of Westmorland”, 
by prospector A Blackwell from the MIM field party (Battey, 1956).  The deposit was given 
the name Redtree. 
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During 1958, MIM drilled 277 m in 11 holes at Redtree using a wagon drill with a 6 cm bit.  
Target depth of the holes was 30 m, which was rarely attained.  All the holes returned 
visible torbernite.  The best assay was 12 m @ 0.25% U3O8.  Two core holes were drilled 
the following year, one to 37 m and one to 12 m depth.  The core assays confirmed the 
wagon drill results. 
 
Up to 12 mineralised horizons were reported by MIM in the secondary mineralisation, 
which averaged 7.3 m in thickness over an area 430 m long by 90 m wide.  Grade ranged 
from 0.05% to 0.5%, averaging 0.15% U3O8 (Brooks, 1960). 
 
Because of the low grade and the remote location of the deposit, MIM relinquished the AP 
but pegged three mining lease applications over Redtree and other known surface 
uranium mineralisation. The leases were granted in 1959 to a 50:50 MIM/Consolidated 
Zinc Pty Ltd joint venture. Consolidated Zinc later became CRA, which subsequently 
purchased a 100% interest in the leases. 
 
Subsequent drilling (12 000 m of core), pitting and shaft sinking by Queensland Mines Ltd 
(“QML”) at the Redtree prospect during 1967-69 indicated continuous primary uranium 
mineralisation between minimum depths of 15 m and maximum depths of 135 m 
extending for at least 4800 m along a major joint system. The average width of 
mineralisation was stated to be 9.5 m. Assays varied between 0.05% and 1%, averaging 
0.2% U3O8.  The Queensland Geological Survey reports that: “At this stage, the total 
resource was estimated to contain 16 000 t of uranium oxide.” (Culpeper et al, 1999).  The 
Huarabagoo deposit was discovered during this programme. 
 
At the same time, BHP carried out an airborne radiometric survey of 1224 line km cutting 
across the strike of the Westmoreland Conglomerate.  Only minor anomalies were 
recorded. 
 
Following the discovery of the Nabarlek deposit in 1971, QML ceased exploration at 
Westmoreland to concentrate their efforts in the Alligator Rivers area of the NT.  In 1975, 
QML formed a joint venture with Urangesellschaft Australia Pty Ltd (“UAPL”), Anglo 
Australian Resources NL and CRA Ltd. UAPL discovered the Junganunna deposit in the 
period 1976 to 1983 when they were managing the joint venture.  Omega Mines Ltd 
entered the joint venture in 1982 and completed a programme of drilling and re-assay of 
core for gold at Huarabagoo.  Results confirmed some erratic high grades up to 86 g/t Au. 
In 1990 CRA took over management, and purchased 100% of the joint venture in 1996. 
Prior to this time, CRA had purchased a 100% interest in the old MIM mining leases at 
Redtree. 
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During the late 1960s, uranium prices had begun to rise in expectation of increased 
demand for nuclear powered electricity generation.  In Australia, the federal government 
relaxed the export policy for uranium to encourage exploration.  During this period, large 
private companies, rather than prospectors, undertook all the exploration.  From 1960 to 
1980, 14 EPMs were held and explored within the boundary of the present EPM 14558, 
generating 60 open file reports.  Apart from the work discussed above, this exploration 
included: 

• BHP (1967-73) - airborne radiometrics followed up by percussion drilling 
(6900 m) and diamond drilling (2400 m) in 146 holes. Best intersection was 2 m 
@ 0.92% U3O8 at the Amphitheatre prospect. 

• US Steel International (1968-70) - stream sampling for base metals around the 
Gulf of Carpentaria, as part of a manganese-uranium search. 

• Westmoreland Minerals Limited (1970) - field inspection of base metal anomalies 
in Hedley’s Creek. 

• Esso Mineral Enterprises Australia Ltd (1971-72) - 3 vertical holes (664 m total) 
to max 275 m in alluvial plain of Westmorland without reaching the Seigal 
Volcanics/Westmoreland Conglomerate contact, considered to be the 
prospective horizon. 

• Mt Arthur Molybdenum NL (1973-79) - reconnaissance radiometrics, including 
170 km of Track Etch lines, plus 3000 m of auger drilling in 2565 holes. 

• Savage Exploration Pty Ltd (1975-81) - soil geochemistry, airborne radiometrics, 
track etch, and diamond drilling 50 holes (2500 m). 

• Mines Administration Pty Ltd (1977-79) - stream sediment geochemistry and 
ground radiometrics for uranium, tin and tungsten. 

 
The surge in gold exploration from 1980-1990 was reflected in the increased tempo of 
exploration in the Westmoreland area.  Ten EPMs were granted in the area now covered 
by EPM 14558; 35 open file reports record the work done through this decade.  Some of 
the more significant exploration, apart from that already described above, was as follows: 

• Minatome Australia Pty Ltd (1980-82) - ground geophysics, trenching and 
9 percussion drill holes into dolerite dykes targeted to 200 m depth. 

• Total Mining Australia Pty Ltd (1983-84) - ground geophysics (including Track 
Etch) for uranium in the Westmorland area. 

• Central Electricity Generating Board Exploration (Australia) Pty Ltd (1983-89) - 
BLEG sampling for gold and soil gas sampling for radon; RAB and percussion 
drilling (2610 m). 

• International Mining Corporation NL (1984-85) - stream sediment sampling for 
gold, diamonds, uranium and base metals. 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 24  

 
 

• CSR Ltd (1987) - BLEG and rock chip sampling for epithermal gold in the 
Cliffdale Volcanics. 

• Golden Plateau NL (1988-89) - BLEG and rock chip sampling for gold. 

• Uranerz Australia Pty Ltd (1982-89) - BLEG sampling for gold; ground 
geophysics; RAB drilling (16 holes, 601 m); one percussion hole (44 m); one core 
hole (169 m). 

 
Since 1990, the pace of exploration has declined and through the past 15 years there 
have been only 7 EPMs turned over in the area now covered by EPM 14558.  Only 15 
open file reports have been lodged with the GSQ detailing the exploration completed 
during this era, all by CRA describing the work outlined above. 
 
By 1990, CRA Ltd held a dominant interest in tenements in the region.  An internal 
reorganisation saw CRA absorbed into the Rio Tinto group.  Rio Tinto relinquished its 
tenements in 2000 and subsequently Tackle Resources Pty Ltd filed applications over the 
areas previously held by Rio Tinto. 
 

6.2 PREVIOUS RESOURCE AND RESERVE ESTIMATES 

As defined in the Canadian Institute of Mining, Metallurgy and Petroleum (“CIM”) 
Standards and referenced in NI 43-101, the term “mineral resource” means: “a 
concentration or occurrence of natural, solid, inorganic, or fossilized organic material in or 
on the Earth’s crust in such form and quantity and of such a grade or quality that it has 
reasonable prospects for economic extraction.  The location, quantity, grade, geological 
characteristics, and continuity of a Mineral Resource are known, estimated or interpreted 
from specific geological evidence and knowledge”. 
 
Mineral resources are a sub-set of the general term “mineralisation”, which is defined as 
“material of potential interest”. The Australian Joint Ore Reserves Committee (“JORC”) 
was established under the auspices of The Australasian Institute of Mining and Metallurgy 
over 30 years ago.  The standard of reporting established by JORC was adopted by the 
Australian Stock Exchange Listing Rules in 1989 and since then has been the model for 
other national Resource and Reserve reporting codes, including the CIM.  The latest 
update of the JORC Code in 2004 has been incorporated into the CIM Standard.  A copy 
can be downloaded from www.jorc.com. 
 
A key feature of JORC and the CIM Standard is the requirement for public reports 
(including reports on exploration results) to be based on work undertaken by a 
“Competent Person”. JORC/CIM mandates the qualifications and experience required to 
on the part of a Competent Person.  It should be noted that JORC/CIM does not regulate 
company’s internal classification or reporting systems; nor does JORC/CIM regulate the 
methodology used by Competent Persons to arrive at resources estimates. 
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In addition to competence, the other two key elements of JORC/CIM are: 

• Transparency - clear and unambiguous presentation of information 

• Materiality - all the information reasonably required and expected by an investor 
must be presented. 

 
The quality of a mineral resource estimate is totally reliant on the Resource Database 
established by the collection, verification, recording, storing and processing of geological 
data (e.g. lithology, mineralisation, alteration, and structure), survey data, geophysical 
data, geochemical data, assay data, rock quality and bulk density information and activity.  
The application of a strict quality control programme is essential throughout this process. 
 
A check list of assessment and reporting criteria recommended in the calculation of 
Mineral Resources has been published by the Committee for Mineral Reserves 
International Reporting Standards (“CRIRSCO”), of which the CIM is a member.  The list 
is not prescriptive, but any item in the list that is missing from a resource report may 
indicate a deficiency in that report.  In the following, discussion of the various resource 
estimates undertaken at the Redtree Project, these criteria are used to highlight where the 
resource estimates fall short of the current NI43-101 standard. 
 
Numerous mineral resource studies have been carried out at Redtree by previous 
operators over a 25-year period from 1969 to 1994.  The methods used in each 
calculation vary, and the studies are not directly comparable.  The resource estimates 
calculated before the establishment of the JORC Code in 1976 are not compliant.  The 
summary tables are included below as a matter of historical record only. 
 
The earliest recorded estimate was carried out by Queensland Mines Limited (“QML”) in 
1969 on the Jack Lens at Namalangi.  A model using the polygonal method was 
employed, based on data from 123 drill holes and 36.8 m of shaft sinking and driving 
within the lens.  Assuming 10% dilution, QML reported that the Jack Lens contained 
1.38 Mt @ 0.115% U3O8, not including material within the adjacent MIM leases (see 
Figure 6.2.1).  At that time the Redtree deposit was estimated by MIM to contain 3.95 Mt 
@ 0.2% U3O8. These estimates pre-date the JORC/CIM Codes and are not compliant in 
any respect. 
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Figure 6.2.1      

Location of Jack Lens Resource Estimate, QML (1970) 
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Figure 6.2.2      

Polygonal Model for Jack Lens Resource Estimate, QML (1970) 

 
The following year, QML made an initial estimate of the Garee Lens, a horizontal body of 
mineralisation between MIM leases R2 and R3 (see Figure 6.2.2).  A total of 
45 percussion drill holes were employed in this estimate, using only XRF assays from 
AMDEL, with a minimum mining width of 2.4 m and dilution of 5%. The SG used was 2.57.  
A sectional model was used for this estimate. 
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Figure 6.2.3      

Sectional Model for Garee Lens Resource Estimate, QML (1971) 
 

 
 
QML reported a total resource at Garee of 2.12 Mt @ 0.131% U3O8.  Again the resource 
estimate pre-dates the JORC/CIM Codes and cannot be considered as validated. 
 
In 1971, following on-going diamond and percussion drilling, QML reported additional 
resources at Huarabagoo and Namalangi, and updated their estimates at Jack and Garee. 
Table 6.2.1 is taken from their report: 
 

Table 6.2.1       
Resources Estimated by QML (1972) 
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Once again the resource estimate pre-dates the JORC/CIM Code and cannot be 
considered as valid. 
 
Some re-assessment of the data was attempted by QML in 1973, using a cut-off grade of 
0.1% U3O8 and a minimum thickness of 1.8 m.  The total tonnage was substantially down-
graded but the grade correspondingly rose: 
 

Table 6.2.2       
Resources Estimated by QML (1973) 

 1971 1973 
Deposit tonnes % U3O8 t U3O8 tonnes % U3O8 t U3O8 
Redtree 

Joint Zone 
4 109 000 0.22 9041 413 000 0.60 2477 

Jack Lens 1 856 000 0.14 2,599 868 000 0.23 1996 
Garee lens 2 142 000 0.13 2,785 1 016 000 0.25 2540 
Langi Lens 82 000 0.12 99 91 000 0.12 109 

Totals: 8 189 000 0.18 14,524 2 388 000 0.36 7123 

 
QML stressed in a review report of early 1974 that the resources of the Redtree Dyke are 
strictly potential only, as insufficient data was available for a reliable calculation of 
reserves. 
 
In 1975, Mines Administration Pty Ltd (“Minad”) carried out a re-assessment of the QML 
resource estimates at the Jack and Garee Lenses.  The estimates were based on AMDEL 
XRF assays using a cut-off grade of 0.05% U3O8.  A minimum true thickness of 60 cm and 
an SG of 2.8 were utilised in the polygonal area of influence estimate.  The estimates 
excluded mineralisation inside the boundaries of the MIM leases flanking the Jack and 
Garee Lenses. Table 6.2.3 is taken from the Minad report: 
 

Table 6.2.3       
Resources Estimated by Minad (1975) 

Deposit Zone tonnes % U3O8 t U3O8 
Jack Lens 0-15 m 616 000 0.15 924 

 15-38 m 174 000 0.15 261 
 38-53 m 77 000 0.18 138 
 53-62 m 41 000 0.23 93 

Jack Lens Total: 908 000 0.16 1,416 
Garee Lens 0-15 m 131 000 0.16 210 

 15-38 m 497 000 0.19 944 
 38-53 m 211 000 0.17 358 

Garee Lens Total: 839 000 0.18 1,512 
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Once again these resource estimates pre-date the JORC/CIM Code and cannot be 
considered as valid. 
 
In Dec 1975, Minad offered Urangesellschaft (“UG”) the right to earn 50% of its equity in 
the Joint venture with QML.  The agreement was finalised in September 1976 with Minad 
as operator and UG as sole contributor until Nov 1976 when UG took over as operator.  
In 1979, following a large amount of drilling, UG reported additional resources at the 
Junnagunna, Sue and Outcamp prospects as per Table 6.2.4. 
 

Table 6.2.4       
Resources Estimated by Urangesellschaft (1980) 

Deposit tonnes % U3O8 t U3O8 
Junnagunna 3 450 000 0.17 6030 

Sue 410 000 0.17 680 
Outcamp 650 000 0.11 740 

 
Some details of this resource calculation are given in Evans (1980a) but they are 
insufficient for the calculation to comply with the requirements of the JORC/CIM Codes.  A 
paper presented at the International Atomic Energy Agency (“IAEA”) Conference in 
Vienna by Evans (1980b) summaries all the resource estimates to that time and tabulated 
the situation as per Table 6.2.5. 
 

Table 6.2.5       
Resources Presented at the IAEA Conference in Vienna (1980) 

 “Resource” Potential 
Deposit tonnes % U3O8 t U3O8 tonnes % U3O8 t U3O8 

Jack Lens (QML) 917 000 0.163 2 215    
Jack Lens (MIM) 1 138 000 0.160 1 820 469 000 0.160 750 

Garee Lens 
(QML) 

1 311 000 0.180 2 360    

Garee Lens (MIM)    278 000 0.180 500 
Langi lens 142 000 0.120 170    

Redtree system 222 000 0.450 1 000 78 000 0.450 350 
Junnagunna 1 333 000 0.150 2 000 1 333 000 0.150 2,000 
Junnagunna 

South 
   545 000 0.055 300 

Sue 341 000 0.110 375 341 000 0.110 375 
Outcamp 618 000 0.085 525 618 000 0.085 525 
Totals: 6 022 000 0.174 10 465 3 662 000 0.130 4800 
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UG claimed to have re-classified the resources to AusIMM standards in April 1980, 
excluding the vertical mineralisation, and published the following resource figures (see 
Table 6.2.6).  Notwithstanding the UG assertion, little information was provided as to the 
basis of their calculations and the estimate does not comply with the JORC/CIM Codes in 
any respect. 
 
Junnagunna and Redtree (Jack Lens) during 1980 as drilling continued.  At Junnagunna, 
drill spacing was reduced to 30 m intervals on sections 50 m apart from the broad area 
spacing of 100 m by 120 m.  The impact was to reduce the calculated tonnage by 12.3% 
while increasing grade by 6% compared to the previous estimate using the same 
parameters as per Table 6.2.6. 
 

Table 6.2.6       
Recalculated Junnagunna Resource Using Closer Drill Spacing (Penny & Evans, 1981) 

 “Resource” 
Category tonnes % U3O8 t U3O8 
1. “Drill Proven” 435 000 0.18 790 
2. “Probable” 658 000 0.19 1240 
3. “Possible” 955 000 0.19 1790 
4. “Undefined” 855 000 0.17 1470 
Totals: 2 903 000 0.18 5290 
1979 Totals: 3 452 000 0.17 6030 
Variation 1981:1979 -15.9% +5.9% -12.3% 

 
This calculation does not comply with JORC/CIM as there is no information on sampling 
techniques, assay quality controls, data verification etc., and no “competent person” has 
taken responsibility for the calculation. 
 
Using the same calculation parameters as for Junnagunna, UG attempted their first re-
calculation of the Jack Lens resource on MIM’s Redtree lease R1.  The results are 
tabulated below, and are said by UG to be “broadly in line with previous calculations and 
estimates (Penny and Evans, 1981), see Table 6.2.7. 
 

Table 6.2.7       
Recalculated Jack Lens Resource on MIM Lease R1 (Penny and Evans, 1981) 
 Jack Lens “Resource” 

Category tonnes % U3O8 t U3O8 
1. “Drill Proven” 232 000 0.19 440 
2. “Probable” 514 000 0.19 1090 
3. “Possible” 633 000 0.18 1140 
4. “Undefined” 375 000 0.16 600 
Totals: 1 814 000 0.18 3270 
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For the first time, UG employed the MINEVAL block modelling program using old QML 
drilling data.  The computer created a model of the mineralisation consisting of a series of 
10 m by 10 m blocks in plan and 1 m thick.  Grade values were assigned to individual 
blocks by distance weighting using inverse square proportion, from the centre of each 
block to surrounding drill holes. The finished model consisted of 100 horizontal “slices” or 
“levels” each 1 m thick. 
 

Table 6.2.8       
Recalculated Westmoreland Resources in Tonnes U3O8 (Penny and Evans, 1981) 
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Figure 6.2.4      

Outline of Jack Lens in Relation to MIM Redtree No. 1 Lease, Penny (1981) 
 

 
 
During 1981, UG commissioned Control Data Australia Pty Ltd (“CDC”) to carry out a 
geostatistical study of results from 90 holes drilled on a 50 m by 25 m grid (Penny, 1981).  
CDC concluded that the log-normal nature of the data and the distinct proportional effect 
indicated that relative variogramming techniques were necessary to obtain smooth 
variograms. 
 
Drilling continued throughout 1982, together with improvements in compliance with JORC 
Code requirements on resource estimation. Penny et al (1982) report details of surface 
and down-hole survey techniques, down-hole logging, sampling and analytical quality 
control.  All of which met the current JORC standard.  A total of 571 specific gravity (“SG”) 
determinations were made on various rock types and mineralisation categories.  An on-
site computer was used to commence the process of entering all data into a computer 
database.  The field data were then supplied to Geocom Pty Ltd for resource calculation. 
 
Much of the 1982 work was focused on the Huarabagoo Prospect and by year end UG 
had produced an initial resource estimate for this deposit.  Penny et al (1982) remark that 
“It must be emphasised that the apparent precision of these calculations is an arithmetic 
convenience only.  The calculations in fact indicate an in situ resource of the order 500 to 
600 tonnes of U3O8, with an approximate 10% tonnage difference between the high and 
low estimate.  The resources are heavily influenced by a very few, very high-grade 
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intersections. It is possible that the assignment of volume in the calculation overstates 
such high-grade zones”. In addition, the mineralisation is a series of pods rather than a 
continuous body. Given this uncertainty, the Huarabagoo estimate tabulated in 
Table 6.2.9 does not comply with the JORC/CIM Codes. 
 

Table 6.2.9       
Huarabagoo Resource Estimate (Penny et al, 1982) 

 Cut-off 0.05% U3O8 Cut-off 0.10% U3O8 
Category tonnes % U3O8 t U3O8 tonnes % U3O8 t U3O8 
“Group I” 97 000 0.27 260 57 500 0.38 220 
“Group II” 14 000 0.31 45 11 000 0.42 45 
“Group III” 110 000 0.28 310 83 500 0.35 290 

Totals: 221 000 0.28 615 152 000 0.37 555 

 
It should be noted that significant gold grades (up to 87 g/t Au over 1 m) were recorded in 
drill holes at Huarabagoo, averaging around 1 g/t Au for the entire volume of U3O8 
mineralisation investigated (Penny et al, 1982).  This prompted UG to conduct a stream 
sediment survey to assess the gold potential of the Westmoreland Conglomerate 
(Beerbaum, 1983).  Five significantly anomalous drainages were detected.  Visible gold 
was seen in outcrops within three of these areas. The gold appeared to be shedding from 
quartz veins (Robinson and Schindlmayr, 1984). 
 

Figure 6.2.5      
Location of Anomalous Gold Drainages, Schindlmayr et al (1985) 
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In 1982, the Australian Atomic Energy Commission (“AAEC”), a federal government 
authority, took the UG data and performed its own calculation of in situ resources on some 
of the Redtree deposits (Miezitis and Reynolds, 1982).  All reports, drill logs and assay 
ledgers (including previous work by QML and Minad) were supplied to the AAEC by UG.  
The estimates did not include the uranium resources within the three Redtree mining 
leases held at that time by MIM. 
 
The AAEC calculation was done to the JORC standard of that time.  In addition, the AAEC 
reviewed the radiometric equilibrium tests carried out in 1973 and 1976 and concluded 
that the Westmoreland deposits were depleted in daughter products.  However, the AAEC 
noted that in contrast, down-hole gamma logging gave U3O8 results up to 45% greater 
than the XRF analyses of the same intervals, suggesting an over-abundance of daughter 
products.  This problem remains unresolved to this day. If the uranium mineralisation is 
not in equilibrium, assays using a gamma probe cannot be equated to chemical analyses. 
 
The AAEC resource estimate complied with the JORC Code of its time, and Yanis 
Miezitis, a competent person under the Code, took responsibility for the calculation. The 
results are presented in Table 6.2.10. 
 

Table 6.2.10     
AAEC Resource Estimate (Miezitis and Reynolds, 1982) 

 Indicated Inferred 
Deposit Tonnes % U3O8 t U3O8 Tonnes % U3O8 t U3O8 

Junnagunna hor 917 000 0.174 1600 1 607 000 0.186 2990 
Junnagunna ver    47 000 0.180 80 
Jack hor 1 322 000 0.168 2220    
Jack vert    35 000 0.265 90 
Garee 1 392 000 0.189 2630    
Outcamp    668 000 0.112 750 
Sue    144 000 0.208 300 
Totals: 3 631 000 0.178 6450 2 502 000 0.168 4210 
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The AAEC estimate gives a total contained U3O8 figure 10% less than that calculated by 
UG using the same data: 
 

Table 6.2.11     
Comparison Between UG and AAEC Resource Estimates 

 AAEC (1982) Urangesellschaft (1981) 
Deposit Tonnes % U3O8 t U3O8 Tonnes % U3O8 t U3O8 
Junnagunna 2 571 000 0.182 4670 2 939 000 0.18 5291 
Jack 1 357 000 0.170 2310 2 324 000 0.12 2789 
Garee 1 392 000 0.189 2630 1 301 000 0.18 2342 
Outcamp 668 000 0.112 750 673 000 0.11 740 
Sue 144 000 0.208 300 400 000 0.17 680 
Totals: 6 132 000 0.174 10 660 7 637 000 0.16 11 842 

 
Miezitis and Reynolds (1982) explained that their estimate used 12-sided polygons with a 
100 m distance of influence, whereas UG had used 100 m square blocks.  The polygons 
are only 75% of the area of the squares, giving better grade estimation.  The AAEC grade 
improvement of 12% over the UG estimate is typical in this sort of comparison.  Also, UG 
used external waste to build up narrow high-grade drill intercepts (provided these carried 
the added external waste above cut-off), whereas the AAEC excluded intercepts less than 
a minimum width of 1 m.  As one would expect, this reduced the total tonnage estimated 
by AAEC compared to the tonnage estimated by UG. 
 
When CRA Ltd (“CRA”) took over management of the Westmoreland tenements in 1990, 
the company commenced a complete review of the project.  All previous exploration data 
was recorded and validated before entry into a Microsoft Access database.  All drill-hole 
collars were re-surveyed and reported in Australian Map Grid (“AMG”) coordinates.  
Angled drill holes were surveyed down hole for dip and magnetic azimuth.  It was 
assumed that vertical holes remained vertical throughout (this assumption has not been 
verified).  A digital terrain model of the topography was compiled from aerial photographs.  
This work continued from 1990 through 1993. 
 
CRA commissioned Minenco Pty Ltd (“Minenco”) in 1991 to undertake a pre-feasibility 
study, based on CRA’s estimate of resources at Redtree, Junnagunna and Long Pocket 
(previously known as Outcamp). Minenco (1991) contains Table 6.2.12. 
 

Table 6.2.12     
Westmoreland Resources Identified by CRA as at 31 December 1990 

 Indicated Resource 
Deposit Tonnes % U3O8 t U3O8 
Redtree 7 860 000 0.153 12 025 
Junnagunna 3 780 000 0.143 5405 
Long Pocket 630 000 0.126 795 
Totals 12 270 000 0.149 18 225 
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The basis for the above estimate is not given, so it does not comply with the JORC/CIM 
Codes in any respect.  The locations of the above deposits, on which CRA focused its 
ongoing resource estimations, are shown in Figure 6.2.6. 
 

Figure 6.2.6      
Location of the Principal Westmoreland Uranium Deposits 

Figure 1 in Minenco (1995) 

 
By 1993, 1249 drill holes had been coded into the database. CRA’s 1993 models of the 
mineralisation at Redtree and Junnagunna were based on a single layer extending from 
the flat-lying mineralisation in the west, through the vertical mineralisation at the dyke, to 
the dipping, lensoidal mineralisation in the east.  These models greatly over-estimated the 
volumes of material between the horizontal and vertical zones and did not exclude the 
barred dyke material. 
 
The 1994 models were more tightly constrained, with blocks modelled independently or 
either side of the dyke, as well as within the barren dyke itself (thus allowing its removal 
from the resource calculation), and as a series of discrete veins.  Both the 1993 and 1994 
estimates used the SG determinations of UG undertaken in 1982 which gave an average 
SG of 2.5. In 1995, CRA tested a further 276 samples, which gave an average SG of 2.52 
at Junnagunna and 2.6 at Huarabagoo. 
 
For the 1994 and 1995 estimations, geological cross-sections were drawn and drilling 
data interpreted to define the extent of mineralisation and controlling features. The 
mineralisation was then enveloped using a cut-off grade of 0.03% U3O8 and a minimum 
width of 1 m. These envelopes were then modelled by ECS using Z-grid techniques. 
Variography was undertaken to test the variability of the mineralisation within the domains 
making up each deposit. Where the variograms were difficult to interpret, kriging 
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parameters were identified by comparison with geologically similar mineralisation in other 
domains.  Grade was interpolated using kriging, and was checked with inverse distance 
squared weightings, using the same scan distance parameters. 
 
In 1995, Minenco were commissioned again to update their pre-feasibility study.  The 
Minenco report includes a tabulation of the 1995 resource estimations using a lower 
cut-off grade of 0.05%, see Table 6.2.13. 
 

Table 6.2.13     
Westmoreland Resources Identified by CRA as at 31 August 1995 (Minenco, 1995) 

 Indicated Inferred 
Deposit Tonnes % U3O8 t U3O8 Tonnes % U3O8 t U3O8 
Redtree 8 878 000 0.119 10 558 1 291 000 0.175 2 258 
Junnagunna 5 080 000 0.096 4 867 353 000 0.130 457 
Huarabagoo 1 254 000 0.153 1 918 540 000 0.206 1.113 
Totals: 15 212 000 0.114 17 343 2 183 000 0.175 3 828 

 
Minenco used these figures as the basis for their preliminary mining studies.  However, 
the resource estimates do not comply with the JORC/CIM Codes, as they have not been 
signed off by a “competent person”.  Gilfillan (1996) commented on the limited experience 
in uranium exploration and uranium resource estimation of the CRA staff involved in the 
calculations.  He had concluded however that resource categories should all be "Inferred" 
because of a number of issues, including data quality, data density issues and difficulty in 
obtaining good variograms.  But he also concludes that "Further work on existing data 
might provide support for some domains to be in a higher category of confidence". 
 
The Australasian Institute of Mining and Metallurgy (“The AusIMM”) published a resource 
estimate for the Westmoreland deposits, prepared by Rio Tinto Exploration (Rheinberger 
et al, 1998).  These are tabulated in Table 6.2.14 and are only published figures prior to 
this report.  The resource category chosen was said to be based on the Australian JORC 
code guidelines of the time but no individual was named and they were not claimed as 
compliant.  The estimates were based on a geology and block model that has been 
supplied to Mining Associates for validation purposes.  The figures are very similar to 
those shown in Table 6.2.4, which do not comply with the JORC/CIM Code. 
 

