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1. Introduction 

1.1. Context 

This Chapter 4: Mining shall be read in conjunction with Chapter 1: Executive Summary and additional 

references as listed in Section 16. 

1.2. Purpose 

Chapter 4: Mining discusses the approach to mining for the feasibility study. It investigates the optimisation of 

the mine plan development and equipment and operational strategies to maximise the value of the Mt Carbine 

ore reserves. 
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2. Mine Description 

2.1. Regional Setting 

2.1.1. Location 

The Project is located adjacent to the township of Mt Carbine, in the Tablelands Regional Local Government 

area approximately 60 km NNW of Mareeba. 

2.1.2. Climate 

The site is subject to two seasons as typical of tropical locations. The dry season and the rain season 

(November-April).  Mean annual minimum and maximum temperatures for Mt Carbine are 18°C to 20°C and 

26°C to 28°C respectively.  The mean annual rainfall for the Mt Carbine is on average 2,013mm.   

2.1.3. Surface Conditions 

Most of the lease area is located in the catchment of Manganese Creek which flows to join the Mitchell River 

approximately 5km from the lease boundary. North-western parts of the lease area drain to the Holmes Creek 

catchment, and ultimately to the Mitchell River. 

The leases are mapped as mainly Hodgkinson Formation arenites, mudstones and cherts, with smaller areas 

of quaternary alluvial deposits (unit Qa) and mud-silts (unit Qhh). 

2.2. Tenure 

The Mt Carbine mining area is confined within two Mining Leases, ML4867 and ML4919 totalling approximately 

366.39 hectares. 

The Mining Leases are 100% percent owned by EQR through its wholly owned subsidiary Mt Carbine Quarries 

Ptty Ltd. 

Tenure is detailed further in Chapter 3: Geology and Resources. 

2.3. Site Access 

The Mulligan Highway is a sealed highway that runs through the Mining Leases. Site access to the mine from 

the Mulligan Highway is already established and no further work is required to support the mining activities.  

The Mulligan Highway connects to the broader Queensland road network allowing for sealed road access to 

port facilities and good quality roads for the delivery of goods to the site. 
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3. Operational Overview 

The Mt Carbine mine is a surface operation, with two sources of tungsten ore available – an in-situ open-cut 

resource and a historical low-grade stockpile. Ore Reserves are 1.26Mt @ 0.71% WO3 and 10.2Mt @ 0.075% 

WO3 respectively. 

Extraction from both sources will be undertaken by conventional excavator and truck fleets. Selective ore 

mining practices will be employed in the insitu open cut, with bulk ore mining of the low grade ore stockpile 

(LGS) occurring due to local grade variability and lack of historical records.   

Ore from both sources will be treated at a dry processing plant prior to concentrate production at the gravity 

plant. The basic flowsheet for dry processing is as follows: 

• All material passes through a Jaw Crusher to -100mm. 

• Material is screened at -6mm and -40+6mm (Fines and Ore Sorter material streams respectively). 

• +40mm material is crushed and returned to the screen for separation into the Fines and Ore Sorter 

material streams. 

• Fines material stream is crushed to -3mm and prepared for slurry pumping to the gravity plant; and 

• Ore Sorter material stream conveyed to the TOMRA COM1200 XRT sorter for processing. Product 

is trucked to the gravity plant; reject is trucked to the waste dumps. 

Through this process, ore grade to the gravity plant is significantly improved, with an associated reduction in 

mass. 

The primary operational constraints are as follows: 

• Processing plant capacity of 408kt per annum. 

• LGS regulatory approval limit of 1Mt mined per annum; and 

• Mobile fleet capacity of 6Mt per annum total material movement. 

Based on these constraints a life of mine (LOM) schedule has been developed. Following regulatory approvals, 

a three-year contract mining operation of the insitu reserves will be undertaken, with supplementary LGS feed 

via EQR mobile equipment. Upon depletion of the insitu reserves, ore feed will revert solely to the LGS.  

It is planned to commence underground mining to supplement the depletion of the open pit insitu ore. This will 

be the subject of further study and is not considered in this mine schedule. 

Table 1 includes the primary physical metrics of the LOM schedule. 

Table 1: LOM Primary Physical Metrics 

Variable Unit Annual Minimum Annual Maximum LOM 

Total Mined Tonnes t 786,000 5,999,000 25,201,000 

Mined Ore Tonnes t 783,000 1,003,000 11,382,000 

Mined Waste Tonnes t 10,700 5,129,000 13,819,000 

Gravity Plant Feed t 318,000 408,000 4,774,000 

Gravity Plant Head Grade % 0.18 1.17 0.33 

Produced Concentrate t 950 8,020 26,680 

Mobile equipment required for mining operations will comprise of two fleets:  

• A primary fleet of 1 x 100-120t class excavator and 5-6 x50t articulated dump trucks. The focus of this 

fleet will be open cut (OC) waste movement and some LGS ore mining depending on scheduling. 
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• A secondary fleet of 1 x 50-90t class excavator and 3 x 50t articulated dump trucks, focusing on OC 

ore recovery and LGS ore mining as required.  

The operation will run on a 24hr, 7-day a week roster, with the exception of LGS load and haul requirements 

which will be 12hr, 7-day shift only. Mine management personnel will be on a standard 5-day work week. 

Labour requirements and cost per ROM tonne are as per Table 2. 

Table 2: Labour Requirements and Cost per Tonne 

Group Number of People Cost AUD/t 

Contract OC Mining - 4.50 total service contract 

 

Executive & Administrative Team 5 0.60 

Operational Management & Technical 
Services 

11 1.43 

Total 16 2.03 

 

Quarry/Mining Supervisor 2 0.17 

Excavator Operator 2 0.13 

Diesel Fitter/General Maintenance 5 0.34 

Articulated Dump Truck Operator 6 0.38 

Total 15 1.02 

 

Crush & Screen Operator/Leading Hand 4 0.47 

Ore Sorting Operator 3 0.35 

FEL Operator 8 0.47 

Total 15 1.28 

 

Process Plant Operator 12 2.74 

Electrician 2 0.54 

Total 14 3.28 

The operational costs for each component are summarised in Table 3. 

Table 3: Operational Cost by Component 

Component Rate AUD/t Comment 

OC Contract Mining 4.50 All inclusive  

Labour (Mining 24hr operations) 0.76  

Labour (Mining 7-day 12hr operations) 0.64   

Labour (ADT Operator - 24hr operations) 0.76   
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Component Rate AUD/t Comment 

Labour (ADT Operator 7-day 12hr operations) 0.38   

Labour (Crush & Screening) 0.47   

Labour (Sorting Plant Operator) 0.35   

Labour (Gravity Processing Plant) 3.28   

Labour (FEL Operator) 0.47   

Excavator Cost - 24hr operations 0.36   

Excavator Cost - 12hr operations 0.27   

ADT Cost - 24hr operations 0.59   

ADT Cost - 12hr operations 0.39   

FEL Cost 0.37   

Crushing & Screening Cost 1.54   

Ore Sorting Cost 0.71   

Gravity Processing Plant Cost 7.73   

Gravity Processing Plant Tailings Cost 0.34  

Primary infrastructure requirements – power, water, processing plant and administration buildings are already 

on site and functional. Additional operational and maintenance facilities will be required for the contract mining 

services and have been allowed for in the cost build-up.  

Mine capital expenditure is explained in detail in Chapter 12: Capital Cost Estimate. Operational costs are 

further detailed in Chapter 13: Operating Cost Estimate. 
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4. Material Characterisation 

Material to be extracted at Mt Carbine can be divided into two main lithologies – hornfels and metasediments. 

The weathered profile of the two rock types varies considerably, the hornfels is ~2-4 metres, whilst the 

metasediments have a deep (up to 30 metres) weathered profile, particularly adjacent to the South Wall and 

Iron Duke Faults. As such, weathered metasediments can be classified as a separate ‘material type’. Minor 

occurrences of felsic and andesitic rocks have also been noted as dykes in the western wall of the open pit.  

Characteristics of the three main material types is detailed in Table 4. 

Table 4: Material Characteristics 

A description on estimated hardness is included in Table 5. The below table is an empirical methodology used 

to validate laboratory testing. 

Table 5: Estimated Hardness Methodology 

Material 
Estimated 
Hardness 

Unconfined 
Compressive 

Strength 
(MPa) 

Insitu 
Density 

Loose 
Density 

Swell 
Factor 

(%) 
Contaminants 

(PAF/NAF) Comments 

Hornfels R4 to R5 62.5 to 91 2.74 2.28 20 No  

Metasediment R3 to R4 4 to 91 2.74 2.28 20 Unknown Likely to slake 
and desiccate 
based on field 
observations 

Weathered 
Metasediment 

S4 to R0 0.2 to 7 2.74 2.28 20 Unknown 

Hardness Type:  

S = Soil, R = Rock Description Comment 
Estimated UCS 
(MPa) 

S1  Very Soft Easily penetrated several inches by a fist. <0.02 

S2 Soft Easily penetrate several inches by a 
thumb. 0.02 – 0.05 

S3 Firm Can be penetrated several inches by 
thumb with moderate effort. 0.05 – 0.1 

S4 Stiff Readily indented by thumb only with a 
great effort. 0.1 – 0.2 

S5 Very Stiff Readily indented by thumbnail. 0.2 – 0.4 

S6 Hard Indented with difficulty by thumbnail. 0.4 

R0 Extremely 
Soft Rock 

Indented by thumbnail. 
0.2 – 0.7 

R1 Very Soft 
Rock 

Crumbles under firm blow with point of 
geopick. 0.7 – 6.9 

R2 Soft Rock Shallow indentations made by firm blow 
of geopick. 6.9 – 27.6 

R3 Average Rock Can be fractured by single firm blow of 
geopick. 27.6 – 55.2 

R4 Hard Rock Requires more than one blow with 
geopick to fracture. 55.2 – 110.3 

R5 Very Hard 
Rock 

Requires many blows with geopick to 
fracture. 110.3 – 220.6 
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The information included in Table 4 and Table 5 is taken from the report “HD042 Slope Stability Analysis and 

Design of the Open Pit Slopes”. Piteau & Associates (1982), which is included in Appendix A. 

The other material characteristic of note is the high quartz content of the tungsten bearing veins. The 

prevention of silicosis (a lung disease caused by inhaling large amounts of crystalline silica dust) has become 

a priority of Queensland regulatory bodies and the operational management plan will include respirable dust 

controls. These controls will include specific drill and blast practices and dust suppression through water 

spraying.   
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5. Hydrogeology 

A series of groundwater bores were drilled around the Mt Carbine local area in 2011, providing a good 

groundwater monitoring network for the mining operation. Sampling and analysis of the network was 

undertaken by hydrogeological consultants Rob Lait & Associates, with a report “Report on Carbine Tungsten 

Groundwater Study” delivered in December 2012. The report is included in Appendix B. 

The findings of the report are as follows: 

• There is low hydraulic conductivity within the Hodgkinson Formation aquifers and minimal groundwater 

inflow is expected into the open cut pit; and 

• Testing of groundwater samples indicates the open cut pit water is better quality than the surrounding 

groundwater aquifers. 

Based on these findings, groundwater is not considered a major risk from either a ground stability or 

contamination perspective and will be managed via a typical suite of operational controls – pumping, sediment 

settling dams, dilution, reuse, and approved discharge if necessary. 

Accordingly, surface water management, particularly in the wet season is the more relevant issue. Similarly, a 

standard range of controls, including pit bunding, surface drainage, road design (in particular cambering), 

pumping and water storage structures will be employed to manage surface water.  

Although cyclones are seasonally frequent in the area and can provide short-term issues, overall water 

management for the site is not considered to be particularly onerous and can be handled at an operational 

level.  

Hydrogeology is detailed further in Chapter 3: Geology and Resources and Chapter 10: Environment and 

Approvals. 
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6. Geotechnical 

The current pit excavation provides a good opportunity for understanding the future open cut geotechnical 

performance for the area. Additionally, the underground development has provided further insight into the 

rockmass condition and has several consultant investigations completed over the years. The previous work 

has developed a broad understanding, albeit over many decades, during which time changes in geotechnical 

data collection methodologies and evaluation techniques have evolved.  

The dataset provided and reviewed is as follows: 

• RQD and defect information from 79 diamond drill holes across deposit; 

• Two images and a powerpoint presentation of the above drill hole information; and 

• Four geotechnical reports, entitled as follows: 

o GCPL – MC – 160421 – Preliminary Geotechnical Assessment of Ground Conditions & 

Remedial Support (2021) 

o HCOVGlobal – Brief Review & Structural Assessment/Scoping of Iron Duke – Petersens – Mt 

Carbine EPM 14872 (2020) 

o Golder Associates – Report to R.B Mining Pty. Ltd. On Mt Carbine Mine Review of Rock 

Mechanics (1984) 

o HD042 – Piteau & Associates – Slope Stability Analysis & Design of the Open Pit Slopes 

(1982). 

Two of the reports (GCPL and Golder Associates) primarily focus on the underground potential of the deposit 

and leverage off the previous report by Piteau (1982). The HCOV Global report is a preliminary assessment 

of the structural characteristics present within the mining area and surrounds, with particular emphasis on the 

Iron Duke prospect. The Piteau & Associates report focuses entirely on the existing open cut and the 

geotechnical conditions required for stable slope conditions.    

Key areas for understanding can be grouped into the following areas: 

• Structural defect orientation, persistence and frequency with related defect strength understanding; 

• Intact rock strength and weathering characteristics for slope performance; 

• Domain rock types and expected geotechnical performance; and 

• Groundwater impacts on the rockmass and variability of the medium. 

The initial method of assessment is to review the existing data and highlight any critical issues that would 

materially impact the proposed design. 

6.1. Open Cut Mining 

6.1.1. Historical Data Evaluation 

The Piteau & Associates report is the most comprehensive with reference to open pit mining. An engineering 

geologist was onsite for approximately six months, collecting and analyzing the following datasets: 

• Geological mapping of all accessible open pit benches. Data collection related to lithology, rock 

strength and geological structures (faults, shears, joints, contacts). Studies of rock competency, 

degree of fracturing, degree of weathering, rock hardness and bench face angles were also conducted; 

• A geotechnical drilling program comprised of two diamond drill holes and eleven percussion drill holes 

in the area of the south wall. Geotechnical sampling and drill core logging was completed; 
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• A brief hydrogeological investigation in conjunction with the geotechnical drilling. The study focused 

on whether there was a need to depressurize the southern wall of the pit to maintain slope stability; 

• Strength tests and back analysis of wall failures; and 

• Geological structural analysis of the mapped defects. 

Based on the collected information and subsequent analysis, Piteau & Associates developed six structural 

domains with ten associated design sectors. Two separate sets of stability analysis and slope designs were 

then created – one set for the majority of the pit and the other for walls south of the South Wall Fault. 

For the design sectors north of the South Wall Fault, a series of batter angles, bench widths and inter-ramp 

slope angles were specified, which varied depending on the interrelationship between Relative Level, 

rockmass lithology and pit geometry.  

The slope stability design south of the South Wall Fault incorporated a similar set of design factors, with the 

addition of mechanical ground stabilisation techniques via grouted cable dowels. To validate the design 

parameters and effectiveness of the cable dowels, ten pullout tests were conducted at different locations on 

the south wall.  

Table 6 to Table 9 are drawn from the Piteau (1982) report and describe geotechnical information collected 

during the study. The full report is included in Appendix A. 

Table 6: Summary of Unconfined Compressive Strength 

Rock Type 
Estimated 
Average 
Hardness 

Drill 
Hole 

Depth 
(m) 

Uniaxial 
Compression Tests 

Point Load Index 
Tests 

UCS 
(MPa) 

Average 
UCS 
(MPa) 

UCS 
Parallel 
Schistocity 
(MPa) 

UCS 
Normal to 
Schistocity 
(MPa) 

Fill & residual soil S4 to R0 - - - - - - 

Highly weathered 
schist & 
greywacke 

R1 
CB20 

24.0 7.04 

5.6 - - 
26.1 4.60 

28.5 4.53 

28.7 6.01 

CB3 16.8 - - 5.76  

Moderately 
weathered schist 
& greywacke 

R2 
CB20 - 6.48 

10.44 - - 
CB21 4.0 14.4 

Unweathered 
greywacke 

R3 to R4 

CB20 
51.0 to 
56.0 

- - - 93.4 

CB20 
77.0 to 
81.0 

- - 29.0 59.8 

CB3 
54.3 to 
60.4 

- - - 54.0 

Unweathered 
schistose 
greywacke 

R3 to R4 

CB20 
122.0 to 
127.0 

- - 28.1 73.4 

CB20 
131.0 to 
137.0 

- - 3.7 91.2 

Unweathered 
hornfels 

R4 to R5 CB3 
71.0 to 
77.13 

- - - 62.4 



 

Mt Carbine Bankable Feasibility Study – Chapter 4: Mining  

11 

Table 7: Orientation of Fault and Shear Sets in the Open Pit 

Structural 
Domain 

Total 
Population 

Shear Set SR1 Shear Set SR2 

Dip Dir. Dip % 
Dip 
Dir. 

Dip  % 

1,2 & 3 9 355 72 >35 - - - 

4 31 043 33 11 038 70 19 

5 35 047 37 14 032 73 13 

6 10 - - - - - - 

4,5 & 6 75 045 35 11 035 72 12 

Notes: 1. Orientation is given in terms of dip direction and dip of the peak or average orientation of the 

discontinuity set. 

 2. Percent refers to the percent concentration with one percent area of the lower hemisphere for the 

peak or average orientation of the population. 