Table 6.2.14     
Inferred Resources, Westmoreland, 1995, Above 0.05% U3O8 

Deposit Mt Grade % U3O8 Tonnes U3O8 
Redtree 10.2 0.126 12 600 

Junnagunna 5.4 0.098 5300 

Huarabagoo 1.8 0.169 3000 

Totals 17.4 0.120 20 900 
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7. GEOLOGICAL SETTING 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” on 16 October 2006.   
 

7.1 REGIONAL GEOLOGY 

Laramide’s Redtree tenements are situated within the Westmoreland (Queensland) 
1:250 000 geological sheets.  The first geological observations in the area were reported 
by explorer Ludwig Leichhardt in 1847.  However, little geological work was done until the 
late 1930s when the federal government funded the Aerial Geological and Geophysical 
Survey of Northern Australia (“AGGSNA”).  This was followed in the mid-1950s by a joint 
federal Bureau of Mineral Resources (“BMR”) and Geological Survey of Queensland 
(“GSQ”) survey.  The Westmoreland sheet was first mapped in 1955-57 (Carter et al, 
1958). Mapping on 1:25 000 scale colour air photos of the Seigal and Hedley’s Creek 
1:100 000 geological sheets was undertaken during 1972-73 (Sweet et al, 1981).  Current 
maps covering the area include: 

• 1:250 000 scale “Westmoreland Geological Sheet SE 54-5”, Second Edition 
1979, published by the GSQ. 

• 1:100 000 scale “Seigal NT and Hedleys Creek Qld” First Edition 1980, published 
by the Bureau of Mineral Resources. 

 
The Westmoreland region lies within the Palaeoproterozoic Murphy Tectonic Ridge, which 
separates the Palaeoproterozoic Mt Isa Inlier from the Mesoproterozoic McArthur Basin 
and the flanking Neoproterozoic South Nicholson Basin (see Figure 7.1.1). 
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Figure 7.1.1      

Geological Regions of NE Australia 
Compiled by D G Jones from published data 
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The oldest rocks exposed in the area are early Proterozoic sediments, volcanics and 
intrusives which were deformed and regionally metamorphosed prior to 1875 Ma.  These 
Murphy Metamorphics (Yates et al, 1962) are represented mainly by phyllitic to schistose 
metasediments and quartzite.  They are overlain by two Proterozoic cover sequences laid 
down after the early deformation and metamorphism of the basement, and before a period 
of major tectonism which began at about 1620 Ma.  The oldest cover sequence is the 
Cliffdale Volcanics unit, which unconformably overlies the Murphy Metamorphics.  The 
Cliffdale Volcanics contain over 4000 m thickness of volcanics of probably subaerial 
origin, more than half of which consist of crystal-rich ignimbrites with phenocrysts of 
quartz and feldspar.  The remainder are rhyolite lavas, some of which are flow banded.  
The ignimbrites are more common in the lower part of the sequence, with the Billicumidjii 
Rhyolite Member occurring towards the top. 
 
The Cliffdale Volcanics are comagmatic with the Nicholson Granite and together they 
comprise the Nicholson Suite.  SHRIMP dating of both the Nicholson Granite and the 
Cliffdale Volcanics gave an age of 1850 Ma (Scott et al, 1997).  The Nicholson Granite is 
predominantly I-type granodiorite in composition. 
 
The Nicholson Suite shows little evidence of fractional crystallisation and on this basis the 
potential for forming large tonnage deposits is considered to be minor, although small 
tonnages of high grade are possible. In the vicinity of the granites there are no significant 
potential host rocks documented.  Potential exists for small Sn and W deposits within the 
granite and for smaller Cu and Au deposits outside the granite (Budd et al, 2001). 
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Figure 7.1.2      

Generalised Geology, Westmoreland Area 
Compiled by D G Jones from published data; for legend see Figure 13 below. 
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Unconformably overlying the Nicholson Suite is the Tawallah Group (Yates et al, 1962).  
This is the oldest segment of the southern McArthur Basin. The base is a sequence of 
conglomerates and sandstones comprising the Westmoreland Conglomerate (Carter et al, 
1958).  The conglomerates thin out to the southeast and are in turn conformably overlain 
by the Seigal Volcanics (Grimes and Sweet, 1979), an andesitic to basic sequence 
containing interbedded agglomerates, tuffs and sandstones.  Together these units 
comprise about two-thirds of the total thickness of the Tawallah Group.  The volcanics are 
overlain in turn by the McDermott Formation, the Sly Creek Sandstone, the Aquarium 
Formation and the Settlement Creek Volcanics. 
 
 
 
 
 

 
Uranium mineralisation has been recognised in the Westmoreland region in numerous 
structural and stratigraphic positions. These include: 

• Associated with faults and fractures in Murphy Metamorphics 

• In shear zones in the Cliffdale Volcanics near the Westmoreland Conglomerate 
unconformity 

• At the reverse-faulted contact between Cliffdale Volcanics and Westmoreland 
Conglomerate 

Figure 7.1.3      
Simplified Stratigraphy in the Westmoreland Region 

Compiled by D G Jones from published data 
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• Within Westmoreland Conglomerate about 50 m above its base 

• In Westmoreland Conglomerate in close proximity to the overlying Seigal 
Volcanics 

• In association with mafic dykes and sills 

• In shear zones within the Seigal Volcanics. 
 
The most important uranium deposits occur on the northern dip slope of the 
Westmoreland Conglomerate in situation 5 above.  The deposits represent thicker and 
higher grade concentrations of trace uranium mineralisation than is regionally common 
beneath the Seigal Volcanics-Westmoreland Conglomerate contact and along the flanks 
of the Redtree dyke zone.  Mineralisation in other settings is only present in trace amounts 
(Rheinberger et al, 1998). 
 
They deposits are associated with an altered basic dyke system intruded along faults.  
Mineralisation is present in both the sandstones and dyke rocks.  To the north the 
Westmoreland Conglomerate is overlain by the Seigal Volcanics under Recent alluvium 
cover. 
 

Figure 7.1.4      
Diagrammatic Section Looking West Towards the Northern Territory Border 

Compiled by D G Jones from Queensland Mines Ltd (1969). 
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Figure 7.1.5      

Westmoreland Conglomerate Dip Slope, Looking West 
Photo taken by D G Jones adjacent to the Pioneer prospect,  

at UTM Zone 54K coordinates 0200846m N, 8072729m E. 

 
The Westmoreland Conglomerate is a flat-lying sequence dipping between 5° and 10° to 
the NNW.  The dominant fault directions are WNW and NE. A prominent open joint 
system trending NE appears to have some control on the mineralisation. 
 
Locally, the Westmoreland Conglomerate consists of a sequence of coarse to gritty 
feldspathic sandstone with local pebble and cobble lenses, overlaying a basal 
conglomerate bed containing abundant volcanic material. 
 
Vesicular tholeiitic dykes have intruded along the fault zones in an en echelon pattern.  
The dykes weather more easily than the conglomerate and thus tend to be obscured at 
surface.  Fresh dykes in core are brecciated and sheared, and extensively altered along 
the contact zones.  The unaltered dyke is typically a dark green dolerite. 
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7.1.1 Geological History 

Sands, muds and calcareous sediments were deposited prior to 1900 Ma over much or all 
of the regions shown in brown on Figure 7.1.5.  The source area for the sediments was 
probably the Archaean granitic terrane to the west.  Felsic and minor mafic volcanism 
related to accompanying intrusive activity affected some areas of the Murphy Tectonic 
Ridge. 
 
During the Barramundi Orogeny (1860-1850 Ma) the basement rocks were tightly folded 
and regionally metamorphosed to greenschist facies, to form the Murphy Metamorphics.  
The tectonism resulted in uplift and erosion, and by 1875 Ma most of the region was 
probably a land area where large tracts of metamorphic rocks were exposed. 
 
From 1840 to 1800 Ma, widespread felsic volcanic activity together with minor mafic 
volcanism and local clastic sedimentation took place to form the Cliffdale Volcanics.  The 
abundance of ignimbrites indicates that the eruptions were predominantly subaerial. 
Comagmatic with the volcanics, granites of the Nicholson Granite Complex were 
emplaced. A suite of mafic dykes were intruded about the same time. 
 
Some contact metamorphism and local folding, tilting and faulting accompanied the 
granite emplacement and volcanism, but no major region-wide deformation or regional 
metamorphism took place during this period.  Most of the region was probably a land area 
subjected to erosion throughout this period.  By 1800 Ma, parts of some granite plutons 
had become unroofed and metamorphic basement rocks were exposed. 
 
Sudden regional subsidence in a linked array of basins controlled by segmented north-
striking extensional faults resulted in rapid sedimentation re-commencing about 1790 Ma 
to form the Westmoreland Conglomerate, the basal unit of the Tawallah Group. The first 
sediments laid down were alluvial fan and braided stream deposits derived locally from 
the basement rocks. Rounded boulders of Nicholson Granite around 30 cm diameter are 
common in the basal conglomerates (see Figure 7.1.6). 
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Figure 7.1.6      

Typical Basal Westmoreland Conglomerate 
Photo taken by D G Jones adjacent to the Pioneer prospect,  

at UTM Zone 54K coordinates 0200881m N, 8072702m E. 

 

 
The fluvial sedimentation was followed by subaerial and possibly shallow-water felsic and 
mafic volcanism around 1680 Ma to form the Seigal Volcanics. After a short period of 
erosion, the volcanics were covered by near-shore marine and lagoonal dolomite, 
sandstone and siltstone of the McDermott Formation.  The sea withdrew and there was a 
short hiatus in sedimentation; then sea level rose and sandstones and minor 
conglomerates of the Sly Creek Sandstone were laid down unconformably on the Seigal 
Volcanics and McDermott Formation.  The Sly Creek Sandstone is overlain by poorly 
exposed sedimentary rocks of the Aquarium Formation and extrusives of the Settlement 
Creek Volcanics, which mark the top of the Tawallah Group in the Westmoreland area.  
The youngest internal SHRIMP zircon ages obtained for the Tawallah Group are 1713±7 
Ma for the Tanumbirini Rhyolite and 1708±5 Ma for the Nyanantu Formation near the top 
of the group (Page and Sweet, 1998). 
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Major tectonism, involving thrusting, folding, faulting, mafic dyke emplacement and 
regional metamorphism affected the entire region between 1620 and 1550 Ma.  Two main 
phases of deformation, D1 and D2, have been recognised.  The first resulted in extensive 
thrusting and nappe formation, while the second was characterised by tight folding about 
northerly trending, steeply dipping to vertical axial planes.  A later phase of deformation, 
D3, resulted in the formation of NNW and NNE-trending shear zones around 1480 Ma.  
Most of the mineral deposits in the region were probably formed during the deformation 
events in this period. 
 
Some time after tectonism at 1450 Ma but before 1200 Ma, shallow-water sediments of 
the South Nicholson Group were deposited in the South Nicholson Basin.  Some 
post metamorphic NNE-trending mafic dykes were intruded around 1115 Ma.  Vertical and 
lateral movements took place along the major faults of the region during the late 
Proterozoic, and gentle basin-and-dome folding affected the South Nicholson Group and 
underlying units. 
 
7.1.2 Geophysics 

a) Radiometrics 

Airborne radiometric surveys are the most common technique used in uranium 
exploration and have successfully discovered many significant deposits in the 
Northern Territory and worldwide.  The technique is based on the measurement 
of natural emissions of gamma radiation from the radioactive decay of uranium, 
thorium and potassium by an airborne sensor containing a sodium iodide crystal.  
Early scintillometers measured the total amount (‘total count’) of gamma radiation 
emitted and were unable to distinguish between different element sources.  
Development of the gamma-ray spectrometer in the early 1970s allowed 
emissions from uranium, thorium and potassium to be separated, which provided 
a more useful exploration tool. 
 
The main limitation of airborne radiometric surveys is that a radioactive source 
must be at or very close to the surface to produce an anomaly. The experience at 
Jabiluka, 750 km northwest of Westmoreland, showed that even a large deposit 
is rendered ‘blind’ by a thin cover of overburden (less than 3 m over Jabiluka 1).  
These surveys are still used as a very cost-effective means of rapidly assessing 
large areas for priority targets from surface anomalies. 
 
The first airborne surveys in the region were undertaken by the BMR in 1956 and 
1957, using a tiny Auster aircraft.  These were followed up in 1964 using a DC3 
aircraft.  Details of these and subsequent government surveys are set out in the 
Table 7.1.1. 
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Table 7.1.1       

Government Airborne Magnetic/Radiometric Surveys in the Westmoreland Region 

Year Agency Line km Line 
Spacing 

Ground 
clearance 

Orientation No. 
Lines 

Data 
Sampled 

1956 BMR 7040 400 m 60 m North-South  RAD 

1957 BMR 4000 320 m 60 m North-South  RAD 

1964 BMR 91 039 3200 m 230 m East-West 507 MAG/RAD 

1973 BMR 9882 1500 m 150 m North-South  MAG/RAD 

1977 BMR 33 267 3000 m 150 m East-West 213 MAG/RAD 

1984 BMR 7408 1500 m 150 m East-West  MAG/RAD 

 
Ground radiometric surveys use a hand-held or vehicle-mounted Geiger-Muller 
counter or Scintrex spectrometer.  Ground surveys allow the detection of more 
subtle anomalies than can be detected by airborne techniques and can also 
resolve large airborne anomalies into complex, multi-point sources.  Ground 
radiometric surveys are therefore used either to target rock sampling by trenching 
or drilling over known airborne anomalies, or for the assessment of areas that do 
not contain airborne anomalies, but are nonetheless considered to be 
geologically prospective. 
 
This approach led to the discovery of Redtree, where trenching over the highest 
point sources located mineralised cobbles a few metres beneath the surface. 
 
Various methods are used to detect radon gas and its immediate decay products 
emanating from uranium-bearing bodies as an exploration tool. In the alpha-track 
etch recording method, film sensitive to alpha radiation is enclosed in small 
sampling cups that are placed in shallow holes in the ground and left undisturbed 
for several weeks to collect radon.  The films are then retrieved and analysed to 
determine the amount of alpha radiation at each sample point.  This method is 
easy to set up and the long time period of sampling avoids short-term variations 
due to soil and weather conditions.  Uranium and thorium emanations cannot be 
distinguished however, and the long turnaround time may be a problem in some 
cases. 
 
The track-etch system was tested by various companies during early exploration 
in the Northern Territory, where it successfully ‘detected’ the Koongarra orebody 
at a depth of 75 m by an anomaly of 40 times background (Gingrich and Fisher, 
1976).  However, there are no examples in the Northern Territory of radon 
emanometry locating mineralisation that could not be detected by other methods 
(e.g. airborne or ground radiometrics).  However, it may be of use in areas where 
prospective basement is covered by unconsolidated Cretaceous or younger 
sediments. 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 50  

 
 

b) Borehole Gamma Spectrometry 

In the early 1960s, gamma borehole logging became standard practice.  The 
down-hole sensor is a modification of the portable gamma ray instrument 
designed for surface measurements and detects small variations in total gamma 
activity.  It has been successfully used in detecting mineralisation and 
distinguishing stratigraphic units in drill holes. 
 
Borehole spectrometry is now used routinely for logging of drill core and also for 
grade control monitoring of blast holes at a number of uranium mines.  The 
instrument can record separately and simultaneously radiation related to 
potassium, uranium and thorium.  When calibrated against geochemical analyses 
in test drill holes or trenches, the instrument can be used for quantitative 
measurement of uranium, which provides a rapid assessment of mineralisation in 
the field without having to wait for assay results.  Gamma logs also aid in 
stratigraphic correlation and lithological identification. 
 

c) Magnetics 

Aeromagnetic data is routinely collected at the same time as airborne 
radiometrics and provides a useful tool to aid in regional mapping of prospective 
basement lithologies and structure and therefore serves as an indirect 
exploration technique. 
 
It is possible that large-scale alteration zones associated with some deposits 
could be detected as zones of demagnetisation within otherwise magnetic units, 
for example the dykes in the Westmoreland Conglomerate. 
 
Electromagnetic surveys are primarily used to detect changes in basement 
lithology beneath cover. In the Athabasca Basin of Canada, uranium 
mineralisation has a strong association with graphitic shear zones and lithologies 
in the basement, which are easily detected by EM techniques. Concealed 
mineralisation is characterised by a discrete basement graphitic EM conductor 
within a broad zone of low resistivity, indicating hydrothermal alteration 
(McMullan et al 1989).  In the Westmoreland area, the association of uranium 
and graphitic basement does not occur and airborne EM is not as useful for 
basement mapping. However, airborne time-domain EM (TEMPEST) surveys 
have recently been successfully used in the Northern Territory to determine the 
depth to hard rocks below recent alluvial cover, since the contact is characterised 
by a low-resistivity zone (Beckitt 2003). 
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Figure 7.1.7      

Private Airborne Magnetic/Radiometric Surveys in the Westmoreland Region 

 
 
 
A large number of company airborne surveys have been carried out in the Westmoreland 
region, and these are summarised in Table 7.1.2. 
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Table 7.1.2       

Private Airborne Magnetic/Radiometric Surveys in the Westmoreland Region 

Year Company Line km Line 
Spacing 

Ground 
clearance 

Orientation Data 
sampled 

1962 Mid-Eastern Oil 14 634 3200 m 300 m East-West MAG 

1963 Mines Administration 10 100 3200 m 300 m East-West MAG 

1968 BHP 1224  91 m East-West RAD 

1968 Queensland Mines Ltd   91 m East-West MAG/RAD 

1969 Westmoreland Minerals 

Ltd 

4347  91 m North-South RAD 

1970 Aquitaine Aust Minerals    North-South MAG/RAD 

1971 Inco     MAG/RAD 

1972 Afmeco 2512 500 m 75 m North-South MAG/RAD 

1978 GeoTerrex 1600 250 m 80 m East-West MAG/RAD 

1983 Ashton Mining Ltd 80 641 300 m 80 m North-South MAG/RAD 

1984 Ashton Mining Ltd 41 696 300 m 80 m North-South MAG/RAD 

1985 CEGB 1000 300 m 90 m East-West MAG/RAD 

1986 CEGB  300 m 90 m North-South MAG/RAD 

1986 Stockdale Prospecting  250 m 70 m North-South MAG/RAD 

1988 CRA 5634 200 m 80 m North-South MAG/RAD 

1990 CRA 100 400 m 120 m North-South MAG/EM 

1991 BHP  500 m 120 m East-West MAG/EM 

1994 CRA 3151 300 m 60 m North-South MAG/RAD 

1995 BHP 3155 400 m 70 m North-South MAG/RAD 

1995 CRA 443 100 m 60 m East-West MAG/EM 

1996 BHP  500 m 105 m North-South MAG/EM 

1996 BHP  1000 m 105 m North-South MAG/EM 

1997 BHP  500 m 105 m North-South MAG/EM 

1999 Rio Tinto 189 50 m 25 m North-South MAG/RAD 

 
d) Gravity 

Gravity surveys can provide useful information where other exploration methods 
do not work. For example, gravity may be used to map bedrock topography under 
a landfill or cover sediment. Gravity can also be used to map lateral lithologic 
changes, and faults. 
 
A gravity survey is conducted by acquiring data on the ground at predetermined 
points using a gravimeter which measures the earth’s gravitational attraction at 
various points over the area of interest. Gravity anomalies are due to differences 
in the density of underlying materials.  
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The gravity data for Queensland is quite coarse, and is incorporated into the 
GeoScience Australia database on a continent-scale compilation.  Although more 
government data is available on the Northern Territory side, this too is only 
suitable for broad-scale information. 
 

e) Airborne Hyperspectral Surveys 

This is a relatively recent innovation in remote sensing technology that measures 
reflectance data in the visible to shortwave infrared regions of the 
electromagnetic spectrum. Both airborne (e.g. HYMAP, ARGUS) and satellite-
based (e.g. JERS, ASTER) systems are commercially available. The systems are 
capable of providing mineral abundance maps that can be used for discrimination 
of geology and detection of hydrothermal alteration. In the Northern Territory, 
airborne hyperspectral surveys are used as a tool in exploration for unconformity-
type deposits (Beckitt 2003). 
 
However, orientation data is lacking over known deposits and results are 
currently assessed using models based on the Athabasca region deposits in 
Canada. 
 

7.1.3 Tectonics 

Cratonisation of the northern Australian orogenic domains during the Barramundi Orogeny 
was accompanied by the establishment of a fundamental framework of deep-seated NW, 
NNW to NNE and NE -trending crustal structures (Etheridge et al., 1987).  It is widely 
speculated that these structures were reactivated and became the major controlling 
influence on the depositional geometry of succeeding basin phases and the localisation of 
subsequent deformation (e.g., Plumb, 1979; Etheridge and Wall, 1994; Rogers, 1996).  
The majority of models for the evolution of the McArthur Basin promote extensional 
tectonics, in which specific fault orientations acted as normal or ‘growth’ structures and 
others acted as accommodation or transfer structures during various stages of basin 
formation.  The most influential aspect of McArthur Basin geology that has driven 
extensional models is the presence of significant volcanic and coarse-grained clastic 
rocks at the base of the basin succession (Rogers, 1996). 
 
The igneous rocks of the Westmoreland region are markedly bimodal with respect to silica 
content, a typical feature of intracratonic rifting.  No rocks older than the Murphy 
Metamorphics are known east of the Westmoreland area, implying that the detrital 
sediments of the Tawallah Group were derived from either within or west of the Murphy 
Tectonic Ridge.  The Tawallah Group is dominated by shallow-water marine sediments 
deposited on a regionally extensive platform.  
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Subsequent contractional reactivation of earlier ‘extensional fault systems’ is thought to 
have occurred at least three times during and after basin development (Plumb, 1994; 
Rogers, 1996). 
 
According to Scott et al, 2000, the geodynamical evolution of basins and magmatic events 
in the Westmoreland region are largely the result of repeated episodes of subduction and 
intervening orogenic events.  During times of subduction wholesale tilting of the craton 
occurred.  During episodes of orogeny, thermal, isostatic and flexural mechanisms 
enhanced subsidence in the craton and promoted regional strike-slip deformation. 
Repeated development and destruction of alternating subducting slabs and orogenic roots 
led to the development of a lateral temperature gradient, enhanced mantle convection and 
anomalous and fluctuating thermal conditions under the craton. 
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8. DEPOSIT TYPES 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
Kesler (1994) gives a useful description of various uranium deposit types, and 
summarised them in the diagram reproduced below. Unlike the classic uranium deposits 
illustrated in Figure 7.1.1, the Westmoreland deposits occur within conglomerate, 
sandstone and mafic volcanic rocks.  They have some features in common with both 
sandstone-hosted and vein types, as well as unconformity-related deposits.  They are all 
associated with redox boundaries near the contact of different lithologies in various 
geological settings.  Some workers (e.g. Hochman and Ypma, 1984) consider the 
Westmoreland deposits to represent a special type of sandstone-hosted deposit. 
 
 

Figure 7.1.1      
Schematic Sketch Showing Various Types of Uranium Deposits 

 
Figure from Kesler (1994). 
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8.1 SANDSTONE-HOSTED URANIUM DEPOSITS 

Sandstone-hosted deposits are contained within fluvial or shallow marine sandstone.  
Host rocks are medium- to coarse grained, poorly sorted sandstones that generally 
contain pyrite and organic matter of plant origin.  Primary mineralisation consists of 
pitchblende and coffinite, and weathering produces secondary minerals including carnotite 
and uranophane.  Globally, sandstone-hosted deposits contain a large proportion of 
known uranium resources, although they are mostly of low to medium grade (0.05-0.4% 
U3O8).  Individual deposits can contain up to 50 000 t U3O8, and cumulative tonnages 
within a province or basin may be several hundred thousand tonnes (Dahlkamp 1993). 
 

8.2 UNCONFORMITY-RELATED URANIUM DEPOSITS 

Unconformity-related deposits arise from geological changes occurring close to major 
unconformities. Below the unconformity, the rocks are usually faulted and brecciated. The 
overlying younger Proterozoic sandstones are usually undeformed.  The ore minerals are 
generally uraninite and pitchblende. 
 
This type includes some of the largest and richest deposits of uranium known.  The main 
deposits occur in Canada (the Athabasca Basin, Saskatchewan and Thelon Basin, 
Northwest Territories); and Australia (the Alligator Rivers region in the Pine Creek 
Geosyncline, NT and Rudall River area, WA).  The deposits in the Athabasca Basin occur 
below, across and immediately above the unconformity, with the highest grade deposits 
situated above (e.g. Cigar Lake, averaging 9.1% U3O8, some zones over 50% U3O8) and 
across the unconformity (e.g. Key Lake).  
 
Unconformity-related deposits constitute a major proportion (22%) of Australia's total 
uranium resources and more than 80% of Australia's total production since 1980 has been 
mined from two of these deposits: Ranger #1 and Nabarlek (now mined out).  Other major 
deposits in the Alligator Rivers region are Ranger # 3, Jabiluka (North Ranger), Koongarra 
and Ranger 68. In the Alligator Rivers region, the known deposits are below the 
unconformity and are generally much lower grade than the Canadian deposits. 
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9. MINERALISATION 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
Pitchblende is the main uranium mineral and occurs on both the Westmoreland 
Conglomerate and the altered dykes. In the sandstones it occurs as grains between the 
sand particles, and also along fine fractures.  Rare veins up to 1 cm thick have been 
reported.  Some pitchblende has been dissolved by groundwater and re-distributed as 
sooty or colloform masses. 
 
Gold has been noted as small grains up to 10 µm across either as inclusions in the 
pitchblende or in between the sand particles and in the dyke rocks. 
 
According to Schindlmayr and Beerbaum (1986), the origin of the uranium in the 
Westmoreland deposits is still open to interpretation. Introduction of uranium into the 
sedimentary system may have taken place either detritally, or by exhalative volcanogenic 
activity, or by hydrothermal remobilisation from deep-seated sources.  These authors also 
postulate that heat flow at about 820 Ma generated and maintained hydrothermal 
convection cells in the permeable host rocks.  Uranium introduced to circulating 
oxygenated formation waters by one or more of the above processes was precipitated 
against physicochemical barriers such as basic dykes or lavas, due to the abundant 
supply of divalent iron as a reducing agent.  The Nicholson Granite is not the mineralising 
source as its pre-dates the Westmoreland Conglomerate. 
 
Hochman and Ypma (1984) made thermoluminescence measurements on some 
800 samples from the Westmoreland orebodies and surrounding host rocks up to 8 km 
away.  They concluded that the Westmoreland Conglomerate has suffered major radiation 
damage attributable to at least 10 ppm uranium over 1 billion years, and that it had a high 
inherent uranium content that was remobilised in a convective cell system, possibly 
triggered by intrusion of dolerite dykes or by heat flow along rejuvenated structures. 
 
Rheinberger et al (1998) also consider that the primary conduits for the uranium-bearing 
fluids are the major north-east structures such as the Redtree dyke zone. Migration of the 
uranium-bearing fluids away from the structures was controlled mainly by the porosity of 
the sediments.  Uranium was precipitated adjacent to mafic rocks when oxidising 
groundwaters were reduced by reaction with Fe2+ in solution.  Hematite also formed 
during the reactions.  Chloride ions released by uraninite precipitation were used in 
chlorite formation.  This explains the hematite-chlorite alteration.  The flat-lying 
mineralisation at Redtree formed immediately underneath the Seigal Volcanics and 
subsequent erosion of the basalt and weathering of the mineralisation has changed the 
primary assemblage.  Uraninite has weathered to secondary uranium minerals and 
chlorite has weathered to a mixture of iron oxides and clay (Rheinberger et al, 1998).  
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Because the bulk of the known uranium resource is in sandstone, the deposits are 
collectively grouped here as of sandstone type. 
 

Figure 8.2.1      
Schematic Geological Cross Section Depicting Westmoreland Uranium Deposits 

 
Figure supplied by Laramide resources. 

 
Ahmad (1987) classified the Westmoreland uranium occurrences into five types, based on 
their hydrological and geological settings.  Within each class, the Westmoreland 
Conglomerate was considered to be the most permeable unit.  The deposits within 
Laramide’s Queensland tenements fall into one or other of Ahmad’s Type A or Type B. 
 