Table 8: Summary of Back Analysis Results for Slopes South of the South Wall Fault 

Slope Height 
(m) 

Dry Slope 
Maximum Slope Angle for F = 1.2 

Moderate Groundwater High Groundwater 

10 60 58 47 

15 48 40 31 

20 41 29 25 

 

Table 9: Summary of routed Dowels & Pull-out Test Results 

Dowel 
No. 

Location (m) Orientation 

Length 
(m) 

Grouted 
Length 
(m) 

Est. Rock 
Hardness 

Location 
In Final 
Wall 

Jack 
Force 
@ 
Failure 
(t) 

North East Elev. 
Dip 
Dir. 

Incl. 

1 26226.6 22887.1 380.8 160 -30 10 10 R0 1st bench 67 

2 26202.8 22804.3 389.7 183 -30 10 10 S5 Top 48* 

3 26212.8 22862.3 384.8 172 -30 20 20 R0 Top 64 

4 26216.6 22856.2 381.2 171 -30 20 20 1.5 1st bench 70 

5 26212.9 22837.2 381.5 171 -30 10 10 R1 1st bench 77 

6 26215.3 22807.8 380.5 189 -30 10 10 R1 1st bench 71 

7 26228.4 22958.4 379.5 159 -30 20 10 R0 1st bench 76 

8 26241.1 22874.2 371.0 174 -30 10 10 R2 2nd bench 71 

9 26246.1 22899.1 370.7 181 -30 20 20 R2 2nd bench 76 

10 26255.9 22954.6 370.9 173 -30 10 10 R3 2nd bench 78 
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6.1.2. Current Data Evaluation 

Defect and RQD logging of the 79 diamond drill holes (over 20,000 metres of core) was completed by EQ 

Resources geological personnel. The data was compiled into a three-dimensional model in Leapfrog software 

and corresponds well with historical fault, shear and fractured zones.  

The majority of the fractures observed are associated with the South Wall Fault, being found in the 10-15m 

zone of foot wall. The South Wall Fault is well exposed in the existing pit and has over eighty intersections 

recorded in exploration drilling to date. It varies from 0.5 to 2.0m in thickness and is marked by a clay filled 

fault gouge. 

Figure 1 and Figure 2 illustrate the defect logging completed and alignment with historical defect mapping. 
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Figure 1: Defect Logging and Structural Model of Exploration Drill Holes (plan view) 
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Figure 2: Defect Logging and Relationship to Known Faults (Oblique View Looking West) 

Central Fault 
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6.1.3. Current Pit Design 

Critical data items related to the current pit design include: 

• The South Wall Fault (SWF) intersects the current pit and the expanded pit design in the south wall. 

Details include dip/dip directions of 75/345 and >300m offset between the metasediments and host 

rock volcanic. The structure has unfavorable orientation dipping into the pit and is understood to be a 

significant shear zone with low contact strength; 

• The C1 joints set has shallow dips of 15-30 degrees toward the east and has potential to form a sliding 

mechanism for the western wall of the pit within the Hornfels. Combinations of this feature with 

additional structures will create kinematic potential for block/wedge failure formation within the batter 

slopes; 

• The foliation within the metasediments creates an intense, vertically orientated defect through the 

footwall rockmass south of the SWF. The SWF forms a silicification boundary resulting in a severe 

reduction in strength south of the structure; 

• The Iron Duke Fault (IDF) also appears to act as a boundary for silicification and creates a reduction 

in hardness east of the feature; 

• The weathering profile is much deeper in the southern wall (Metasediments) than the Hornfels (Host 

rock). The SWF will provide a stepped boundary for the weathering and therefore vary the intact 

strength. The weathering appears to extend up to 30m below surface within the metasediments and 

has varying strength with depth; 

• The Hornfels are extremely hard and have performed well over time within the current pit exposure;  

• Felsic and Andesitic dykes have been reported on the western and eastern boundary of the pit. Dykes 

have contact boundaries which can serve as weakness planes for failure modes if aligned with pit 

geometry. There is often a strength change in the material, especially within the weathered zone; 

• Six main structural domains have been identified (Piteau 1982) and detail the local structure. Key 

takeaways are:  

o The continuous nature of joint set B that has persistence over several benches and is the most 

dominant feature throughout the excavation. Dip/Dip direction of 80/324-360; 

o Joint set G is a low angle feature that can be continuous and may propagate planar failure. 

Dip/Dip direction 50/340-090; and 

o The joints classed as B and G will most likely dictate the batter bench design required for the 

pit.  

• Material and defect strength tests have been completed within (Piteau 1982) and provide a good basis 

for the design analysis input values. A record of back analysis from previous failures also provides a 

refinement of the strengths for use within the mine; and 

• Groundwater south of the SWF is higher than groundwater north of the fault. This indicates the SWF 

forms a type of barrier. Surface water appears to have significant connectivity with the ground south 

of the SWF. Drainage options for the rockmass maybe required, especially for the southern wall.  

The key element of the current pit design is the requirement for mechanical ground stabilisation on the southern 

wall, behind the South Wall Fault. The ground stabilisation is based off the work completed by Piteau (1982) 

and comprises the following: 

• Horizontal groundwater drainage holes (up to 20m long) at the base of each bench, with associated 

drainage channel. 

• Vertical 10m twin strand cable bolts, two rows at 3 metres spacing, above the 380RL. 

• Inclined (-100) 10m twin strand cable bolts, four rows at 3 metres spacing, above the 360RL. 
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• Inclined (-100) 10m twin strand cable bolts, six rows at 3 metres spacing, above the 340RL 

• Below the 340RL, 10m twin strand cable bolts, five rows at 3 metres spacing for all benches 

• Cable bolt loading above the 340RL is 20 tonne, below the 340RL is 50 tonne. 

Installation of the grouted cable bolts will be undertaken in conjunction with mining. On every second mining 

lift a drill rig will drill the required stabilisation pattern (76mm dia) for that bench. Following drilling, the cable 

bolt will be inserted, grouted into position and tensioned to the appropriate load. Given the high-risk nature of 

the activity, specialist equipment such as a radio remote controlled drill rig, telehandler with work basket and 

overhead guard will be deployed.    

Geotechnical parameters of the current pit design and ground stabilisation requirements are included in Table 

10 and Table 11.  

Table 10: Geotechnical Parameters of Open Cut Pit Design 

Parameter Value Comment 

Bench Height (m) 20 

Suitable in hornfels material north of the South 
Wall Fault, see Table 11 for mechanical ground 
stabilisation requirements south of the fault.  

Bench batter angle (0) 70 

Bench width (m) 8 

Ramp angle (%) 10 

Inter-ramp slope angle (0) 70 

 

Table 11: Ground Stabilisation Requirements for Southern Pit Wall 

Toe 
Elevation 
(m) 

Length of 
pit wall 
(m) 

Area (m2) Horizontal 
Spacing 

No. of 
Rows 

Min. bolt 
length (m) 

No. of 
bolts 

Bolting 
metres 
(m) 

380 261 2463 3 2 10 174 1740 

360 491 9820 3 4 10 655 6547 

340 453 9060 3 6 10 906 9060 

320 413 8260 3 5 10 688 6883 

300 349 6980 3 5 10 582 5817 

280 333 6660 3 5 10 555 5550 

260 270 5400 3 5 10 450 4500 

240 211 4220 3 5 10 352 3517 

220 51 1020 3 5 10 85 850 

Total 2832 53,883    4446 44,463 

 

6.2. Low Grade Stockpile & Waste Rock Dumps 

The LGS was constructed in two lifts. At maximum height (NW end), each lift is approximately 15m, at a batter 

angle approaching 37 degrees. Empirically, the duration of the LGS (almost 40 years) and the lack of any 

observed instability indicates a high degree of confidence in these design parameters for the rockmass. 
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Mining benches of the LGS have been designed at 4m high, a minimum of 25m wide and with a nominal 55 to 

60-degree inter-bench batter angle. Notwithstanding the potential for minor rilling of the batter angle over time, 

the overall slope profile of this design is significantly shallower than the existing LGS profile.  

Accordingly, the risk of geotechnical failure within the LGS is considered extremely low. 

Design parameters for the waste rock dumps have been modelled on the LGS. Dump lifts are 15m in height, 

with a 20m set back between lifts and a batter angle of 37 degrees. Even allowing for the weaker material 

characteristics of the metasediment, this design provides a more than adequate factor of safety for the waste 

rock dumps. 

6.3. Key Risks 

6.3.1. Low Grade Stockpile and Waste Rock Dumps 

No material risks have been identified for the LGS or waste rock dumps. Standard operational geotechnical 

controls (inspections, surface water management and dig/dump to design compliance) will be sufficient to 

manage any potential hazards. 

6.3.2. Open Cut Mining 

No significant risks have been identified for the northern, western, and eastern walls within the Hornfels 

rockmass. There remains potential for localised failure due to defect orientation but can be managed at an 

operational level with further detailed data collection and evaluation. 

The expansion of the pit will expose a much greater proportion of metasediments south of the SWF. These 

materials will be weaker and more susceptible to failures developing; as such they constitute a primary risk to 

the current mine design and production schedule (Figure 3: South Wall Fault Through the Proposed OC Pit). 

The current pit is located predominantly within Hornfels material, which is the strongest rockmass, but does 

include metasediment in the southern wall. As the majority of potential failure modes are kinematically 

controlled further data collation and analysis prior and during extraction is recommended, in particular for the 

southern wall to ensure the validity of the mechanical ground stabilisation program. 

Currently there is only a basic understanding of how reduction in silicification away from fault zones will impact 

on metasediment material and defect strength at a localised scale and the associated slope performance. A 

conservative position on ground stabilisation has been taken to account for this, but further data collection and 

analysis is required to optimize the program.  

6.4. Future Work 

6.4.1. Objectives 

A greater understanding of the following geotechnical parameters is required prior to operational pit design: 

• Metasediments: 

o Structural dataset – defects within the rockmass both proximal and distal from the SWF and 

IDF; 

o Material strength parameters to allow for geotechnical analysis – again with spatial reference 

to the SWF and IDF; and 

o Groundwater – specifically porosity and permeability. 

• Hornfels: 

o Further structural and material strength data to complement the existing historical dataset; 

and 

o Groundwater – porosity and permeability.  
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• Further delineation of the South Wall and Iron Duke Faults – spatial location and material strength 

parameters. 

A localised understanding of the groundwater parameters for the metasediments (porosity and permeability) 

will inform the specific required drainage requirements for the pit and facilitate the cost and process involved 

to implement remedial works. 

6.4.2. Activities  

Investigations should include exploration drilling using a combination of orientated core and open holes to build 

an understanding of the rockmass. The drilling program should be designed to adequately represent the spatial 

variability of the rockmass both proximal and distal from the SWF and IDF.  

Orientated core holes would be used for the following: 

• Structural defect data collation (including RQD); and 

• Samples for laboratory material testing (UCS, defect direct shear, slaking). 

Open holes would be used to increase the definition of fault locations, material boundaries and silicification 

zones. Downhole geophysical tools such as Acoustic Televiewer and Sonic should be run on all holes to 

provide a secondary geotechnical dataset. 

Specific drill holes for groundwater parameter testing can be selected following the initial drilling campaign and 

should be undertaken by a groundwater specialist.     

 

 

Figure 3: South Wall Fault Through the Proposed OC Pit 
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7. Resource Model 

The two geological models used to develop the final resource model were generated by Measured Group Pty 

Ltd in August and September 2021 and are titled ‘Mt_Carbine_LGS_20210820.bmf’ and 

‘Mt_Carbine_20210918.bmf’.  

Development of the Mt Carbine mineable resource was driven by three key factors: 

• Utilising all the gravity processing plant capacity to realise maximum revenue for the Project; 

• Maximising the amount of high-grade ore from the insitu resource to the gravity processing plant; and 

• Handleability and operational efficiency of the LGS material through the mining, crushing & screening 

circuits, given the 1m+ top size of the material.  

The mineable resource model consists of two components – the insitu open-cut resource, and the existing low 

grade stockpile resource. 

7.1. Low Grade Stockpile Mineable Resource 

A series of production scale trials were completed on site with different top sizes – 100, 170, 200 & 500mm. 

Operational efficiencies of the mining, crushing and screening circuits were monitored and compared against 

the feed/product grades of the ore sorter and gravity processing plant. Based on these trials a top size of 

500mm was chosen as optimum for operational efficiency without significantly impacting on tungsten recovery.  

The results of the site trials were cross-referenced against detailed geological characterisation activities 

undertaken as part of a METS Ignited Project to ensure validity in the top size selection. In terms of cut-off 

grade, the 500mm top size equates to 0.074% WO3, with only ~5% of the LGS (by mass) greater than 500mm 

top size.   

Error! Reference source not found.12 in Section 7.2 details the available ore. The LGS resource comprises 

two blocks with ten sub-blocks, based on block number and toe RL value. Block 1 encompasses the south-

eastern portion of the LGS and contains 44% of the mineable resource. Extraction commences in Block 1, 

where mining passes are taken from top to bottom, creating a void for later waste emplacement (Dump 3).  

Block 2 contains approximately 5.57Mt, with extraction following the mining out of Block 1 in the same top-

down approach.  

Sufficient geological information was collected to generate an Indicated confidence level (JORC 2012) for the 

LGS resource. Conversion of the geological resource into a mineable resource is achieved through 

identification and analysis of any modifying factors (technical, environmental, cost and revenue drivers) that 

may impact on the economic extraction of the resource.  

Modelling of the cost and revenue drivers was undertaken to determine financial sensitivities and resource 

viability. A positive return was generated when mining and processing all the LGS, hence the constraints on 

top size and mineable resource were technical, primarily focused on material handleability and equipment 

maintenance/reliability.  

7.2. In-situ Open-cut Mineable Resource 

The mineable resource model for the open cut is based on the ‘Mt_Carbine_20210918.bmf’. This model 

contains a series of relatively thin (generally <2m wide) high-grade tungsten zones. As a result of the geological 

mineralising events, the contact between ore and waste material is generally very sharp, allowing for clear 

demarcation of the resource and a cut-off grade of 0.2% WO3. Where possible, high-grade zones were 

aggregated in the resource model into a minimum mining thickness of 2m, incorporating intra-zone dilution. 

Development of the insitu mineable resource was relatively straightforward due to the following primary 

attributes: 
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• The clear demarcation of ore and waste in the resource model; 

• The resource model cut-off grade of 0.2% WO3; and 

• Successful ore-sorting of the LGS at 0.075% WO3 grade demonstrating an effective process for insitu 

ore treatment and metal recovery. 

Other factors included in the insitu mineable resource model were: 

• Mobile fleet equipment matching to allow for a degree of selective mining. Whilst the dry processing 

plant and ore sorting unit negate the need for highly accurate selective mining, equipment matching 

was undertaken to ensure high productivity of both the mobile fleet and dry processing plant 

• The ore zones include a component of dilution, as the thin, high-grade tungsten veins were artificially 

thickened to 2 metres (downhole width) and the WO3% grade adjusted accordingly 

No further dilution or loss factors were incorporated into the mineable resource (this was completed during the 

reserving stage). 

The mineable resource model was developed using the following process: 

1. The in-situ resource model and a series of revenue/cost inputs were passed through Maptek Vulcan 

Pit Optimiser software to deliver a number of cash-positive pit shell options; and 

2. The preferred pit shell was then converted into a practical mining shell, by incorporating ramps, 

sufficient equipment working room and initial bench and batter designs. 

Revenue, cost and mining parameter inputs for the pit shell optimiser process are detailed in Section 10. The 

insitu mineable resource is as per Error! Reference source not found.13. 

During this process it was identified that an improved geological model would provide significant future upside. 

A number of the high-grade tungsten zones currently within the pit shell are laterally discontinuous, simply 

through insufficient drilling. Accordingly, an infill drilling program would likely increase the JORC resource and 

reserve base within the existing pit shell and immediate surrounds, improving overall Project economics. 
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Table 12 - LGS Mineable resource 

Source  
(Triangulation 
Name) 

Phase 
No. 

Mining 
Seq. 

Toe 
RL 
(m) 

Volume 
(bcm) 

Bulk 
Density 

Ore 
Tonnage 
(t) 

WO3 
Ore 
Grade 
(%) 

Tungsten 
Tonnes 
(t) 

LGSP_RL_370_
1_local.00t 

1 1 370  56,707  1.60  90,731  0.075 68 

LGSP_RL_374_
1_local.00t 

1 2 374  283,485  1.60  453,575  0.075 340 

LGSP_RL_378_
1_local.00t 

1 3 378  401,238  1.60  641,981  0.075 481 

LGSP_RL_382_
1_local.00t 

1 4 382  496,647  1.60  794,636  0.075 596 

LGSP_RL_386_
1_local.00t 

1 5 386  372,966  1.60  596,746  0.075 448 

LGSP_RL_390_
1_local.00t 

1 6 390  367,442  1.60  587,907  0.075 441 

LGSP_RL_394_
1_local.00t 

1 7 394  350,423  1.60  560,676  0.075 421 

LGSP_RL_398_
1_local.00t 

1 8 398  269,038  1.60  430,461  0.075 323 

LGSP_RL_402_
1_local.00t 

1 9 402  165,861  1.60  265,377  0.075 199 

LGSP_RL_406_
1_local.00t 

1 10 406  7,771  1.60  12,433  0.075 9 

LGSP_RL_370_
2_local.00t 

2 11 370  110,794  1.60  177,270  0.075 133 

LGSP_RL_374_
2_local.00t 

2 12 374  422,336  1.60  675,738  0.075 507 

LGSP_RL_378_
2_local.00t 

2 13 378  566,492  1.60  906,387  0.075 680 

LGSP_RL_382_
2_local.00t 

2 14 382  611,562  1.60  978,500  0.075 734 

LGSP_RL_386_
2_local.00t 

2 15 386  500,781  1.60  801,250  0.075 601 

LGSP_RL_390_
2_local.00t 

2 16 390  427,390  1.60  683,823  0.075 513 

LGSP_RL_394_
2_local.00t 

2 17 394  339,085  1.60  542,536  0.075 407 

LGSP_RL_398_
2_local.00t 

2 18 398  297,175  1.60  475,480  0.075 357 

LGSP_RL_402_
2_local.00t 

2 19 402  190,462  1.60  304,740  0.075 229 

LGSP_RL_406_
2_local.00t 

2 20 406  12,790  1.60  20,465  0.075 15 

Total  6,250,445  10,125,710  7,502 
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Table 13 - Insitu mineable resource 

Source  
(Triang
ulation 
Name) 

Phase 
No. 

Mining 
Seq. 

Toe 
RL 
(m) 

Volume 
(bcm) 

Bulk 
Density 

Ore 
Tonnage 
(t) 

WO3 
Ore 
Grade 
(%) 

Tungsten 
Tonnes 
(t) 

Pit17_6_
Phase3_
Solid.00t 3 1 300 33,370 2.74 91,433 0.94 864 

Pit17_6_
Phase3_
Solid.00t 3 1 320 2,817 2.74 7,719 0.62 48 

Pit17_6_
Phase4_
Solid.00t 4 2 220 18,388 2.74 50,384 0.81 406 

Pit17_6_
Phase4_
Solid.00t 4 2 240 32,074 2.74 87,882 0.88 776 

Pit17_6_
Phase4_
Solid.00t 4 2 260 71,862 2.74 196,901 0.91 1,796 

Pit17_6_
Phase4_
Solid.00t 4 2 280 100,766 2.74 276,098 0.89 2,446 

Pit17_6_
Phase4_
Solid.00t 4 2 300 69,019 2.74 189,111 0.80 1,512 

Pit17_6_
Phase4_
Solid.00t 4 2 320 38,221 2.74 104,727 0.69 726 

Pit17_6_
Phase4_
Solid.00t 4 2 340 20,029 2.74 54,878 0.59 322 

Pit17_6_
Phase4_
Solid.00t 4 2 360 10,285 2.74 28,182 0.50 140 

Pit17_6_
Phase4_
Solid.00t 4 2 380 3,657 2.74 10,021 0.59 59 

Pit17_6_
Phase4_
Solid.00t 4 2 400 218 2.74 597 0.36 2 

Total 
 

400,706 
 1,097,933  9,099 
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8. Mine Production 

8.1. LOM Mining Schedule 

A LOM Mining Schedule was developed on the existing JORC Reserves from the LGS and insitu orebody. 

The considerable inferred resources in the in-situ orebody were excluded from the schedule. 

Key drivers for mining schedule development were: 

• Utilising all the gravity processing plant annual capacity to realise maximum revenue for the Project; 

and 

• Optimising the volume and timing of high-grade ore from the in-situ orebody to the processing plant. 

A number of scenarios with ranged input variables were analysed to deliver an optimised LOM mining 

schedule. Details of the scenario analysis are included in Section 10. 

The LOM Schedule consists of three main components: 

• One year of mining from the LGS, to allow for open cut regulatory approvals, infrastructure upgrades 

and mining contractor award and mobilisation. 

• Three years of insitu open cut mining to deplete the current JORC Reserves, with supplementary feed 

from the LGS to maximise gravity processing plant throughput. 

• Approximately eight years of mining to deplete the remaining LGS reserves. 

Key physical metrics are included in Error! Reference source not found.14. The LOM Schedule with all p

hysical metrics is detailed in Appendix C. 

Due to the insitu orebody shape (tungsten grade and width increasing with depth), the initial mining benches 

contain minimal ore and a resultant high strip ratio. Strip ratio balancing was achieved by extraction of a high-

grade ore zone (HGZ) immediately below the historic pit floor (325-300RL), in conjunction with the larger pit 

development at higher elevations.  

Following early extraction of the HGZ, pit development adheres to a conventional top-down approach, with pit 

floor reached at 220RL. 

Production scenarios were developed using Comet Strategy value optimisation software, with the main 

constraints being mobile fleet capacity, particle ore sorting capacity and gravity processing plant capacity. No 

constraint on the gravity processing plant head grade was applied.  

As the open cut mining is to be a contract operation, particular emphasis was placed on delivering a schedule 

with consistent year-on-year physical metrics. Scenarios with varying mobile fleet capacities (4Mtpa, 5Mtpa, 

6Mtpa) were scheduled and analysed against the following criteria: 

• Overall Project cashflow; 

• Volume and year on year consistency of ore flow to the gravity processing plant; and 

• Year on year consistency of total material movement. 

The base case for equipment selection was the existing EQR mobile fleet of 90t excavator and 50t articulated 

dump trucks for the following reasons: 

• Small footprint and good performance in tighter working areas; 

• Utilisation flexibility between the LGS and open cut; and 

• Simplification of fleet maintenance (and associated infrastructure) requirements. 

The equipment productivities required to achieve the Mining Schedule are detailed in Section 9.2. 
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Table 14: Key Physical Metrics 

Variable Unit Annual 
Minimum 

Annual Maximum LOM 

Total Mined Tonnes t 786,000 5,999,000 25,201,000 

Mined Ore Tonnes t 783,000 1,003,000 11,382,000 

Mined Waste Tonnes t 3,634,000 5,129,000 13,819,000 

Fines Ore Material t 282,000 361,000 4,098,000 

Fines Grade % 0.11 0.96 0.22 

Bypass Ore Material t 1,030 3,750 6,410 

Bypass Grade % 2.74 2.90 2.83 

Ore Sorter Feed t 497,000 642,000 7,278,000 

Ore Sorter Product t 35,210 122,130 670,000 

Ore Sorter Product Grade % 0.69 1.61 1.00 

Ore Sorter Waste t 375,000 597,000 6,608,000 

Gravity Processing Plant Feed t 318,000 408,000 4,774,000 

Gravity Processing Plant Head Grade % 0.18 1.17 0.33 

Produced Concentrate t 950 8,020 26,680 

HGZ OC Mined Tonnes t 15,150 787,000 802,000 

HGZ OC Ore Tonnes t 4,060 109,900 113,900 

HGZ OC Strip Ratio - 3.7 7.2 7.0 

HGZ OC Insitu Ore Grade % 0.63 0.79 0.78 

OC Mined Tonnes t 14,400 5,534,000 14,273,000 

OC Ore Tonnes t 3,670 636,000 1,150,000 

OC Strip Ratio - 3.9 47.0 12.4 

OC Insitu Ore Grade % 0.48 0.77 0.71 

LGS Mined/Ore Tonnes t 150,000 1,000,000 10,125,000 

LGS Insitu Ore Grade % 0.075 0.075 0.075 

  

The 6Mtpa mining scenario was chosen as it best met the assessment criteria of Project cashflow, consistency 

of material movement and ore flow to the gravity processing plant. For open cut mining a contract fleet of 

approximately 4.5Mtpa capacity is recommended, with the EQR mobile fleet utilised for LGS and remaining 

open cut material movement requirements. 

Key outputs from Figure 45, Figure 56 and Figure 67 are as follows: 

• Strip ratio balancing through early extraction of the HGZ delivers a 2023 OC strip ratio of 25:6 and 

positive operational cashflow; 
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• As ore mass and grade increases with OC depth, there is a commensurate reduction in LGS material. 

In 2025 the least volume of ore is mined (636kt OC and 150kt LGS) yet delivers the most concentrate 

tonnes (37% more than the next best year) due to the high grade of the ore; and 

• Infill drilling both within and immediately adjacent to the pit shell would likely allow for multiple mining 

sequence options, facilitating further strip ratio and gravity processing plant head-grade balancing. 
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Figure 4: Total Mass Movement & OC Strip Ratio 
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Figure 5: Ore Mass & ROM Ore Grade 
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Figure 6: Material Stream Grades & Produced Concentrate 
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8.2. Equipment Productivities 

To achieve nameplate capacity at the processing plant, the productivity rates stated in Table 15 are required. 

Table 15: Equipment Productivities 

Component Productivity rate per hour (t) Operating hours (hr) Annual capacity (t) 

LGS Mining Fleet 331 3024 1,000,000 

OC Mining Fleet 824 6048 5,000,000 

Crushing & Screening 200 6804 1,500,000 

Ore Sorting 160 5100 816,000 

Gravity Processing 
Plant 

60 6804 408,000 

Front End Loaders       
(2 units) 

350 6048 2,110,000 

Cycle time productivities for the two mining fleets are as per Sections 8.2.1 and 8.2.2. 

8.2.1. Open Cut Mining 

The open cut mining productivity assumptions are listed in Table 16 and Table 17. 

Table 16: OC Excavator Cycle Time Productivity 

Item Parameter Unit 

Mt Carbine Excavator Selection Parameters 

Material Type Rock - Well blasted   

Range Upper   

Bucket Fill Factor 90.0 % 

Estimated Cycle Time 0.60 min 

Cycles per hour 100 
 

Operator skill factor 90.0 % 

Machine availibility 85.0 % 

General Opperational Efficiency 85.0 % 

Effective cycles per hour 65 
 

Hourly Production Required 824 tph 

Required payload 12.7 tonnes 

Material loose density 1.9 tonne/m3 

Bucket payload volume 6.7 m3 

Nominal bucket size 7.4 m3 
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Table 17: OC ADT Cycle Time Productivity 

Item Parameter Unit 

Articulated Dump Truck Specifications 

Model Bell B50E  

Payload 45 tonnes 

Number of Excavator Passes 4  

Truck Cycle Times 

Truck Manoeuvre, Reverse and 
Spotting Time 

30 sec 

Excavator Time to Load Truck 144 sec 

Truck Manoeuvre and Dump Time at 
the Dump 

30 sec 

Fixed Time Result (sec) 204 sec 

Fixed Time Result (min) 3.40 min 

Distance from Load Point to Dump 1840 m 

Average Speed  20 km/hr 

Travel Time  11.04 min 

Total Truck Cycle Time 14.4 min 

Cycles per Hour 4.16  

Production Capacity 

Production Truck Capacity Tonnes per 
Hour 

187 tonnes 

Total Required Truck Units 4.41 units 

 

8.2.2. LGS Mining 

The low-grade ore stockpile mining productivity assumptions are listed in Table 18. 

Table 18: LGS ADT Cycle Time Productivity 

Item Parameter Unit 

Articulated Dump Truck Specifications 

Model Bell B50E  

Payload 45 tonnes 

Number of Excavator Passes 8  

Truck Cycle Times 

Truck Manoeuvre, Reverse and Spotting Time 30 sec 

Excavator Time to Load Truck 252 sec 

Truck Manoeuvre and Dump Time at the Dump x 2 60 sec 
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Item Parameter Unit 

Fixed Time Result (sec) 342 sec 

Fixed Time Result (min) 5.69 min 

Distance from Load Point to Rock Screen 773 m 

Average Speed  20 km/hr 

Travel Time  2.319 min 

Load Truck with FEL Time 2 min 

Travel to Dump and Return to Initial Load Point Distance 1542 m 

Travel to Dump and Return to Initial Load Point Time 4.6 min 

Total Truck Cycle Time 14.6 min 

Cycles per Hour 4   

Production Capacity 

Production Truck Capacity Tonnes per Hour 184 tonnes 

Total Truck Capacity Tonnes per hour 553 tonnes 

Annual Capacity 2,550,000 tonnes 
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9. Mining Method 

Mining of both the LGS and open cut shall be performed using conventional excavator and truck operations. 

Similar sized fleets are utilised in both areas, providing flexibility for mine design, scheduling and operational 

execution.  

9.1. Low Grade Stockpile 

Extraction from the LGS is a straightforward load and haul process. Mining will be completed by a 90t excavator 

working on four metres benches, with a fleet of Bell 50t articulated dump trucks hauling material to the dry 

processing plant. 

A crush and convey system was assessed against the excavator and truck option as part of a cost benefit 

analysis but eliminated for the following reasons: 

• Higher capital cost option; 

• Was specific to the LGS and could not be utilised for other site haulage requirements; 

• Reduced mobility impacts flexibility in mine planning and operational decision-making; 

• Multiple material movement systems onsite increase the complexity of maintenance and personnel 

training ; and 

• Potential power supply constraints to the site. 

Mining will be undertaken from top to bottom in the aforementioned 4m benches, commencing in the south-

eastern section of the LGS and progressing to the north-west. As the LGS thickens, multiple benches will be 

excavated producing a conventional strip-mining arrangement.  

Bench widths will nominally be a minimum 25m to allow sufficient working room (turning and reversing) for the 

articulated dump trucks. 

Oversize material (+700mm) will be stockpiled separately and periodically transported to the waste dump. It is 

expected that in certain areas of the LGS there will be a higher frequency of oversize material (due to the 

original dumping methodology). In this situation a dozer or FEL may be utilised at the dig face to manage 

oversize material and ensure excavator productivity is not adversely impacted. 

9.2. Open Cut 

Similarly, open cut mining will be undertaken in a standard drill and blast, load and haul configuration. 

9.2.1. Drill and Blast 

Approximately 5.25 million tonnes of material require blasting in 2023, increasing to 5.55Mt in 2024, and then 

tapering off to 4.27 million tonnes in 2025. To maintain sufficient blasted inventory, a minimum 100kt of blasted 

material is required on a weekly basis. Mining blocks will be a minimum 20x20x30 metres in size, equating to 

12,000bcm or 33,000 tonnes. Accordingly, at least 3 blocks will be blasted weekly to maintain the required 

inventory.  

The tungsten bearing veins are hard but brittle and fracture easily, increasing the likelihood of preferential 

energy transfer should a blasthole intersect a tungsten vein. The detrimental outcome of this situation is blocky 

oversize waste material and fine ore with a reduced grade due to blasting loss. Whilst it will be practically 

impossible to avoid all tungsten bearing veins, operational mitigation controls such as ore mark-up and 

associated blast pattern modification will be required. 

Drilling and blasting will be serviced by a total load contract, where all drilling, loading and blasting activities 

will be sub-contracted to deliver blasted inventory at a dollar per tonne rate. The bulk explosive volumes are 
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approximately 30 tonnes per week, as such a drive-in, drive out service from Cairns is envisaged; no allowance 

for an on-site explosives compound has been made.  

Table 19 and Table 20 detail indicative drill and blast design parameters and associated physical metrics per 

blast. 

Table 19: Indicative Blast Quantities Per Blast 

Avg. Blast 
Volume (m3) 

Avg. Blast 
Tonnes (t) 

Avg. Blast 
Drill Holes 

Avg. Blast Drill 
Meters (m) 

Average Blast Bulk 
Explosive (kg) 

36,496 100,000 174 3,699 29,723 

 

Table 20 - Indicative Blast Design Parameters 

Parameter Quantity Unit 

Bench Height 20 m 

Drill Angle 70 degree 

Hole Length 21.2836 m 

Horizontal 7.2794 m 

 

Hole Diameter 102 mm 

Bench Height 20 m 

Bench Factor 196.08 (60f - 120f) 

Burden 3 m 

Burden Factor 29.41 (25f - 40f) 

Spacing 3.50 m 

Spacing Factor 1.17 (1.15B-1.5B) 

Subdrill 0.7 m 

Subdrill Factor 6.86 (6f - 12f) 

Stemming 2.5 m 

Stemming Factor 24.51 (20f - 26f) 

Explosive Charge Weight per Metre 1.15 g/cc 

Charge Length 18.20 m 

Charge Weight 171 kg 

Volume Blasted 210 Bcm 

Powder Factor 0.81  

9.2.2. Excavation, Load and Haul 

Loading of the ADT fleet will be undertaken by a single 100-120 tonne excavator with a bucket capacity of at 

least 7.4m3 (in excavator configuration). An example of this excavator class is the Liebherr R9100. Technical 

specifications are included in Appendix D. 

Bench geometry will be slightly smaller than the LGS, with a 4m height and minimum 20m width. Ore 

delineation and excavation will be undertaken as per the following process: 
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• Following blasting a visual on-foot inspection of the mining block surface will be undertaken and ore 

zones identified either through high-precision GPS survey, mark-up paint or both; 

• Excavation of the initial mining bench will occur. Mining dilution will be impacted by blast fragmentation, 

operator proficiency and working conditions (primarily poor lighting and dust). Accordingly, a focus on 

operational excellence for both drill and blast and excavation practices will be required; and 

• Following excavation of the bench, the mark-up process is repeated for the subsequent bench. Ideally, 

high-precision GPS would be utilised to facilitate the development of an operational model for machine 

guidance, operational geology and mine reconciliation purposes.   

Detailed grade control practices are included in Chapter 3: Geology and Resources.  

Haulage of waste and ore to the dump and dry processing plant respectively will be undertaken by five to six 

45t class articulated dump trucks. 

The 45t articulated dump truck was chosen for the following reasons: 

• Superior operating performance with respect to ramp width and grade, working room and traffic 

management for the size of the deposit and the mining schedule; and 

• The truck class is already on site, enabling mine planning flexibility and synergies for equipment 

maintenance and operator training 

9.3. Future Opportunities 

There exists a number of opportunities, that with additional activities, will improve the mining schedule and 

overall Project economics. These include: 

• Infill drilling of the pit shell and adjacent areas; and 

• Pre-processing of the ore fines component in the dry processing plant prior to transport to the gravity 

processing plant. 

Infill drilling to define further zones of high-grade ore should either a) improve the strip ratio of the existing pit 

shell, or b) expand the pit shell, facilitating additional flexibility in the mining sequence for strip ratio and head-

grade optimisation. 

Although the fines are naturally upgraded in the crushing stage due to the mineralisation style, the fines 

material comprises between 68-89% of the gravity processing plant mass and is the lowest grade ore of the 

three material streams. It should also be noted that the gravity processing plant is the primary capacity 

constraint on Project economics.  