9.1 TYPE A 

Type A deposits lie at the contact between Westmoreland Conglomerate and Cliffdale or 
Seigal Volcanics. In sub-type A1 occurrences, the contact between Cliffdale Volcanics 
and Westmoreland Conglomerate is a reverse fault. In sub-type A2 deposits, the contact 
between Westmoreland Conglomerate and Seigal Volcanics is conformable.  Overlying 
volcanics, Westmoreland Conglomerate, or both units may be mineralised adjacent to the 
contact.  Mineralisation is seldom more than a few metres in width, but anomalous 
radioactivity occurs for several tens of metres along the strike of the contact (Ahmad 
1987). 
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9.2 TYPE B 

Type B occurrences are the second most common in the region, and the largest deposits 
are of this type. Mineralisation occurs as sub-horizontal and sub-vertical lenses in 
Westmoreland Conglomerate adjacent to highly altered, generally subvertical dolerite 
dykes that may also be mineralised. Individual dykes are up to 20 m wide, 1 km long and 
are arranged in en echelon sets along northeast-trending lineaments over 15 km long.  
Several of these dykes cut Nicholson Granite and Cliffdale Volcanics (Sweet et al 1981), 
but no uranium mineralisation has been reported where they cut rock types other than 
Westmoreland Conglomerate.  Dyke intrusion was probably contemporaneous with Seigal 
Volcanics, but no age dating has been carried out to confirm this relationship. 
 
Uranium mineralisation is associated with three major northeast-trending lineaments, 
called the Westmoreland, Redtree and El Nashfa dyke zones.  The last two are in 
Queensland and contain the largest known uranium resources in the region. 
 

Figure 9.2.1      
Locations of Principal Uranium Deposits, Westmoreland Region 

 
Compiled by D G Jones from published data. 
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The Redtree dyke zone extends over a strike of 20 km, and hosts the Moongooma, 
Namalangi, Redtree, Junnugunna and Wanigarang prospects. Rheinberger et al (1998) 
contains descriptions of the main deposits, which were explored by various companies 
from 1956 to 1998, when CRA Ltd acquired full ownership.  Inferred resources were 
determined for the three largest deposits: Redtree has 10.2 Mt of ore grading 
0.126% U3O8, Junnagunna has 5.4 Mt of ore at 0.098% U3O8, and Huarabagoo has 1.8 Mt 
at 0.169% U3O8 (Rheinberger et al 1998).  Mineralisation within and proximal to the dyke 
zones is associated with an alteration assemblage of quartz-sericite ± kaolinite in 
sandstone, and hematite-quartz in dolerite. Mineralisation distal to dyke zones is 
associated with chlorite and minor hematite alteration. Primary ore consists mainly of 
uraninite with varying amounts of autunite, ningyoite, bassetite and coffinite. Uranium 
minerals occur as either interstitial to sand grains or as fracture coatings in sandstone and 
within hematite-quartz veins in dolerite (Ahmad and Wygralak 1989, Rheinberger et al 
1998).  Gold is also present, but grade intersections are generally narrow and erratic. 
 
Only minor mineralisation is associated with vertical dyke structures in the El-Nashfa dyke 
zone.  However, flat-lying mineralisation at the Long Pocket prospect is related to dolerite 
sills within sandstone.  Total inferred resources in two small orebodies in the prospect 
area are 1.013 Mt ore grading 0.16% U3O8 (Rheinberger et al 1998). 
 

9.3 DEPOSITS 

9.3.1 Redtree 

In the Westmoreland area most of the deposits are flat-lying lenses flanking the north-
east-trending Redtree joint zone (Culpeper et al, 1999).  Basic dykes are emplaced along 
the joint zone, the southern part of which is known as the Namalangi section, and the 
northern part the Huarabagoo section. Uranium mineralisation occurs either as: 

• Horizontal mineralisation (Fuchs and Schindlmayr, 1981), either sub parallel to 
the contact of the overlying Seigal Volcanics or parallel to intermediate sills in the 
uppermost units of the Westmoreland Conglomerate, or 

• Vertical mineralisation as steeply dipping lenses next to and within the Redtree 
dyke. Horizontal mineralisation may grade into vertical mineralisation near the 
Redtree joint zone (Hills and Thakur, 1975; Schindlmayr and Beerbaum, 1986). 
Significant horizontal mineralisation may extend up to 600 m away from the zone. 
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Figure 9.3.1      

Schematic Longitudinal Section, Redtree Area 
 

Figure supplied by Laramide. 

 
The Redtree deposit (Rheinberger et al, 1998) comprises horizontal mineralisation in the 
Jack, Garee and Langi lenses and vertical mineralisation in the Namalangi lens.  The 
deposit occurs at the south-western end of the Redtree dyke zone.  The horizontal 
mineralisation is entirely hosted by sandstone and is associated with chlorite and minor 
hematite alteration.  The Jack and Langi lenses on the north-western side of the dyke 
zone form flat lying zones of mineralisation 0.10 m below surface, 0.5-15 m thick and up 
to 500 m wide. The mineralisation thickens and steepens near the dyke where it is 
30-40 m thick.  The Langi deposit is some 600 m north-east of the Jack deposit. Grades 
are fairly uniform and average around 0.1% U3O8, with torbernite, metatorbernite and 
carnotite the main ore minerals.  Closer to the Redtree joint zone the deposit grades into 
discontinuous vertical lenses of primary uranium mineralisation. 
 
The Garee lens, on the south-eastern side of the dyke zone, is 5-30 m below surface and 
up to 30 m thick where it is adjacent to the dyke zone.  Mineralisation is mainly 
pitchblende, with secondary uranium mineralisation at its eastern end.  The Namalangi 
lens comprises vertical mineralisation in the Redtree dyke zone, mainly in the sandstone 
between the dykes.  The dykes exhibit chlorite-calcite alteration at their margins and the 
Westmoreland Conglomerate is chloritised near the dykes. 
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a) Huarabagoo 

The Huarabagoo deposit is located 3 km north-east of the Redtree deposit. It is a 
zone of vertical mineralisation in a structurally complex area of the Redtree dyke 
zone.  Multiple injections of smaller dykes (steeply dipping and horizontal) are 
associated with the two main vertical dykes. Most of the mineralisation is within 
the sandstones adjacent to the dykes and the remainder is in the dykes. 
 

b) Junnagunna 

The Junnagunna deposit, approximately 7 km north-east of the Redtree deposit, 
consists of flat-lying mineralisation within sandstone immediately below the 
Seigal Volcanics contact.  The mineralisation is 20 to 30 m below surface and 5 
to 10 m thick and developed on both sides of the dyke zone, and is associated 
with chlorite and minor hematite alteration. It is covered by soil and also by the 
Seigal Volcanics.  This deposit was discovered by drilling on radon anomalies. 
 

c) Long Pocket 

The Long Pocket area contains the Outcamp, Sue and Black Hills deposits. 
These deposits are hosted by sandstone. Mineralisation occurs as a number of 
horizontal lenses, 0.5 to 5 m thick, over an area of approximately one square 
kilometre. Mineralisation occurs along the upper and lower contacts of a sub 
horizontal dolerite sill approximately 5 m thick (Rheinberger and others, 1998). 
Approximately 90% of the mineralisation is in sandstones along the contact and 
the rest is in the sill. 
 
The Black Hills deposit is hosted by sandstone and is adjacent to the contact with 
the overlying Seigal Volcanics. The mineralisation, which is spatially related to 
the east-trending Black Hills dyke, appears to be discontinuous. Insufficient 
drilling has been completed at Black Hills to allow an estimate of resources 
(Rheinberger et al, 1998). 
 
Schindlmayr and Beerbaum (1986) noted that uranium oxides are the main 
economic minerals at Westmoreland, and secondary uranium minerals of the 
phosphate, vanadate, silicate, arsenate and sulphate groups are dominant in the 
weathered parts. In horizontal orebodies open to surface oxidation (such as Jack, 
Langi, upper part of Garee) secondary mineralisation is associated with hematite, 
chlorite and sericite, and forms grain coatings and interstitial fillings.  Oxides are 
the main ore minerals deeper in the Garee deposit, in the horizontal orebodies 
below volcanics (Junnagunna, Sue, Outcamp), and in almost all vertical-type 
mineralisation. Uranium and gold mineralisation coexist in places and this 
association is the youngest mineral phase.  Parts of the Junnagunna horizontal-
type mineralisation and of the vertical type mineralisation at Huarabagoo contain 
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gold; values of up to 80 g/t have been obtained, but more commonly the gold 
assays about 0.2 to 7.0 g/t. 
 
It was originally thought that the vertical-type mineralisation in the Redtree joint 
zone had more potential than the horizontal deposits near the joint zone. Later 
these vertical lenses were found to be discontinuous and the substantial resource 
tonnages attributed at first to the vertical lenses could not be sustained (Fuchs 
and Schindlmayr, 1981).  The bulk of the known uranium resource is contained in 
the stratabound horizontal deposits.  Rio Tinto further explored the vertical 
mineralisation at Huarabagoo in 1990-97 and delineated an inferred resource of 
3000 t U3O8. 
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10. EXPLORATION 

10.1 GENERAL 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
No exploration has been carried out on the property by Mining Associates on behalf of the 
issuer.  Exploration work by the present owner has been limited to airborne geophysical 
surveying, pending the completion of access agreements with the various indigenous land 
claimants. 
 
Preliminary images from Laramide’s high-resolution airborne survey were just becoming 
available as this report was being prepared.  A quick scan of the images indicates that 
they are of very high quality, and have detected a number of radiometric anomalies not 
previously discovered by earlier explorers.  Figure 10.1.1 below shows a total uranium 
count image, with known uranium prospects as yellow dots and new anomalies circled.  
This work indicates that considerable potential exists for expanding the uranium resources 
in the Westmoreland region. 
 

Figure 10.1.1      
High Resolution Radiometric Survey Showing Total Uranium Count 

Compiled by D G Jones from data supplied by Laramide Resources 

 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 65  

 
 

Laramide has proposed a budget of CAD $8 M to carry out the next stage of work at 
Westmoreland.  The objective is to complete sufficient work in 2007 to allow a pre-
feasibility study to be completed by the end 2007, should permitting of a mine 
development seem likely as access to the site is obtained. Mining Associates is 
agreement with this plan. 
 
The budget is designed to support the drilling of 35 000 m of infill drilling to verify and 
improve the quality of previous drilling results.  In addition, a further 5000 m is allocated to 
expand the exploration of the area.  Previously, Rio Tinto had completed approximately 
50 000 m of drilling to produce what Rio classed as a JORC-compliant inferred resource.  
Laramide has recently negotiated with Rio Tinto to obtain the full data set and this was 
used as the basis for the Mining Associates estimates.  Figure 10.1.2 below illustrates the 
drill density at the Redtree deposit, based on plots of known drill collar positions.  So far, 
Laramide has identified 916 drill collar positions on the Queensland portion of their 
Westmoreland tenements, and 241 drill holes on the Northern territory side. 
 
Laramide’s budget also includes provision for environmental baseline studies and 
metallurgical test work. 
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Figure 10.1.2      

Drill Hole Collar Positions, Redtree Prospect 
Figure supplied by Laramide Resources 
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11. DRILLING 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
Laramide Resources have entered into a data license agreement ("DLA") with Rio Tinto 
Exploration Pty Ltd, to license Rio Tinto's historical database for the Westmoreland 
uranium project.  UEL Services was tasked to review the data provided by Rio Tinto 
Exploration, to validate and understand the significance of the available data, and its 
relevance to a resource estimate. 
  
The data comprises a number of databases and datasets that were used in the original 
resource estimate (Rio Tinto 1994, 1995). The data and the type of data provided are 
listed in the attached spreadsheets.  As part of the review a series of maps were 
generated to establish the distribution of drilling based on company, year, type of drilling, 
availability of geology, assay data, and radiometrics. Some cross sections were also 
generated to validate the data. 
 
There are six Access databases available in the Rio Tinto dataset as listed below. As part 
of the validation process, these had to be converted from Access 97 to Access 2003 and 
renamed “original name” 2006.mdb. 
 

11.1 WESTMORELAND.MDB (WESTMORELAND2006.MDB) 

This is an access database which contains the collar coordinates for 2245 drill holes, over 
the entire Westmoreland project area and surrounding areas (Figure 11.1.1). 
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Figure 11.1.1    

Drill Hole Collar Positions (Black Dots), Westmoreland 
Drill hole collar data supplied by Laramide Resources 

 
The database contains the following tables: 

• Base metal Assays: Assay for 25 elements. Not U3O8 nor Au  

• Code Description: description of various codes used in the database tables 

• Collar Locations: location of 2245 drill holes in AMG and local grids 

• Composite assays: 6 m composites for Au  

• Core Density: 845 density values from core samples  

• Core locations: actual location of core in core sheds which no longer exist  
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• Core recovery  

• Downhole surveys: surveys for selected holes only, but not corrected to the local 
grid 

• Duplicate Assays: duplicates of base metal assays, includes U and Au  

• Gold Assays  

• Gold Resampling  

• K-Factor codes  

• K-Factors-CRAE recalculated K-Factors for most drill holes, which were re-
logged 

• Lithology Codes: from-to of lithology, stratigraphic unit, alteration 

• Logging Information: calibration used and dated logged. Also status of drill hole 
(i.e. blocked or not) 

• Merged: U3O8 assays, most data points are at 0.25 m, consist of radiometric data 
and XRF and scintillometer assay data 

• Radiometrics- counts per second data 

• Uranium Assays- XRF data with some scintillometer readings, at sample 
thickness range of 0.03 m to 14 m with 0.5 to 1 m intervals being most common. 

 
11.1.1 Mangooroo.mdb (Mangooroo2006.mdb)  

This database is to be used for the Redtree resource estimate only. It contains holes that 
lie within the Mangooroo grid, which extends from Redtree to Junnagunna, strictly along 
the trend of the Redtree dyke (Figure 11.1.2). 
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Figure 11.1.2    

Drill Hole Collar Positions (Black Dots), Mangooroo Database 
Drill hole collar data supplied by Laramide Resources 

 

 
The database is comprised of the following tables: 

• Collar (1167 locations). 

• Survey: hole, inclination, azimuth, depth, azimuth_trans.  The azimuth was 
converted to local grid in the field called azimuth_trans, by adding 39 to the 
original azimuth value. Grid East is 129 degrees magnetic. The data for vertical 
holes were added as well as other inclined holes which were missing. The 
azimuth and dip were obtained from the dip and azimuth fields from collar table.  

• Geology- Fields of use is the BMR (Stratigraphy equivalent) and the Lith fields. 

• XRS- Assay data, which does not include zero values.  

• XRSZ- Assay data, which includes zero values and was used in the 1994 and 
2006 resource estimate.  

• Data Availability: Checklist of data available. 
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• Rad: No entries; One of the reasons RAD may be empty is that for the 1994 
resource estimate, XRF data took precedence over down-hole gamma uranium 
equivalent assays.  

• Core Density- more data than in the SG table. The usefulness of this table is 
questionable as this is a table inputted from files available on the disk.  

• SG. 

• Gold. 

• Survey back up: only some inclined holes, original survey data, azimuth not 
converted to local grid. Vertical holes are not included.  

 
11.1.2 Junnagunna.mdb (Junnagunna2006.mdb)  

• Collar (450 locations)  

• Domain  

• Survey (only some inclined holes)  

• Geology  

• XRS  

• XRSZ  

• XRU- data from this field to be used in 1994 and 2006 resource estimate  

• Data Availability: Checklist  

• Rad 1995- U3O8 equivalent. 
 
11.1.3 Huarabagoo.mdb (Huarabagoo2006.mdb)  

• Collar (376 locations) 

• Survey (only some inclined holes) 

• Geology 

• XRS 

• XRSZ - Assay data, which includes zero values and was used in the 1994 and 
2006 resource estimate 

• XRU- data from this field to be used in 1994 and 2006 resource estimate 

• Data Availability: Checklist 

• Rad 1995- U3O8 equivalent. 
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11.1.4 Long Pocket.mdb- not included in current work  

• Collar (376 locations)  

• Survey (only some inclined holes)  

• Geology  

• Gold  

• XRS  

• XRSZ  

• Data Availability: Checklist  

• Rad –no data. 
 
11.1.5 Westmoreland Topography.mdb (Westmoreland Topography2006.mdb)  

Topography data to be extracted: 

• Junnagunna 1995 Topo- 103160 elevation points  

• Long pocket Topo Strings- 60510 elevation points  

• Mangooroo DTM- 954549 elevation points. 
 
Other Data Sets  
 
There are numerous files present in the database.  Some of these are not present in any 
of the established Access databases.  Merging these files into selected Access databases 
may help in locating these data points as their format comprises the following: 
 
hole_id, depth_from, depth_to, D1,D2, D3..Dn where D1 to Dn are data values.  
 
The usefulness of this data is debatable due to a lack of information regarding their 
provenance and their purpose has to be deduced. Some are data dumps from the original 
database; others are input files which were used for CRAE’s resource estimation work 
including digitized outlines of the Redtree dyke, point data for surfaces (e.g. hematite and 
chlorite surfaces and topography). Dumps from the ECS block models are also present as 
*.dmp files. 
  
There are also files which are in the Minex format. These were converted to a more 
useable format for direct comparison between new and old resource estimates, in 
particular the 1994 resource block model. 
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Some of the data were converted to Surpac string and dtm format so as to verify their 
content. These include: 

• Dyke outlines set at 50 m intervals, this was further created into a three 
dimensional model (3D) 

• Topography  

• Alteration (top chlorite and bottom hematite alteration zones) 

• Domains- R1, R2 and 12 for Redtree (It appears that the domains are related to 
the mineralized envelope set at 0.03% eU3O8, and therefore may not be useful 

• 1994 resource block model.  
 
The first three items were used to generate selected cross sections, along with the drill 
data.  Figure 11.1.3 exemplifies a typical section.  Note, the red line and the green lines 
show the base of hematite alteration and the top of chlorite alteration respectively. 
 

Figure 11.1.3    
Section 7620 mN, Redtree 

Figure supplied by Laramide Resources 
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11.1.6 Drilling Campaigns  

Six companies undertook various drilling campaign in the period from 1969 to 1995. 
These are Queensland Mines Limited (“QML”), MIM, Minad, Urangesellshaft (“UG”), 
Omega and CRAE.  The attached thematic maps for each deposit highlight the individual 
programs and the type of drilling technique which was used. A summary of work carried 
out at the Redtree deposits is summarised in Table 11.1.1: 
 

Table 11.1.1     
Drill Hole Summary, Redtree Group of Deposits, Queensland 

Deposit Company Period 
Open Hole 
Percussion 

Reverse 
Circulation Diamond core Total 

   No. 
Holes 

Metre 
drilled 

No. 
Holes 

Metre 
drilled 

No. 
Holes 

Metres 
drilled 

No. 
Holes 

Metres 
drilled 

QML 1969-1971 286 14675   49 7637 335 22312 

MIM 1969-1970 26 700   57 2251.2 83 2951.2 

Minad 1975     3 107.9 3 107.9 

UG 1976-1978     8 333 8 333 

Omega 1977     3 183 3 183 

R
ed

tr
ee

 

CRAE 1990-1995 81 2842.6   17 797.13 98 3639.73 

QML 1969-1971 38 1185   92 13176.8 130 14361.8 

Minad 1975     8 594 8 594 

UG 1976-1978 2 178.9   138 11935.5 140 12114.4 

Omega 1977     43 1700 43 1700 

H
ua

ra
ba

go
o 

CRAE 1990-1995 8 367 28 2857 4 326.1 40 3550.1 

UG 1976-1978     222 12442.5 222 12442.5 

QML 1969     3 497.9 3 497.9 

Ju
nn

ag
un

na
 

CRAE 1990-1993 12 1123.9 208 8816 3 149.7 223 10089.6 
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11.1.7 Survey Data 

All drill hole locations were re-surveyed in 1992 by Lodewyk Surveying of Mt Isa. 
Subsequent drilling programs in 1993, 1994 and 1995 were also surveyed. The surveyed 
coordinates were used in the resource estimation. Conversion factors were derived for the 
local grids, during the initial 1992 exercise. (See report by Lodewyk 1992).  
 
Angled holes were drilled to grid east, which is reported by CRAE to be 129 degrees 
magnetic.   
 
Down hole surveys remains problematic as only a selection of drill holes were surveyed 
for down hole deviation.  The magnetic azimuth was later converted to local Mangooroo 
grid azimuth. In spite of this, the drill traces as they are plotted here show a consistent 
deviation to the grid north (Figure 11.1.4).  This has been explained by CRAE 
(Rheinberger and Broadbent 1995) as an artefact of the direction of spin of the drill rods 
and the perceived hardness of the formation. Drifts of 3 to 8 degrees were reported.  The 
actual means of measurement of down hole deviation is unknown.  
 

Figure 11.1.4    
Example of CRAE Drill Trace Plot Showing Northerly Deviation 

 
Vertical holes were not logged for deviation and were assumed to be vertical.  This is 
acceptable for short drill holes, but needs to be verified for drill holes longer than 100 m.  
 
A digital terrain model was generated from aerial photographs.  Plots of the drill hole in 
cross section show reasonable correlation. 
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12. SAMPLING METHOD AND APPROACH 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
No details are available on the sampling done by MIM and Minad, except that for the Jack 
Lens, Minad sampled at either 2 foot (0.61 m) or 3 foot (0.91 m) intervals.  All samples 
were analysed by ACS Laboratories Pty Ltd (“ACS”) using XRF. 
 

12.1 QUEENSLAND MINES LIMITED (“QML”) 

Percussion and core samples from the Jack and Garee lenses were bulked over 3 foot 
(0.91 m) or 6 foot (1.83 m) lengths.  The samples were analysed on site using a Scintrex 
GS-3 spectrometer and any samples >0.05% U3O8 were sent to Amdel in Adelaide for 
analysis by XRF.  The holes were also probed using a Berthold LB1200 gamma logger, 
and anomalous intervals were used as a check against readings from the GS-3 
spectrometer. 
 

12.2 URANGESELLSCHAFT (“UG”) 

The UG percussion samples were bulked into 2-metre lengths and a representative 
sample of approximately 1 kg obtained by quartering the bulk sample at the drill site.  
Core was sawn in half at Camp Ridgeway.  Lengths ranged from 0.1 m to 0.5 m; most 
were bulked into 0.5 m core lengths and sent for assay. During 1976 all UG core samples 
were sent to ACS in Adelaide and analysed for U3O8 by XRF.  The 1977 core samples 
were analysed by Geomin in Sydney using fluorometric and colorimetric techniques.  
Sixteen duplicate samples were checked by ALS in Brisbane; these averaged 10% higher 
assay than Geomin. In 1978 UG sent all core and percussion samples to ALS in Brisbane 
for XRF analysis of U3O8. All the samples sent to Geomin in 1977 were re-assayed by 
ALS using both fluorometric/colorimetric and XRF techniques.  Check analyses were 
carried out by Amdel in Adelaide using XRF.  From 1978 onwards, all UG samples were 
assayed by ALS in Brisbane using XRF.  Twenty duplicate samples were sent in 1980 to 
Pilbara Laboratories in Perth.  The Pilbara results averaged 6% less than the ALS assays. 
 

12.3 CRA EXPLORATION PTY LTD (“CRAE”)  

The CRAE percussion (RC) holes were sampled at 1 m intervals over a riffle splitter for 
dry samples.  Wet samples were bulked sampled and then spear sampled at 1 m 
intervals. Intervals to be sampled were selected based on radiometric response using a 
scintillometer (URTEC UR135).  
 
No mention was made of techniques used to sample drill core. It appears that most of the 
core holes drilled by CRAE were used for metallurgical sampling and were not used for 
resource estimation. 
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13. SAMPLE PREPARATION, ANALYSES AND SECURITY 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 

13.1 SAMPLE PREPARATION 

No details are available on the sampling done by MIM and Minad, except that for the Jack 
Lens, Minad sampled at either 2 foot (0.61 m) or 3 foot (0.91 m) intervals.  All Minad 
samples were analysed by ACS Laboratories Pty Ltd (“ACS”) using XRF.  Standard 
uranium samples prepared by the AAEC were run concurrently on all sample batches, 
and routine repeats and checks performed. In addition, Amdel ran a number of check 
assays. No details are available. 
 
13.1.1 Queensland Mines Limited (“QML”) 

Percussion and core samples from the Jack and Garee lenses were bulked over 3 foot 
(0.91 m) or 6 foot (1.83 m) lengths.  The samples were analysed on site using a Scintrex 
GS-3 spectrometer and any samples >0.05% U3O8 were sent to Amdel in Adelaide for 
analysis by XRF.  The holes were also probed using a Berthold LB1200 gamma logger, 
and anomalous intervals were used as a check against readings from the GS-3 
spectrometer. 
 
13.1.2 Urangesellschaft (“UG”) 

The UG percussion samples were bulked into 2-metre lengths and a representative 
sample of approximately 1 kg obtained by quartering the bulk sample at the drill site. Core 
was sawn in half at Camp Ridgeway. Lengths ranged from 0.1 m to 0.5 m; most were 
bulked into 0.5 m core lengths and sent for assay. During 1976 all UG core samples were 
sent to ACS in Adelaide and analysed for U3O8 by XRF.  The 1977 core samples were 
analysed by Geomin in Sydney using fluorometric and colorimetric techniques. Sixteen 
duplicate samples were checked by ALS in Brisbane; these averaged 10% higher assay 
than Geomin. In 1978 UG sent all core and percussion samples to ALS in Brisbane for 
XRF analysis of U3O8. All the samples sent to Geomin in 1977 were re-assayed by ALS 
using both fluorometric/colorimetric and XRF techniques.  Check analyses were carried 
out by Amdel in Adelaide using XRF. From 1978 onwards, all UG samples were assayed 
by ALS in Brisbane using XRF.  Twenty duplicate samples were sent in 1980 to Pilbara 
Laboratories in Perth. The Pilbara results averaged 6% less than the ALS assays. 
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13.1.3 CRA Exploration Pty Ltd (“CRAE”)  

The CRAE percussion (RC) holes were sampled at 1m intervals over a riffle splitter for dry 
samples.  Wet samples were bulked sampled and then spear sampled at 1 m intervals. 
Intervals to be sampled were selected based on radiometric response using a 
scintillometer (URTEC UR135).  
 
No mention was made of techniques used to sample drill core. It appears that most of the 
core holes drilled by CRAE were used for metallurgical sampling and were not used for 
resource estimation. 
 

13.2 CORE DENSITY  

The bulk density used for the 1994 CRAE resource estimate was 2.50 based on 
measurements done in 1982 mostly from Huarabagoo (Gilfillan 1996).  During the 
1994-1995 drilling programmes, CRAE tested an additional 276 samples from 
Junnagunna and 377 samples from Huarabagoo, taking into account the high porosity of 
the samples.  A bulk density of 2.52 for Junnagunna and 2.67 for Huarabagoo were 
calculated.  
 
The resource estimate calculated by Mining Associates modelled the density data using 
the 571 individual samples measured by UG in 1982 and the 653 individual samples 
measured by CRAE. This confirmed a figure of 2.5 was appropriate. 
 

13.3 ANALYSES 

The assay tables present in the various databases have been collated from the various 
sources (XRF, radiometrics, scintillometer), with XRF being given priority in the 1994 
resource estimate and with radiometrics given a priority for the 1995 resource estimate at 
Junnagunna and Huarabagoo (Rheinberger & Broadbent 1995, Gilfillan 1996). The assay 
table used by CRAE and Mining Associates in their resource estimate for Redtree is xrsz 
in the mangooroo.mdb database. For Junnagunna and Huarabagoo, it is the xru table in 
the junnagunna.mdb and huarabagoo.mdb databases. XRF assays was used for high 
grade intercepts, with down hole gamma being used predominantly for the lower grade 
material.    
 
Duplicates and standard assay samples were collected by CRAE; however validation of 
assay results via these duplicates and check assays between labs was not carried out by 
CRAE (Gilfillan 1996).  Duplicate assays for base metals, gold and uranium are present in 
the westmoreland.mdb database. No record of work done has been done on validating 
their reliability. No information is available regarding assay data from previous companies.  
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A comparison of available duplicate samples for uranium, cobalt, copper, zinc and iron 
was carried out.  The duplicate assays were extracted from the Westmoreland.mdb 
database (Tables merged, duplicate assays and base metal assays) and plots of original 
assays vs. duplicates were created (see Figure 13.3.1 - Figure 13.3.5).  The correlation 
between original and duplicate is generally very good with R

2

 of approximately 85%). The 
amount of data is a very small subset of the total database and is from the CRAE and UG 
work. 
 