Accordingly, any pre-processing system that removes non-tungsten bearing mass will have a significant impact 

on gravity processing plant capacity, head grade and associated concentrate production. 
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10. Mining Limits 

Maptek Vulcan Pit Optimiser software was utilised to determine the optimal pit limits of the ore body based on 

a set of predefined parameters. This tool can be used with the Lerch & Grossmann 3D algorithm or the 3D 

Floating Cone algorithm. The tool allows for flexibility when applying costs to the optimisation, as values can 

be calculated manually or automatically calculated by the software. Pit Optimiser is run within an existing 

geological block model. The model used was ‘Mt_Carbine_20210918.bmf’ and several variables were added 

to the block model before running Pit Optimiser. 

The minimum required model attribute variables are: 

• At least one grade variable to define the desired product or products. Tungsten grade (WO3%) was 

used as the primary grade variable. A secondary grade variable was created to filter and optimise the 

blocks by the indicated resource category. This attribute variable was created and called 

‘WO3_rescat’; and 

• An attribute variable in which to store the resulting pits. An attribute variable was created for each 

scenario ie: pit_mc_oco_17 and saved within the block model for future pit generation. 

Once the block model was configured, the below operational variables were input to create a range of individual 

scenarios: 

• Revenue per tonne of product WO3; 

• Recoveries from insitu mining through to processing; 

• Material densities; 

• Overall pit slopes; 

• Mining costs; 

• Processing costs; and 

• Rehabilitation costs. 

Table 21: Maptek Pit Optimiser Variables and Ranges 

Variable Unit of Variable Variable Minimum Variable Maximum 

Ore Resource Category Tonnes Indicated Resource Indicated Resource 

Revenue AUD per tonne of 
tungsten 

27,000 27,000 

Mining Cost AUD per tonne of 
mined material 

4.00 6.44 

Processing Cost AUD per tonne 
including dry and 
gravity processing 

14.50 14.50 

Rehabilitation Cost AUD per tonne of waste 
material 

0.20 0.20 

 

Table 22: Physical Parameters used in the Pit Optimizer 

Variable 
Bench 

Height (m) 

Bench 
Batter 

Angle (0) Berm Width (m) Overall Slope Profile (0) 

Pit Design 20 70 8 54 
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From each scenario a report was generated to show the following:  

• Rock Best: The total amount of material to be mined within the optimised shell; 

• Waste Best: The total amount of waste material to be mined within the optimised shell; 

• Total Ore Best: The total amount of ore material to be mined within the optimised pit shell; 

• Stripping Ratio Best: The ratio of waste to ore material to be mined within the optimised pit shell; 

• Product Best: The amount of tungsten metal recovered from the entire mining and processing process; 

• Mining Cost Best: The cost of mining per tonne to include drill and blast, load and haul, management 

overheads and mine rehabilitation; 

• Processing Cost Best: The cost of processing per ore tonne to include crushing, screening, XRT 

sorting, wet processing, and tailings management; 

• Revenue Best: The revenue generated from the product tonnes; 

• Profit Margin: Total revenue – total costs; 

• Insitu Tungsten: The amount of insitu tungsten within the optimised pit shell prior to mining and 

processing; and 

• Ore Grade: The percentage of tungsten metal contained within the ore, within the optimised pit shell. 

The mining scenario outputs from Pit Optimiser are shown in Table 23. 

Table 23: Mining Scenario output from Pit Optimiser 

Scenario 
Name 

Scenario 
Variable 

Resource 
Category 

Gravity 
Plant 

Recovery 
(%) 

Mining Cost 
(AUD) 

Process 
Cost (AUD) 

Rehab 
Cost 

(AUD) 

MC_OCO_1 Base Case Indicated 70 5.85 14.50 0.20 

MC_OCO_2 Mining Cost 
+5% Indicated 

70 6.14 14.50 0.20 

MC_OCO_3 Mining Cost 
+10% Indicated 

70 6.44 14.50 0.20 

MC_OCO_4 Mining Cost -
5% Indicated 

70 5.56 14.50 0.20 

MC_OCO_5 Mining Cost -
10% Indicated 

70 5.27 14.50 0.20 

MC_OCO_6 Mining Cost -
15% Indicated 

70 4.97 14.50 0.20 

MC_OCO_7 Mining Cost -
20% Indicated 

70 4.68 14.50 0.20 

MC_OCO_8 Processing 
Cost +5% Indicated 

70 5.85 15.23 0.20 

MC_OCO_9 Processing 
Cost +10% Indicated 

70 5.85 15.95 0.20 

MC_OCO_10 Processing 
Cost -5% Indicated 

70 5.85 13.78 0.20 

MC_OCO_11 Processing 
Cost -10% Indicated 

70 5.85 13.05 0.20 
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Scenario 
Name 

Scenario 
Variable 

Resource 
Category 

Gravity 
Plant 

Recovery 
(%) 

Mining Cost 
(AUD) 

Process 
Cost (AUD) 

Rehab 
Cost 

(AUD) 

MC_OCO_12 Unconstrained 
Rescat 

Indicated 
and 

Inferred 

70 5.85 14.50 0.20 

MC_OCO_13 Base Case 
75% Recovery Indicated 

75 5.85 14.50 0.20 

MC_OCO_14 75% Recovery 
Unconstrained 
Rescat 

Indicated 
and 

Inferred 

75 5.85 14.50 0.20 

MC_OCO_15 75% Recovery 
Unconstrained 
Rescat 

Indicated 
and 

Inferred 

75 4.50 14.50 0.20 

MC_OCO_16 75% Recovery 
Unconstrained 
Rescat 

Indicated 
and 

Inferred 

75 4.00 14.50 0.20 

MC_OCO_17 Mining Cost 
AUD4.50 
Recovery 75% 

Indicated 75 4.50 14.50 0.20 

From Table 23, Scenario 17 was selected as the most financially attractive and logical optimised economical 

pit shell to take forward for more detailed and practical mineable design. The following steps were executed 

to deliver the mine design: 

1. Vulcan automated pit designer; 

2. Setup spec file; 

3. Batter Angle = 70 degree; 

4. Berm width = 8m; 

5. Contour existing block model (Mt_Carbine_20210918.bmf); 

6. Generate pit shell based on block model variable (pit_mc_oco_17); 

7. Benches – Min elevation = 220RL Max elevation = 400RL Bench height = 20m; 

8. Create seed strings to develop final pit limits; 

9. Create bench and batters; 

10. Insert ramp; 

11. Create triangulation;  

12. Create mining solid; and 

13. Run reserves editor. 

Following the creation of a practical pit shell and ore reserves, Comet Strategy software was utilised to deliver 

a series of scenarios with a) a physical mining schedule and b) an associated Project NPV. In this way the 

Project drivers and constraints could be assessed against each other, and sensitivities identified. The 

comparison of the optimised pit shell to the practical pit shell is shown in Figure 7. 

Scenario analysis of operational rosters and associated labour/cost components for the dry processing and 

gravity processing plants was undertaken during an earlier stage of the feasibility study. Table 24 details the 

Project variables and ranges included in the final scenario analysis. 
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Table 24: Variables and Ranges used in Comet Strategy Software 

Variable Unit Range – Minimum Range - Maximum 

Tungsten Price Payable (50% 
Concentrate) 

AUD 13,533 16,181 

Mobile Fleet Capacity Tonnes per 
annum 

4,000,000 6,000,000 

Gravity Plant Max. Head 
Grade 

% 0.5 2 

Roster for LGS Mining hrs 3024 6048 
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Figure 7: Cross Section Comparing Optimised and Practical Pit Shells 
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11. Mine Layout 

11.1. Mine Layout 

The Mt Carbine mining leases straddle the Mulligan Highway, which bisects the operation in an approximately 

east-west direction. Power and ancillary water services run adjacent to the highway with existing connections 

to the gravity processing plant and administration area. 

To the north of the highway are: 

• The insitu orebody; 

• Low grade stockpile; 

• Crushing screening and sorting plant (excluding ore sorter product sizing); 

• Quarry and waste rock dumps; and 

• Administration and maintenance facilities. 

South of the highway are: 

• The gravity processing plant; 

• Secondary crushing plant for the ore sorter product material (VSI); 

• Process plant reject material management system; and 

• Historical tailings dam . 

Figure 8 to Figure 12 illustrate the location of the various components of the mining operation. 

The mining process is simple and is as follows: 

• Material extracted from the LGS and open cut via excavator and trucked to the Grizzly/Rock Screen 

at the dry processing plant; 

• Material fed to the Jaw Crusher via FEL and crushed to pass -100mm; 

• Feed material fed to a double deck screen via conveyor; 

• -6mm and -40+6mm material screened off and stockpiled; 

• +40mm material crushed via cone crusher and recirculated back onto the double deck screen; 

• FEL loads -6mm material into a hopper for slurry pumping to the gravity processing plant; 

• -40+6mm material fed into the XRT Sorter via a reclaimer/conveyor system; 

• XRT Sorter product and reject material stockpiled; 

• FEL loads XRT Sorter reject material into ADTs for transport to the quarry or waste dump depending 

on quality of product; and 

• FEL loads XRT Sorter product material into ADTs for transport to the gravity processing plant. 

With the exception of the fines material, ADTs will manage transport of all material around site. Back-haulage 

practices will be employed, where ADTs will transport ore from the LGS or open cut the dry procesing plant, 

then from the dry processing plant to waste dump/quarry or down to the gravity processing plant, prior to 

returning to the LGS/open cut excavation faces.  

  



 

Mt Carbine Bankable Feasibility Study – Chapter 4: Mining  

41 

 

Figure 8: General Mine Arrangement 
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Figure 9: OC and LGS Mining Limits 
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Figure 10: Crushing, Screening and Sorting Plant 
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Figure 11: Processing Plant and Tailings Dewatering System 
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Figure 12: Ore Sorter Product Rehandling Circuit  
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11.2. Technical Risks 

The primary technical risks for the mining activities are summarized as follows: 

• Open cut 

o Geotechnical instability due to the intersection of pit geometry with major faults/joints; 

o Poor blast fragmentation; and 

o Ore recovery. 

• LGS 

o Higher frequency of oversize material; and 

o Bench instability due to poor excavation practices. 

• Dry Processing Plant 

o Poor crushing & screening performance. 

Table 25 details a relative risk matrix of the primary technical risks. 

Table 25: Primary Technical Risks 

Area Risk Consequence Impact 

Open Cut Major Geotechnical 
Instability 

Loss of production, potential loss of ore 
reserves. 

Extreme 

Open Cut Poor Blast Fragmentation Loss of production, reduced ore recovery, 
increased wear/damage to fleet and plant. 

Major 

Open Cut Ore Recovery Loss of ore, reduced operational profitability. Major 

LGS Higher Frequency of 
Oversize Material 

Loss of production, increased wear/damage 
to fleet and plant. 

Minor 

LGS Bench Instability due to 
Poor Excavation {ractices 

Loss of production. Minor 

Dry Processing 
Plant 

Poor Crushing & 
Screening Performance 

Loss of production, increased wear/damage 
to plant. 

Moderate 

Mitigation of the technical risks can be achieved through the following controls: 

• Major geotechnical instability: 

o Detailed geotechnical assessment of the rockmass and associated structures; 

o Pit design modifications; 

o Ground stabilisation/support techniques; and 

o Operational best practice with respect to blasting, dig to design compliance and geotechnical 

input into mine planning processes. 

• Poor blast fragmentation: 

o Incorporation of geological/geotechnical data (structures, rock strength) in blast design; 

o Drill to design compliance; and 

o Consumables (explosives, stemming) load to design. 

• Ore recovery: 

o Adequate blast fragmentation; 
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o Robust and consistent ore-markup practices; 

o Optimal working environment during extraction (light and dust); and 

o Ore spotter if required. 

• Higher frequency of oversize material: 

o Ancillary equipment (dozer or loader) on standby to manage material; and 

o Separate stockpiling/removal of oversize material. 

• Bench instability due to poor excavation practices: 

o Dig to design compliance – no undercutting of bench profiles. 

• Poor crushing & screening performance: 

o Adequate blast fragmentation; ad 

o Consistent feed rate within equipment optimal performance envelope. 

Table 26 details the risk matrix with controls applied. 

Table 26: Primary Technical Risks with Controls Applied 

Area Risk Revised Impact Comment 

Open Cut Major Geotechnical Instability Major Continuous geotechnical control 
required during OC mining. 

Open Cut Poor Blast Fragmentation Moderate Has impacts on multiple downstream 
processes. 

Open Cut Ore Recovery Moderate Direct impact on profitability. 

LGS Higher Frequency of Oversize 
Material 

Minor  

LGS Bench Instability due to Poor 
Excavation Practices 

Negligible  

Dry 
Processing 
Plant 

Poor Crushing & Ccreening 
Performance 

Minor Adequate blast fragmentation a key 
sensitivity. 

 

11.3. Mining Reserves 

Loss and dilution values are included in the mining reserves and the detailed in Section 12.1. 

Table 27 details the mining reserves for the open cut and  

Table 28 details the mining reserves for the LGS. 



 

Mt Carbine Bankable Feasibility Study – Chapter 4: Mining  

48 

Table 27: Open Cut Mining Reserves 

Region 
Bench 
RL 

Resource 
Category 

Material 
Type 

Ore 
Grade 

(%) 

WO3 
Volume 

(bcm) 
WO3 

Mass (t) 

WO3 
Min 
(%) 

WO3 
Max (%) 

Total 
Volume 

(bcm) 
Total Mass 

(t) 

Pit17_6_Phase3_Solid.00t 300 Target Waste 0  -     -    0 0  237,263   650,102  

Pit17_6_Phase3_Solid.00t 300 Indicated Ore 0.94  33,370   91,433  0.19 5.09  33,370   91,433  

Pit17_6_Phase3_Solid.00t 320 Target Waste 0  -     -    0 0  20,960   57,431  

Pit17_6_Phase3_Solid.00t 320 Indicated Ore 0.62  2,817   7,719  0.22 5.09  2,817   7,719  

Pit17_6_Phase4_Solid.00t 220 Target Waste 0  -     -    0 0  76,261   208,955  

Pit17_6_Phase4_Solid.00t 220 Indicated Ore 0.81  18,388   50,384  0.26 1.95  18,388   50,384  

Pit17_6_Phase4_Solid.00t 240 Target Waste 0  -     -    0 0  172,818   473,521  

Pit17_6_Phase4_Solid.00t 240 Indicated Ore 0.88  32,074   87,882  0.19 5.09  32,074   87,882  

Pit17_6_Phase4_Solid.00t 260 Target Waste 0  -     -    0 0  491,246   1,346,013  

Pit17_6_Phase4_Solid.00t 260 Indicated Ore 0.91  71,862   196,901  0.19 5.09  71,862   196,901  

Pit17_6_Phase4_Solid.00t 280 Target Waste 0  -     -    0 0  752,221   2,061,084  

Pit17_6_Phase4_Solid.00t 280 Indicated Ore 0.89  100,766   276,098  0.19 5.09  100,766   276,098  

Pit17_6_Phase4_Solid.00t 300 Target Waste 0  -     -    0 0  767,437   2,102,777  

Pit17_6_Phase4_Solid.00t 300 Indicated Ore 0.8  69,019   189,111  0.14 5.09  69,019   189,111  

Pit17_6_Phase4_Solid.00t 320 Target Waste 0  -     -    0 0  838,345   2,297,066  

Pit17_6_Phase4_Solid.00t 320 Indicated Ore 0.69  38,221   104,727  0.14 1.88  38,221   104,727  

Pit17_6_Phase4_Solid.00t 340 Target Waste 0  -     -    0 0  823,520   2,256,444  

Pit17_6_Phase4_Solid.00t 340 Indicated Ore 0.59  20,029   54,878  0.14 1.63  20,029   54,878  

Pit17_6_Phase4_Solid.00t 360 Target Waste 0 0 0 0 0  740,548   2,029,101  

Pit17_6_Phase4_Solid.00t 360 Indicated Ore 0.5 10285 28182 0.17 1.63  10,285   28,182  
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Region 
Bench 
RL 

Resource 
Category 

Material 
Type 

Ore 
Grade 

(%) 

WO3 
Volume 

(bcm) 
WO3 

Mass (t) 

WO3 
Min 
(%) 

WO3 
Max (%) 

Total 
Volume 

(bcm) 
Total Mass 

(t) 

Pit17_6_Phase4_Solid.00t 380 Target Waste 0 0 0 0 0  185,499   508,267  

Pit17_6_Phase4_Solid.00t 380 Indicated Ore 0.59 3657 10021 0.17 1.57  3,657   10,021  

Pit17_6_Phase4_Solid.00t 400 Target Waste 0 0 0 0 0  2,816   7,716  

Pit17_6_Phase4_Solid.00t 400 Indicated Ore 0.36 218 597 0.22 0.79  218   597  

 

Table 28: LGS Mining Reserves 

Region 
Resource 
Category 

Material 
Type 

Ore 
Grade 

(%) 

WO3 
Volume 

(bcm) 
WO3 

Mass (t) 
WO3 

Min (%) 

WO3 
Max 
(%) 

Total 
Volume 

(bcm) 
Total Mass 

(t) 

Total 
Tungsten 

(t) 

LGSP_RL_370_1_local.00t Indicated Ore 0.075  56,707   90,731   0.075   0.075   56,707   90,731   68  

LGSP_RL_374_1_local.00t Indicated Ore 0.075  283,485   453,575   0.075   0.075   283,485   453,575   340  

LGSP_RL_370_1_local.00t Indicated Ore 0.075 56,707 90,731 0.075 0.075 56,707 90,731 68 