Figure 13.3.1    
Correlation Plot of Original and Duplicate Westmoreland Uranium Assays 

Figure supplied by Uranium Equities Limited 
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Figure 13.3.2    

Correlation Plot of Original and Duplicate Westmoreland Cobalt Assays 
Figure supplied by Uranium Equities Limited 

 
 

Figure 13.3.3    
Correlation Plot of Original and Duplicate Westmoreland Copper Assays 

Figure supplied by Uranium Equities Limited 
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Figure 13.3.4    

Correlation Plot of Original and Duplicate Westmoreland Zinc Assays 
Figure supplied by Uranium Equities Limited 

 
 

Figure 13.3.5    
Correlation Plot of Original and Duplicate Westmoreland Iron Assays 

Figure supplied by Uranium Equities Limited 
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13.4 URANIUM EQUILIBRIUM 

Work on calibration of CRAE’s downhole gamma tool was methodical and appears 
reliable. Some historical holes were re-logged by CRAE.  There were a number of gamma 
tools used at Westmoreland.  Tools labelled 89G to 94G refer to tool 1303 which had a 
small crystal (0.5” x 0.75”).  The other tool used was a natural gamma lithology tool with a 
larger crystal (0.5” x 1.75”).  Maps were generated to establish the distribution of tools 
used in addition to which holes were logged geophysically within each deposit. 
 
The effect of disequilibrium was discounted by CRAE (Rheinberger and Broadbent 1995, 
Gilfillan 1996) as they believed that accumulation of radon gas in drill holes was the main 
culprit for the inability to repeat previous results.  This appears valid when holes were re-
logged one or two years apart.  Their tool was monitored on a weekly basis in an historical 
hole (PDN29).  
 
Assays from the various programs and the techniques used have not been tested for 
homogeneity.  It is suggested that sample support would differ between XRF and down 
hole gamma especially due to the techniques and sampling intervals involved.  
 
The derivation of the K Factor is reported in the appendices of the Rheinberger and 
Broadbent (1995) report. In short, the procedure involves plotting the assay data as GT 
(grade x thickness) against the corresponding gamma counts per second for the same 
interval.  A regression line, such that y=ax, where the K factor is then generated. 
Disequilibrium, drill hole and z effects have not been taken in consideration.  
 
There is mention that scintillometer derived equivalent U3O8 was unreliable due to sample 
sizes.  This is because scintillometers were designed to be a qualitative tool to identify the 
presence of anomalous radioactivity and not a quantitative tool. Gilfillan 1996). 
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14. DATA VERIFICATION 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
The area was visited by David Jones of Mining Associates as part of the project review for 
the preparation of the 2005 report on this project. During the visit, a number of bore collars 
were observed in the Redtree, Junnagunna and Long Pocket prospect areas.  Numerous 
outcrops of the Westmoreland Conglomerate and the dykes that intrude it were inspected.  
The location of the core drilled by previous explorers has not, at this stage, been 
ascertained so the core could not be inspected.  The area of the Laramide licences in 
Queensland and the Northern Territory was overflown at low altitude and evidence of 
exploration work and mining was observed at all significant localities marked in the open 
file reports. 
 
As well as several hundred open file reports made available by the GSQ, a large volume 
of published data was reviewed by David Jones.  These publications are listed in the 
References.  This independent material did not conflict with the information supplied by 
Laramide. 
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15. ADJACENT PROPERTIES 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
The only significant uranium deposit outside the Laramide tenements is Eva, located in 
the Northern Territory.  Eva was discovered in 1958 from surface showings of secondary 
uranium minerals in float and evaluated by BHP Ltd during 1958-1959 (Morgan, 1965).  
During 1960-1962, South Alligator Uranium NL selectively mined 306 t of ore averaging 
8.37% U3O8 to a depth of 28 m, which was trucked to Rum Jungle for processing. It is 
estimated (Morgan, 1965) that 3000 t of ore grading 1% U3O8 remains in a spoil dump at 
the mine, and 5600 t ore at 0.56% U3O8 remains in situ at the deposit (Ahmad 1982). 
 
Geology in the area comprises acid to intermediate volcanic rocks of Cliffdale Volcanics 
that strike northeast and dip steeply northwest, which are unconformably overlain by 
moderately to steeply north-dipping Westmoreland Conglomerate. Most mineralisation at 
Eva is controlled by shears and fractures in intensely altered porphyritic acid volcanic rock 
(Ahmad 1982).  The orebody is lenticular in shape, 60 m long and up to 10 m wide, strikes 
east-west and dips steeply to the north.  Nicholson Granite underlying the deposit and 
exposed to the west is barren of mineralisation, which cuts out 3-6 m away from the 
contact with Cliffdale Volcanics (Morgan, 1965). 
 
Alteration at Eva is unlike any of the other occurrences studied in the region (Ahmad and 
Wygralak 1989). Mineralisation is associated with sericite-epidote-quartz rock with rare 
hematite.  Quartz-topaz rock was noted 100 m along strike to the north of the ore zone, 
and quartz-cassiterite-topaz veins also occur east of the ore zone. Greisenisation of 
Cliffdale Volcanics was suggested by these observations (Ahmad and Wygralak, 89), but 
it is unclear whether it was contemporaneous with uranium mineralisation, or related to 
known tin-tungsten ore similar to that at Crystal Hill 5 km to the south-southeast of Eva. 
 
High-grade ore lenses that were selectively mined consisted of a central core of remnant 
pitchblende and secondary uranium minerals surrounded by massive uranium ochres 
replacing host rocks (Morgan, 1965).  Lenses pinched out laterally into barren quartz 
veins less than 15 cm wide.  Low-grade ore consisting of secondary uranium minerals 
coating joint and fracture surfaces occurred to 8 m depth.  Ore minerals were dominated 
by sklodowskite, boltwoodite, beta-uranophane and remnant pitchblende, with minor 
amounts of saleeite, autunite and torbernite.  Gold and silver was distributed erratically, 
but generally associated with high uranium grades. Small amounts of galena, manganese 
oxide and copper carbonate were also associated with ore. 
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16. MINERAL PROCESSING AND METALLURGICAL TESTING 

16.1 INTRODUCTION 

Laramide have not carried out any metallurgical testwork at the time of this study.  
However, previous scoping style testwork was conducted by CRA which was supplied to 
GRD Minproc for reviewing, these are listed below:  

• Crushing Simulations for a Uranium Heap Leach Project (JKTech 93046 – 
May 1993). 

• Mineralogy of CRA Westmoreland HQ Core Samples and Selected Leach 
Residues (ANSTO R94m042 – March 1994). 

• Westmoreland Project – Extraction of Uranium from Various Ores (ANSTO/C367 
– March 1994). 

• Mineralogy of Westmoreland Uranium Ore Samples (ANSTO/C305 – 
December 1992). 

• Location of Unleached Uranium in Conventional Agitation Leach Residues from 
CRA Westmoreland Ores (ANSTO/C315 – May 1993). 

• Mineralogy of CRA Westmoreland Ore Samples (ANSTO/C323 – May 1993). 

• Evaluation of the Junnagunna and Huarabagoo Samples from the Westmoreland 
Uranium Deposit (CRAE Rep 21463 – November 1995). 

• Westmoreland Project - Resource Update Study (Minenco Pty Ltd – November 
1995). 

• Laboratory Testing of Redtree/Westmoreland Uranium Ore and Rainwater Leach 
Tests (ANSTO/C351 – Oct 1993). 

• Laboratory Testing of Redtree/Westmoreland Uranium Ore (ANSTO/C326 – 
May 1993). 

• Lead Isotope Results Redtree Uranium Deposit (Rep 18738 – April 1993). 

• Metallurgical Testing of Six Murphy Uranium Ore Samples by Amdel 
(Rep 07019/90 – December 1989). 

• Metallurgical Testing of Redtree Uranium Ore by Amdel (Rep 06836/89 – 
March 1989). 

 
The review focussed on the more recent information.  Further testwork will be required to 
ensure that the samples are representative of the orebody to satisfy the requirements for 
further studies. 
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16.2 MINERALOGY 

The Australian Nuclear Science and Technology Organisation (ANSTO) conducted two 
main mineralogical investigations identifying the uranium occurrences within the various 
Westmoreland ores.  The main minerals present in the various Westmoreland ores are as 
follows: 

• Uraninite/Pitchblende (UO2/UO3):  Uraninite represents the bulk of the uranium 
bearing occurrences in the total ore body.  It is characterised by being the highest 
grade uranium mineral containing up to 88% U. 

• Coffinite (U(SiO4)1-x(OH)4x):  Coffinite is one of the most abundant minerals in the 
Westmoreland ores.  It is characterised by having an average of 60% U.   

• Autunite (Ca(UO2)2(PO4)2 10-12H2O):  Autunite generally contains 50% U.  It is 
present across the whole ore body but more prominent in the unoxidised/fresh 
zones. 

• Carnotite (K2(UO2)2(VO4)2 3H2O):  Carnotite is mainly present in the oxidised ore 
zones and appears to be absent from the fresh ores.  It generally contains 
55% U. 

• Torbernite (Cu(UO2)2(PO4)2 8-12H2O):  Similar to carnotite, torbernite appears 
mainly in the oxidised zones with very little evidence of it appearing in the fresh 
ores.  It contains 47% U. 

• Bassetite (Fe(UO2)2(PO4)2 8H2O):  Bassetite occurs across the whole ore body 
but somewhat more predominant in the oxidised ore zones.  It contains 51% U. 

• Other minor minerals are ningyoite, brannerite, sklodowskite and boltwoodite. 
 
The main gangue minerals that were identified in the ANSTO report are chlorite, 
haematite, kaolinite and limonite.  
 
It is worth noting that there are minor occurrences of sulphide minerals such as pyrite, 
marcasite, galena and chalcopyrite.  This is specifically relevant to waste handling to 
ensure that acid mine drainage is handled accordingly if it occurs. 
 

16.3 ORE CHARACTERISATION 

JK Tech, which is the commercial division for the JK Mineral Research Centre, conducted 
some ore characterisation testwork, specifically, in relation to ore preparation for heap 
leaching.  This consisted of Pendulum tests as well as Bond work index tests on oxidised 
and fresh ore.  The results for the tests are summarised in Table 16.3.1. 
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Table 16.3.1     

JK Tech Ore Characterisation Results 
Parameter A b Axb Bond Work Index 

(kWh/t) 
Oxidised Ore 69.8 2.10 146.6 17.2 

Fresh Ore 79.0 1.80 142.2 19.4 

 
The Axb values, which are JK parameters indicating overall ore hardness and used in the 
design comminution circuit designs, indicate that the ore is not at all competent and 
should be relatively easy to crush. 
 
Based on the reported numbers JK Tech ran some crushing simulation with various circuit 
configurations targeting P100 of 50, 25 and 12 mm.  The circuit selected targets a P100 of 
12 mm utilising a conventional three stage crushing circuit as this was the size used in the 
ANSTO column leach tests. 
 
GRD Minproc used the numbers in Table 16.3.1 to evaluate the comminution circuit 
requirements for the conventional leaching option.  Based on the relatively low ore 
competency and bond work index a single stage jaw crusher producing a P100 of 150 mm 
has been selected to perform the size reduction from the run of mine ore and a single 
stage semi-autogenous (SAG) mill has been selected for the grinding duty to produce a 
P80 of 180 µm.  The SAG mill will be operated in closed circuit with hydrocyclones and 
with a relatively high ball charge to achieve the required grind in one stage. 
 
The specific density of the ore is assumed to be 2.80 and the bulk density of the crushed 
ore was estimated to be 1.55 based on ANSTO’s column leaching testwork. 
 
Abrasion indices, rod mill indices and rheology tests were not conducted previously.  It is 
recommended that this testwork is done at the next phase of the project as well as further 
crushing and grinding tests to address any possible variability issues. 
 

16.4 HEAP LEACHING 

Testwork by both ANSTO and Amdel indicate that the Westmoreland ore is amenable to 
heap leaching and Minenco adopted this approach in their Westmoreland process circuit 
design. 
 
The ANSTO testwork, which is more recent, used two metre high, 150 mm diameter 
columns to conduct three separate tests.  In each of the tests the following common 
parameters were maintained: 

• Ore was crushed to 100% passing 12 mm and P80 of 10 mm 

• Ore contained in the columns was approximately 50 kg 
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• Sulphuric acid concentration was maintained at 10 g/L 

• Oxidation reduction potential (ORP) was maintained at 475 mV by adding 
hydrogen peroxide (H2O2) 

• Solution flow rates averaged between 1.18 L/m2/min to 1.38 L/m2/min or 
70.8 L/m2/h to 82.8 L/m2/h 

• Solution bleed to ion exchange column to extract leached uranium and control 
the uranium tenor in the circulating liquor.   

 
The results of the leach tests are summarised in Table 16.4.1. 
 

Table 16.4.1     
ANSTO’s Column Leach Test Results 

Column Leach Time 
(Days) 

Extraction 
(% U) 

% Passing 
300 µm 

Acid 
Consumption 
(kg H2SO4/t) 

Peroxide 
Consumption 

(kg H2O2/t) 
Oxidised ore 34 92-93 9.3 4.2 0.6 

Fresh ore 44 77-78 8.7 12.9 1.1 

 
In general, the solution flowrates through the columns were exceptionally high.  This 
appears to be due to the relatively small amount of fines present in the ore.  The high 
solution flowrates appear to have contributed to the exceptionally fast leach times (31 to 
44 days).  This would indicate that relatively deep heaps are practical.  However, in 
practice it would not be possible to achieve such high specific flowrates without flooding.  
 
ANSTO conducted size by size analysis of the leach residue.  The results indicated that 
the uranium extraction in the oxidised ore was fairly consistent across the different size 
ranges.  For the fresh ore, the uranium extraction suffers across the sizes and is 
specifically evident in the finer fractions, which is an indication of the presence of some 
refractory material.  This was further confirmed from the conventional leach tests 
discussed later in the report. 
 
If heap leaching is to be revisited, it is recommended that further column leach tests are 
conducted using taller columns to confirm solution percolation rates.  Testwork with 
coarser crushed oxide ore to investigate the possibility of reducing the overall crushing 
circuit size would also be beneficial from both capital and operating costs savings.  Pilot 
heap leaching should also be considered in detailed feasibility stage.  Bottle roll tests are 
also advocated to determine the ultimate uranium dissolution efficiency at the different 
product sizes. 
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16.5 CONVENTIONAL AGITATION LEACHING 

ANSTO conducted a number of scoping conventional agitated leaching tests for the 
oxidised and fresh ores under a variety of conditions.  The variables were as follows: 

• Particle size distribution:  Several tests were conducted with various particle size 
distributions to examine the effect of the particle size on uranium extraction.  All 
grinding was performed dry in a laboratory rod mill to minimise slimes production. 

• Temperature:  The leach temperatures were varied between 40°C and 60°C. 

• Slurry density:  Leach tests were done at 55% and 65% w/w solids. 

• pH:  The pH of the leach tests was varied between 1.0 to 1.9 by controlling the 
addition of sulphuric acid. 

• ORP:  This was tested between 270 to 550 mV by the addition of hydrogen 
peroxide. 

• Oxidant:  Hydrogen peroxide (H2O2), sodium chlorate (NaClO3) and pyrolusite 
were all trialled as oxidants. 

• Water:  Most of the tests were conducted using demineralised water, however 
site water was trialled and no detrimental impact on uranium extraction was 
observed. 

 
Based on the above tests, ANSTO proposed the following leach conditions for plant 
design: 

• Grind size:  30 to 40% passing 75 µm, which correlates with the P80 of 180 µm 

• Slurry density:  55% w/w solids 

• pH:  1.0 to 1.5 

• Leach time:  16 to 24 hours 

• Leach temperature:  40ºC 

• ORP:  475 mV. 
 
Under these conditions ANSTO expected the following plant performance: 

• Acid consumption:  10 to 20 kg H2SO4/t ore 

• Hydrogen peroxide consumption:  1.0 to 1.7 kg H2O2/t ore 

• 96% uranium extraction for the oxidised (weathered) ore 

• 87% uranium extraction for the fresh (unweathered) ore. 
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ANSTO performed size by size analysis and scanning electron microscopy (SEM) on the 
leach residues to identify the location of unleached uranium.  This identified the presence 
of some “refractory” type uranium minerals some of which were amenable to leaching by 
further reduction of pH to 1.0.   
 
This should be further investigated to determine the economics of these leach conditions.  
Leach tests should also be conducted at ambient temperature to determine the leach 
efficiency and the need for heating of leach tanks.  
 

16.6 SOLID LIQUID SEPARATION 

16.6.1 Settling Tests 

Leach residue settling tests conducted by ANSTO were not comprehensive because of 
the emphasis given to the heap leach process option.  However, settling tests on leached 
slurry residues showed some promise with material settling at a rate of 5.3 mm/min using 
a fairly low dose of a non ionic polyacrylamide flocculant (Magnafloc 333).   
 
This area needs to be further investigated with more comprehensive testwork to validate 
ANSTO’s recommendations for counter-current decantation. 
 
16.6.2 Filtration 

ANSTO conducted one vacuum leaf test on one of the conventional leach residues.  The 
filtration rate was slow with the form rate being 66 kg/m2/h.  As a result it was concluded 
that the leach residue was not suitable for vacuum filtration.   
 
Further filtration tests should be conducted covering both vacuum and pressure filtration 
as alternatives to the CCD option. 
 

16.7 URANIUM SEPARATION AND PRECIPITATION 

Uranium leach conditions are generally aggressive as evidenced by the high ORP and low 
pH values.  Impurities are leached into solution, specifically iron as it acts as the main 
oxidant for uranium leaching, with the ferric (Fe3+) reduction to ferrous (Fe2+) being one of 
the main drivers for the oxidation of the uranium to its hexavalent (U6+) state.  Many other 
impurities such as silica, magnesium, aluminium, vanadium, arsenic, copper and thorium 
are also leached into the liquor.  Uranium converters have strict requirements on some of 
these elements and as a result they need to be controlled to ensure that the set 
specifications are not exceeded. 
 
ANSTO conducted some liquor analyses of the leach liquors from both the column leach 
(after 30 days) and conventional leach (after 24 hours) tests.  A summary of the key 
impurities is represented in Table 16.7.1. 
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Table 16.7.1     

ANSTO’s Comparison of Leach Liquor Compositions 
 Ore Fe  

(mg/L) 
Si 

(mg/L) 
Mg 

(mg/L) 
Al 

(mg/L) 
Column 1 Oxidised Ore 1270 144 64 227 

Column 3 Fresh Ore 4330 680 653 1210 

Oxidised Ore 1760 303 54 470 Conventional Leaching 
(pH = 1.0) Fresh Ore 2895 555 161 940 

 
The presence of these impurities and the other minor ones calls for the liquor to purified to 
ensure that the final uranium product will meet the customer specifications.  ANSTO 
conducted testwork for direct precipitation, fixed bed ion exchange (IX) and solvent 
extraction (SX). 
 
16.7.1 Ion Exchange (IX) 

ANSTO used Amberlite IRA-420 in most of the resin testwork due to its availability and 
performance.  The testwork was done on the column leach liquors with 0.6 to 2.2 g U/L 
bleed from the circulating liquor taken and passed through the IX column. 
 
The IX column was then eluted using a 1.0 M NaCl/ 0.1 M H2SO4 solution.  The resulting 
eluate was assayed for U, Fe, Si, V, Cu, Ni, P, Bi, Mo, Ti, As and Zr.  The results were 
relatively variable with the major impurities being phosphorous and arsenic.   
 
The resulting eluate was precipitated with ammonia as uranium diuranate (ADU) at 
7.3 < pH > 7.7.  The ADU precipitate contained 78.1±0.9% U3O8 with 0.11% Fe and 
1% As, which is well above the 0.1% As limit imposed by most converters. 
 
16.7.2 Solvent Extraction (SX) 

ANSTO selected the Amex process for the SX batch testwork.  This process uses tertiary 
amine to recover uranium from sulphuric acid leach liquors.  It is a widely used process 
due to its high selectivity of uranium over other metal ions such as Fe3+, Th4+, V4+ and Ti4+.  
Alamine 336 was selected as the extractant.  The organic phase (solvent) was prepared 
as follows: 

• Extractant: 3% v/v Alamine 336 

• Modifier:  2% v/v Isodecanol 

• Diluent: Shellsol D70. 
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The pregnant liquor used was obtained from the conventional leach tests and was 
selected specifically for higher iron and uranium concentrations.  The leach liquor 
composition was as follows: 

• U: 1.1 to 1.4 g/L 

• Fe3+: 1.5 g/L 

• Fetotal: 1.9 g/L 

• pH: 1.5. 
 
The SX process achieved lower product impurity levels than IX with the ADU precipitate 
contained arsenic levels lower than 0.01%.  The recovery was reasonably high and as a 
result ANSTO recommended the use of SX in flowsheet development. 
 
It is recommended that further SX testwork is conducted and that the construction of 
extraction isotherms and McCabe-Thiel diagrams to determine the optimum number of 
extraction/strip stages is carried out. 
 
16.7.3 Direct Precipitation 

ANSTO conducted direct precipitation batch tests, where the iron in solution was 
precipitated first followed by re-leaching to recover any precipitated uranium and uranium 
peroxide precipitation.  This resulted in a low grade uranium product (53% U3O8) that was 
very high in impurities with iron and aluminium being 4.6% and 6.4%, respectively.  The 
uranium recovery was also fairly low.  As a result, direct precipitation was disregarded by 
ANSTO as a viable uranium separation option. 
 

16.8 RECOMMENDATIONS FOR FUTURE WORK 

The following is recommended in relation to further metallurgical testwork for the 
upcoming phases: 

• Mineralogy:  There are minor occurrences of sulphide minerals such as pyrite, 
marcasite, galena and chalcopyrite in the waste.  This is specifically relevant to 
waste handling to ensure that acid mine drainage is handled accordingly if it 
occurs.  Further mineralogy work is required to determine the presence and 
quantity of these minerals in the ore. 

• Ore Characterisation and Comminution:  Abrasion indices, rod mill indices and 
rheology tests were not conducted previously.  It is recommended that this 
testwork is done at the next phase of the project as well as further crushing and 
grinding tests to address any possible variability issues. 
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• Conventional Leaching:  Leach conditions should be further investigated to 
determine their economics.  Leach tests should be conducted at ambient 
temperature to determine the economic benefit of not using steam to heat up the 
slurry to 40°C.  Conduct economic evaluation of acid addition at lower slurry 
densities versus the installation of a leach feed thickener to increase the slurry 
density and reduce the leaching circuit size. 

• Solid-Liquid Separation:  If conventional leach is the preferred option 
financially, testwork is required to determine the most economical method to 
achieve uranium recovery.  Settling tests need to be conducted as well as 
filtration tests on the leach liquor residue to decide whether a CCD circuit or a 
filtration circuit would be most economically viable. 

• Uranium Separation:  It is believed that no further IX work is required.  It is 
recommended that continuous SX testwork is carried out.  The testwork should 
incorporate the construction of extraction isotherms and McCabe-Thiel diagrams 
to determine the optimum number of extraction/strip stages. 

• Product Drying:  A multi-hearth furnace was selected for product drying for this 
study.  Discussions with uranium converters should take place to investigate the 
possibility of using a less capital and energy intensive process can be used. 

 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 94  

 
 

17. MINERAL RESOURCE AND MINERAL RESERVE ESTIMATES 

This section was extracted from Mining Associates’ Report titled “A Review and Resource 
Estimate of the Redtree Group of Uranium Deposits – Westmoreland, Australia – Held by 
Laramide Resources Ltd” and published on 16 October 2006.   
 
A complete re-estimation of the resources for the Redtree group of deposits was made by 
Mining Associates using historical data as supplied by Westmorland as referred to in the 
October 2006 report.  The full section of that report is re-stated below for completeness. 
 

17.1 APPROACH 

17.2 SUPPLIED DATA 

The information as supplied by Westmorland and used for geology modelling and 
resource estimation consists of original resource models, topography, geology wireframes 
and drill databases (see Table 17.2.1). 
 

Table 17.2.1     
Data as Supplied by Laramide 

1994 Data files Comments 

1994 resource block model. Imported into Surpac block model format, reported 

and validated. 

Dyke outlines set at 50m intervals 3D solids of each dyke, used to restrict outlines ore 

mineralisation envelopes. 

Topography DTM of surface, quite detailed. 
Domains- R1, R2 and 12 for Redtree (It appears that 
the domains are related to the mineralized envelope 
set at 0.03% eU3O8, and therefore may not be 
useful. 

Used as a guide to the outlining of the new resource 

domains (see later) 

Alteration (top chlorite and bottom hematite alteration 
zones). DTM’s, also used as a guide 

 
In addition, the drill-hole databases referred to in section 11 were used as the basis for 
geology modelling and resource estimation. 
 

17.3 DIMENSIONS 

Each of the 3 main ore deposits within the Redtree group areas were modelled 
separately, according to surface vein orientation and drilling direction.  In total 16 separate 
areas were defined and modelled: 
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Figure 17.3.1    

Redtree Group Geological Domains, as Modelled 
 

 
The total area measures 8 km long by 1 km wide (see Figure 17.3.1). 
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17.4 GEOLOGICAL INTERPRETATION 

The main high grade portion of the Redtree resource consists of a complex array of flat 
lying ore and steeper zones around the dykes, as discussed earlier in the geology section.  
At the scale of resource estimation and mining these higher grade zones have distinct 
dimensions and orientations which can be modelled in three dimensions using geological 
modelling software.   
 
The modelling work has resulted in a highly domained model separating grade material 
from the marginal alteration.  Being able to distinguish significant volumes of potentially 
ore grade material is a distinct advantage in deposits where the global average grade is 
relatively low or where the economics of the deposit are marginal.  It also supports the 
fundamental statistical concept of “stationarily”, which states that it is only possible to 
accurately characterise a single grade population at a time.  If we have more than one 
population than these should ideally be divided into separate domains. 
 
Geological and grade modelling work encompassed all available drilling.  Modelling work 
was extended vertically to the limits of the current drill hole assay database. 
 
Cross sectional geological compositing of drill data utilising Surpac Vision software was 
undertaken to flag mineralised zones. The cross sections were generated on section 
spacings of 20 m or 30 m orientated perpendicular to the strike, i.e. by northing.  The 
interpretation of the geological composite zones was based on the following assumptions: 

• Vein composites having an average U3O8 grade above 0.02% 

• All composites were written to the database in a separate table by Surpac 

• Each deposit had a separate composite table 

• Domain outlines were drawn on section, snapped to drill holes, and excluding 
dyke material. 

 
Modelled drillhole intervals were used to generate 2 m composites datasets for each 
domain for grade estimation purposes.  On screen digitising of domain outlines for 3D 
solid modelling was undertaken concurrently with the compositing.  The interpreted zones 
only incorporated the composites (see Figure 17.4.1); the following parameters were used 
to assist with the interpretation: 

• Surface topography 

• Outlines of dykes 

• Hematite and Chlorite boundaries. 
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Figure 17.4.1    
Type Section Red Tree 7240N with Drill Holes, Domain Outlines and Block Model 

 

 
The cross sectional interpretations of the domains were used for 3D solid wireframe 
modelling (see example Figure 17.4.1). These solid models were used to generate sub-
blocked volume models for resource reporting and future mine planning studies. Solids 
are often quite complex and made up of several isolated portions, for example 
Huarabagoo was 7 domains composed of a total of 42 separate wireframes. Projection 
beyond the last drillhole was ½ the distance to the next section. 
 
A small internal waste domain was defined in the roll-over area to the west of the dyke at 
Red Tree deposit.  This is a very complex area and further work is likely to show the 
current model is somewhat of a simplification. The higher grade material around the dykes 
is poorly drilled and therefore understood in all the deposit areas, there is considerable 
potential to increase resources at depth. 
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Table 17.4.1     

Tree Group Geological Domains 
Deposit Domain 

name 
Domain 
number 

File Object Tri 

sw 1 interp_red_tree_west_unsmoothed20060830.dtm 6 1,2 
dw 2 west_limit_polygon1.str   

dww 6 interp_red_tree_west_int_waste20060830.dtm 1  
dm 3 interp_red_tree_east_unsmoothed20060830.dtm 7  
de 4 interp_red_tree_east_unsmoothed20060830.dtm 4:13  
se 5 eastern_limit_polygon2006.str   

R
ed

 T
re

e 

sw_n 7 interp_red_tree_west_unsmoothed20060830.dtm 20  
v1 11 huarabagoo_interp_all_20060925.dtm 1 1,19 
v2 12 huarabagoo_interp_all_20060925.dtm 2 1,2 
v3 13 huarabagoo_interp_all_20060925.dtm 3 1 
v5 15 huarabagoo_interp_all_20060925.dtm 5 1,8 
v7 17 huarabagoo_interp_all_20060925.dtm 7 1,2 H

ua
ra

ba
go

o 

v9 19 huarabagoo_interp_all_20060925.dtm 9  
ed 21 jg_interp_east_solid20060920.dtm 2  
es 22 jg_domains20060922.str   
wd 23 jg_interp_west_20060824.dtm 3  

Junnagunna 

ws 24 jg_domains20060922.str   

 
17.5 DATA PREPARATION AND STATISTICAL ANALYSIS 

Statistical analysis of the grade data was carried out using the Isatis geostatistical 
software package. The Isatis package is an internationally recognised geostatistical 
software toolbox used by all the major global mining houses; Isatis can be used at all 
stages of the mining process from initial feasibility studies though to production control.   
 