LGSP_RL_374_1_local.00t Indicated Ore 0.075 283,485 453,575 0.075 0.075 283,485 453,575 340 

LGSP_RL_378_1_local.00t Indicated Ore 0.075  401,238   641,981  0.075 0.075  401,238   641,981  481 

LGSP_RL_382_1_local.00t Indicated Ore 0.075  496,647   794,636  0.075 0.075  496,647   794,636  596 

LGSP_RL_386_1_local.00t Indicated Ore 0.075  372,966   596,746  0.075 0.075  372,966   596,746  448 

LGSP_RL_390_1_local.00t Indicated Ore 0.075  367,442   587,907  0.075 0.075  367,442   587,907  441 

LGSP_RL_394_1_local.00t Indicated Ore 0.075  350,423   560,676  0.075 0.075  350,423   560,676  421 

LGSP_RL_398_1_local.00t Indicated Ore 0.075  269,038   430,461  0.075 0.075  269,038   430,461  323 

LGSP_RL_402_1_local.00t Indicated Ore 0.075  165,861   265,377  0.075 0.075  165,861   265,377  199 

LGSP_RL_406_1_local.00t Indicated Ore 0.075  7,771   12,433  0.075 0.075  7,771   12,433  9 

LGSP_RL_370_2_local.00t Indicated Ore 0.075  110,794   177,270  0.075 0.075  110,794   177,270  133 
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Region 
Resource 
Category 

Material 
Type 

Ore 
Grade 

(%) 

WO3 
Volume 

(bcm) 
WO3 

Mass (t) 
WO3 

Min (%) 

WO3 
Max 
(%) 

Total 
Volume 

(bcm) 
Total Mass 

(t) 

Total 
Tungsten 

(t) 

LGSP_RL_374_2_local.00t Indicated Ore 0.075  422,336   675,738  0.075 0.075  422,336   675,738  507 

LGSP_RL_378_2_local.00t Indicated Ore 0.075  566,492   906,387  0.075 0.075  566,492   906,387  680 

LGSP_RL_382_2_local.00t Indicated Ore 0.075  611,562   978,500  0.075 0.075  611,562   978,500  734 

LGSP_RL_386_2_local.00t Indicated Ore 0.075  500,781   801,250  0.075 0.075  500,781   801,250  601 

LGSP_RL_390_2_local.00t Indicated Ore 0.075  427,390   683,823  0.075 0.075  427,390   683,823  513 

LGSP_RL_394_2_local.00t Indicated Ore 0.075  339,085   542,536  0.075 0.075  339,085   542,536  407 

LGSP_RL_398_2_local.00t Indicated Ore 0.075  297,175   475,480  0.075 0.075  297,175   475,480  357 

LGSP_RL_402_2_local.00t Indicated Ore 0.075  190,462   304,740  0.075 0.075  190,462   304,740  229 

LGSP_RL_406_2_local.00t Indicated Ore 0.075  12,790   20,465  0.075 0.075  12,790   20,465  15 
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12. Product and Waste 

12.1. Mining Criteria for Product and Waste Determination 

Due to the thin, vertical nature of the tungsten bearing veins, the following assumptions have been included in 

the mining criteria: 

1. Mining dilution of 16% in addition to material added during the geological modelling process; 

2. Minimum ore mining thickness of 1.0m; 

3. Loss of 1% of ore (mainly attributable to drill and blast processes); 

4. Bench height of 4m; 

5. Excavator class of 100-120t for non-ore material with associated ADT fleet; 

6. Excavator class of approximately 50t-90t for ore mining; 

7. Tomra X-ray ore sorter: 

a. Metal recovery of 90% (-40+6mm ore size fraction); and 

b. Capacity of 816ktpa (120tph). 

8. Processing plant: 

a. Fines (-6mm size fraction) metal recovery of 77%; 

b. Coarse (-40+6mm ore sorter product) metal recovery of 90%; and 

c. Capacity of 408ktpa (60tph). 

 The basis of the above input variables are as follows: 

• Points 1 to 4 are based on experience in mining environments with similar production profiles and 

extraction requirements; 

• Points 5 and 6 are based on a combination of current site production performance and previous mining 

experience; 

• Point 7 is based on current site production data; 

• Point 8b is based on current site production data; and 

• Points 8a and 8c are based on current site production data with additional improvements due to plant 

upgrades (provided by Ausenco). 

Dilution of the high-grade ore zones is a key component of the ore reserving process. This was completed in 

two steps:  

• During geological modelling dilution was added to the tungsten veins to produce a 2m wide downhole 

intersection, with associated reduction in grade. When converted from downhole to horizontal width, 

this translates to between 1 and 1.50m (dependent on the angle of the drill hole); and 

• Further dilution was added during the ore reserving process to reflect the D&B/load and haul extraction 

process.    

12.2. XRT Sorter Mass Recovery Methodology 

Metal recovery through the XRT Sorter is consistent at 90% or slightly higher, validated by a number of 

sampling tests where feed, product and waste samples were analysed for WO3% grade. 

 



 

Mt Carbine Bankable Feasibility Study – Chapter 4: Mining  

52 

However mass recovery is variable, linked as it is to XRT Sorter feed grade. The methodology for determining 

XRT Sorter mass recovery is as follows: 

• Utilise the existing plant performance as a reliable source of information; 

• Low grade analysis point is the LGS feed material – head grade is approximately 0.054% WO3 (LGS 

global grade is 0.075%, but once the fines material is removed the grade drops to 0.054%): 

o Mass recovery is ~7%; 

• High grade analysis point is ~1% - feed material was made up and passed through the XRT Sorter at 

a pilot scale: 

o Mass recovery is ~50%; 

• Top grade cut-off of the XRT Sorter was set at 2%, based on metal recovery loss at higher grades 

becoming a material issue. All ore >2% grade bypasses the XRT Sorter and goes directly to the gravity 

processing plant; 

• Based on the low and high grade points a linear trend and algorithm was generated; and 

• The algorithm was then used to generate mass recovery for every mining block in the OC pit. 

As further production or test data becomes available the algorithm will be refined.  

Figure 13 details the linear algorithm developed for XRT Sorter mass recovery. 
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Figure 13: Algorithm for XRT Sorter Mass Recovery 

12.3.  Cut-off Grade 

There are two main drivers of cut-off grade and associated product/waste determination:   

• The use of a TOMRA XRT Sorter (XRT Sorter) to upgrade +6mm ore; and 

• The presence of a LGS with a global grade of 0.075% WO3. 

The crushing characteristics of the tungsten bearing material result in the XRT Sorter processing 64% of all 

ore. Due to the relatively coarse nature of the predominantly wolframite mineralisation, ore and dilution material 

are efficiently separated with a high metal recovery of >90%. This process significantly lowers the insitu cut-

off grade that can be economically mined.  

Current operations are economically mining the LGS only, demonstrating a viable cut-off grade of 0.075% WO3 

on the existing cost base. The inclusion of a contract mining fleet and upgrades to both the dry and gravity 

processing plants deliver increased capacity, improved metal recoveries and associated scale economics to 

the cost base. Operational costs by component are detailed in Table 3.  

The minimum block grade identified in the open cut ore reserves is 0.121% WO3, well above the LGS global 

grade of 0.075% WO3. Even with the increase in mining costs (when compared to the LGS), all open-cut 

reserves demonstrate positive cash-flows.  

Accordingly, the site-wide cut-off grade is set at 0.075% WO3 for all ore sources.      
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12.4. Grade Control System 

The grade control system will have multiple processes, with the primary objectives of: 

• Delineation of the insitu spatial distribution of tungsten ore and associated WO3 % grade; 

• Delineation of the spatial distribution of ore post-blasting for accurate selective mining; and 

• Reconciliation of planned vs as-mined ore from a mass and grade perspective. 

To achieve the primary objectives, the grade control system is comprised of grade control drilling and 

associated sampling at the on site laboratory, ore-markup post blasting and ore markup post mining (prior to 

drilling of the next bench). 

Specific details of the grade control drilling and sampling are outlined in Chapter 3: Resources and Geology. 

Ore-markup will be undertaken by competent personnel, using high precision GPS and paint, preferably on 

night shift when the scheelite UV fluorescence will be most effective. The use of RTK GPS will assist in the 

creation of an accurate operational geological model that can be reconciled against the resource model. 
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13. Reserves Statement 

Tony O’Connell of Optimal Mining Solutions was engaged as the Competent Person to produce a JORC 

compliant Reserves Statement for the Mt Carbine open cut and LGS. An excerpt of the Reserve Statement is 

provided below and the Reserve Report is included in Appendix E. 

13.1. Overview 

This statement provides a summary of the 2021 Ore Reserves Estimate for EQ Resources’ Mt. Carbine Project. 

The full details of the Ore Reserve estimate can be found in the complete 2021 JORC Ore Reserve Estimate 

report completed by Measured Group in December 2021. The date of this statement is December 9 2021. 

13.2. JORC Ore Reserve Estimate Statement Summary 

Measured Group Pty Ltd (Measured Group) has been engaged by EQ Resources Pty Ltd (EQR) to prepare a 

Statement of the Ore Reserves for its fully owned Mt Carbine Tungsten Project (Mt. Carbine). 

Mt Carbine is an operating tungsten mine and rock quarry located at the northern end of the Atherton Tableland 

approximately 130 km by sealed highway from the closest major centre of Cairns. EQR acquired the mine and 

associated quarry in June 2019 and has been operating the mine and quarry concurrently, with the mine 

currently processing tailings and low grade ore stockpiles located on the site that are remnant from previous 

operations on the site. The mine is well supported by existing services and infrastructure. 

The current plan for Mt Carbine is to recommence the old open pit, which was shut in the late 1980’s, whilst 

continuing to process the LGS. The site is currently permitted to process up to 100,000t per annum of ore, 

however an amendment to the current environmental authority has been submitted to allow up to 1,000,000t 

per annum of ore to be processed. The open pit is forecast to be developed at approximately 5mtpa with ore 

delivery to the plant fluctuating between 250ktpa and 600ktpa. Rehandling of the LGS will top up the total feed 

into the processing plant to approximately 1mtpa. 

The processing plant generates a 50% WO3 concentrate which will be sold on the open market. Mt Carbine 

currently has off-take agreements for the W03 concentrate which it currently produces. The concentrate will 

be sold into a market with ongoing strong demand. 

A Mineral Resource Statement compliant with the 2012 JORC Code has been prepared by Mr. Chris Grove, 

a full time employee of Measured Group. The Resources are split into two sections, one for the LGS and one 

for the open pit as summarised in the table below. 

Table 29: Mt Carbine Mineral Resource – September 2021 

Classification Tonnes (million) Grade (% WO3) WO3 (mtu) 

Low Grade Stockpile 

Indicated 12.00 0.075 900,000 

In-Situ Hard Rock Resources 

Indicated 2.40 0.74 1,776,000 

Inferred 6.81 0.59 4,017,900 

Sub-Total 9.21 0.63 5,793,900 

Total Mt Carbine Mineral Resource 

 21.21  6,693,900 
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The Ore Reserve was estimated as of 31st December 2021 by a team of mining experts from DAS Mining 

Solutions, Optimal Mining Solutions and Measured Group. The Competent Person for the Ore Reserve 

Estimate is Mr Tony O’Connell of Optimal Mining Solutions who contracts to Measured Group. 

Open cut Ore Reserves have been estimated by applying modifying factors to the Mineral Resources. The 

modifying factors include practical pit limits which were based on the current economic limits, determined using 

indicative operating costs, metallurgical parameters, geotechnical constraints and projected revenue. Other 

modifying factors included mining losses, mining recovery and dilution factors. An economic evaluation of the 

mine plan and schedule was completed as part of the estimation process, with the project generating a positive 

net present value. It should be noted that no revenue was accounted for from the current quarrying services 

as part of the economic evaluation. 

All the Reserves are classified into their respective category based on the level of detail completed in the mine 

plan and the level of confidence in the Resource estimate. In the categorisation of Reserves, all Indicated 

Resources have been classified as Probable Reserve. There are no Proven Ore Reserves. No Inferred 

Resources have been included in the Ore Reserve estimate. 

A 0.2% W03 cut-off has been applied in the open pit resource model, however once loss and dilution is applied 

the minimum open pit ore grade mined is 0.12% WO3. The average ROM grade of the open pit Ore Reserve 

is 0.713%. The LGS has been classified as a large homogenous orebody which contains an average of 0.075% 

WO3. 

The Ore Reserves for the low-grade stockpile and open pit are summarised in the tables below. 

Table 30: Low Grade Stockpile Ore Reserve Estimate 

Reserve Category ROM Tonnes (mt) WO3 % 

LGS - Proved - - 

LGS - Probable 10.126 0.075% 

LGS - Total 10.126 0.075% 

 

Table 31: Open Pit Ore Reserve Estimate 

Reserve Category ROM Tonnes (mt) WO3 % 

Open Pit - Proved - - 

Open Pit - Probable 1.263 0.713% 

Open Pit - Total 1.263 0.713% 

The Resources are reported inclusive of the Ore Reserves. The Ore Reserves have been estimated using the 

same geological model as the Mineral Resource Statement. 

The open pit Ore Reserves are accompanied by 14.0mt of waste which provides an overall ROM strip ratio of 

11:1 t/t. 
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14. Waste Disposal 

Waste material will be generated from both the insitu open cut and the dry processing plant. Material from the 

open cut will be transported directly from the dig face to the dump, whilst XRT Sorter reject material will be 

emplaced in either the quarry or dump depending on quality and quarry inventory.  

Dump site selection was driven by two factors: 

• Proximity to mining and processing activities to optimise mobile fleet efficiency. Backhauling of 

material was utilised where possible; and 

• Where possible, remaining within the current disturbed footprint to minimise environmental and cultural 

issues. 

As illustrated in Figure 14, there are three waste dumps planned. Dumps 1 and 2 are adjacent to the dry 

processing plant, will be up to 45m above original ground level with a combined capacity of 9.44Mbcm. Dump 

3 will be created in the void created by LGS mining and has a capacity of 2.92Mbcm.  

Between the three dumps there is an additional 15% capacity over what is required life of mine, with the mass 

balance detailed in Table 32 and Table 33. 

All material will be emplaced using the ADT fleet. Due to the excellent material characteristics of the waste 

material – high strength, low slaking, no NAF/PAF – the dump design is straightforward and driven by 

operational factors. Dump lifts will be 15m in height, with a single lift slope angle of 37 degrees, and an overall 

dump angle of 27 degrees.  

As all three dumps are predominantly located on disturbed land, dump preparation and topsoil stockpiling prior 

to emplacement is not required. Rehabilitation of the dumps will involve profiling of the overall slope to a long-

term geotechnically stable position with subsequent top soiling, erosion control structures and seeding 

completed in accordance with EQR’s Progressive Rehabilitation Plan. 

Table 32: Waste Rock Dump Requirements 

Source Volume (m3) 
Swell 
Factor (%) 

Loose Volume 
(m3) 

Material to 
Dump (%) 

Total Volume to 
Dump 

Insitu Open 
Cut - HGZ 

252,434 20.0 302,920 100.0 302,920 

Insitu Open 
Cut  

4,796,450 20.0 5,755,740 100.0 5,755,740 

Low Grade 
Stockpile 

2,771,576 0.0 2,771,576 65.0 1,801,525 

Low Grade 
Stockpile 

3,478,868 0.0 3,478,868 65.0 2,261,264 

Total 11,299,328  4  10,121,449 

 

Table 33: Waste Rock Dump Capacities 

Destination Surface Area (m2) Volume (m3) 

FS_Dump_1_RL380.00t 359,258 1,467,350 

FS_Dump_1_RL395.00t 343,948 2,284,711 

FS_Dump_1_RL410.00t 223,885 1,437,936 

FS_Dump_2_RL380.00t 221,849 1,176,120 
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Destination Surface Area (m2) Volume (m3) 

FS_Dump_2_RL395.00t 292,844 1,629,505 

FS_Dump_2_RL410.00t 224,247 1,443,008 

FS_Dump_3_RL385.00t 242,405 1,050,478 

FS_Dump_3_RL400.00t 296,271 1,872,108 

Total 2,204,707 12,361,216 
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Figure 14: Waste Rock Dump Locations 
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Figure 15: Waste Rock Dump 2: Cross Section 
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15. Equipment 

15.1. Mobile Fleet 

15.1.1. Mobile Fleet Equipment 

Mobile fleet will be a combination of EQR owned and mining contractor equipment. Mining from both open cut 

and LGS will be undertaken by the mining contractor, utilising the EQR equipment as required. Table 34 details 

the mobile fleet to be used at Mt Carbine.  

The primary excavation fleet will be a 100-120t class excavator, (such as a Liebherr 9100) and five or six 45t 

class ADTs. This fleet will focus predominantly on waste movement from the open cut. The EQR fleet will be 

utilised as the secondary fleet, primarily extracting ore from the OC or LGS. 

Drilling and blasting activities will be sub-contracted out as a total load service, delivering blasted inventory on 

a cost per tonne basis, as part of the overall AUD4.50/t for open cut mining.    

Table 34: Mobile Fleet Equipment 

Equipment Model Capacity 
Purchase 
Estimate 
(AUDk) 

Project Capital 
Cost (AUDk) 

Operational Cost 
(AUD/t (excl. labour) 

EQ Resources Owned Equipment 

Excavator Kobelco 
SK500 
(2018) 

50t 333 0 (leased 
through opex) 

0.27 

Articulated 
Dump 
Truck 

3 x Bell 
B50E (2016) 

45t 740 0 (leased 
through opex) 

0.39 

Front End 
Loader 

Hyundai 980 
(2016) 

5.5m3 240 0 (leased 
through opex) 

0.37 

Front End 
Loader 

Komatsu 
WA500 

6.4m3 613 250 (remainder 
leased through 
opex) 

0.37 

Front End 
Loader 

Hyundai 
780A 

5.1m3 - - 0.35 

Dozer Caterpillar 
D6 LGP 
(2013) 

5.8m3 160 0 (leased 
through opex) 

0.31 

Bobcat Caterpillar 
272 

1.57t 50 0 (leased 
through opex) 

- 

Mining Contractor – Indicative equipment and class 

Excavator Liebherr 
9100 

7.4m3 -  

All included in 
AUD4.50/t rate 

 

Articulated 
Dump 
Truck 

6 x Bell 
B50E 

45t - 

Grader Caterpillar 
M120 

- - 
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Equipment Model Capacity 
Purchase 
Estimate 
(AUDk) 

Project Capital 
Cost (AUDk) 

Operational Cost 
(AUD/t (excl. labour) 

Service 
Truck 

Custom 
Heavy Rigid 
Truck  

- - 

Light 
Vehicles 

3 x Toyota 
Landcruiser 

- -  

Water 
Truck 

Isuzu or 
Similar 

- -  

Drill & Blast – Total Load Service 

Production 
Drill 

2 x Epiroc 
THD 
(102mm hole 
dia.) 

- 

-  

Included in AUD4.50/t 
rate 

MMU 2 x Dyno 
Heavy Rigid 
Truck 

- 
-  

 

15.1.2. Mobile Fleet Productivities 

To achieve the mining schedule material movement, the productivities stated in Table 35 are required. 

Table 35: Mobile Fleet Hourly Productivities 

Component 
Productivity rate per 
hour (t) 

Operating hours (hr) Annual capacity (t) 

Primary Mining Fleet 824 6048 5,000,000 

Secondary Mining Fleet 331 3024 1,000,000 

Front End Loaders (2 units) 350 6048 2,110,000 

Annual operating hours for the mobile fleet are calculated as per Table 36. Maintenance will be undertaken at 

the OEM prescribed intervals by mining contractor and EQR qualified personnel. 

Table 36: Mobile Fleet Annual Operating Hours Build-up 

Variable Value Unit 

Mine site operating days 350 Per annum 

Mining operating hours 12 or 24 Per day 

Equipment Availability 80 % 

Equipment Utilisation 90 % 

Mining effective production hours 8.64 or 17.28 Per day 

Mining effective production hours 3024 or 6048 Per annum 
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15.2. Processing Plant 

15.2.1. Processing Plant Equipment 

Both the dry and gravity processing plants will be operated by EQR personnel on a 24hr, 7 day a week basis. 

Table 37 details the plant equipment that will be used at Mt Carbine. 

Table 37: Processing Plant Hourly Productivities 

Equipment Model 
Capacity 
(tph) 

Annual 
Capacity (t) 

Operational 
Cost (AUD/t 
(excl. labour) 

Crushing, Screening and Sorting Plant (Dry Plant) 

Grizzly/Rock Screen RSV 1400 Rockscreen 350 1,500,000 0.05 

Crushing & Screening Various 350 1,500,000 1.29 

Ore Sorter Tomra COM1200 XRT x 2 
Modules 

160 816,000 0.71 

Processing Plant (Gravity Plant) 

Gravity Plant - 60 408,000 7.73 

Tailings Dewatering - 60 408,000 0.34 

Annual operating hours for the dry and gravity processing plants are calculated as per Table 38. Maintenance 

will be undertaken at the OEM prescribed intervals by EQR and third-party qualified personnel. 

Table 38: Processing Plant Annual Operating Hours Build-up 

Variable Value Unit 

Mine Site Operating Days 350 Per annum 

Processing Operating Hours 24 Per day 

Equipment Availability 90 % 

Equipment Utilisation 90 % 

Processing Effective Production 
Hours 

19.44 Per day 

Processing Effective Production 
Hours 

6804 Per annum 
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17. List of Abbreviations 

Abbreviation Description 

ADT Articulated dump truck 

BCM Bank cubic metre 

EQR EQ Resources Limited 

FEL Front end loader 

HGZ High grade ore zone 

IDF Iron Duke Fault 

JORC Australasian Joint Ore Reserves Committee 

LGS Low grade ore stockpile 

LOM Life of mine 

NAF Non-acid forming 

OC Open cut 

PAF Potentially acid forming 

RL Relative level 

RQD Rock quality designation 

SWF South Wall Fault 

UCS Unconfined compressive strength 

VSI Vertical impact shaft crusher 
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 Geotechnical Report  
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 Hydrogeology Report  
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 Life of Mine Schedule  

  



Period Schedule
2% HG, 6Mtpa extraction limit, $31,500  WO3 price

Period Name Total 2022.00 2023.00 2024.00 2025.00 2026.00 2027.00 2028.00 2029.00 2030.00 2031.00 2032.00 2033.00

Duration (years)           11.79             1.00             1.00             1.00             1.00             1.00             1.00             1.00             1.00             1.00             1.00             1.00             0.79 

Cash Flow ($M)           206.9               6.4               8.1             38.6             95.4               7.7               7.5               7.4               7.5               7.5               7.5               7.5               5.9 

Policies

Cut Off Grade: Cut-off grade 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075%

Key Material Properties

Total Period:Mass (kt)    25,201.45      1,000.00      5,993.19      5,999.79      4,418.43      1,014.37      1,000.00         989.58      1,000.00      1,000.00      1,000.00      1,000.00         786.09 

To Ore:Mass (kt)    11,382.26      1,000.00         948.62         870.64         783.67      1,003.67      1,000.00         989.58      1,000.00      1,000.00      1,000.00      1,000.00         786.09 

To Ore:Grade_WO3 (%) 0.146% 0.075% 0.198% 0.361% 0.637% 0.077% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075%

To Ore:TotalTungsten (kt)           16.61             0.75             1.88             3.14             4.99             0.77             0.75             0.74             0.75             0.75             0.75             0.75             0.59 

ROM Ore Grade 0.146% 0.075% 0.198% 0.361% 0.637% 0.077% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075% 0.075%

To Waste:Mass (kt)    13,819.19      5,044.57      5,129.15      3,634.76           10.70 

To Waste:Ore_Mass (kt)             8.23             5.95             2.28 

To Waste:TotalTungsten (kt)             0.01             0.00             0.00 

Waste Ore Grade 0.075% 0.075% 0.075%

To Fines:Mass (kt)      4,097.61         360.00         341.50         313.43         282.12         361.32         360.00         356.25         360.00         360.00         360.00         360.00         282.99 

To Fines:Fines_Tungsten (kt)             8.97             0.41             1.01             1.70             2.70             0.42             0.41             0.40             0.41             0.41             0.41             0.41             0.32 

Fines Ore Grade 0.219% 0.113% 0.297% 0.541% 0.955% 0.115% 0.113% 0.113% 0.113% 0.113% 0.113% 0.113% 0.113%

To Bypass:Mass (kt)             6.41             1.03             1.62             3.75 

To Bypass:Bypass_Tungsten (kt)             0.18             0.03             0.04             0.11 

Bypass Ore Grade 2.831% 2.895% 2.744% 2.851%

To Ore Sorter Feed:Sorter_Feed_Mass (kt)      7,278.24         640.00         606.08         555.59         497.79         642.35         640.00         633.33         640.00         640.00         640.00         640.00         503.10 

To Ore Sorter Product:Mass (kt)         670.15           44.79           65.47           88.90         122.13           45.36           44.79           44.33           44.79           44.79           44.79           44.79           35.21 

To Ore Sorter Product:Sorter_Tungsten (kt)             6.71             0.31             0.75             1.26             1.97             0.32             0.31             0.31             0.31             0.31             0.31             0.31             0.24 

Sorter Product Ore Grade 1.002% 0.693% 1.146% 1.417% 1.613% 0.705% 0.693% 0.693% 0.693% 0.693% 0.693% 0.693% 0.693%

To Gravity Plant Feed - Fines Mass:Mass (kt)      4,097.61         360.00         341.50         313.43         282.12         361.32         360.00         356.25         360.00         360.00         360.00         360.00         282.99 

To Gravity Plant Feed - Coarse Mass:Mass (kt)         676.56           44.79           66.50           90.53         125.88           45.36           44.79           44.33           44.79           44.79           44.79           44.79           35.21 

To Gravity Plant Feed:Mass (kt)      4,774.18         404.79         408.00         403.96         408.00         406.68         404.79         400.58         404.79         404.79         404.79         404.79         318.20 

To Gravity Plant Feed - Tungsten Fines:Mass (kt)             8.97             0.41             1.01             1.70             2.70             0.42             0.41             0.40             0.41             0.41             0.41             0.41             0.32 

To Gravity Plant Feed - Tungsten Coarse:Mass (kt)             6.90             0.31             0.78             1.30             2.08             0.32             0.31             0.31             0.31             0.31             0.31             0.31             0.24 

Gravity Plant Feed Grade 0.332% 0.177% 0.440% 0.743% 1.170% 0.181% 0.177% 0.177% 0.177% 0.177% 0.177% 0.177% 0.177%

To Produced Concentrate - Fines:Mass (kt)           14.26             0.64             1.61             2.70             4.29             0.66             0.64             0.64             0.64             0.64             0.64             0.64             0.51 

To Produced Concentrate - Coarse:Mass (kt)           12.41             0.56             1.40             2.35             3.74             0.58             0.56             0.55             0.56             0.56             0.56             0.56             0.44 

To Total Produced Concentrate:Mass (kt)           26.68             1.20             3.02             5.04             8.02             1.24             1.20             1.19             1.20             1.20             1.20             1.20             0.95 

To Gravity Plant Tailings:Mass (kt)      4,747.50         403.59         404.98         398.91         399.98         405.44         403.59         399.39         403.59         403.59         403.59         403.59         317.26 

Source Material Properties

To OC Mining:Mass (kt)    15,075.78      5,243.19      5,549.79      4,268.43           14.37 

Mined from PhaseOC3B:Mass (kt)         802.47         787.32           15.15 

Mined from PhaseOC3B:Ore_Mass (kt)         113.93         109.87             4.06 

PhaseOC3B Strip Ratio 7.04 7.17 3.73

Mined from PhaseOC3B:TotalTungsten (kt)             0.89             0.87             0.03 

PhaseOC3B ROM Ore Grade 0.783% 0.789% 0.626%

Mined from PhaseOC3B:Total_Product_Mass (kt)           62.61           60.50             2.11 

Mined from PhaseOC3B:Total_Product_Tungsten (kt)             0.85             0.83             0.02 

Mined from PhaseOC3B: Waste (kt) 688.54 0.00 677.45 11.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PhaseOC3B Product Ore Grade 1.364% 1.372% 1.148%

Mined from PhaseOC4B:Mass (kt)    14,273.31      4,455.87      5,534.64      4,268.43           14.37 

Mined from PhaseOC4B:Ore_Mass (kt)      1,150.89           94.70         416.58         635.95             3.67 



Total 2022.00 2023.00 2024.00 2025.00 2026.00 2027.00 2028.00 2029.00 2030.00 2031.00 2032.00 2033.00

PhaseOC4B Strip Ratio 12.40 47.05 13.29 6.71 3.92

Mined from PhaseOC4B:TotalTungsten (kt)             8.13             0.45             2.78             4.88             0.02 

PhaseOC4B ROM Ore Grade 0.707% 0.478% 0.667% 0.767% 0.601%

Mined from PhaseOC4B:Total_Product_Mass (kt)         616.10           46.32         219.69         348.20             1.89 

Mined from PhaseOC4B:Total_Product_Tungsten (kt)             7.77             0.43             2.65             4.67             0.02 

Mined from PhaseOC4B: Waste (kt) 13122.42 0.00 4361.17 5118.07 3632.48 10.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PhaseOC4B Product Ore Grade 1.262% 0.933% 1.208% 1.340% 1.114%

Overall Strip Ratio 11.92 25.63 13.19 6.71 3.92

Mined from PhaseLGS1:Mass (kt)      4,489.58      1,000.00         750.00         450.00         150.00      1,000.00      1,000.00         139.58 

Mined from PhaseLGS1:Ore_Mass (kt)      4,489.58      1,000.00         750.00         450.00         150.00      1,000.00      1,000.00         139.58 

Mined from PhaseLGS1:Total_Product_Mass (kt)      1,817.35         404.79         303.59         182.16           60.72         404.79         404.79           56.50 

Mined from PhaseLGS1:Total_Product_Tungsten (kt)             3.21             0.72             0.54             0.32             0.11             0.72             0.72             0.10 

Mined from PhaseLGS1: Waste (kt) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PhaseLGS1 Ore Grade 0.177% 0.177% 0.177% 0.177% 0.177% 0.177% 0.177% 0.177%

Mined from PhaseLGS2:Mass (kt)      5,636.09         850.00      1,000.00      1,000.00      1,000.00      1,000.00         786.09 

Mined from PhaseLGS2:Ore_Mass (kt)      5,636.09         850.00      1,000.00      1,000.00      1,000.00      1,000.00         786.09 

Mined from PhaseLGS2:Total_Product_Mass (kt)      2,281.45         344.07         404.79         404.79         404.79         404.79         318.20 

Mined from PhaseLGS2:Total_Product_Tungsten (kt)             4.03             0.61             0.72             0.72             0.72             0.72             0.56 

Mined from PhaseLGS2: Waste (kt) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PhaseLGS2 Ore Grade 0.177% 0.177% 0.177% 0.177% 0.177% 0.177% 0.177%

To FEL Material Movement:Mass (kt)    17,990.35      1,595.21      1,489.23      1,337.32      1,159.34      1,600.66      1,595.21      1,578.59      1,595.21      1,595.21      1,595.21      1,595.21      1,253.97 

Cash Flow Breakdown

Terminal Value ($M)                     

Period Time Value ($M)            (30.0)              (2.0)              (3.8)              (3.5)              (3.6)              (2.4)              (2.2)              (2.2)              (2.2)              (2.2)              (2.2)              (2.2)              (1.7)

OC Mining cost - Phase 3B: Cash Flow Total ($M)              (3.6)              (3.5)              (0.1)

OC Mining cost - Phase 4B: Cash Flow Total ($M)            (64.2)            (20.1)            (24.9)            (19.2)              (0.1)

LGS Mining cost - LGS1: Cash Flow Total ($M)              (7.5)              (1.7)              (1.3)              (0.8)              (0.3)              (1.7)              (1.7)              (0.2)

LGS Mining cost - LGS2: Cash Flow Total ($M)              (9.5)              (1.4)              (1.7)              (1.7)              (1.7)              (1.7)              (1.3)

Dry Processing cost: Cash Flow Total ($M)            (22.8)              (2.0)              (1.9)              (1.7)              (1.6)              (2.0)              (2.0)              (2.0)              (2.0)              (2.0)              (2.0)              (2.0)              (1.6)

Ore Sorting cost: Cash Flow Total ($M)              (7.7)              (0.7)              (0.6)              (0.6)              (0.5)              (0.7)              (0.7)              (0.7)              (0.7)              (0.7)              (0.7)              (0.7)              (0.5)

Gravity Plant cost: Cash Flow Total ($M)            (52.5)              (4.5)              (4.5)              (4.4)              (4.5)              (4.5)              (4.5)              (4.4)              (4.5)              (4.5)              (4.5)              (4.5)              (3.5)

Tailings cost: Cash Flow Total ($M)              (1.6)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)              (0.1)

Rehabiliation & Closure cost: Cash Flow Total ($M)              (3.0)              (1.0)              (1.1)              (0.9)              (0.0)

FEL cost: Cash Flow Total ($M)            (15.1)              (1.3)              (1.2)              (1.1)              (1.0)              (1.3)              (1.3)              (1.3)              (1.3)              (1.3)              (1.3)              (1.3)              (1.1)

Ancillary cost: Cash Flow Total ($M)              (0.9)              (0.3)              (0.3)              (0.3)              (0.0)

State Govt Royalty cost: Cash Flow Total ($M)            (11.5)              (0.5)              (1.3)              (2.1)              (3.5)              (0.5)              (0.5)              (0.5)              (0.5)              (0.5)              (0.5)              (0.5)              (0.4)

Tungsten revenue: Cash Flow Total ($M)           425.1             18.2             46.9             78.4           129.8             20.0             19.5             19.3             19.5             19.5             19.5             19.5             15.3 

Quarry Product revenue: Cash Flow Total ($M)             11.7               1.0               1.0               1.0               1.0               1.0               1.0               1.0               1.0               1.0               1.0               1.0               0.8 

Other Material Properties

To Ore Sorter Waste:Mass (kt)      6,608.09         595.21         540.62         466.68         375.67         596.99         595.21         589.01         595.21         595.21         595.21         595.21         467.88 

To ADT Material Movement:Mass (kt)    31,809.54      1,595.21      6,533.80      6,466.47      4,794.10      1,611.36      1,595.21      1,578.59      1,595.21      1,595.21      1,595.21      1,595.21      1,253.97 
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 Liebherr R9100 Excavator Product Sheet  
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PURPOSE OF REPORT 

Measured Group Pty Ltd have prepared a report on the Ore Reserves of the Mt 
Carbine Project for the Directors of EQ Resources. The Ore Reserves are estimated 
as at December 31st 2021. 

 

The purpose of the report is to provide for the company, an objective assessment 
and estimate of the Ore Reserves contained within the Mt Carbine Project, that 
have been prepared in accordance with the requirements of the 2012 edition of 
the Australian Code for Reporting of Mineral Resources and Ore Reserves. 
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COMPETENT PERSON STATEMENT 

This Reserves Estimate for the Mt Carbine Project has been prepared by a team 
of consultants under the guidance of Mr Tony O’Connell.  

 

The Mt Carbine Project consists of: 

• The Mt Carbine low grade stockpile (LGS); and 
• The Mt Carbine open pit. 
 