The purpose of the statistical analysis is to define the main characteristics of the 
underlying grade distribution to assist with the geological and grade modelling work.  This 
process is important as the statistics of the individual sample populations can influence 
how the grade data is treated and the application of the grade estimation techniques.  For 
example highly skewed data may require special grade capping and semivariogram 
analysis requirements. 
 
The Westmoreland drillhole database is stored in an Access relational database. The 
Westmoreland database is connected directly to Surpac Vision (geological and mining 
software) for data display, down-hole compositing and wireframing of homogeneous grade 
domains. 
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17.5.1 Compositing 

The composite length is important, as each drillhole grade should have the same support 
for grade estimation purposes.  Support is generally taken to be the sample length, 
assuming that all drillholes are of the same diameter.  Grades with approximately equal 
length (support) are preferred as this minimises the potential for grade bias issues related 
to uneven support.   
 
When considering the optimal composite length issues such as grade variance, deposit 
geometry in relation to drillhole orientation and proposed mining method (open pit, 
underground, mining selectivity) were considered. 
 
After looking at a range of composite lengths from 1 m to 5 m (see Table 17.5.1) the 2 m 
composite was chosen for statistical analysis and grade estimation.  The selection of 2 m 
composites took into consideration grade statistics and the physical constraints of fitting 
composites into the tabular portions of the Westmoreland orebody.  The 2 m composites 
were used for both the modelled stratiform and dipping portions of the Westmoreland 
orebodies immediately adjacent to the intrusive dykes. 
 
Grades with composite lengths less than 50 per cent of the total length were removed 
from the database because the grades were deemed to be too unreliable.  Only 
composites with lengths greater than 50 per cent of the defined composite length after 
being flagged against the modelled wireframes are stored in the database for resource 
calculations.   
 

Table 17.5.1     
Analysis of Composite Length for Stratiform_West (“SW”) Area of Redtree 

Composites Count Min. 
Value 

Max. 
Value 

Mean 
Grade 

Std. 
Dev. CoV Count 

Diff. 
Grade 
Diff. 

1 m Composites 
U3O8_all 2189 0.000 1.150 0.097 0.120 1.237   
U3O8 > 0.5 m 2103 0.000 1.150 0.099 0.122 1.232 4% 2% 

2m Composites 
U3O8_all 1141 0.000 0.837 0.095 0.105 1.105   

U3O8 > 1.0 m 1065 0.000 0.837 0.099 0.107 1.081 -7% 4% 
3m Composites 

U3O8_all 805 0.000 0.782 0.093 0.096 1.032   
U3O8 > 1.5 m 695 0.000 0.782 0.100 0.100 1.000 14% 8% 

4m Composites 
U3O8_all 625 0.000 0.666 0.092 0.086 0.935   
U3O8 > 2.0 m 523 0.000 0.666 0.100 0.088 0.880 16% 9% 

5m Composites 
U3O8_all 524 0.000 0.746 0.094 0.086 0.915   
U3O8 > 2.5 m 413 0.000 0.746 0.101 0.089 0.881 21% 7% 
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A decision to use 2 m composites was made based on analysis of all domains within the 
Redtree deposit, see Table 17.5.1.  This was based partially on geometric considerations 
and also based on comparison of grade statistics for each composite length. 
 
Significant deterioration in the number of composites was found as the composite length 
increases above 2 m.  This can have a detrimental effect on the variography and resulting 
grade estimation process.  Composite lengths greater than 2 m also result in a larger 
percentage of composites being rejected when the 50 per cent rejection criteria is applied; 
this is an unwanted side-effect and is another reason for not going to a larger composite. 
 
17.5.2 Univariate Statistics 

Univariate statistics reports the basic statistical characteristics for each data set.  It is also 
used as a reality check (validation) of the later kriged resource estimates.  The univariate 
statistics have been generated on all domains within the Redtree, Junnagunna and 
Huarabagoo resources. 
 
Statistics are based on 2 m composites, (see Table 17.5.2).  The composites have been 
edited to remove partial composites with lengths less than 1 m (<50 per cent of composite 
length).  No grade capping has been applied to the univariate statistics at this stage, as 
this will be dealt with in subsequent sections. 
 
Global average grades for individual domains varies from 0.01% U3O8 to 0.2% U3O8 with 
variable sample density between each domain.  Some of the larger domains contain up to 
1000 samples while the less well populated domains carry less than 100 samples.   
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Table 17.5.2     

Univariate U3O8 (%) Statistics for 2 m Composite 

2 m U3O8 
Composites 

Count Min. 
Value 

Max. 
Value 

Mean 
Grade 

Std. 
Dev. 

CoV 

Redtree  - 2 m Composites 
DE domain  204 0.000 2.618 0.166 0.292 1.76 

SW domain 94 0.000 0.063 0.010 0.012 1.20 

DW domain 236 0.000 0.547 0.067 0.089 1.33 

SE domain 1001 0.000 1.320 0.089 0.141 1.58 

DM domain 115 0.000 1.327 0.067 0.136 2.03 

DW domain 236 0.000 0.547 0.067 0.089 1.33 

Junnagunna  -  2 m Composites 
ED domain 197 0.000 0.712 0.098 0.116 1.18 
ES domain 95 0.003 0.526 0.101 0.101 1.00 
WD domain 180 0.000 0.320 0.045 0.054 1.20 
WS domain 667 0.000 1.005 0.081 0.084 1.06 

Huarabagoo  -  2 m Composites 
Domain_1 822 0.001 3.638 0.105 0.193 1.84 
Domain_2 50 0.008 0.127 0.043 0.025 0.58 
Domain_3 59 0.003 0.483 0.078 0.086 1.10 
Domain 5 77 0.010 0.751 0.092 0.098 1.07 
Domain_7 75 0.014 2.121 0.117 0.273 2.33 
Domain_9 449 0.004 3.391 0.198 0.321 1.62 

 
Coefficients of Variation (CoV) vary from 1 up to values over 2.  The higher COV’s are 
generally associated with higher grade domains, (see Figure 17.5.1). 
 

Figure 17.5.1    
Relationship Between Grade and COV 
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More importantly the COV’s are strongly correlated to the maximum values which 
influence the mean grades, standard deviation and ultimately the COV.  The COV is 
commonly used as a control when grade capping. 
 
17.5.3 Grade Capping 

Capping is the process of reducing the grade of the outlier sample to a value that is 
representative of the surrounding grade distribution.  Reducing the value of an outlier 
sample grade minimises the overestimation of adjacent blocks in the vicinity of outlier 
grade value.  At no stage are sample grades removed from the database. 
 
All domains within the defined Westmoreland resources which currently include Redtree, 
Junnagunna and Huarabagoo have been assessed for grade capping.  Grade capping is 
normally required for linear grade estimation work (kriging) as the presence of outlier 
grade values from a positively skewed grade distribution can result I smearing of grade 
and the overestimation of adjacent grade blocks.  These outlier high grades generally 
have poor grade continuity and may not be representative of the surrounding grade 
distribution based on the current sample density.   
 
In order to determine the optimal grade capping strategy for each domain the statistical 
characteristics of the 2 m composites are assessed.  The following steps are undertaken 
for each grade capping exercise: 

• The skewness of the grade distributions for the various datasets is evaluated by 
looking at the grade histogram and the coefficient of variation (COV) statistic. 

• The spatial location of the outlier values are evaluated in Isatis to determine if 
they are clustered (valid) or randomly distributed (outlier). 

• Review composite grades immediately before and after each outlier to determine 
if they are representative. 

• Sort the grade data in descending order to determine the percentile values (1per 
cent intervals). 

• Calculate the average grade, standard deviation and coefficient of variation at 
each percentile value ignoring the higher grade values. 

• Estimate an appropriate capped grade based on the above criteria and in 
keeping with the surrounding grade distribution.   

 
A capped grade value should not result in large numbers of values being capped; typically 
this should be less than 5% of the total database.  The impact of this capping varies 
depending on the grade distribution, value of the outliers and the number of samples in 
the grade domain.  
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Table 17.5.3 summarises the grade capping strategy for the Westmoreland deposit.  
Significant changes between uncut and cut uranium grades are evident in domains 
particularly domains containing lower number of samples. 
 

Table 17.5.3     
Grade Capping Statistics for In Situ Domains 

Uncapped Composite Data Capped Composite Data 
Domain No. 

Samples 
Mean 
Grade 

Max. 
Grade 

No. 
Samples 

Mean 
Grade 

Capped. 
Grade 

Percent 
capped 

Percent 
Grade 
Diff. 

Redtree 
DE domain  204 0.166 2.618 204 0.155 1.00 95 % -7 % 
SW domain 94 0.010 0.063 94 No Grade Cutting 
DW domain 236 0.067 0.547 236 0.064 0.30 97 % -4 % 
SE domain 1001 0.089 1.320 1001 0.087 0.80 99 % -2 % 

Junnagunna 
ED domain 197 0.098 0.712 197 0.096 0.40 98 % -2 % 
ES domain 95 0.101 0.526 95 0.099 0.35 96 % -2 % 
WD domain 180 0.045 0.320 180 0.042 0.20 98 % -7 % 
WS domain 667 0.081 1.005 667 0.079 0.40 99 % -2 % 

Huarabagoo 
Domain_1 822 0.105 3.638 822 0.095 0.50 97 % -10 % 
Domain_2 50 0.043 0.127 50 0.040 0.08 91 % -7 % 
Domain_3 59 0.078 0.483 59 No Grade Cutting 
Domain 5 77 0.092 0.751 77 0.086 0.30 98 % -7 % 
Domain_7 75 0.117 2.121 75 0.088 0.50 97 % -25 % 
Domain_9 449 0.198 3.391 449 0.180 1.00 98 % -9 % 

 
Unsupported large uranium grades not consisted with the underlying grade distribution 
can have a significant effect on the global statistics and more importantly have a 
deleterious effect on the quality of the resulting grade estimation.  It is important that 
outliers are treated to mitigate conditional bias in the surrounding panel estimates.   
 
17.5.4 Conclusions on Data Preparation 

The 2 m composite length was chosen for grade estimation.  The 2 m composites resulted 
in a significant reduction in the Coefficient of Variation (COV) without losing too many 
composites.  Composite lengths greater than 2 m resulted in significant lose in composites 
(greater than 10%) due to composites having lengths less than the 50% of the required 
composite length. 
 
Grade capping was required; however, globally approximately 2 per cent of the data was 
affected by the grade capping.  No assay grades were removed from the database during 
the grade capping process. 
 
Declustering was not found to be a significant issue due to the pseudo-regular drillhole 
spacing within Redtree, Junnagunna and Huarabagoo.   
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a) Variography 

The most important bivariate statistic used in geostatistics is the semivariogram. 
The experimental semivariogram is estimated as half the average of squared 
differences between data separated exactly by a distance vector ‘h’.  
Semivariograms models used in grade estimation should incorporate the main 
spatial characteristics of the underlying grade distribution at the scale at which 
mining is likely to occur. 
 
The semivariogram analysis was undertaken for the U3O8 variable within each 
major grade domains contain sufficient data to allow a semivariogram to be 
generated.  Three dimensional (3D) semivariograms were generated using the 
three orthogonal principle directions (Figure 17.8.1).  
 

b) Methodology 

Due to the skewed nature of the uranium distribution it was difficult to determine 
grade continuity from the raw 2 m composite uranium assay grades.  High nugget 
variances combined with significant short range structures close to the average 
drillhole spacing made interpretation of the semivariograms difficult.   
 
To improve the quality of the variography, the composite grades were 
transformed to a normal distribution N (0,1) with a mean of zero and a variance of 
one.  This can be accomplished mathematically within the Isatis geostatistical 
package using the hermite polynomials process.   
 
The experimental semivariograms were generated using the transformed data 
and then back-transformed (using a rigorous mathematical translation) to the raw 
state for semivariogram modelling.  This gaussian approach is particularly 
effective in high nugget environments such as in uranium mineralisation.   
 
The following process was used to generate the gaussian semivariograms: 

• Generate statistics for grade variable. 

• Plot and assess spatial distribution of high grades and data clustering 
within the domain. 

• Flag nominal top 10% of grades to determine where high grade/outliers are 
distributed. 

• Determine gaussian anamorphosis function for the uranium 2 m 
composites. 

• Convert composite uranium grade values to a gaussian normal distribution. 

• Determine nugget effect of raw and gaussian data using the omni-
directional semivariogram. 
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• Generate directional experimental semivariograms for gaussian data. 

• Model gaussian semivariogram. 

• Back-transform gaussian semivariogram to a raw semivariogram and 
remodel back-transformed semivariogram. 

• Use the omni-directional semivariogram nugget effect from the raw grades 
in the modelling of the back-transformed semivariogram. 

 
The nugget variances were determined using the omni-directional 
semivariogram.  Due to data structure issues, it was not possible to undertake 
down-the-hole semivariograms. 
 

c) Stationarity Issues 

The stationarity issues within the Westmoreland deposit have not been 
addressed in detail.  Grade envelopes were generated using a 0.02% U3O8 cut-
off grade for grade estimation purposes and were selected primarily based on 
geometric considerations.   
 
No specific sub-domaining was undertaken to identify and isolate higher grade 
areas within the Red Tree, Junnagunna and Huarabagoo deposits.  With the 
current data density it would be difficult to domain high grade areas from lower 
grade areas and still have sufficient samples to define the grade distribution 
within the individual grade domains.  
 

d) Semivariogram Orientations 

Orientations of the principal axes were determined for each area from 
semivariogram maps.  In each case, directions 1 and 2 sit in the plane of the 
uranium mineralisation.  Direction 3 is orientated perpendicular to directions 
1 and 2 and defines the short range cross-strike continuity.  
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Table 17.5.4     

Westmoreland Semivariogram Orientations by Grade Domain 

Domain 
Direction 

1 
Direction 

2 
Direction 

3 
Redtree 

DE domain  000/00 090/00 000/-90 
SW domain 090/00 000/-10 180/-80 
DW domain 000/00 090/00 000/-90 
SE domain 020/00 110/00 000/-90 
DM domain 000/00 000/-90 090/00 

Junnagunna 
ED domain 000/00 000/-90 090/000 
ES domain 170/00 080/00 000/-90 
WD domain 000/00 000/-90 090/000 
WS domain 000/00 090/00 000/-90 

Huarabagoo 
Domain_1 350/00 000/-90 080/00 
Domain_2 350/00 000/-90 080/00 
Domain_3 350/00 000/-90 080/00 
Domain 5 350/00 000/-90 080/00 
Domain_7 350/00 000/-90 080/00 
Domain_9 000/00 000/-90 090/000 

Note – all orientations are (strike/dip) 
 

17.6 SEMIVARIOGRAM ANALYSIS 

Anisotropy is generally observed in experimental semivariograms where there is sufficient 
sample density available to reveal the grade continuity.  Longest ranges are generally 
observed in the north-south direction.   
 
Experimental semivariogram structures could be defined and were of a suitable standard 
for grade estimation.  In general, the quality of the variography is variable with more 
confidence in the mineralised domains containing larger sample datasets.  Without the aid 
of the gaussian transformed data it is unlikely that reasonable semivariogram structures 
could have been interpreted from the raw 2 m composite data. 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 107  

 
 

 
Table 17.6.1     

Westmoreland Semivariogram Parameters 

Domain 
Nugget 

(C0) 

Dir1 

R1 (m) 

Dir2 

R1 (m) 

Dir3 

R1 (m) 

Sill 1 

(C1) 

Dir1 

R2 (m) 

Dir2 

R2 (m) 

Dir3 

R2 (m) 

Sill 2 

(C1) 

 

DE   0.02 55 10 5 0.037 80 28 10 0.027 

SW 0.0035    0.0055    0.0024 

DW 0.0022 70 30 8 0.0028 170 35 15 0.0029 

SE  0.0045 40 25 5 0.008 60 40 15 0.0075 

DM 0.008 7 7 3 0.0045 68 37 5 0.0053 

 

ED 0.002 300 95 20 0.0115     

ES 0.0025 210 70 10 0.00755     

WD 0.0008 95 10 25 0.00215     

WS 0.0021 70 40 5 0.0035 150 65 10 0.00134 

 

Domain_1 0.012 30 20 8 0.016 80 35 10 0.00906 

Domain_2 0.012 30 20 8 0.016 80 35 10 0.00906 

Domain_3 0.012 30 20 8 0.016 80 35 10 0.00906 

Domain 5 0.012 30 20 8 0.016 80 35 10 0.00906 

Domain_7 0.012 30 20 8 0.016 80 35 10 0.00906 

Domain_9 0.028 45 15 8 0.044 65 22 10 0.0309 

 
17.7 CONCLUSIONS ON VARIOGRAPHY 

Raw semivariograms for the Westmoreland deposit were very poor quality and did not 
reflect grade continuity within the major grade domains.  It was necessary to transform the 
composite grades in order to reveal the underlying grade continuity.   
 
Figure 17.8.1 shows the gaussian experimental and modelled semivariograms for 
Redtree, Junnagunna and Huarabagoo.  In most cases it was possible to get good grade 
continuity structures within the experimental semivariograms.  It was even possible to 
differentiate directional semivariogram structures in the three orthogonal directions.   
 
The gaussian semivariograms were then transformed back to the raw condition and the 
semivariogram structures remodelled.  These modelled semivariograms were then used in 
the grade estimation process. 



 
 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

CONCEPTUAL STUDY REPORT PAGE 108  

 
 

17.8 ESTIMATION METHODOLOGY 

17.8.1 Ordinary Kriging 

Ordinary kriging (OK) is a robust grade estimation technique and is the main algorithm 
used in geostatistics.  The most common use of OK is to estimate the average grades into 
panels at the scale of the available drillhole spacing.  OK is a globally unbiased estimator 
which produces the least error variance for grade estimates, as such it is considered to be 
the Best Linear Unbiased Estimator (BLUE).   
 
Kriging uses the grade continuity information from the semivariogram to estimate grades 
into panels.  It is also able to accommodate anisotropy within the data and is able to 
replicate this in the panel estimates.  Another important feature of kriging is that it 
automatically deals with clustering of data which is important in areas where the data 
density is not uniform. 
 
Due to variable non-stationary issues ordinary kriging (OK) was used in preference to 
simple kriging (SK) as only local stationarity conditions are required for the OK algorithm.   
 
Kriging forms a sound basis for generating panel grade estimates at a scale which is 
appropriate to the sample density.  If tonnes and grades are required for volumes smaller 
than the current kriging panel size then other more advanced non-linear techniques would 
need to be used. 
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Figure 17.8.1    

Westmoreland Gaussian Semivariograms 
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17.8.2 Panel Size 

Based on the slope of regression statistic and more importantly the current data density 
within the various deposits a panel size of 40 m (N) by 40 m (E) by 4 m (RL) was chosen 
for grade estimation at Westmoreland.  This panel size was chosen after considering a 
number of other panel size options ranging from 20 m (E) by 20 m (N) by 4 m (RL) to 
100 m (E) by 100 m (N) by 20 m (RL).   
 
The slope of regression statistic was used to determine the quality of individual panels of 
different sizes.  The 20 m (E) by 20 m (N) by 4 m (RL) panel sizes could not be supported 
by the current data density and would have resulted in overly smoothed and conditionally 
biased grade estimates of variable quality depending on how near they were to a drillhole 
intersection.  A 40 m (E) by 40 m (N) by 4 m (RL) panel size was regarded as being 
optimal tacking into consideration ore geometry, sample density and proposed mining 
method. 
 
17.8.3 Number of Samples 

A minimum of 5 samples and a maximum of 15 samples were used for block estimation.  
The maximum number of 15 was determined from test-kriging of random blocks taking 
into account the spatial distribution of the composites and the associated kriging weights.  
Larger numbers of samples (greater than 15) resulted in very small to negative kriging 
weights due to the data configuration and resulting ‘screening-effect’. 
 
17.8.4 Search Radii 

A search of 100 m (N) by 100 m (E) by 100 m (RL) was found to give good results for OK 
using a 40 m (E) by 40 m (N) by 4 m (RL) panel size.  Search parameters have been 
orientated parallel to the main strike of the mineralisation.  No second kriging pass was 
required to ensure that all panels within the grade domains were estimated.   
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No octant search was used as the inclusion of a quadrant search did not significantly 
improve the slope of regression statistic and would result in the kriging algorithm using 
samples further from the panel origin.  
 
17.8.5 Discretisation 

The influence of discretisation was tested for values ranging from 2 by 2 by 1 to 20 by 20 
by 10.  The results obtained showed little to no sensitivity to discretisation level.  In fact 
the discretisation issue is a non-event, as using a large discretisation pattern has very 
little impact on the overall time taken to undertake a kriging run.  Therefore, a large 10 by 
10 by 2 discretisation pattern is used as the default. 
 
17.8.6 Kriging Estimate Accuracy 

Overall, the slope of regression statistic generated during the panel kriging grade 
estimation process indicates variable levels of confidence.  The slope of regression 
parameter suggests that areas of the local panel estimates will suffer from over-smoothing 
of uranium grades and local imprecision as a result of data density issues.   
 
However, conditional bias (over or under estimation of panel grades) is generally only a 
problem when individual panels need to be mined and reconciled.  Normal practice is to 
mine over a production period during which many panels will be mined.  The effects of 
conditional bias and imprecision of the panel estimates will tend to be minimised if the 
panel estimate errors are random and independent of each other.   
 

17.9 LOCAL ESTIMATION – BLOCK MODEL 

The output from the Isatis Oridinary Krig Estimation on the Master Blocks was then 
imported into the Surpac Vision block model.  Each domain was imported separately and 
the sub-blocks outsides of the wireframe limits were removed. 
 
The Block Model has Master Blocks that match the Isatis estimation 3D grid and sub-
blocks that are constrained by the geological domains to give accurate volumes. 
 

Table 17.9.1     
Block Model Parameters 

Type  Y X Z 
Minimum Coordinates 6660 9665 -50 

Maximum Coordinates 14900 11105 326 

Master Block Size 40 40 4 

Sub Block Size 10 5 2 

Rotation 0 0 0 
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The data within the block model is stored in fields, known as Attributes.  This is similar to 
relational database, but with 3D positions as the keys.  The fields within the block model 
are shown in table  
 

Table 17.9.2     
Resource Block Model Fields 

Attribute Name  Type  Decimals  Background  Description  
avdist_cut Real - 0  

avdist_uncut Real - 0  

deposit Character - undf  

domain_name Character - undf  

domain_num Real - 0  

krigvar_cut Real - 0  

krigvar_uncut Real - 0  

numsamp_cut Real - 0  

numsamp_uncut Real - 0  

rescat_code Character - undf other, indicated or inferred 

rescat_number Integer - 0 1=other, 2=inferred, 3=indicated 

slope_cut Real - 0  

slope_uncut Real - 0  

u3o8_cut Real - 0  

u3o8_uncut Real - 0  

 
17.10 VALIDATION 

The block model was compared on a domain by domain basis with both the 1995 
resource model (as imported) and also the Inverse Distance Squared estimation block 
model.  The match with the former showed a slight increase in tonnes and decrease in 
grade, the latter was almost identical. 
 

Table 17.10.1   
Comparison of Resource Estimates, Lower Cutoff 0.05% U3O8 

estimate capping tonnes grade kt Mlb 
1995 estimate uncut? 10 169 000 0.126% 12.8 28.2 

cut 10 800 000 0.107% 11.6 25.5 2006 IDS 
uncut 10 921 000 0.114% 12.4 27.4 

cut 11 180 250 0.110% 12.3 27.1 2006 Krig 
uncut 11 193 500 0.113% 12.6 27.9 
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Figure 17.10.1  

Plan View of Composite Vertical Thickness and 
Grade from Block Model Over 0.02% U3O8 

 

 
Colour coded for total thickness Colour coded for average grade 
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17.11 ECONOMIC CUT-OFF PARAMETERS 

A general outline at 0.02% U3O8 was used for outlining the mineralised zones, but this 
was not a hard rule. Final resources were quoted using a lower cut-off of 0.02% U3O8 
based on general economic criteria for a shallow, surface mining situation such as at Red 
Tree. 
 

17.12 MOISTURE 

All resources are quoted as dry tonnes. 
 

17.13 BULK DENSITY 

The bulk density used for the 1994 CRAE resource estimate was 2.50 based on 
measurements done in 1982 mostly from Huarabagoo (Gilfillan 1996). During the 
1994-1995 drilling programmes, CRAE tested an additional 276 samples from 
Junnagunna and 377 samples from Huarabagoo, taking into account the high porosity of 
the samples. A bulk density of 2.52 for Junnagunna and 2.67 for Huarabagoo were 
calculated.  
 
The resource estimate calculated by Mining Associates modelled the density data using 
the 571 individual samples measured by UG in 1982 and the 653 individual samples 
measured by CRAE. This confirmed a figure of 2.5 was appropriate. A fixed bulk density 
of 2.5 has been used by Mining Associates for reporting tonnages. 
 

17.14 MINING AND METALLURGICAL FACTORS 

The mining and metallurgical factors for the Westmorland project have been discussed in-
depth with the Laramide representatives and tested by previous studies, in particular by 
CRAE in 1994. The requirements that the project shows “reasonable prospects of 
economic extraction” have, in our opinion, been met through the results of a full feasibility 
study would be required for reserve conversion.  
 

17.15 RESOURCE CLASSIFICATION 

The statistical status of the current model was considered in the context of the geology 
and past resource estimates. The JV partners in the mid 90's were quoting both Indicated 
and Inferred resources internally, the former requiring a nominal drill spacing of 50 x 30 m, 
but there is a suggestion that this was to some degree influenced by the terms of the JV 
agreement/ownership issues. 
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Mr Jock Gilfillan, a highly respected resource geologist, conducted an audit in 
December 1995 (Gilfilan 1996) and concluded however that it all should be "Inferred" 
because of a number of issues, including data quality, data density issues and difficulty in 
obtaining good variograms. But he also concludes "Further work on existing data might 
provide support for some domains to be in a higher category of confidence".  
 
Mining Associates believe that we have met this requirement during the progress of our 
work with detailed re-modelling of the geological domains, analysis of the different data 
sets and use of advanced geostatistical analysis in Isatis software which gave good 
variograms and krig resource estimates.  Key in this is the use of geostatistical confidence 
factor generated in Isatis during the estimation process, known as the "slope of 
regression", or just "slope". This is basically a combination of the Kriging Variance and 
data spatial distribution represented as a number between 0 and 1. This is an advanced 
technique but growing in usage and acceptance, especially amongst the major 
companies.  
 
We have examined the resource models using factors of drill spacing (as used by CRAE), 
Kriging Variance and Slope. The factors of most use are drill spacing and Slope. Only the 
stratabound domains have reasonable confidence, the steeper dyke related material in all 
areas is the most variable and much lower in confidence. We have used these factors to 
outline areas that can be classified as Indicated and flagged these into the block model for 
reporting. 
 
The approach to resource classification adopted for the Redtree group involves a first past 
classification of each individual block based on its estimation statistics with the final 
resource categories being broad zones of similar classes modified by qualitative 
confidence factors. The current resources have been classified in the Indicated and 
Inferred categories as defined in the CIM/JORC guidelines, there is no Measured at this 
stage.  
 
The first pass block by block statistical classification criteria are: 

• Class 1  -  “slope of regression” >0.7 and drill spacing ≤ 30 m  

• Class 2  -  Slope < 0.7 or mean distance > 30 m  
 
The final resources are defined by boundaries digitized in plan view using the class and 
qualitative factors as a guide.  The boundaries are then used to flag blocks within the 
domain wireframes as indicated (red) or inferred (orange) in Figure 17.15.1.  
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Figure 17.15.1  

Resource Categories 
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Table 17.15.1   

Redtree Group Resources, by Area and Domain 

Category Deposit 
Domain 
Name Volume  Tonnes  U3o8 Cut 

U3o8 
Uncut  

Inferred redtree de 552700 1 381 750 0.117 0.12 

  dm 240700 601 750 0.087 0.116 

  sw 1160100 2 900 250 0.099 0.099 

  dw 496300 1 240 750 0.071 0.074 

  se 1804000 4 510 000 0.09 0.092 

  sw_n 117600 294 000 0.08 0 

 Sub Total  4371400 10 928 500 0.093 0.094 

 Huarabagoo v9 243300 608 250 0.168 0.185 

  v1 742600 1 856 500 0.099 0.114 

  v7 34400 86 000 0.081 0.094 

  v5 35900 89 750 0.079 0.079 

  v3 72300 180 750 0.071 0.071 

  v2 41600 104 000 0.04 0.04 

 Sub Total  1170100 2 925 250 0.108 0.122 

 Junnagunna ws 160000 400 000 0.086 0.087 

  ed 349500 873 750 0.084 0.086 

  wd 298500 746 250 0.054 0.056 

  es 51800 129 500 0.103 0.111 

 Sub Total  859800 2 149 500 0.075 0.077 

Total Inferred   6401300 16 003 250 0.094 0.097 

Indicated redtree sw 1468900 3 672 250 0.096 0.096 

 Sub Total  1468900 3 672 250 0.096 0.096 

 Junnagunna ws 1558600 3 896 500 0.079 0.08 

  es 187300 468 250 0.098 0.098 

 Sub Total  1745900 4 364 750 0.081 0.082 

Total Indicated   3214800 8 037 000 0.088 0.089 
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17.16 DISCUSSION 

It is noted that it is the current policy of the Queensland State Government not to allow the 
mining of Uranium deposits. This policy is currently under review in light of the changing 
domestic and international political situation. 
  
The resource estimate contains no Measured Mineral Resource. This is related to the 
extensive use of previous drill data and to the level of short-range variation inherent in the 
deposit, in particular with the steeper style of mineralisation around the dyke and should in 
no way reflect on the viability of the project.  These issues are presented in detail in the 
main body of the report.  In summary, they include: 

• The quality of the old MIM drilling data, confirmation drilling may be required. 

• Completion of geological mapping, including host lithology interpretation and 
mineralisation “typing” and variation mapping. 

• High variances associated with the steeper style of mineralisation around the 
dyke, these areas will require much closer spaced drilling as the ore is higher 
grade but of a complex geometry. 

 
About 1/3 of the resources can now be classified as Indicated. Additional drilling will be 
required to move more of the Inferred material up to Indicated. Areas at Red Tree 
(stratabound domains se and sw) require the least amount of work to be upgraded. The 
steeper dyke related material in all areas is the most variable and will require the most 
drilling, although these are also often better grade areas as well. 
 
The resource estimates are suitable for use in the mine design process for an open pit 
operation.  
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17.17 RESOURCE/RESERVE STATEMENT 

New resource estimates were completed foreach of the sub-areas as stated in the 
October 2006 Mining Assocites report and re-quoted below.  No further drilling has been 
conducted by Laramide since that time and these estimates remain current 
 

Table 17.17.1   
Westmorland Redtree Group Resource Estimates Above 0.02% U3O8 

Category Deposit  Tonnes  U3o8 
Uncut  

U3o8 Cut   ktonnes Mlbs 

redtree 10,928,500 0.094% 0.093% 10.2 22.4

Huarabagoo 2,925,250 0.122% 0.108% 3.2 7.0

Junnagunna 2,149,500 0.077% 0.075% 1.6 3.6

inferred 

Total 16,003,250 0.097% 0.094% 14.9 32.9

redtree 3,672,250 0.096% 0.096% 3.5 7.8

Huarabagoo 0     0.0 0.0

Junnagunna 4,364,750 0.082% 0.081% 3.5 7.8

indicated 

Total 8,037,000 0.088% 0.088% 7.1 15.6

 
Parameters for estimate: 
 
1.  Geological model method used was sectional interpretation for 3D wireframes, each 
 domain separately estimated. 
2.  Total of 1339 drill holes (including 453 open hole percussion, 236 reverse 
 circulation and 650 diamond cored) for 84,877 m evaluated, suspect and duplicate 
 holes not used. 
3.  Drill composite width of 2 m. 
4. Missing samples or intervals not used. 
5.  Cut-off grade of 0.02% U3O8 used on blocks. 
6.  Top cut applied and varied for each domain. 
7.  Estimates made using Ordinary Kriging.  
8.  Grid (block) size of 40 x 40 x 4 m for estimation sub-blocked to 10 x 5 x 2 m for 
 volumes. 
9.  Bulk Density of 2.5 throughout.  
10.  No mining or metallurgical factors applied. 
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The information in this report that relates to Mineral Resources is based on information 
compiled by Mr Andrew J Vigar, who is a Fellow of The Australasian Institute of Mining 
and Metallurgy (Melbourne) and a Member of the Society of Economic Geologists 
(Denver). Mr Vigar is employed by Mining Associates Pty Ltd of Brisbane, Australia.  
  
Mr Vigar has sufficient experience which is relevant to the style of mineralisation and type 
of deposit under consideration and to the activity which he is undertaking to qualify as a 
Competent Person as defined in the 2004 Edition of the ‘Australasian Code for Reporting 
of Exploration Results, Mineral Resources and Ore Reserves’ and is a Qualified Person 
as defined in NI43-101. 
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18. OTHER RELEVANT DATA AND INFORMATION 

Australia is governed by a conservative Federal Coalition party with a minority Federal 
Labor opposition.  However, each of the seven States and Territories are governed by 
Labor parties with minority conservative oppositions.  Some 20 years ago the Federal 
Labor Party, then in government, declared its opposition to uranium mining in Australia, 
but allowed three existing uranium mines to continue operating in South Australia and the 
Northern Territory.  The Labor parties in each State, including Queensland, have 
supported Federal policy.  During the completion of this Preliminary Assessment Report, 
the Federal Labor party held their policy conference at which it was decided to drop the 
policy opposing new uranium mines.  It remains up to the states to determine the 
implementation of this changed policy. 
 
The Queensland Premier has expressed reservations about uranium mining in the State, 
but voted for the change in policy at the national conference.  He had also commissioned 
a report which concluded that sales of uranium would not threaten the coal industry, which 
constitutes the mainstay of the Queensland economy. 
 
In August 2005, the Northern Territory Labor government ceded responsibility for licensing 
of uranium mining in the State to the Federal Liberal government.  Subject to meeting 
environmental standards and reaching agreements with indigenous landowners, there is 
now no political impediment to new uranium mines opening in the Northern Territory.   All 
other states retain the right to issue mining leases within their jurisdictions. 
 
At their national convention in April 2007 the Australian Labor Party adopted a policy 
which would prohibit the mining of uranium in national parks and listed world heritage 
areas.  This policy would have no impact on the project. 
 
Exports of uranium from Australia are subject to the terms of the Nuclear Non-proliferation 
Treaty, with rigorous monitoring by the International Atomic Energy Agency, and bilateral 
safeguards agreements between the importing nation and Australia. 
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19. INTERPRETATION AND CONCLUSIONS 

19.1 GEOLOGY 

Laramide has obtained a commanding strategic position in the uranium exploration 
industry in Australia, by securing a series of contiguous mineral tenements that cover 
almost all of the known uranium deposits in the Westmoreland region.  Previous 
exploration has identified a series of significant potentially economic deposits that require 
relatively modest investment to advance their status to an indicated resource. Subject to a 
change in state government policy in Queensland, Laramide could move quickly to a 
bankable feasibility study and, potentially, into production should this be warranted. 
 
Laramide has proposed to carry out the further drilling and evaluation at Westmoreland.  
The objective is to complete sufficient work in 2007 to allow a pre-feasibility study to be 
completed by the end 2007, should permitting of a mine development seem likely and 
access to the site is obtained.  Mining Associates is agreement with this plan.  The budget 
is designed to support the drilling of 35 000 m of infill drilling to verify and improve the 
quality of previous drilling results.  In addition, a further 5000 m is allocated to expand the 
exploration of the area. 
 

19.2 MINERAL PROCESSING AND METALLURGICAL TESTING 

There was some metallurgical testwork conducted on the Westmoreland series of 
deposits.  However, this was limited to high-level studies and is not detailed.  It mainly 
focussed on heap leaching as the process option.  Heap leaching does not appear to be 
the optimum process route for the Westmoreland deposits due to the lower expected 
recovery.  GRD Minproc has proposed that further metallurgical testwork covering the 
following area is carried out at the next phase of the project: 

• Mineralogical evaluation to confirm that the presence of sulphides in the waste 
will not generate acid mine drainage issues 

• Ore characterisation and comminution testwork to determine ore variability and 
firm up previous data 

• Conventional leach conditions confirmation and evaluation of recoveries at lower 
leach temperatures 

• Solid-Liquid separation covering settling and filtration tests 

• Continuous solvent extraction testwork 

• Evaluate converter/customer requirements on product quality. 
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20. RECOMMENDATIONS 

Further infill drilling to increase confidence and improve the resource classification would 
be required  
 
Further metallurgical testwork to identify the optimum conditions for the selected process 
route and assist in process design work to be carried out for preliminary feasibility and 
feasibility studies. 
 
Further hydrology (specifically water supply) studies to identify potential water sources 
and available water quality. 
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21. DATE AND SIGNATURE PAGE 

Title:  Westmoreland Uranium Project Preliminary Assessment Report 
 
Effective Date of Technical Report:  11 May 2007 
 
Effective Date of Mineral Reserves:  16 October 2006 
 
Effective Date of Mineral Resources:  16 October 2006 
 
Qualified Persons: 
 
Peter Nofal, BSc (Eng), FAusIMM 207660, employed by GRD Minproc Limited as 
Manager - Studies, was responsible for the overall preparation of the report and in 
particular the review of the process plant design and capital and operating cost estimates. 
 
Signed:  /s/ Peter Nofal    Date:    11 May 2007 
 
 
Andrew Vigar, MSc, FAusIMM 105789, an employee of Mining Associates Pty Ltd, was 
responsible for preparation of Sections 4-15 and 17 (Geology and Mineral Resource) as 
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23. ADDITIONAL REQUIREMENTS  

23.1 MINING 

23.1.1 Mining Method 

Based on historical information and studies provided by Laramide, open pit mining was 
selected as the mining method for use in this study.  The assumed production rate and 
likely strip ratios suggested that a likely fleet would consist of 50 t trucks and excavators. 
 
As the area is in a high rainfall region, additional support equipment and dewatering 
pumps would be required.  
 
23.1.2 PIT OPTIMISATION 

a) Approach 

Whittle Four-X software (Four-X) was used to generate optimal pits for 
Westmoreland, based on analysis of the resource model.  Four-X allows the 
generation of a series of nested optimal pits, where each successive outline is for 
a slightly higher product price than the previous one.  This is done for a range of 
prices, from the lowest for which ore can be profitably mined to the highest 
expected in the future.  These pits are then interrogated at the base case costs 
and prices to establish their respective values. Selection of the optimal pit is 
normally based on maximising the project Net Present Value (NPV), but 
maximum cashflow can also be used as a selection criteria. 
 
Four-X incorporates time discounting of money and assumes two extreme mining 
sequences (best and worst cases) for optimal pit selection.  The best-case 
mining sequence mines the nested pits, starting with the smallest pit outline and 
mining subsequent pits until the largest pit is mined out.  The worst-case mining 
sequence mines to the final pit outline bench by bench.  The best case scenario 
returns a higher NPV due to the increased cash flow during the earlier years as a 
result of mining internal pits with lower strip ratios and/or higher grades. 
 
The maximum operating cashflow pit shell was used in the scoping study to limit 
the mining area.   
 

b) Optimisation Input Parameters 

Pit optimisation was carried out using all classified mineralisation (Indicated and 
Inferred) contained within the resource model. 
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Resource Model 
The resource model used as the basis for pit optimisation (filename 
westmorland_ma20060924.mdl) is a Surpac model supplied by Laramide.   
 
A global density of 2.50 was assigned to the model by the resource geologist 
(Mining Associates, October 2006).  More detail on the deposits SG should be 
carried out when moving the project to the next level of study. 
 
A report of the resource model material by deposit (cut-off 0.02% U3O8) is 
detailed in Table 23.1.1. 
 

Table 23.1.1     
Resource Model Summary (0.02% U3O8 Cut-off) 

CLASSIFICATION FOUR-X RESOURCE MODEL 
 Mt U3O8 cut 
Indicated Total 8.04 0.088 
Red Tree 3.67 0.096 

Huarabagoo 0.00 0.000 

Junnagunna 4.36 0.081 

Inferred Total 16.00 0.094 
Red Tree 10.93 0.093 

Huarabagoo 2.93 0.108 

Junnagunna 2.15 0.075 

Grand Total 24.04 0.092 
 
This model, after further coding, was exported into Four-X.  Resource reports 
were generated to confirm the integrity of the model conversion.  
 
Topography 
Surface topography for each of the deposits was supplied by Laramide. 
– Red Tree: red_tree_topo20060808.dtm 
– Huarabagoo: topo_huarabagoo20060904.dtm 
– Junnagunna: topo_junnagunna20060904.dtm 
 
Pit Slopes 
Initial runs indicated the Junnagunna and Huarabagoo pits to be quite small as 
compared with the Red Tree shells.  Slopes for Junnagunna and Huarabagoo 
have been flattened off in comparison with the 1995 study to allow for ramps in 
these pits. 
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Mining Costs 
Mining costs were updated using the GRD Minproc cost database, and was 
based on excavators and 50 t trucks, with extra ancillary to account for high 
rainfall. 
 
Overhaul ore costs were calculated for each deposit.  Figure 23.1.1 details the 
proposed plant location.  When considering potential plant locations, topography, 
wild rivers boundaries, deposit centre of gravity and potential site constraints. 
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Figure 23.1.1    

Plant Locations 
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Mining Dilution 
It was assumed that the resource model was a diluted model; therefore a mining 
recovery of 100% was applied. 
 
Capital Costs 
In the optimisation process, no allowance was made for any capital costs, 
ongoing capital requirements and taxation or project finance charges.   
 
Metal Prices 
Base case metal prices were supplied by Laramide (US$ 50/lb U3O8).  An 
exchange rate was also set by Laramide at US$ 0.78 to AU$ 1.00. 
 
Cut-off Grades 
Cut-off grades are determined in the optimisation on an individual block basis. 
Each of the deposits has separate recovery and process costs attributed.  The 
block value is calculated from the metal price, recoveries, grades and preliminary 
process costs. 
 
Discount Rate 
A discount rate of 8% was applied to calculate the discounted cash flow for the 
optimisation, as directed by Laramide. 
 

c) Optimisation Results 

Optimisation was carried out to determine the approximate mine life for the 
Project.  All material was included in the optimisation and the base metal prices 
and production constraints applied.  The maximum operating NPV shell was 
selected for limiting the mining.   
 
Conventional Leach resulted in 17.2 Mt at 0.10% U3O8 at a strip ratio (SR) of 
4.1:1. 
 
The total operating cost for Conventional Leach is $58.90/t ore ($28.21/lb U3O8).  
 
The cut-off grade (COG) is 0.043% U3O8, with a marginal COG of 0.036% U3O8. 
 
Figure 23.1.2 displays a plan view of the life of mine (LOM) pit shell. 
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Figure 23.1.2    

Whittle – LOM Pit Shell 
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23.1.3 Pit Design 

Pit designs for were carried out on the deposits to convert the optimisation shells into 
more practical mining shapes. 
 
The selected Four-X shell was used to guide the pit designs. 
 
Figure 23.1.3 displays a plan view of the pit designs. 
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Figure 23.1.3    

Pit Design  
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23.2 PIT INVENTORY 

Pit designs were reported against the resource model to estimate mining inventories at 
the applicable cut-offs.  A marginal cut-off grade of 0.04% U3O8 was used for the 
conventional leach case, any material below the marginal cut-off grade but non-barren 
(>0% U3O8) has been termed “mineralised” waste, with the remainder being “clean” waste.   
 
Pit inventories for conventional leach are detailed in Table 23.2.1.  As inventories include 
Inferred mineralisation, results are non JORC compliant. 
 
Pit inventories have been reported by location, type, and resource classification for each 
of the options. 
  
Table 23.2.2 outlines the recovered metal by location. 
 
Comparing pit inventory results with the respective Four-X shells shows that the majority 
of the ore has been included, but the SR has increased marginally.  This marginal 
increase is due to smoothing of the edges of the pit into more practical mining profiles, 
and widening of narrow sections to a practical mining width.  
 
Total pit inventory is 17.0 Mt at 0.10% U3O8. 
 
The preliminary assessment is preliminary in nature that it includes inferred mineral 
resources that are considered too speculative geologically to have the economic 
considerations applied to them that would enable them to be categorised as mineral 
reserves, and there is no certainty that the preliminary assessment will be realised. 
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Table 23.2.1     
Pit Inventories 

Pit Total Ore Waste SR 
  Mining Indicated Inferred Total Ore Mineralised Waste Clean Waste Total Waste   
  Mt Mt %U3O8 Mt %U3O8 Mt %U3O8 Mt %U3O8 Mt Mt   
Pit Inventory                         
Red Tree                         
Pit 1 36.82 3.40 0.10 8.30 0.10 11.70 0.10 1.35 0.02 23.77 25.12 2.1 
Pit 2 0.77     0.23 0.09 0.23 0.09 0.01 0.03 0.53 0.54 2.4 
Pit 3 1.89     0.04 0.22 0.04 0.22     1.85 1.85 46.9 
Sub-total 39.48 3.40 0.10 8.57 0.10 11.97 0.10 1.36 0.02 26.15 27.51 2.3 
                          
Huarabagoo                         
Pit 1 4.05     0.13 0.16 0.13 0.16     3.92 3.92 30.9 
Pit 2 0.21     0.01 0.08 0.01 0.08     0.20 0.20 13.8 
Pit 3 3.82     0.08 0.23 0.08 0.23 0.04 0.03 3.70 3.74 44.4 
Pit 4 7.61     0.43 0.14 0.43 0.14     7.18 7.18 16.7 
Pit 5 5.52     0.74 0.10 0.74 0.10 0.11 0.03 4.68 4.78 6.5 
Sub-total 21.21     1.39 0.12 1.39 0.12 0.14 0.03 19.67 19.82 14.2 
                          
Junnagunna                         
Pit 1, >52mRL (top 20m) 25.11 0.32 0.07 0.02 0.05 0.33 0.07 0.01 0.03 24.77 24.78 74.2 
Pit 1, <52mRL 10.33 2.48 0.10 0.85 0.09 3.33 0.09 0.28 0.02 6.72 7.00 2.1 
Sub-total 35.44 2.80 0.09 0.86 0.09 3.66 0.09 0.29 0.02 31.49 31.78 8.7 
                          
Total 96.1 6.2 0.10 10.8 0.10 17.0 0.10 1.8 0.02 77.3 79.1 4.6 
                          
Four-X                         
Total 86.7 6.0 0.10 11.1 0.11 17.2 0.10       69.5 4.1 
Conversion 111% 103%   98%   99%         114%   
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23.2.1 Mine Production Schedule 

Surpac was used to report quantities and grades and custom-built Excel spreadsheets for 
the scheduling of the Westmoreland Project. 
 
In general, the following steps were undertaken in the scheduling process: 

• Definition of ore and waste within the pit limits using Surpac 

• Production of stage inventories using Surpac 

• Transfer of stage inventories to spreadsheet 

• Produce preliminary schedule. 

 
A schedule was produced with the intention of supplying 1.5 Mt/a of feed to the plant. 
 
Summary schedule data is outlined in Table 23.2.2. 
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Table 23.2.2     
Schedule Summary at 1.5 Mt/a 

Mining Summary Unit TOTAL Year 
      1 2 3 4 5 6 - 10 11 - 15 
Ore Mining          
Red Tree Mt 12.0 1.5 1.5 1.5 1.5 1.5 4.5 0.0 
Huarabagoo Mt 1.4 0.0 0.0 0.0 0.0 0.0 1.4 0.0 
Junnagunna (top 20 m) Mt 0.3 0.0 0.0 0.0 0.0 0.0 0.3 0.0 
Junnagunna Mt 3.3 0.0 0.0 0.0 0.0 0.0 1.3 2.0 
Sub-total Mt 17.0 1.5 1.5 1.5 1.5 1.5 7.5 2.0 
Mineralised Waste          
Red Tree Mt 1.4 0.2 0.2 0.2 0.2 0.2 0.5 0.0 
Huarabagoo Mt 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 
Junnagunna (top 20 m) Mt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Junnagunna Mt 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.2 
Sub-total Mt 1.8 0.2 0.2 0.2 0.2 0.2 0.8 0.2 
Clean Waste          
Red Tree Mt 26.1 3.0 3.0 3.0 3.0 3.0 10.9 0.0 
Huarabagoo Mt 19.7 0.0 0.0 0.0 0.0 0.0 19.7 0.0 
Junnagunna (top 20 m) Mt 24.8 0.0 0.0 0.0 0.0 0.0 11.1 13.7 
Junnagunna Mt 6.7 0.0 0.0 0.0 0.0 0.0 3.0 3.7 
Sub-total Mt 77.3 3.0 3.0 3.0 3.0 3.0 44.7 17.4 
TOTAL MINING Mt 96.1 4.72 4.72 4.72 4.72 4.72 53.00 19.53 
Recovered Metal           
Recovery 0.906                 
Red Tree t 10 831 1 355 1 355 1 355 1 355 1 355 4 055 0 
Huarabagoo t 1 575 0 0 0 0 0 1 575 0 
Junnagunna t 3 037 0 0 0 0 0 1 318 1 719 
Total t 15 443 1 355 1 355 1 355 1 355 1 355 6 949 1 719 
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23.2.2 Waste Dumps 

Table 23.2.3 details the waste production by location and type.  
 
An average swell factor of 30% was applied to calculate required dump volumes. 
 

Table 23.2.3     
Waste – Conventional Leach 

Waste 
Pit Inventory Dump Volumes 

Mineralised Waste Clean Waste Total Mineralised Clean Total 
Pit  

kt %U3O8 kt kt k.m3 k.m3 k.m3 
Swell Factor         30%     
                
Red Tree 
Pit 1 1 351 0.02 25 116 26 466 675 12 558 13 233 
Pit 2 9 0.03 539 548 5 270 274 
Pit 3     1 855 1 855   927 927 
Sub-total 1 360 0.02 27 509 28 869 680 13 755 14 434 
Huarabagoo 
Pit 1     3 922 3 922   1 961 1 961 
Pit 2     197 197   98 98 
Pit 3 37 0.03 3 740 3 776 18 1 870 1 888 
Pit 4     7 176 7 176   3 588 3 588 
Pit 5 107 0.03 4 784 4 890 53 2 392 2 445 
Sub-total 143 0.03 19 818 19 961 72 9 909 9 980 
Junnagunna 
Pit 1, >52mRL 14 0.03 24 780 24 795 7 12 390 12 397 
Pit 1, <52mRL 276 0.02 7 000 7 275 138 3 500 3 638 
Sub-total 433 0.02 51 597 52 030 217 25 799 26 015 
Total 1 936 0.02 98 924 100 860 968 49 462 50 430 

 
Detailed waste dump designs have not been done at this stage; however the basic waste 
dump strategy is outlined below. 
 
It is important to note that an assumption of was made that no acid generation would 
occur through the waste dumps and hence no allowance has been made for acid mine 
drainage. 
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23.2.3 MINING COSTS 

a) Capital Costs 

Mining operations at Westmoreland will be carried out entirely by contract mining. 
 
Capital allowances for mining and associated infrastructure are provided 
elsewhere in this report. 
 
Table 23.2.4 outlines the major fleet requirements at the 1.5 Mt/a feed rate.   
 

Table 23.2.4     
Major Equipment by Period 

Item Required Units by Period 
 1 2 3 4 5 6 7 8 9 10 11 12 
Excavator 4 m3 2 2 2 2 2 2 3 4 4 4 4 2 
Truck – 50 t Class 5 5 5 5 5 5 8 10 10 10 10 6 
Production Drill 1 1 1 1 1 1 1 1 1 1 1 1 
D8 Dozer 2 2 2 2 2 2 2 2 2 2 2 2 
12H Grader 2 2 2 2 2 2 2 2 2 2 2 2 
966 FEL 1 1 1 1 1 1 1 1 1 1 1 1 
Water cart 1 1 1 1 1 1 1 1 1 1 1 1 

 
If a mining fleet was to be purchased, the following approximate capital would 
apply: 

• Initial Capital, $13.2 M 

• Sustaining Capital, $9.2 M 

• Replacement Capital, $7.9 M. 
 

b) Operating Costs 

Mining operating costs were updated using the GRD Minproc cost database, and 
was based on contract mining using excavators and 50 t trucks, with extra 
ancillary to account for high rainfall. 
 
A different cost was allowed for the top 20 m of the Junnagunna deposit in the 
1995 study.  The assumption was that it was due to this material being free dig, 
thus drill and blast costs were removed for this material. 
 
Overhaul ore costs were calculated for each deposit for both options.  Ore 
overhaul costs assume the ore will be loaded into road trains by front end loader 
(FEL) at a central loading point at each of the deposits and transported to the 
plant. 
 
Table 23.2.5 details the mining operating costs by deposit. 
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Table 23.2.5     

Mining Operating Costs 
Deposit Mining Cost Ore Overhaul Cost 
  A$/t A$/t ore 
Red Tree 3.13 0.12 
Huarabagoo 3.13 0.26 
Junnagunna (top 20 m) 2.84 0.71 
Junnagunna 3.13 0.71 

 
23.2.4 Recommendations for Future Work 

The following work needs to be completed to be able to move the study to the next level of 
evaluation: 

• Geotechnical Assessment:  A geotechnical evaluation and report needs to be 
compiled to determine the pit slopes, bench heights, berms, etc that are required 
for each of the deposits. 

• Hydrology Assessment and Report:  Detailed hydrology work needs to be 
carried out to assess water issues relating to the pit designs; this may also 
impact on the design constraints (slopes).  This report will also give better 
estimates on required pit dewatering and associated problems particularly during 
wet season. 

• Environmental Assessment and Report:  Results of the Environmental 
assessment will be used to determine any “no-go” mining areas, and any other 
mining related issues (final dump profiles, etc). 

• Acid Mine Drainage:  Investigate the possibility for generation of acid mine 
drainage and address accordingly at the next study. 

• Density:  A global density of 2.50 was assigned to the model by the resource 
geologist (Mining Associates, October 2006).  More detail on the individual 
deposits ore waste SG should be carried out when moving the project to the next 
level of study. 

• Classification (more measured/indicated):  Approximately 35% of the 
optimisation shell inventory contained indicated material and the remaining 65% 
was inferred material.  Before moving the study to the next level more of the 
deposit will need to be upgraded to measured/indicated.  When quoting (JORC 
compliant) mine reserves, only measured and indicated (proved and probable) 
mineralisation can be included. 

• Topography:  Detailed topography over the lease needs to be obtained for 
infrastructure planning. 
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• Coordinate Transformation:  The transformation algorithm (local to AMG) used 
for the scoping study was worked up from existing local and AMG plans.  Work 
needs to be carried out to determine the exact transformation algorithm to use; 
this can be achieved by re-surveying at least two existing drillhole collars (where 
the local coordinates are known). 

• A transformation in RL should also be considered to avoid the possibility of 
negative RL benches; typically 1000 m is added to the RL to avoid this confusion, 
while still maintaining the required detail of information. 

 
23.3 PROCESS DESIGN 

Figure 23.3.1 is a high-level process flow diagram for the conventional leach circuit which 
will be used at Westmoreland.  This section describes the process and reasoning for 
selecting major equipment items. 
 

Figure 23.3.1    
Process Flow Diagram 
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23.3.1 Comminution 

The comminution circuit for this process option consists of a primary jaw crusher followed 
by a single stage Semi-Autogenous (SAG) Mill.   
 
Run of mine ore (ROM) will be delivered to a prepared ROM pad.  The ROM bin will 
discharge into a primary jaw crusher via an apron feeder.  The primary crushed product 
will then be conveyed directly to the SAG mill.  
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The SAG mill will run with a ball charge of 15-18% by volume.  The mill product will be 
discharged via a trommel to the discharge sump.   
 
Mill discharge slurry will be pumped to the cyclone cluster from which the underflow will be 
returned to the mill.  The cyclone overflow will gravitate to the leach circuit.  The P80 of the 
grinding circuit will be 180 µm as proposed in the ANSTO reports. 
 
23.3.2 Leaching 

The comminution circuit product (cyclone overflow) will flow by gravity to the acid leach 
circuit.  The circuit will consist of five agitated, rubberlined steel tanks in series.  The 
residence time will total 20 hours.    
 
Concentrated sulphuric acid and hydrogen peroxide will be added to maintain a pH of 1.5 
and ORP of 475 mV.  Steam will also be injected in the leach tanks to maintain a leach 
temperature of 40ºC.   
 
The acid consumption is expected to be 15 kg H2SO4 /t ore and the hydrogen peroxide 
consumption is estimated to be 1.35 kg H2O2 /t ore.   
 
The leached slurry will then transfer to a holding tank from which it will be pumped to the 
counter-current decantation (CCD) circuit.   
 