The estimates of Open Cut Ore Reserves for the Mt Carbine Project as at 31st 
December 2021 presented in this report have been prepared in accordance with 
the requirements of the 2012 edition of the Australasian Code for Reporting of 
Mineral Resources and Ore Reserves (2012 JORC Code). 

 

Mr O’Connell is a qualified Mining Engineer, (BE (Mining), University of 
Queensland), has over 22 years of experience in the global mining industry and is 
a member of the Australasian Institute of Mining and Metallurgy (AusIMM). Mr 
O’Connell has sufficient experience that is relevant to the style of mineralisation 
and type of deposit under consideration and the activity being undertaken to 
qualify as a Competent Person as defined in the JORC Code. Mr O’Connell consents 
to the inclusion in the report of the matters based on his information in the form 
and context in which it appears. 

 

Neither Mr O’Connell, Measured Group Pty Ltd or Optimal Mining Solutions Pty Ltd 
has any material interest or entitlement, direct or indirect, in the securities of EQ 
Resources Limited or any associated companies. Fees for the preparation of this 
report are on a time and materials basis only. 

 

Mr O’Connell consents to the release of the report, in the form and context in 
which it appears. 

 

…………………… 

Tony O’Connell 

Bachelor of Engineering (Mining), University of Queensland 

Member AusIMM - 230490  
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EXECUTIVE SUMMARY 

This document forms the supporting documentation for the ore reserve estimate, 
prepared according to The Australasian Code for Reporting of Exploration Results, 
Mineral Resources and Ore Reserves, December 2012, as at 31st December 2021 
for the Mt Carbine Project. The Mt Carbine Project consists of: 

• The Mt Carbine low grade stockpile (LGS); and 
• The Mt Carbine open pit. 

 

Measured Group Pty Ltd (Measured Group) has been engaged by EQ Resources 
Pty Ltd (EQR) to prepare a Statement of the Ore Reserves for its fully owned Mt 
Carbine Tungsten Project (Mt. Carbine).  

 

Mt Carbine is an operating tungsten mine and rock quarry located at the northern 
end of the Atherton Tableland approximately 130 km by sealed highway from the 
closest major centre of Cairns. EQR acquired the mine and associated quarry in 
June 2019 and has been operating the mine and quarry concurrently, with the 
mine currently processing tailings and low grade ore stockpiles located on the site 
that are remnant from previous operations on the site. The mine is well supported 
by existing services and infrastructure. 

 

The current plan for Mt Carbine is to recommence the old open pit, which was shut 
in the late 1980’s, whilst continuing to process the LGS. The site is currently 
permitted to process up to 100,000t per annum of ore, however an amendment 
to the current environmental authority has been submitted to allow up to 
1,000,000t per annum of ore to be processed. The open pit is forecast to be 
developed at approximately 5mtpa with ore delivery to the plant fluctuating 
between 250ktpa and 600ktpa. Rehandling of the LGS will top up the total feed 
into the processing plant to approximately 1mtpa. 

 

The processing plant generates a 50% WO3 concentrate which will be sold on the 
open market. Mt Carbine currently has off-take agreements for the W03 
concentrate which it currently produces. The concentrate will be sold into a market 
with ongoing strong demand. 

 

A Mineral Resource Statement compliant with the 2012 JORC Code has been 
prepared by Mr. Chris Grove, a full time employee of Measured Group. The 
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Resources are split into two sections, one for the LGS and one for the open pit as 
summarised in the table below. 

 

 

 

The Ore Reserve was estimated as of 31st December 2021 by a team of mining 
experts from DAS Mining Solutions, Optimal Mining Solutions and Measured 
Group. The Competent Person for the Ore Reserve Estimate is Mr Tony O’Connell 
of Optimal Mining Solutions who contracts to Measured Group. 

 

Open cut Ore Reserves have been estimated by applying modifying factors to the 
Mineral Resources. The modifying factors include practical pit limits which were 
based on the current economic limits, determined using indicative operating costs, 
metallurgical parameters, geotechnical constraints and projected revenue. Other 
modifying factors included mining losses, mining recovery and dilution factors. An 
economic evaluation of the mine plan and schedule was completed as part of the 
estimation process, with the project generating a positive net present value. It 
should be noted that no revenue was accounted for from the current quarrying 
services as part of the economic evaluation. 

 

All the Reserves are classified into their respective category based on the level of 
detail completed in the mine plan and the level of confidence in the Resource 
estimate. In the categorisation of Reserves, all Indicated Resources have been 
classified as Probable Reserve. There are no Proven Ore Reserves. No Inferred 
Resources have been included in the Ore Reserve estimate. 

 

A 0.2% W03 cut-off has been applied in the open pit resource model, however 
once loss and dilution is applied the minimum open pit ore grade mined is 0.12% 
WO3. The average ROM grade of the open pit Ore Reserve is 0.713%. The LGS 
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has been classified as a large homogenous orebody which contains an average of 
0.075% WO3. 

 

The Ore Reserves for the low grade stockpile and open pit are summarised in the 
tables below. 

LOW GRADE STOCKPILE ORE RESERVE ESTIMATE AS AT 31ST DECEMBER 2021 

Reserve Category ROM Tonnes (mt) WO3 % 

LGS - Proved - - 

LGS - Probable 10.126 0.075% 

LGS - Total 10.126 0.075% 

 

 

OPEN PIT ORE RESERVE ESTIMATE AS AT 31ST DECEMBER 2021 

Reserve Category ROM Tonnes (mt) WO3 % 

Open Pit - Proved - - 

Open Pit - Probable 1.263 0.713% 

Open Pit - Total 1.263 0.713% 

 

 

The Resources are reported inclusive of the Ore Reserves. The Ore Reserves have 
been estimated using the same geological model as the Mineral Resource 
Statement. 

 

The open pit Ore Reserves are accompanied by 14.0mt of waste which provides 
an overall ROM strip ratio of 11:1 t/t. 
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1. INTRODUCTION 

1.1 Process 

The process adopted for completing the 2021 Mt Carbine Project Ore Reserve 
Estimate is described below: 

• Geological models have been prepared by Measured Group, with Ore 
Resources updated and declared in September 2021 for both the LGS and 
open-pit.  

• Economic pit limits and subsequent detailed pit designs for the open pit 
were completed by DAS Mining Solutions.  

• The design stage outputs were 3-dimensional solids in the Vulcan mine 
planning package. The mine designs included pit wall batters, berm offsets, 
access ramps and subdivisions into mining benches for truck and shovel 
waste.  

• The insitu ore solids were interrogated against the latest geological model, 
including the modelled qualities for all ore solids. 

• The details for each solid were imported into Comet for processing, analysis 
and scheduling. 

• Minimum mining thicknesses, ore losses and dilution factors were applied 
to the ore solids to calculate ROM values. 

• Concentrate with 50% WO3, for both the LGS and open pit, were calculated 
for all ore solids based on the metallurgical factors compiled from historical 
performance at Mt Carbine plus forecast factors from new processing 
infrastructure.  

• Unit cost values were applied to all mining and processing activities to 
calculate the total cost for each tonne of concentrate.  

• Forecast sale prices were applied to the concentrate produced to calculate 
the overall revenue generated.  

• Annual cash flows were calculated based on the calculated operating costs, 
forecast capital costs and revenue generated. The annual cash flows were 
discounted at 8% to determine the overall net present value of the project. 

• The Ore Reserves have been categorised as Probable based on the Ore 
Resource confidence, the level of detail in the mine planning and 
considering all the modifying factors to quantify the risks surrounding the 
project. 

• Checks of all quantities and qualities quoted in this report have been 
undertaken and all work peer reviewed internally by Optimal Mining 
Solutions and Measured Group. 
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1.2 Location  

Mt Carbine is an operating tungsten mine and rock quarry located 130 km north-
west of the city of Cairns in Far North Queensland, Australia. 

 

The mine is at the northern end of the Atherton Tableland approximately two hours 
(130 km) by sealed highway from the port and major centre of Cairns and 45 
minutes from Port Douglas. There is a small historic hotel and caravan park 
adjacent to the mine site and a small town. The mine location is shown in Figure 
1.1. 

 

 

Figure 1.1:  Mt Carbine Location  

.   
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1.3 History 

Wolframite was first discovered on the slopes of Carbine Hill in the 1890s and a 
number of small-scale mines operated in the vicinity prior to 1920. During this 
period, the town of Mount Carbine had a population of 400. At the end of World 
War One, the price of tungsten collapsed, and the township was virtually deserted 
until the 1970s when Queensland Wolfram Pty Ltd commenced mining by means 
of an open pit mine. In 1973 Roche Brothers Mining commenced developments of 
a mine on the project site which became a major world tungsten producer. Mining 
continued until 1986 when declining prices again forced closure. The mine was 
placed on a care and maintenance basis until 1991 when the plant and equipment 
was sold. Since 1987 the mine site has been operated as a quarry by Mt Carbine 
Quarries Pty Ltd. Increases in tungsten prices prompted Carbine Tungsten Limited 
(previously known as Icon Resources Limited) to assess mining and reprocessing 
of tailings at the site. 

 

The contemporary mining operations started in 2012 and included a tailings re-
processing pilot plant immediately north of the tailings storage facility. The 
contemporary mining activities were placed into care and maintenance in May 
2016. The quarry repurposes waste rock from stockpiles and tailings on-site and 
has not significantly altered the site. In January 2020, the project to recover 
tungsten units from historical low grade material stockpile and tailings materials, 
that comprised the quarry inventory, commenced. 

 

1.4 Tenure 

1.4.1 LAND OWNERSHIP AND MINERAL RIGHTS  

The Mt Carbine mining area is located within two Mining Leases, ML4867 and 
ML4919 totalling approximately 366 hectares. In June 2019, EQ Resources Pty Ltd 
acquired Mt Carbine Quarries Pty Ltd and has 100% ownership of the two leases 
and surrounding exploration tenements. 

 

Mt Carbine currently operates as a mine and quarry. The current approvals allow 
for the extraction, crushing and screening of up to 1Mtpa of material for use as 
quarry product and the processing through the existing processing plant of up to 
100,000tpa of ore. 

 



EQ Resources Limited 

Mt Carbine Project – Ore Reserve Estimate, December 2021 

 

Page 4 

A map of the EQ Resources mining leases at Mt Carbine are shown in Figure 1.2. 

 

 

Figure 1.2:  Mt Carbine Tenements  

 

ML4867 

ML4919 
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1.5 Infrastructure  

Mt Carbine is an operational site well serviced by existing on site infrastructure to 

support the mining and quarrying operations. 

 

1.5.1 Site Offices and Facilities 

Mt Carbine is currently fitted with site offices and facilities that are being utilised 

by operations personnel. The onsite facilities include: 

• Office buildings 
• Laboratory 
• Ablutions facilities 
• Car park 
• Crib areas 
• Phone and internet  

 

 

1.5.2 Site Access 

The access to the mine and quarry is by a well maintained dirt road directly off 
the Mulligan Highway. Signage, gates and the necessary parking facilities are in 
place for the acceptance of staff and site visitors. The site access road is shown in 
Figure 1.3. 

 

The access to the processing plant is from an access road on the southern side of 
the Mulligan Highway. The processing plant also has the requisite existing 
infrastructure to manage the access of vehicles and personnel to the site. 
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Figure 1.3:  Mt Carbine Access Road  

 

1.5.3 Site Roads 

The site has well maintained light and heavy vehicle roads within the mining and 
quarrying operational areas. Site has developed a traffic management plan which 
make use of the existing site roads in a loop configuration minimising light vehicle 
and heavy vehicle interactions. 

 

The standard site haul road is shown in Figure 1.4. 
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Figure 1.4:  Mt Carbine Site Haul Road  

 

1.5.4 Site Upgrade 

The Ore Reserves estimate is underpinned by a mine plan which proposes to 

increase production through the processing plant up to 500ktpa. Ore will be fed 

into the processing plants from two sources: the current LGS and the open pit. 

 

This increase in ore processing will require additional processing plant 

infrastructure as well as facilities to accommodate the recommencement of mining 

operations in the open pit, which ceased in the late 1980’s. 

 

The strategy for the site infrastructure upgrade is to utilise as much as possible of 

the existing site infrastructure and only construct new infrastructure as required 

to support the increase in mining quantities. Overall changes to the footprint of 

the mining and associated crushing, screening, sorting and processing operations 

is forecast to be minimal, with only minor site infrastructure modifications required 

to support the upgraded facilities. 
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The plan for the sitewide infrastructure upgrade is shown below in Figure 1.5. 

 

 

Figure 1.5:  Mt Carbine Upgrade Plan  

 

The details of the existing site infrastructure supporting the operations are detailed 

below in section 3.5.3. 
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1.6 Approvals 

1.6.1 Current Environmental Status 

The surrounding land use is rural-urban dominated by the nearby Mount Carbine 

township, low-intensity cattle grazing, mining and exploration, and conservation 

(the Brooklyn Nature Refuge1). The background land tenure (Lot 13 on SP254833) 

is Brooklyn Nature Refuge, which is held by the Australian Wildlife Conservancy 

as a rolling term lease – pastoral (Title Reference 17664140); a special condition 

of this lease is to allow quarry material to be removed. 

 

Environmental values (EVs) associated with the project include air, acoustic, 

water, wetlands, groundwater, and land. 

 

Air 

The air quality EV for the Mount Carbine area is described as having an airshed 

that is typical of a rural area impacted by agricultural activities, mining and 

exploration activities, and transport infrastructure activities on sealed and 

unsealed roads. 

 

The closest nearby sensitive receptors are the Mt Carbine Hotel and Mt Carbine 

Roadhouse, approximately 700m east of the project site. Other nearby sensitive 

receptors located farther eastward are five residences off Mulligan Highway and 

the Mount Carbine township area. 

 

Acoustic 

The noise levels in the Mount Carbine area are typical for a small rural area, with 

traffic being the main source of noise during day and night. Light vehicles, cattle 

trucks, and semi-trailers use the Mulligan Highway, which passes through the 

project area, on a daily basis. The quarry and mining operations have produced 

noise from on-site crushing, truck and loader movements, light vehicle traffic, and 

mine processing plant for many years. Sensitive locations for noise and vibration 
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are the Mt Carbine Hotel and Mt Carbine Roadhouse, approximately 700m east of 

the project site, five residences off the Mulligan Highway and the Mount Carbine 

township area. 

 

Water (surface water, groundwater and wetlands) 

The project area is within the Manganese Creek and Holmes Creek catchments, 

which drain to the Mitchell River approximately 5 km downstream. Manganese 

Creek and Holmes Creek are intermittent watercourses that are dry for most of 

the year. 

 

EVs are not nominated under the Environmental Protection (Water and Wetland 

Biodiversity) Policy 2019 for the part of the Mitchell River basin relevant to the 

project receiving environment. 

 

There are no wetlands of national or international significance mapped in the 

project site or the receiving environment (DES 2021a). There are no High 

Ecological Value Waters (watercourses), High Ecological Value Waters (wetlands) 

or Wetlands of High Ecological Significance mapped in the project site or the 

receiving environment (DES 2021b). 

 

1.6.2 Current Approvals  

The land relevant to the project site is used for quarry operations and mining 

activities as per the respective licenses (EA EPPR00438313, dated 16 March 2021 

for the quarry and EA EPML00956913, dated 1 December 2020 for the mine).  

 

The Mineral and Energy Resources (Financial Provisioning) Act 2018 came into 

force on 1 April 2019. This act includes provisions that replaced the financial 

assurance arrangements for resource activities under the Environmental 

Protection Act 1994 (EP Act) with the requirement to provide either surety or a 

percentage contribution to the Financial Provisioning Scheme (based on the 
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Estimated Rehabilitation Cost (ERC) for the project). DES has decided the ERC 

amount for EA EPML00956913 to be approximately $1.05m for the period 25 June 

2021 to 24 June 2022. 

 

Notifiable activities are defined in Schedule 3 of the EP Act. No notifiable activities 

are planned to occur as part of the quarry activities under EA EPPR00438313. Lot 

13 on Plan SP254833 is included on the Environmental Management Register 

(EMR) as the site has been subject to the following notifications associated with 

the mining activity undertaken pursuant to EA EPML00956913: Mine Waste, 

Mineral Processing, Petroleum Product or Oil Storage. 

 

Environmentally relevant activities (ERAs) are defined in Environmental Protection 

Regulation 2019 (EP Reg). The ERAs are licensed under EA EPPR00438313 for the 

quarry activity and under EA EPML00956913 for the mine activity. 

 

With regards to the requirement for an End of Waste (EOW) code for the Mt 

Carbine development, the regulator (i.e. DES) has determined that that an EOW 

approval or code is not required. 

 

Reforms to the regulatory system regarding rehabilitation that came into effect on 

1 November 2019 require that mining projects have a Progressive Rehabilitation 

and Closure Plan (PRCP) and PRCP schedule. All projects in Queensland will need 

to comply with the new regulatory system before 1 November 2022; at this time 

the EA holder has not been invited by DES to initiate the PRCP process. 
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1.6.3 Mining Leases 

The Mt Carbine project is located on two leases: ML4867 and ML4919. The details 

of both mining leases are shown in Table 1.1. 

Table 1.1 – Mt Carbine Leases 

Item ML 4867 ML 4919 

Permit number ML 4867 ML 4919 

Permit type Mining Lease Mining Lease 

Permit status Granted Granted 

Permit sub-status None None 

Lodge date 23 December 1971 30 November 1972 

Approve date 25 July 1974 22 August 1974 

Expiry date 31 July 2022 31 August 2023 

Authorised holder 
name 

MT. CARBINE QUARRIES 
PTY. LTD. 

MT. CARBINE QUARRIES 
PTY. LTD. 