23.3.3 Counter-Current Decantation (CCD) 

The primary purpose of the CCD circuit is to maximise the recovery of uranium bearing 
liquor.  The circuit will utilise a total of five thickeners in series, in which the underflow is 
pumped counter-currently to the overflow. 
 
Flocculant will be added to each thickener to accelerate the settling rate and ensure that a 
minimum amount of solids is carried over into the following thickener.  The final thickener 
underflow will be neutralised in the tailings neutralisation tank using milk of lime prior to 
pumping to the Tailings Storage Facility (TSF). 
 
CCD 1 overflow or PLS will then be clarified to remove any entrained suspended solids 
before entering the solvent extraction (SX) plant.  The polished liquor will be stored in the 
SX feed tank to regulate the feed into the first mixer settler and allow for controlled 
shutdowns/start-ups.  
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23.3.4 Solvent Extraction 

ANSTO recommended the use of solvent extraction to separate uranium from other 
soluble impurities in the Pregnant Liquor Solution (PLS).  As a result this was the adopted 
design approach of this study. 
 
The polished PLS will be pumped from the SX feed tank and will be mixed with the 
organic phase in the mixer tank of the first mixer settler.  In the extract circuit, the organic 
phase flows in a counter-current arrangement to the aqueous. 
 
The organic phase will be transferred to the scrubbing circuit, where the pH is gradually 
adjusted to ensure that any entrained impurities on the organic phase are stripped off and 
not carried forward into the strip stage.  
 
The scrubbed organic will then advance to the four stage strip circuit, where the uranium 
will be transferred into an aqueous phase at a much higher concentration.  As for the 
extract circuit, the aqueous phase will flow counter-currently to the organic phase.  The 
stripped organic will then report to a regeneration mixer settler, where it will be contacted 
with a mixture of sodium hydroxide and sodium carbonate at high pH.  The regeneration 
step strips out species that would otherwise build up in the organic phase.  The loaded 
aqueous will be pumped to the precipitation circuit.   
 
The raffinate will be returned to the CCD circuit and the loaded organic is advanced to the 
three stage scrub circuit.   
 
The organic phase consists of 4% Alamine 336 as the extractant and 2% Isodecanol as a 
modifier and 94% SHELLSOL 2046 as a diluent.   
 
Crud formation is a common occurrence in most SX circuits.  A crud treatment and 
disposal circuit consisting of mixer settlers, tanks and a centrifuge has also been allowed.  
This will be operated on a needs only basis. 
 
23.3.5 Uranium Precipitation 

The loaded aqueous will be advanced to a two stage circuit.  The circuit consists of two 
tanks in series, where the uranium product will be precipitated as uranium diuranate 
(ADU) by the addition of ammonium hydroxide.  The ADU slurry is then pumped into the 
ADU thickener where flocculant will be added to produce a thickener underflow of 
>30% w/w solids.   
 
The thickener underflow will be then pumped to a two stage centrifuge circuit to produce a 
settled product of >60% w/w solids. 
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23.3.6 Drying and Packaging 

The centrifuged ADU will be transferred to a multi-hearth furnace which will operate at 
400ºC.   
 
The dried product will then be stored in a bin for packaging in 205 L drums on a batch 
basis.  The 205 L drums will be loaded on pallets, packed into sea-containers and sent 
out as required. 
 
The total ADU production will be 1812 dry t/y, which is equivalent to 1359 t U3O8/y. 
 
23.3.7 Reagent Storage and Reticulation 

The main reagents being used in the conventional leach option are as follows: 

• Sulphuric acid:  This will be delivered to site as concentrated acid (98% H2SO4) 
and offloaded and stored in dedicated storage tank providing up to three months 
buffer storage during the wet season.  The acid will then be pumped into a “day” 
tank from where it will be reticulated to addition points and used in its 
concentrated form. 

• Hydrogen peroxide:  This will be delivered to site as 75% v/v H2O2 solution and 
will be stored on site before reticulation to consumption points as concentrated 
peroxide for direct addition. 

• SHELLSOL 2046:  This is the diluent used in the solvent extraction plant and 
makes up 94% of the total organic volume.  The reagent will be delivered to site 
in isotainers and stored for use as required. 

• Alamine 336:  A tertiary amine used as the extractant in the SX circuit a makes 
up 4% of the total organic inventory.  The supplier will supply this in either 
19 000 L isotainers or 1000 L bulka boxes which may be stored as is or 
transferred to a storage tank on site. 

• Isodecanol:  A modifier used in SX to facilitate the contact between the aqueous 
and organic phases.  It will make up 2% of the organic inventory.  It is proposed 
that this will be delivered to site in bulka boxes and stored for usage as required. 

• Ammonia:  Anhydrous ammonia will be delivered to site and stored in 
pressurised bullets for use in both the SX and ADU precipitation circuits. 

• Flocculant:  The bulk of the flocculant will be used in the CCD circuit with small 
amounts added to the ADU thickener to assist in the settling of the final product 
to the required density.  The flocculant will be mixed to 1% strength in a vendor 
supplied mixing plant before dilution and addition to the CCDs and ADU 
thickener. 

• Minor amounts of sodium hydroxide and sodium carbonate will be used in the SX 
circuit for organic regeneration. 
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• Grinding media:  Mill balls will be delivered in 205 L drums to site and added to 
the SAG mill on a batch basis 

• Quicklime:  Quicklime will be stored on site in silos where it will be slaked in a 
dedicated lime slaking mill.  The milk of lime will then be stored in a storage tank 
before being dosed to the neutralisation circuit to ensure that the tailings are of a 
neutral pH before pumping to the tailings dam. 

 
23.3.8 Services 

The plant services will consist of: 

• Raw water:  A raw water pond will be constructed to receive water from bores.  
Raw water will then be circulated around site via a ring main 

• Process water:  A process water tank will be constructed to allow for buffer 
storage.  The process water will then be circulated around site via a ring main 

• Potable water 

• Compressed air 

• Instrument air. 
 

23.4 TAILINGS DISPOSAL AND HYDROLOGY 

Golder Associates Limited (Golder) were requested to evaluate tailings disposal and 
hydrology (water supply) requirements for the Project.  Golder’s scope of work can be 
summarised as follows: 

• Review historical data 

• Identify potential development concepts for environmental, tailings disposal and 
hydrological project aspects in conjunction with GRD Minproc 

• Estimate required preliminary quantities for these concepts to be included in the 
conceptual cost estimate prepared by GRD Minproc 

• Document findings in the scoping study report 
 
This section summarises Golder’s study outcomes.  
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23.4.1 Tailings Storage Facility Construction 

a) Key Assumptions 

The following assumptions were made throughout the tailings disposal study: 

• Ore treatment rates of 1.0, 1.5 and 2.0 Mt/a were considered for the life of 
the mine.   

• Tailings particle density:  2.8 

• Particle sizing:  36% finer than 75 µm 

• Slurry solids concentration:  58% w/w 

• Assumed beach slope:  1%. 

• Initial dry density:  1.1 to 1.4 t/m3  

• The Tailings Storage Facility (TSF) will be located 4 km from the Redtree 
pit. 

 
Table 23.4.1 summarises the three options evaluated for the study. 
 

Table 23.4.1     
Considered TSF Sizes 

TAILINGS DEPTH Units 15 m 20 m 30 m 
Design Storm Allowance m 2 2 2 

Spillway allowance m 1.5 1.5 1.5 

Wall height m 17.5 22.5 32.5 

Base area m² 702 000 546 000 378 000 

Wall length m 890 806 712 

Rate of Tailings Rise m/y 1.25 1.67 2.50 

Wall volume m³ 2 200 000 2 400 000 2 900 000 

 
For the purposes of this study Golder assumed that a double liner system will be 
required during operations and after closure comprising: 

• A natural clay liner across the base of the TSF and up the walls 

• Covered by a 1.5 mm HDPE geomembrane to provide integrity 

• A series of liner overdrains to control the phreatic surface within the tailings, 
discharge to flow into the return water sump. 

 
The tailings deposition will be through a system of spigots ringed around the 
TSF.  The beaching to be managed towards the lowest corner, where a gravity 
decant facility will be located to recover water for reuse in the process plant. 
 
GRD Minproc selected the 20 m high TSF as the basis for the cost estimate. 
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b) TSF Closure 

The TSF must be designed for closure and for an indefinite design life thereafter.  
Typical requirements for closure will be: 

• The shaping of the surface of the TSF to eliminate the ponding of water and 
erosion  

• The placement of a non-eroding cover over the surface of the TSF to 
promote revegetation. 

 
Ideally provision should be made during the working life of the mine to stockpile 
suitable materials close to the TSF to minimise closure costs. 
 

c) Recommendations for Future Tailings Work 

Golder recommended the following for waste management at the next study 
phase:  

• TSF Site Selection:  A site will need to be selected for the TSF based on 
detailed survey (1.0 m contours to 150 mm accuracy) and a site physical 
and geological assessment.  

• Site visit to understand the topography and local conditions; and  

• A walk-over survey by an engineering geologist to map the geology from an 
engineering perspective and investigate sources of potential construction 
materials, including clay and bedding sand. 

• Provision of preliminary layout design based on selection, survey, etc. 

• Geotechnical investigations including: 

− Boreholes and testpits  

− In situ permeability 

− Shear strength testing in the boreholes 

− Collection of undisturbed samples for laboratory testing. 

• Tailings testing to determine achievable settled density 

• Consolidation tests to assess the final density the tailings and the 
settlement characteristics 

• Leaching tests to determine the geochemical characteristics of the leachate  

• Detailed water balance to allow sizing of the decant facility, the return water 
pond, the operating freeboard and the spillway requirements to cater of the 
operating and closure conditions. 
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23.4.2 Water Management 

The following work was conducted by Golder.   
 

a) Water Requirements 

To determine the requirements for water management some key assumptions 
were made to the water: 

• The throughputs examined were is 1.0, 1.5 and 2.0 Mt/a 

• A feed water ratio of 1.6 m3/t was provided by GRD Minproc 

• Life of mine is 13 years based on 1.5 Mt/a, with one year allowed for 
closure program 

• 210 people to be on site on a fly in / fly out basis 

• Potable water ratio is 220 L/p/d for on and off site demands. 
 
The water requirements for the 1.5 Mt/a option are summarised as follows:  

• Maximum demand 207 L/s 

• Mean demand 169 L/s 

• Minimum demand 155 L/s. 
 

b) Water Supply Options 

The possible sources for meeting the project demands and be summarised as 
follows: 

• TSF Return Water:  Early recovery of supernatant liquor at a rate of ~40% 
is expected, which would be available to the operation for reuse.  In 
addition, the TSF will also be managed as an artificial water catchment 
making it possible to harvest rainwater. 

• Local Bores:  Based on historical data reviewed it was found that local 
bores are capable of meeting minor supplies only.  Groundwater sources 
with potential to meet demand that are available locally are severely limited 
with expected of 2.0 L/s or below. 

• Local Surface Water Storage Dams:  The construction of storage dams to 
intercept overland flow may be possible, but this is subject to the provisions 
of the Wild Rivers Act (2005).  Yield is expected to meet minor demand but 
make up will be required from larger sources. 
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• Off-site Bores:  Maximum yields across a wider groundwater zone may be 
up to 15 L/s, as such, bore yields in the order of 5-10 L/s might be a 
reasonable target for an off-site aquifer to make up the full supply.  
Groundwater occurrence in potential target areas has not been confirmed, 
but the likely areas to target for meeting the indicated demand would 
include limestone units within 80 km of the site. 

• Major River Intake:  Off-site river intakes may be capable of providing bulk 
raw water make up.  This would supplement tailings decant water recovery 
and other local sources. 

 
Based on these source alternatives, the following supply options are proposed for 
the selected throughput case (1.5 Mt/a): 

• Option A:  Tailings supernatant return water, including rainwater 
harvesting, local surface dam discharge and makeup water from offsite 
supply – river intake and/or borefield. 

• Option B:  Tailings supernatant return water, including rainwater 
harvesting and makeup water from offsite supply – river intake and/or 
borefield. No local dam.  

 
A preliminary water balance model has been developed to review these options, 
using GoldSim a graphical object-oriented modelling environment developed by 
Golder with a capacity to address dynamic probabilistic simulations.  At each time 
step, the model attempts to meet the prescribed demand from the available 
sources in the following order: 

• TSF return (supernatant water yielded from the early settlement of the 
tailings slurry, and the rainwater harvested off the surface of the TSF) 

• Surface Water Dam (if present); and finally 

• Off-site make up (not specified in the model, but this would be either the 
borefield or the river intake option). 

 
No allowance is made at this stage for minor bore sources which might be 
present on site to meet minor local demands such as potable supply.  
 
In general, the demand is unlikely to be met from local sources and will have to 
be found from off-site locations such as a borefield of >30 bores in the limestone 
deposits or a river intake on a major river in the Northern Territory. 
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c) Recommendations for Future Work 

Golder recommended the following work for moving the water management plan 
forward to feasibility level: 

• Surface Water Sources:   

− Potential surface water dam sites and collection points will need to be 
identified and data collection for rain water.   

− Rainfall-runoff studies to estimate flows at ungauged sites will also be 
required.   

− Resource hydrology to include use of historical and generated 
records for potential sites for quantifying reliability of supply. 

− Conceptual design of supply system to include hydraulic structures, 
basic infrastructure, storage requirements 

− Revised water balance and model to integrate sources into long term 
water management plan for the project from construction through to 
post-closure. 

• Groundwater Sources: A focussed groundwater resource investigation 
will be required to identify target aquifers to meet significant operational 
demands. This would include a ground water exploration program covering 
the following: 

− A focussed desk-top review considering groundwater availability in a 
range of target aquifers. 

− A review of legislative requirements and permitting procedures 
relating to groundwater supply within both the Northern Territory and 
Queensland. 

− A field program to test target aquifers including the installation of trial 
production bores and carrying out aquifer pumping tests. 

− The development of conceptual groundwater model for the aquifers of 
interest. 

− The development of a numerical groundwater model to allow 
scenarios relating to borefield reliability and response to drought 
conditions to be simulated in sustainability reviews.  

• The water balance model will need to be rerun incorporating the identified 
potential sources and their yields assessment. 

• A water planning model such as the GoldSim-based model described 
above that integrates all water management activities, reflecting the most 
current construction programs, mine plans and closure proposals. 
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23.5 OTHER INFRASTRUCTURE 

23.5.1 Mine Services 

GRD Minproc has developed mining area costs for services considered necessary to 
support the mining operations.  The items estimated by GRD Minproc are defined below. 

• Mine Dewatering:  This includes provisions for pit dewatering submersible 
pumps, settling pond and delivery pipeline to the settling pond. 

• Mine Electrics:  This incorporates mine area power generation, distribution and 
area lighting. 

• ROM Stockpile Dust Suppression:  This includes pump and dust suppression 
system serving the area. 

• Mine Buildings and Services:  Incorporates the following items: 

– Magazine and explosives storage facilities 

– Mine office building and ablution facilities 

– Cribroom/Muster/Training building 

– Heavy vehicle and truck workshop 

– Tyre changing facility 

– Fuel storage and dispensing facility  

– Heavy vehicle and truck wash down pad 

– Sediment trap and oil/water separators 

– Septic system 

– Water storage and distribution. 
 
23.5.2 Plant Buildings 

This area covers plant and site associated buildings as defined below: 

• Administration and Services:  This covers the administration office, ablutions 
including decontamination area and laundry. Gatehouse and emergency/medical 
building and cribroom, and training building. 

• Site Warehouse:  Warehouse building complete with storage and a fenced 
compound. 

• Site Workshops:  This will provide services and includes the plant mechanical 
workshop complete with tools and fit out, light vehicles workshop, electrical 
workshop and instrument workshop. 
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• Laboratory:  Laboratory complete with equipment, benches, instrumentation and 
dust removal equipment.  Generally divided into sample preparation and solids 
handling, wet analysis and with dedicated rooms for major analytical equipment 
such as AA and XRF. 

 
23.5.3 General Services 

This covers items servicing the site and include: 

• Fire detection and protection:  Allowance has been made for the following: 

– Firewater tank  

– Firewater pumps (electric and diesel) 

– Firewater ring main c/w hydrants and hose reels 

– Dedicated fire protection system in the SX area 

– Automatic extinguishing systems in substations and offices 

– Detector and alarm systems 

– Manual extinguishers. 

• Mobile equipment:  Mobile equipment for personnel transportation, 
maintenance, emergency, transportation of spares etc.   

• Fuel Storage and Distribution:  The fuel storage and distribution incorporates:  

– Bunkering and delivery pumps 

– Delivery lines to the multi-hearth furnace 

– LV Bowser c/w electronic security and data recording. 

• Communications:  Communications to off-site locations and within the project 
site is provided by a satellite receival station and wireless loop between the 
process plant, village, mine area and airport.  Full on-site communications are 
provided by Cat 5/Cat 6 data and telephone cabling, PABX and IP telephony 
systems and two-way voice mobile radio.   

• Security:  Security and plant monitoring includes fencing to the perimeter of the 
plant, CCTV monitoring at eight strategic points and electronic personnel entry 
access system to plant. 
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23.5.4 Power Supply and Distribution 

Three main options were briefly investigated for the power supply to the Westmoreland 
project, they can be summarised as follows: 

• Owner operated diesel fired power station 

• Contract power supply via a Build Own and Operate (BOO) arrangement 

• Power line construction from either Century Zinc Mine (150 km away from 
Westmoreland). 

 
For the purpose of the study the power line option was selected for with an estimated 
capital cost of A$200 000/km and operating cost of A$0.08/kWh. 
 
23.5.5 Water Supply and Distribution  

A nominal borefield complete with production and observation bores, bore pumps and 
collector pipe network delivering water to a holding tank.  Power is provided by individual 
generator sets at each bore.  Control and performance monitoring of the borefield is done 
by telemetry. 
 
A pipeline delivers water to the plant area and a water treatment plant for provision of 
potable water.  Potable water will then be reticulated to the plant, village, mining area and 
other project areas. 
 
23.5.6 Area Roads  

Roads for the project are all-weather gravel roads.  They include the access road that 
connects with the local public road, a distance of 25 km. Other roads are to the village, 
airport and mining area.  The base case estimate for this study includes for an all-weather 
dirt road.  The construction costs of the all-weather dirt roads include for clearance, sub-
base preparation, embankment construction (300 mm), gravel running surface (150 mm), 
drainage, guide posts, traffic signs and other fixtures. 
 
23.5.7 Permanent Village  

The estimate splits into general accommodation, accommodation for executive visitors 
and short term accommodation for contracted labour and services. Landscaping of the 
village area is also included.  The village includes: 

• A wet mess, kitchen, diner and facilities for cold storage 

• Laundries with drying areas 

• Village administration office including storage facilities for linen and other 
accommodation area spares 
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• Sports facilities including a gymnasium and swimming pool. A recreation room is 
included within the village 

• Induction and Emergency/Medical facilities are included 

• Sewage treatment plant servicing the village area 

• Village area services including power reticulation, air conditioning, potable water 
storage and reticulation and communications links 

• Storm water diversion and collection. 
 
23.5.8 Airport 

The base estimate includes an all-weather, sealed runway, navigational aids, security 
fencing, fire protection and adequate drainage.  The airstrip can accommodate a 20-seat 
aircraft.  A Metro 23 was used to size the runway, which is 1600 m long x 30 m wide.   
 
An airport building has also been allowed for including a covered waiting area, toilet and 
water storage. 
 
23.5.9 Drainage and Run-Off Water Management  

Storm water run-off is required in a number of project areas and these can be classified as 
those that are exposed to potentially radioactive material and those that are clean 
depending on the source of the run-off water.  Separate run-off facilities are provided for 
these eventualities and are indicated on the Overall Plot Plan. The key catchments are as 
follows: 

• Mine and mine building storm water drain and catchment pond 

• Plant and plant building storm water and catchment pond 

• Tailings Area Storm Water and Catch Pond (Conventional Leach option) 

• Village, Power Station and Airport Storm Water Drains. 
 
23.5.10 Port Facilities (Darwin) 

Port facilities allowed in the estimates include a security fenced, hardstand area for 
shipping containers of final product awaiting despatch.  
 
It is assumed for the purposes of this scoping study that any reagent and commodity off-
loading, port storage and road load-out facilities will be owned and operated by the 
reagent supplier.  
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23.6 CAPITAL COSTS 

23.6.1 Introduction 

This section details the capital cost estimate for the Westmoreland project.  All costs are 
estimated in Australian dollars as at the first quarter 2007 and are judged to have an 
accuracy of ±30%.  All costs relate to the area within GRD Minproc’s scope. This includes 
a number of items within the mining area as identified in the estimate. Owner’s costs are 
however excluded. 
 
23.6.2 ESTIMATE STRUCTURE 

The capital cost estimates have been structured into the following major categories: 

• Direct Costs: Direct costs are those expenditures that include supply of 
equipment and materials, freight to site and construction labour relevant to the 
particular option. 

• Indirect Costs:  Indirect costs are those expenditures covering engineering, 
procurement and construction management (EPCM) services together with the 
supervision of commissioning of the works. 

• Contingencies (Growth Allowance):  Contingencies have been assigned to each 
discipline item on the basis of the perceived magnitude of the risks given that the 
study has been executed to scoping level. GRD Minproc has applied 
contingencies to the estimate to make allowance for the following risks: 

– Minimal design input 

– Preliminary scope definition  

– Quantity survey errors and omissions 

– Material and labour rate accuracy 

– Equipment budget costing 

– Incorrect “bulks” factor applications. 
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23.6.3 ESTIMATE COST BASIS 

All costs have been estimated using a cost structure developed for labour and materials 
as of the 1Q 2007 and are presented in Australian dollars. The following summarises the 
estimation methodology adopted for the study. 
 
a) “Bulk” Materials 

Unit rates for Bulk Materials i.e. earthworks, concrete, steelwork, platework etc., 
have been developed from current rates supplied by contractors and suppliers 
familiar with costs applicable to remote Australian regions. For this issue of the 
estimate, rates for specific disciplines have been based on data supplied from the 
following sources: 

• Concrete supply based on prices quoted by pre-mix concrete suppliers for 
recent studies in remote areas of Australia 

• Reinforcing bar based on rates quoted by fabricators for recent studies 

• Concrete in place rates taking cognisance of rates developed for recent 
studies undertaken for projects in remote areas of Australia 

• Steelwork supply based on rates supplied by fabricators for recent studies 
and projects in remote areas of Australia 

• Platework supply based on rates supplied by fabricators for recent studies 
and projects in remote areas of Australia 

• Site erected tanks based on current market place rates 

• Earthmoving plant hourly rates supplied by a contractor experienced in 
working in remote areas of Australia.  

 
The main all-up rates used in the estimate are listed below 

• Concrete (in place) $2500/m³ (average) 

• Steelwork (supplied and erected) $9500/tonne (average) 

• CS Plate-work (supplied and erected) $11 000/tonne (average) 

• Site erected carbon steel tanks    $13 500/tonne (average) 

• SS Plate-work (supplied and erected) $20 000/tonne (average). 
 
b) Equipment Costs 

Equipment costs are based on budget quotes received from vendors for major 
items such as mills, mixers, clarifiers, thickeners, and centrifuges.  In-house 
database or allowances have been used for certain equipment items where 
recent costing is available.  
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The following vendor pricing for major equipment is incorporated into the 
estimates: 

• Mills Outokumpu Technology 

• Mixers Lightnin’ Mixers 

• Mixer-Settlers GRP Technology 

• Pin Bed Clarifiers Waterex 

• Thickeners Outokumpu Technology  

• Centrifuges Flottweg 
 
An allowance on the net price of the equipment to include for packers, wedges, 
grouting, guarding and signage is included. 
 

c) Estimation Methodology 

The capital cost estimate has been assembled on an electronic spreadsheet 
using the following general methods of calculation. 
 

d) “Bulk” Quantities 

Preliminary global quantities for earthworks, concrete, steelwork, and plate work 
have been determined from in-house data for similar installations and assessed 
from conceptual sketches prepared for this study.  To these quantities rates as 
noted above have been applied. 
 

e) Equipment Costs 

A detailed equipment list has been prepared and imported into the estimate. To 
each item of equipment costs have been entered as per the basis outlined above.  
 

f) All-in Labour Gang Rates 

Labour rates for the estimate have been calculated in-house by GRD Minproc 
based on rates supplied by contractors experienced in working on remote 
resource industry sites.  The rates include for all award requirements plus EBA, 
typical of what a project of this nature would attract. To these are added 
accommodation and travel costs, supervision, construction plant and cranes, 
temporary facilities, and contractors’ mark-ups to give a direct labour cost per 
hour. 
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Main labour gang rates as listed have been used in the estimate 

• Earthworks $255 to $476/hr range (dependent on plant spread) 

• Concrete Works $160/hr 

• SMP Installation $160/hr 

• Site erected tankage $160/hr 

• O/land piping $160/hr 
 
g) Construction Hours 

Site construction hours have been calculated using Australian norms as the 
basis.  A productivity factor of 1.2 has been applied to these norms to reflect the 
estimated hours considered applicable in this remote location of Queensland. 
 

h) Piping 

Piping costs have been calculated by applying factors to the equipment supply 
cost. These factors vary depending on the WBS area. They are based on 
GRD Minproc’s experience of similar installations. The off-plot lines have been 
calculated by applying material plus installation rates to preliminary quantities. 
 

i) Electrical 

Electrical and instrumentation costs have been calculated by applying factors to 
the equipment supply cost. These factors vary depending on the WBS area. 
These factors are based on in-house data for similar installations. 
 

j) Plant and Other Project Buildings 

The costs for buildings have been developed from recognised published data 
with factors applied for construction in the remote regions of Queensland. 
Allowance has been included for all building fit-out such as furniture, window 
treatments, maintenance tools and equipments, storage, computers, appliances, 
laboratory equipment, etc. 
 

k) Freight 

Freight costs for steelwork and platework have been based on sourcing these 
commodities mainly from within Queensland.  A net cost of $250/t for 48 t road 
trains is based on recent studies.  Factors have been added for short loading, 
bulking, dunnage and mark-ups.  Ocean, inland and local freight for equipment 
has been applied as a percentage of the equipment costs.  Normally a 
percentage of 5% is considered acceptable figure for equipment originating in 
country and 10% for imported. 
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l) Preliminaries 

Preliminaries are those items that must be included to the estimate but can not 
be included in specific WBS areas because they are applicable across a number 
of areas.  
 
They consist of: 

• Mobilisation and demobilisation of contractors 

• Heavy lift cranes for the installation of crushers, mills, filters and thickeners 
(in labour gang rate) 

• Contractors site ablutions 

• Construction site temporary power 

• Construction site temporary communications 

• Site temporary power to service contractors huts etc 

• Site temporary fuel storage 

• Construction water stand pipe and storage 

• Contractors laydown area 

• Cost of vendors representatives to be present when commissioning 
equipment 

• Assistance by contractors when carrying out commissioning the plant 

• Construction camp   

• Temporary facilities for the EPCM contractor. 
 
m) Capital Spares 

Included is an amount equal to 5% of the ex works equipment cost to cover 
capital and start up spares, an allowance has been added to this to cover freight 
to site. 
 

n) Indirect Costs, Temporary Facilities and EPCM 

Indirect costs have been calculated by applying a percentage amount to the 
Direct Costs. From experience a percentage of 5% has been added for 
temporary facilities such as the establishment of construction camps, 
construction management temporary facilities, temporary infrastructure etc.  For 
the EPCM various percentages were (dependent on work area) applied to 
undertake detail design, procurement, project management, construction 
management and commissioning if undertaken by an engineering company 
familiar with this task.  Also included within this EPCM amounts are such things 
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as specialist sub-consultants, travel costs, R&R, hire vehicles, accommodation 
and messing, insurances etc. The EPCM overall averaged 13%. 
 

o) Accuracy Provisions (Growth Allowance) 

Contingencies have been applied at the following percentages 

• Equipment 7.5% 

• Freight 15% 

• Civils 15% 

• Concrete 15% 

• Steelwork 15% 

• Platework 15% 

• Equipment installation 10% 

• Piping 20% 

• Electrics and instrumentation 20% 

• Buildings 15% 

• Other 7.5% 

• Turnkey 10% 

• Indirects 15% 
 
However it does not consider allowances for such subjective risks as:  

• Currency exchange rate fluctuations 

• Construction market forces 

• Environmental considerations 

• Community input considerations 

• Unusual weather conditions 

• Labour availability 

• Difficult ground conditions 

• Change to statutory regulations, charges and taxes 

• Scope changes. 
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23.6.4 QUALIFICATIONS AND CLARIFICATIONS 

Specific exclusions are included in qualifications below: 

• Mine pre-strip or development is not included. 

• The mining fleet and associated support vehicles are included. 

• GST or any like tax has not been included. 

• If Import Duty is applicable to any overseas pricing of imported equipment it has 
not been included. 

• Estimate assumes all construction labour and plant can be sourced from within 
Queensland.  

• No escalation costs have been included from base date of estimate. 

• Any special site agreement that may subsequently be negotiated with the 
contractor’s or unions has not been considered. 

• Minimal site preparation has been included. No allowance has been made for 
rock excavation, dewatering or sub strata improvement. It has been presumed 
that the site is generally clear and ground conditions are suitable for the 
construction of the proposed works. 

• It is assumed that suitable borrow pits for building materials are in close proximity 
and where there is a requirement for select fill it can be produced with a minimum 
of screening and water conditioning. 

• Bulk fuel storage and dispensing to service the mining fleet is included. 

• Mobile equipment to support the process plant is included. 

• CAR or goods in transit insurances have been included within the EPCM amount. 

• First Fill and Consumables are included. 

• Any Owner’s development costs, contingencies or risk amounts are excluded. 
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23.6.5 CAPITAL COST SUMMARY  

The cost breakdowns by WBS area are given in Table 23.6.1. 
 

Table 23.6.1     
Capital Cost Breakdown  

Area No Area Description A$ 

DIRECT COSTS 

11 Mine Pit Development In operating 

12 Mine Dewatering In operating 

13 Mine Electrical Generation and Distribution 422 000 

14 ROM Stockpiles Dust Suppression 87 992 

15 Mine Infrastructure and Services 3 968 028 

16 Mine Buildings 3 373 236 

 Total – Mining 7 851 255 

20 Crushing 6 205 203 

25 Grinding 14 521 913 

30 Leaching 11 122 264 

35 Counter Current Decantation 38 486 576 

40 Solvent Extraction 7 322 051 

50 Precipitation and Solid Liquid Separation 1 889 078 

60 Drying and Packaging 5 884 075 

70 Reagents Storage and Reticulation 15 608 021 

80 Plant Water and Services 4 759 737 

85 Pipe Racks 1 884 729 
 Total – Process Plant 107 683 729 

 Site Preparation and Improvements 1 299 482 

 Site Buildings 5 935 349 

 Substations 1 095 322 

 Fire Protection 796 109 

 Sewage Disposal and Treatment 350 980 

 Mobile Equipment 3 577 613 

 Tailings Lines 3 041 427 

 Tailings Dams 19 097 863 

 Decant Lines 452 768 

 Fuel Storage and Distribution 1 276 850 

 Control Systems 1 539 906 

 Communications 1 453 776 

 Security 378 890 

 Total – Plant Infrastructure 40 296 335 
 Water Supply and Distribution 8 333 718 

 Electrical Distribution 1 000 000 
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Table 23.6.1     
Capital Cost Breakdown  

Area No Area Description A$ 
 Area Roads 9 241 339 

 Telecommunications (Satellite Receival and Wireless) 80 000 

 Permanent Village 19 306 972 

 Rubbish Disposal 116 320 

 Air Strip 2 709 011 

 Run-Off Water Management 1 000 000 

 Total – Area Infrastructure 41 787 359 
 Regional Road upgrade No allowance 

 Telecommunications No allowance 

 Port Facilities 288 830 

 HV Power Line (Turnkey) 30 000 000 
 Total – Regional and Remote Infrastructure 30 288 830 
 Ocean Freight 510 023 

 Mobilisation and demob 2 056 619 

 Commissioning 2 157 003 

 Total – Miscellaneous 4 723 645 

TOTAL DIRECT CAPITAL 232 631 072 

INDIRECT COST 
 Temporary Construction Facilities 11 631 554 

 EPCM 30 242 039 

TOTAL INDIRECT COST 41 873 593 

TOTAL BARE COST 274 504 665 

 Accuracy Provision 37 058 130 

 Initial Working Capital (First Fill & Spares) 5 950 741 

TOTAL 317 513 536 
 
23.6.6 Sustaining Capital 

The following sustaining and replacement capital is required for the mine, plant and 
infrastructure areas.  The allowances are indicated in Table 23.6.2. 
 

Table 23.6.2     
Sustaining Capital for (A$’000’s) 

Cost Element Yr 2 Yr 4 Yr 5 Yr 6-10 Yr 11-13 TOTAL  
Mobile Equipment  600 300 900 300 2100 
Tailings Dam 4000     4000 
Bore Field  2000  2 000  4000 
TOTAL 4000 2600 300 2900 300 10 100 
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23.6.7 Closure Costs 

At the end of the project life, it is required that all disturbed areas are rehabilitated and 
equipment and buildings are removed. 
 
The following estimates cover the deconstruction/demolition and disposal of the process 
plant and infrastructure.  Also included is the cost of rehabilitating all disturbed areas to 
ensure their suitability for future use.   
 
It is assumed that the operations personnel prior to closure will undertake all 
decommissioning activities.  These activities include flushing and cleaning of equipment 
and general housekeeping to facilitate the deconstruction/demolition activities.  
 
Closure deconstruction estimates are based on closure costs calculated for a similar style 
and scope mining project in the remote northern goldfields of WA.  The costs at the time 
(late 2005) took cognisance of the requirements and regulations of the Department of 
Environment of Western Australia.  The scope as for Westmoreland covered such things 
as mine pit and waste dumps, process plant, plant infrastructure, tails storage facility, 
permanent village, access roads, air strip, borefield, mine infrastructure etc.  The costs 
were based on deconstruction rather than demolition and cover cartage cost to a disposal 
pit or laydown area. 
 
The following methodology for disposal and rehabilitation is proposed for various sections 
of the project: 

• Process Plant and Infrastructure: To be demolished to ground or foundation 
level and disposed of in mine pits (above the water table) where it is covered with 
a minimum of 1.0 m of waste rock and oxide material (pit fill by mining and not 
included in this report).  Any remaining foundations left at ground level to be 
covered with 1.0 m of waste rock then the total area will be contoured and 
covered with a 100 mm thick layer of topsoil, which will be fertilised and seeded. 

• Permanent Village: As per the process plant and infrastructure, the village will 
be disposed off and buried in mine pits.  The village area will be contoured and 
covered with a 100 mm thick layer of topsoil, which will be fertilised and seeded. 

• Regional and Project Roads:  All roads will be deep ripped, culverts removed, 
re-contoured, fertilised and seeded (no top soil required). 

• Airport:  All buildings and infrastructure will be disposed of in mine pits.  Then 
the total airport area will be deep ripped, contoured, fertilised and seeded. 

• Borefields:  All bore surface installations and pipelines to be demolished and 
disposed of in the mine pits and all areas of disturbance to be deep ripped, 
contoured, fertilised and seeded. 
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• Darwin Facilities:  Only removal of infrastructure not required by future users of 
the site will take place. 

• Mine Infrastructure:  As for the Process Plant and Infrastructure. 

• Mine Pits:  After re-filling of the pits the surface to be re-contoured, top soiled, 
fertilised and seeded. 

• All Waste Dumps:  Mainly used to fill the pits, the remainder of dumps and 
disturbed areas to be re-contoured, top soiled, fertilised and seeded. 

• ROM Pad:  As for the waste dump areas. 

• Mine Haul and Access Roads:  To be deep ripped and re-contoured, fertilised 
and seeded. 

• Leach Ponds:  A 1.0 m layer of waste rock to be placed across the total area.  
The final surface to receive a 100 mm layer of topsoil, which will be fertilised and 
seeded. 

• Re-seeding program:  Re-seeding program will require to be undertaken at two-
year intervals for a total of six years.  This has been allowed for. 

• On-going monitoring:  No costs have been included for any on-going 
monitoring of the project site or environs by Laramide or specialist consultants. 

 
The closure costs are summarised in Table 23.6.3. 
 

Table 23.6.3     
Closure Cost Summary  

Cost Element A$M 

Demolition/Deconstruction 6.522 

Rehabilitation 21.228 

Indirect Costs 7.471 

Contingency 10.566 

TOTAL CLOSURE COST 45.788 
 

23.7 OPERATING COST ESTIMATE 

23.7.1 Introduction 

This section summarises the operating cost estimates for the process options and 
associated project infrastructure.  The scope of the estimate follows the Work Breakdown 
Structure followed for the capital cost estimate.  All costs are estimated in Australian 
dollars as at Q1 2007 and are judged to have an accuracy of ±30%.  All costs relate to the 
area within GRD Minproc’s scope and exclude owners’ costs. 
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23.7.2 Operating Cost Estimation Methods 

The following summarises the methods used: 

• Labour/Site Manning.  Labour complements have been estimated for both 
options, covering the total scope of the operation including associated 
infrastructure.  The numbers have been benchmarked against similar projects in 
Australia and in the same region. 

Labour rates ($/man/year) have largely been based on GRD Minproc’s database 
with labour rates for field, grade control, metallurgical and environmental 
technicians provided by Laramide. 

• Energy.  Electrical power consumptions have been calculated across the 
process plant and the infrastructure for each option.  The costs of electrical 
energy are based on the use of owner-operated diesel sets. 

• Reagents.  Consumptions of reagents are based on the preliminary mass 
balances undertaken by process option.  Unit rates for key reagents such as 
sulphuric acid, hydrogen peroxide, lime and others have been based on budget 
quotations from reliable suppliers or obtained from GRD Minproc’s database.  All 
reagents and consumables include freight from the source of supply to site.  
Freight costs have been benchmarked against recent quotations obtained for 
other projects in the area. 

• Maintenance.  Maintenance costs are factored from direct capital costs based on 
experience derived from other similar projects.  Maintenance includes 
maintenance spares and any specialised contract labour. 

• Consumables.  Consumables other than reagents include steel balls for milling, 
crusher wear steel and fuel for the uranium product drier.  Consumptions of steel 
are based on typical consumption for similar hardness ores from GRD Minproc’s 
data base.  Drier fuel usage is based on the use of diesel and factored from other 
recent uranium projects.  

• General and administration.  The cost of commuting and accommodation and 
messing were based on costs incurred by operations with similar conditions to 
Westmoreland.  These costs were extracted from GRD Minproc’s database.  

 
Operating costs have been examined to determine those costs that vary according to 
uranium output.  
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23.7.3 Operating Cost Summary 

Table 23.7.1 provides operating cost breakdown for the first six years of the project life 
and Table 23.7.2 provides the operating cost summary for the remainder of the project 
life. 
 

Table 23.7.1     
Operating Cost Summary (Years 1 to 6) 

Area 
% of Total Cost Annual Cost 

(A$) 
A$/t Processed A$/lb U3O8 

Mining (Contract) 20 14 955 000 9.97 5.01 

Labour 18 13 386 750 8.92 4.47 

Power 8 5 831 685 3.89 1.95 

Reagents 27 19 970 292 13.31 6.67 

Consumables 5 3 325 412 2.22 1.11 

Maintenance Materials 4 2 957 395 1.97 0.99 

Product Transport 3 2 140 071 1.43 0.71 

General and Administration 14 10 414 512 6.94 3.48 

Total 100 72 981 416 48.65 24.38 
 

Table 23.7.2     
Operating Cost Summary (Years 7 Onwards) 

Area 
% of Total Cost Annual Cost 

(A$) 
A$/t Processed A$/lb U3O8 

Mining (Contract) 40 38 880 000 28.61 12.90 

Labour 14 13 386 750 8.92 4.47 

Power 6 5 831 685 3.89 1.95 

Reagents 21 19 970 292 13.31 6.67 

Consumables 3 3 325 412 2.22 1.11 

Maintenance Materials 3 2 957 395 1.97 0.99 

Product Transport 2 2 140 071 1.43 0.71 

General and Administration 11 10 414 512 6.94 3.48 

Total 100 96 906 416 64.60 32.27 
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23.7.4 Operating cost commentary 

a) Labour and Site Manning 

The total number of site personnel is expected to be approximately 230 people.  
The key drivers for the high labour requirements can be summarised as follows: 

• The number of contract mining personnel required is 98 and is included in 
the total manning compliment. 

• The Fly In/Fly Out (FIFO) operations normally demand extra personnel to 
allow for coverage for each critical role, e.g. geologists, grade control 
personnel, metallurgists and maintenance personnel. 

• FIFO roster requirements need to follow industry trends towards equal 
durations on and off site.  For Westmoreland, the selected roster is nine 
days on followed by five days off.  This roster demands the use of a three-
panel crew. 

 
b) Power 

It has been assumed that a power line will be run from Century Zinc mine as 
requested by Laramide.  The power supply options are detailed elsewhere in this 
report.   
 
The cost of owner-supplied power is estimated to be $0.08/kWh based on 
GRD Minproc’s in-house data. 
 

c) Reagents 

Reagents prices have been obtained from suppliers, wherever possible, with 
prices being FIS Site.   
 

d) Consumables 

General consumables include: 

• Crusher liners 

• Screen decks 

• Filter cloths 

• Mill Liners 

• Laboratory/Samples 

• Product packing material 

• Equipment hire 
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• Contingency of 10% to allow for other miscellaneous items such as PPE 
and minor consumables. 

 
All consumables were based on GRD Minproc’s experience. 
 

e) Maintenance Materials 

The maintenance materials for all options have been factored from the direct 
capital cost.  The factors used in this study average 3% and are also estimated 
by plant area based on GRD Minproc’s experience. 
 

f) General and Administration 

The main contributors to this area are the following: 

• The commute costs have been based on in-house knowledge of similar 
sites of similar locations and based on 22 flights a year per person. 

• The messing and accommodation costs have been also based on in-house 
knowledge of the similar sites’ accommodation costs of $50/bed/day. 

• General freight costs are based on the major consumables being freighted 
to site, e.g. mill and crusher liners.  The cost of freight ($200/t) has been 
obtained from GRD Minproc’s database. 

• A contingency of 10% has been carried into the General and Administration 
costs to allow for extra flights and accommodation for home office 
personnel and other visitors as well as extra freight for other miscellaneous 
items and maintenance material. 

 
g) Product Transport 

Product transport is included from site to the company-owned storage compound 
at Darwin.  It is assumed that the product will be drummed, placed in containers 
at site and transported by road on a contract basis. 
 

h) Consultants and Contractors 

Allowances have been made as noted in the cost breakdown.  This is not a high 
cost item. 
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23.8 PROJECT DEVELOPMENT 

A detailed schedule has not been formulated as part of this study.  However, the following 
comments are made to assist in the preparation of the financial analysis to be undertaken 
by Laramide.  
 
The duration of ongoing feasibility studies will vary by process option.  It is assumed that 
there will be a desire to fast track the development phase in order to bring the project on 
line rapidly and take advantage of currently high uranium prices.   
 
The duration of the next phases is likely to be driven by factors outside of processing and 
infrastructure, i.e. environmental, permitting and obtaining consent from both Federal and 
State Governments.   
 
For a preliminary feasibility study (PFS), further drilling will be required to move the 
reserves into indicated or measured categories.  Metallurgical testwork would also be 
required followed by some engineering and estimating work.  A PFS would be expected to 
take approximately seven months to allow for the metallurgical testwork. 
 
For a definitive feasibility study (DFS), resource definition would be essential with more 
focus on the accuracy of the information.  If sufficient testwork and drilling is conducted, it 
would be possible to move immediately into a DFS estimating program and bypass the 
PFS estimate preparation.  Depending on the decisions made, the total duration of the 
DFS is expected to be 10 to 12 months, allowing for metallurgical testwork. 
 
For the execution phase, the biggest issue will be the lead-times for some of the major 
items specifically the mill with current waiting periods of up to two years.   
 

23.9 MARKETS AND CONTRACTS 

According to the World Nuclear Association in London, there are currently 435 nuclear 
power reactors operating worldwide.  Another 245 reactors are in the pipeline (28 under 
construction, 64 planned or on order, and 158 proposed, with no decision taken yet). 
Uranium requirements in 2007 are 66 529 tonnes U.  Uranium mine production for 2005 
was 41 595 tonnes U, a deficit of some 37.5% of requirements.  Due to production 
problems at several mines, output in 2007 may not even match that.  Until 2 years ago, 
the utilisation of inventories in various forms, including decommissioned weapons, has 
enabled the supply/demand balance to be maintained.  However, the bulk of these 
demilitarised secondary supplies come from Russia, and that supply is due to end in six 
years.  Indeed, industry observers warn of the finite limits to all inventories. 
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Recent uranium spot market price movements from US$ 15.50 per pound U3O8 in January 
2004, as reported by the uranium consulting company Ux Consulting Company LLC, and 
from US$15.60 per pound as reported by TradeTech, to US$113 per pound U3O8 in April 
2007 indicate the application of perceptions of increasing tightness of supply.    
 
In conjunction with this price movement, the firming plans for new reactors provides 
confidence that adequate demand for the output of the project will continue to be available 
by the time the Westmoreland project is commissioned.  In that regard, just this April 
2007, the government of China announced plans to start to build a strategic national 
uranium reserve to support the 40 new reactors they intend to build in the next 13 years. 
 
The majority of uranium sales take place directly between uranium producers and utilities, 
who are the ultimate consumers of the uranium, on a term basis (5 to 10 years forward).  
Utilities may also purchase uranium on a “spot” basis, requiring delivery within 1-
12 months of contracting.  Utility “spot” purchases have traditionally been small relative to 
their overall long-term requirements, and are made to provide flexibility in fuel 
management, economic optimisation, and enrichment contracts.  Occasionally, full reactor 
reloads are sought by “spot” tender.  Additional “spot” activity appears to have resulted 
from the need by producers to cover production shortfalls and respond to customer 
contractual delivery obligations. 
 
Laramide’s sales strategy is to focus on term contracts with a small number of major 
nuclear utilities, with one or two strategic alliances in geographically diversified key 
markets.  Such key customers are expected to underpin the almost all the sales from 
Westmoreland.   
 
Australia imposes stringent controls over the export of uranium ensuring all such material, 
including its use and ultimate disposal, remains under the most rigorous safeguards and 
monitoring by the International Atomic Energy Agency.  All sales by Laramide will only be 
to utilities in countries who are signatories to such formal, internationally-accepted, 
safeguard agreements. 
 

23.10 ENVIRONMENTAL CONSIDERATIONS 

The Westmoreland Project is situated in a sparsely populated region of northern Australia, 
straddling the Northern Territory (NT) and Queensland border.  The region’s population is 
supported primarily by pastoralism, mining, commercial fishing and tourism, and consists 
of a high proportion of Aboriginal peoples.  A few small towns (i.e. populations <3000 
people) are located within a few hundred kilometres of the Westmoreland Project area; 
the closest town is the Aboriginal community of Doomadgee, with an approximate 
population of 1200 people, which is located roughly 80 km to the east.  The majority of the 
land tenure around the Westmoreland Project is leasehold with minor freehold properties 
and Aboriginal Freehold, which is held by Aboriginal Land Trusts both in Queensland and 
in the NT.   
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Two Native Title claims have been lodged over the Westmoreland Project area.  Under 
the Native Title Act 1993, there are two possible processes available to satisfy Native Title 
requirements being the Right to Negotiate (RTN) and the signing of an Indigenous Land 
Use Agreement (ILUA).  Both of these require negotiation with the relevant Native Title 
claimants; the progress of these is underway.  Additionally, 52 registered cultural heritage 
sites are recognised within the Westmoreland Project area.  As such, as part of the 
required Environmental Impact Assessment process for the Westmoreland Project, an 
agreed Cultural Heritage Management Plan (CHMP), with the interested Aboriginal 
groups, will be required under Australian law. 
 
Development roads of varying standards service the wider region in which the 
Westmoreland Project is situated.  The Westmoreland Project is situated close to the 
Doomadgee Development road.  During the wet season, i.e. November to March, all 
major roads are closed due to impassable river crossings.  No rail lines currently service 
the area.  Two designated gulf ports lie within approximately 200 km of the Westmoreland 
Project Area. 
 
The Westmoreland Project occurs in a region with a marked wet and dry season that is 
subject to monsoonal conditions and occasional cyclonic activity.  The average wet 
season rainfall (i.e. November to March) is in the order of 172 mm/month, while the 
average dry season rainfall (i.e. April to October) is in the order of 10 mm/month.  High 
rainfall intensities and durations do occur during cyclonic conditions, with a daily rainfall of 
468.9 mm having previously being recorded, including wind gusts of 155 km/hr.  Mean wet 
season maximum temperature is 33°C, with no significant difference between wet and dry 
season maximum temperatures. 
 
The Westmoreland Project is located in two catchments, namely the Lagoon Creek 
Catchment and the Nicholson Catchment.  No flood mapping is available for those areas 
of the catchments, which contain the project.  However, the Westmoreland Project area 
can be expected to flood, particularly after cyclonic events.  The potential magnitude of 
the flooding events have not yet been determined. 
 
Available data suggest that the surface and groundwater quality in the Westmoreland 
Project area is good.  Groundwater quality tends to be fresh (i.e. <1500 mg/L), although 
the presence of metals such as copper, zinc and uranium may mean that deposit-specific 
metals may be present at elevated concentrations in the natural groundwater at certain 
locations and within specific aquifers. 
 



 
 
 

 
 
 

WESTMORELAND URANIUM 
PROJECT 

PRELIMINARY ASSESSMENT REPORT PAGE 174  

 
 

Groundwater may occur at relatively shallow depth below surface in the Westmoreland 
Project area (approximately seven metres).  However, depth to groundwater is expected 
to vary with the monsoonal climate.  As 88% of the rainfall occurs in the wet season, 
significant recharge is expected over that period.  During the dry season, little to no 
recharge is expected and groundwater levels are expected to recede naturally.  
Groundwater level variations of five metres or more may be expected in some areas. 
In the broader area around the site, there is a wide range of aquifer types from high-yield, 
high-potential aquifers that are part of the Great Artesian Basin (GAB), to low-potential, 
local aquifers such as those associated with river alluvium or fractured rocks.  There are 
three registered groundwater bores in immediate Westmoreland Project area and 230 in 
the wider area. 
 
The soils in the Westmoreland Project area are mostly skeletal or shallow sands.  These 
support native woodland vegetation with a spinifex and tussock grass understorey.  
Isolated patches of monsoon rainforests occur in gorges, with riparian vegetation along 
the rivers.  This vegetation is typical of the broader region and, generally, vegetation in the 
Westmoreland Project area is in reasonably good condition; some degradation is 
occurring primarily as a result of uncontrolled livestock and feral animals.         
 
Comprehensive ecological surveys have not been undertaken for the region 
encompassing the Westmoreland Project area; however, the hills and ranges of 
Westmoreland Project area are recognised as supporting significant refugial values with 
respect to wildlife, as well as supporting some endemic or near-endemic species and 
many geographically disjunct species.  Most notable of these is the endangered, 
Carpentarian Rock Rat.   
 
This project will require a range of permits, licences and development applications 
covering the development in Queensland and the NT, as well as approvals under 
Commonwealth legislation.  The Westmoreland Project is covered by 18 Queensland Acts 
and policies, including the Wild Rivers Act 2005, nine NT Acts and nine Commonwealth 
Acts and various codes and policies.  Undertaking mining of uranium in Australia will 
trigger an Environmental Impact study under Commonwealth Law.   
 

23.11 TAXES 

Australian Corporate Income tax is assessed on corporate earnings at a rate of 30% after 
deduction of all operating costs and an allowance for depreciation of capital assets.  
Depreciation of specific assets is at rates suggested by the tax commissioner, based on 
the expected life of the particular asset.  The taxpayer may elect to depreciate each asset 
on a diminishing value basis at 150% of the rate based on the life of the asset, or on a 
straight line basis at 100% over the suggested life.  For mining assets, which do not fall 
into specific depreciating asset categories, an allowance on a diminishing value basis 
over the life of the mine is permitted.  Site rehabilitation and environmental protection 
expenditures are deductible in the year incurred.   
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In a normal corporate context tax benefits would normally be expected to flow from other 
corporate tax shelter, financing structures, and interest on borrowings. 
 
Since the project is only at the preliminary assessment stage with inferred resources 
subject to such uncertainty that economic inferences should not be drawn, it is not 
considered appropriate to apply assumptions on income or tax structure, and a pre-tax 
evaluation is presented. 
 

23.12 ECONOMIC ANALYSIS 

A simplified pre-tax financial model was developed based on the open pit mining plan 
developed for the reserve study.   
 
The assumptions used for the financial model are as follows: 

• Throughput rate of 1.5 Mt/a 

• Product price of US$ 50/lb U3O8 as set by Laramide 

• Exchange rate of US$ 0.78 to A$ 1.00 as set by Laramide 

• All costs were reported in Australian dollar as at Quarter 1 2007 (Q1 2007) 
unless otherwise specified 

• Royalty was not included. 
 
For the first six years of the project life, the cash costs for the preliminary economic 
analysis are A$24.38 (US$19.02) per pound of U3O8.  This increases to an average of 
A$32.27 (US$25.17) per pound of U3O8 from year seven onwards due to the haulage 
costs and higher strip ratios for the Huarabagoo and Junnagunna pits.  This is exclusive 
of overheads. 
 
The total capital prior to commencement of production is broken down as follow: 

• Direct costs:   A$232.6 M 

• Indirect costs:     A$41.9 M 

• Total bare costs:  A$274.5 M 

• Accuracy provision:       A$37.1 

• Initial working capital:         A$6.0 

• Total    A$317.5 M 

• Owners costs       A$8.1 M 
 
A further A$10.1 M of sustaining capital and A$ 45.8 M for closure are estimated during 
the project life. 
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The preliminary assessment is preliminary in nature that it includes inferred mineral 
resources that are considered too speculative geologically to have the economic 
considerations applied to them that would enable them to be categorised as mineral 
reserves, and there is no certainty that the preliminary assessment will be realised.  
Mineral resources that are not mineral reserves do not have demonstrated economic 
viability. 
 
Figure 23.12.2 displays the economic analysis outcomes. 
 
The expected payback is approximately 3.5 years of mine operation as demonstrated in 
Figure 23.12.1. 
 

Figure 23.12.1  
Payback Analysis 
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Figure 23.12.2  

Simplified Cashflow Analysis 
Totals -X -1 1 2 3 4 5 6 7 8 9 10 11 12

PROCESS
Ore Processed (t) 17 026 750 1 500 000 1 500 000 1 500 000 1 500 000 1 500 000 1 500 000 1 500 000 1 500 000 1 504 500 1 503 750 1 500 000  518 500
U3O8 produced (t U3O8)  15 443  1 355  1 355  1 355  1 355  1 355  1 355  1 355  1 408  1 597  1 233  1 277   441
U3O8 produced (lb U3O8) 34 045 037 2 987 354 2 987 354 2 987 354 2 987 354 2 987 354 2 987 354 2 987 354 3 104 944 3 520 823 2 718 772 2 815 721  973 301

COST
Mining (A$ '000)  297 682  14 954  14 954  14 954  14 954  14 954  14 954  32 961  39 801  38 990  37 735  37 754  20 719
Process & Site G&A (A$ '000)  658 469  58 020  58 020  58 020  58 020  58 020  58 020  58 020  57 894  58 194  58 165  58 020  20 056
Total site operating cost (A$ '000)  956 151  72 974  72 974  72 974  72 974  72 974  72 974  90 981  97 695  97 184  95 900  95 774  40 774
Overheads (Owners) (A$ '000)  17 250  1 500  1 500  1 500  1 500  1 500  1 500  1 500  1 500  1 500  1 500  1 500   750
Total Annual Cost (A$ '000)  973 401  0   0  74 474 74 474 74 474 74 474 74 474 74 474 92 481  99 195  98 684 97 400 97 274 41 524

REVENUE (Selling price US$ 50/lb U3O8 and Exchange rate of 0.78 = A$ 64.10)
Revenue (A$ '000)  2 182 374  191 497 191 497 191 497 191 497 191 497 191 497 191 497  199 035  225 694  174 280 180 495 62 391

CAPITAL COST
Owners Costs (A$ '000)  8 097  8 097
Initial plant capital (A$ '000)  317 514  317 514
Sustaining capital (A$ '000)  10 100  4 000  2 600   300  2 900   300
Closure Costs (A$ '000)  47 888  47 888
Total Capital Costs (A$ '000)  383 599  8 097  317 514 4 000 2 600  300  2 900  300 47 888

CASHFLOW (A$ '000)  825 374 - 8 097 - 317 514  117 023 113 023 117 023 114 423 116 723 117 023 99 016  96 940  127 010 76 581 83 221 - 27 021  
Note: The Cashflow is pre-royalty and pre-tax. 
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24. ILLUSTRATIONS 

24.1 GENERAL 

Figure 24.1.1 displays the site layout for the Westmoreland pits and process plant. 
 

Figure 24.1.1    
Site Layout 
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