Mineral CU, FE, MO, SN, W, MT, Q, 
SI 

CU, PB, SN, W, ZN 

Permit sub-type Mineral Mineral 

Native Title 
category 

Granted before 1 January 
1994 

Granted before 1 January 
1994 

Area (ha) 358.5 7.891 

Permit name MT CARBINE NO 1 NEW DCL 

Permit number 
other 

4867 4919 

Permit type 
abbreviation 

ML ML 

Previous permit 
number 

ML2523MARE ML2888MARE 

Permit ID 108011 108023 
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Both mining leases expire within the planned duration of the mine plan. ML4867 

expires on 31st July 2022 whilst ML4919 expires on 31st August 2023. EQR has 

commenced the process for acquiring a new mining lease over the Mt. Carbine 

area, which will be underpinned by a bankable feasibility study.  

 

The competent person believes that it can be expected that the company will gain 

the required mining leases and environmental authorities to allow for extraction 

and processing of the open pit and low grade stockpile as planned. The mine is 

critical to the livelihood of the township and has a positive effect on the 

surrounding areas. Tungsten is seen as a key future element and part of the state 

government’s plan to develop the northern regions of the state.  
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1.7 Topography and Land Use 

The topography around the Mt Carbine project is dominated by the surrounding 

high hilly and mountainous areas with very steep slopes. The mine and processing 

plant areas are mostly situated on a relatively flat alluvial plain. 

 

The land has been disturbed by historical mining activities which have been active 

since the late 1800’s. Land use within the project area is licensed for mining and 

quarrying. The immediate surrounding land use is conservation (Brooklyn Nature 

Refuge), with low intensity beef cattle grazing, mining and exploration, and the 

township of Mount Carbine. 

 

The Mt Carbine agricultural land evaluation classification is Class 4 on the 

lower/flatter areas and Class 5 on the steeper/higher areas. 
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2. GEOLOGY 

2.1 Regional Geology 

Mt Carbine is located within the Siluro-Devonian Hodgkinson sedimentary 

province. The thick sedimentary sequence was subjected to complex folding and 

regional metamorphism before, and during, extensive granitic intrusions in the 

Carboniferous and Permian. 

 

Within the permit, the north-northwest trending Hodgkinson Formation turbidite 

and siltstone sequence is intruded by the Mareeba Granite dated at 277 My, and 

the Mt Alto Granite dated at 271±5 My. Contact metamorphic aureoles marked by 

the formation of cordierite Hornfels that surround the granite intrusive, and 

numerous acid intermediate dykes intrude the metasediments. In the western 

portion of the tenement, a prominent metabasaltic- chert ridge is a significant 

stratigraphic component of the Hodgkinson Formation. 

 

Fluids from the large granite batholith (>400 km2) were the source of 

hydrothermal fluids for mineral deposition around the margins of the intrusive. 

The Mt Carbine deposit is a direct result of these fluids travelling out from the 

granite into surrounding structured ground. 

 

There appears to be a preference for the higher grade tungsten mineralisation to 

be located on failed fold hinges, associated with the isoclinal folding of the 

Hodkinson Formation. These locations have the highest structural deformation and 

have allowed these fluids to penetrate into structures and deposit quartz and 

minerals. The granites associated with Mt Carbine are ‘S’ Type Granites, which can 

mobilise tin, tungsten, molybdenum and rare earth elements in fluids and deposit 

these as the main economic minerals. 
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2.2 Local Geology 

The Mt Carbine tungsten deposit is similar to sheeted vein-type tungsten deposits 

in South China and these are divided into endo-contact (granite hosted) and exo-

contact (wall-rock hosted) types. Mt Carbine is interpreted to be an exo-contact 

type. 

 

The vertical structural zoning model for vein-type exo-contact tungsten deposits 

observed in China directly applies to the Mt Carbine vein system. The model is 

being incorporated in an evolving exploration model for the Mt Carbine and Mt 

Holmes vein systems, with Mt Holmes considered to be situated closer to the 

underlying mineralising granite than Mt Carbine (Figure 2.1). 

 

The simplified conceptual geological model of the Mt Carbine area is based on that 

of Mt Holmes: 

• Deposition of the Siluro-Devonian Hodgkinson Formation sequence. 
• Several stages of complex folding and faulting of the Hodgkinson Formation. 
• The intrusion of minor andesite and dolerite dykes. 
• The intrusion of mineralising granite plutons with associated hornfels in the 

country rock. 
• Emplacement of major sheeted quartz-wolframite-tin veining and 

hydrothermal alteration of wall-rock. 
• The intrusion of post mineralisation dykes. 

 

In the open-cut pit, the following rock types are observed in the order of 

abundance: 

• Metasediments – a range of hornfelsed mudstones and interbedded 
rudites. The major rock unit in the pit can look similar to a slate with 
prominent cleavage. Various alterations from pervasive silicification are 
present, represented as a hornfelsed cordierite chloritic rock. Typically 
breakage planes are along cleavage and schistosity planes. 

• Metavolcanics – located on the eastern end of the pit and the south side 
of the Southwest Fault (SWF) this unit is pale green with greenschist facies 
alteration. It forms about 20% of waste material and is less likely to contain 
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mineralisation as it is a peripheral unit. It contains locally hard siliceous 
chert bands that form some of the larger rocks on the waste dump 

• Quartz Veins – this rock type makes up to 10% by volume of the waste 
material and is found in all sizes but typically less than 20 cm. It presents 
as powder and shards throughout much of the dump material, which is 
interpreted to be a product of shattering during blasting. As previously 
discussed, quartz veins can be barren or can contain tungsten 
mineralisation. 

• Dyke Material – two types of dykes are observed: 
1. Pale uniform fine-grained felsic dyke that is exposed as a 10-15m wide 

dyke at the western end of the pit; and 
2. Dark green/grey basic dyke that is present on most benches as a 0.5-

1m dyke cross- cutting the open pit. 
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Figure 2.1:  Mt Carbine Local Geology 
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2.3 Structure 

Mt Carbine sits at a spur on a major arc parallel fault called the South Wall Fault 

(SWF), along with the Mossman Orogeny trend, which can be traced through the 

Hodkinson formation for over 100 km in strike length. The inflection point is likely 

due to a change in compressional regime due to oblique pressures present at an 

intersection of a major fault junction, the South West Fault (SWF). The SWF is a 

thrust fault formed at the time of compression and development of regional 

isoclinal folding of the basement rock, remaining active through to post tungsten 

mineralisation movement. 

 

This terminology on the local scale with this thrust also called the ‘South Wall 

Fault’ (SWF) at Mt Carbine was kept. The SWF truncates the tungsten orebody at 

an angle of 70 degrees to the grid north. It forms a boundary fault on the 

southwest side of the mineralisation. Evidence suggests it is a reverse thrust fault, 

and by studying stratigraphic marker beds (chert- metabasalt unit) it is postulated 

that the throw is of the order of 200-300 m. The truncated parts of the Mt Carbine 

Tungsten mineralisation should still be open at depth in the footwall region of this 

fault. Figure 2.3 shows the location of the SWF in the open pit. 
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Figure 2.2:  Mt Carbine Open Pit Structure 
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Figure 2.3:  South Wall Thrust Fault 

 

Other minor faults are typically orientated on a north-south strike direction and 

exhibit localised movement. The Central / Iron Duke and Christmas Faults both 

show strike-slip movement and in the case of the central fault, there is strike-slip 

movement across a dyke of 120m in a left lateral direction. Whereas minimal 

throw is noted on the Christmas fault. 

 

Within the confines of the pit, the rocks are hornfelsed but several deformation 

lineations can still be seen i.e. S0 bedding, S1 minor folding and S2 isoclinal folding 

planes. The mineralised veins postdate this basement deformation, and there is 

little or no movement on the pit scale. 
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Veins can be traced over vertical distances of 300-400m and strike distances for 

over 1,200m with very few offsets. Occasionally in the pit, a regular low angle 

fault occurs that locally shifts the veins up to 3-4 metres. This low angle fracture 

regime has a tendency to form blocks which will require geotechnical 

considerations for underground mining. 

 

2.4 Low Grade Stockpile 

During mining operations undertaken by Queensland Wolfram Limited, 22 Mt was 

mined from the pit, of which 12 Mt of low grade material was sent directly to the 

Low Grade Stockpile (LGS). 10 Mt was optically sorted to extract white quartz 

from the ore, which resulted in 6 Mt of reject material (now since disposed) and 4 

Mt of higher-grade ore that was processed. 

 

A nearly complete record of mine production, including the amounts of mined rock 

consigned to the LGS has been compiled by EQR using published and unpublished 

archives, including using reports for State Royalty returns. Head grades were not 

recorded, rather they were calculated from the recovered grade using a nominal 

70% recovery. The calculated head grade for the mine using this method was 

0.14% WO3. Several authors have subsequently postulated a higher feed grade 

based on a lower recovery at the processing plant with the head grade being as 

high as 0.16% WO3. 

 

During mining, grade control in the pit was difficult since the mining process 

focused on quartz vein content, with the percentage of quartz used to decide 

whether material was ore or waste. Since the completion of mining, geological 

interpretations have suggested that an early major barren quartz vein intrusion 

event occurred. This resulted in the processing of increased amounts of barren 

quartz, and the wasting of mineralised material to the LGS. The lack of an effective 

grade control system was instrumental in allowing higher-grade material to be 

dumped to the LGS. 
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The LGS consists of material ranging from fines to large boulders. It is largely 

heterogeneous and consists of layers of similarly sized material, which reflects the 

position of the mine at the time of emplacement. Cross sections through the LGS 

confirm the cyclic nature of the emplacement of material, with layers of similar 

sized material observed. Significant work has been completed to understand the 

size distribution of the LGS  

 

2.5 Recent Exploration Programs 

EQR completed 16 angled diamond drill holes (EQ001 – EQ016) in 2021, for a 

total of 4,074 m. The drill holes targeted high-grade ore shoots below the current 

pit, to improve confidence in the lithology, structural interpretations, and 

mineralisation limits and to improve the resolution of geological models. 

 

Figure 2.4 shows the drill hole location map relative to the historical pit. The red 

coloured locations are showing the 2021 drilling program whilst the green 

locations are historical drill holes. 

 

 

Figure 2.4:  Mt Carbine Exploration Holes 
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2.6 Data Supporting Ore Resource and Reserve 
Estimates 

2.6.1 Open Pit 

All zones of potential mineralisation were logged and sampled by cutting the 

selected core interval in half using a diamond saw along the centre core orientation 

line mark. Before cutting and sampling, the core was logged for zones of visual 

mineralisation, with wolframite and scheelite recorded by their visual contained 

percentage. 

 

Scheelite glows under ultraviolet light, and although difficult to distinguish under 

ordinary light from quartz-carbonate, it is visual under the shortwave 254 nm UV 

light. A common technique to estimate grade in core is to trace out individual 

crystals to determine the overall percentage shown on the face of the core. The 

mineralisation was often observed as very coarse tungsten mineral crystals of up 

to 10 cm in size. 

 

All quartz veins intersected in drill core were assayed as separate samples. Where 

the veins were more than 1m in downhole length, the sample was broken into two 

or more samples - each with a maximum of 1m interval. The minimum vein 

assayed was 5 cm in width, because the mineralisation often occurs in narrow 

widths of 5 cm to 500 cm and it is important to assay each narrow mineralised 

zone. On either side of the mineralised zone, samples were taken of the host rock 

at intervals of 1m to ascertain whether the mineralisation had disseminated into 

the host rock. 

 

X-ray fluorescence assay techniques were used to determine the tungsten grade 

(ME-XRF15b). Using this technique, a fusion disk is created for the representative 

sample of the core sample, it is created by grinding the sample to achieve a 

homogenous sample (<200 microns). The sample is then melted in an arc furnace 

to produce a clear fused disc, which is then x-rayed with the fluorescence 

recording spectral peaks. 
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The instrument used to determine the tungsten grade is a Bruker multi-shot XRF 

machine with an X-ray scan of 1 minute applied to each disk to ascertain the light 

and heavy elements. The XRF machine is calibrated by the laboratory to maintain 

reliable and repeatable results. 

 

Approximately 10% of each batch that is sent to the laboratory includes check 

samples, which are submitted alternatively as being either a blank, a tungsten 

standard or a repeat sample with a known grade. This process was successfully 

used to resolve an issue with samples 100216 and 100217, which are samples 

vein and host rock (respectively). The results for these samples did not match the 

visual grade determination or the weights of the samples and it was established 

that the grade of 0.72% was in the vein, not the host rock. It was concluded that 

samples were mistakenly switched at the laboratory, and this was rectified prior 

to loading into the assay database. 

 

ALS was used for assaying samples. ALS is a NATA accredited laboratory that 

conducts internal and external round-robin analysis to maintain its certification 

and to ensure their equipment is correctly calibrated and reliable. Final samples 

were bagged and prepared for transport to Brisbane via road or rail. Reserves 

from the assayed samples have been archived for future re-sampling. Chain of 

custody between EQR and ALS requires both parties to record and check sample 

and/or batch numbers on dispatch/receipt of sample shipments and check for any 

signs of tampering or damage. 

 

2.6.2 Low Grade Stockpile 

To determine the grade distribution of the LGS, a comprehensive sampling 

programme was developed to achieve representative sampling of the stockpile 

material. The sampling that was undertaken to achieve this is summarised below, 

while Figure 2.5 shows the location of the samples: 
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• Sites Selection – The dump was divided into quadrants with a major and 
minor sample location being marked. In two of the quadrants, two sample 
sites were selected to see repeatability. 

• Sample Size - 6 trench samples (each trench taken at approximately 10m 
wide x 5m deep x 40m length) was deemed to be representative of that 
part of the dump each comprising a 3,500t sample. 

• Method – The sample was collected using 25t trucks and a 30t excavator 
being careful to load all the material from the sample trench and the run 
over the weighbridge to determine weight before being added to a large 
stockpile. A total of 22,000t was collected from the 6 separate locations. 
This was then cone and quartered down to a subset sample of 2,000t which 
was fully crushed to a nominal 40 mm and sampled. 

 

The bulk sample average was determined to be 0.075% WO3. 

 

Further sampling of the LGS for environmental permitting purposes involved 

taking 80 grab samples from the surface of the stockpile. Each sample was 

approximately 20 kg of minus 100 mm material. The average grade of these 

samples was 0.088% WO3. 
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Figure 2.5:  Mt Carbine LGS Sampling Locations  
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3. Mine Planning 

3.1 Mine Setting 

The key features of Mt Carbine which directly influences the mine design, 

equipment allocation and the schedule are: 

• Topography is relatively flat within the proposed open pit area with minor 
undulation across the deposit. The topography rises to the north-west with a 
120m high hill located in the central region of the tenement. The crest of the 
hill is located approximately 500m to the north of the current ore sorter. 

• A total of 160 individual tungsten veins have been modelled across the deposit. 
The planned open pit mines 71 of the modelled veins. 

• The veins are near vertical and vary in width from approximately 30 
centimetres to over 10 metres. 

• The mine is developed in two phases, with the first finishing off the previously 
started phase from the 1980’s and the second phase will develops the open pit 
approximately 80m deeper than phase one. 

• Manganese Creek and Holmes Creek drain the site and flow to Mitchell River 
approximately 5 km away. Both these creeks are intermittent watercourses 
that are dry for most of the year. 

• No major powerlines cross the planned open pit mining area.  
• There are no endangered ecosystems within the planned mining area. 

 

An isometric view of the current open-pit, LGS, ore sorter and offices is shown in 

Figure 3.1 which an aerial photograph of the current open pit provided in Figure 

3.2. 
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Figure 3.1:  Mt Carbine Mine Setting 

Open Pit Low Grade Stockpile 

Ore Sorter 
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Figure 3.2:  Current Mt Carbine Mine Open Pit 

 

 

3.2 Pit Optimisation 

3.2.1 Economic Pit Limits 

The economic pit limits were calculated using the Vulcan Pit Optimisation module. 

The module requires several key sets of input data, including: 

• Resource model, 
• Loss, dilution and recovery factors, 
• Metallurgical factors, 
• Unit cost rates, 
• Revenue assumptions, 
• Geotechnical parameters. 

 

3.2.2 Pit Design Parameters 

The design of the majority of the open pit is based on the current wall design 

parameters, which have performed very well since mining ceased in the 1980’s, 

as well as design requirements for drill and blast plus ramp access. 
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The dig design parameters for the majority of the open pit are summarised in 

Table 3.1. 

Table 3.1 – Pit Design Parameters 

Item Units Value 

Final Wall Batter Angle degs 70 

Final Wall Bench Height m 20 

Final Wall Bench Width m 8.5 

Access Ramp Width m 15 

Access Ramp Maximum Grade % 10 

 

The mine plan assumes that articulated dump trucks will be used for all waste and 

ore haulage. These trucks have a width over mirrors of 3.6m, which requires a 

minimum ramp width of 12.6m when the standard 3.5 x truck width factor is 

applied. 

 

3.2.3 South Fault Wall 

The primary area of geotechnical risk in the open pit exists along the southern 

wall near the south wall fault. The geotechnical advise for this wall is to construct 

a slightly lower angled wall and rock bolt each bench as per the cross sectional 

profile shown in Figure 3.3. 
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Figure 3.3 –South Wall Geotechnical Design 

 

The geotechnical analysis of this wall indicates that the current pit design may 

require rock bolting at close intervals to minimise the probability of this wall 

causing geotechnical disruptions. 

 

Capital and operating cost allowances have been made in the financial assessment 

to monitor and treat this wall as it is exposed in the final wall. The two upper 

benches in the south wall, which are located in weathered material, have been 

excavated at 50 degrees and 57 degrees as specified by the geotechnical 

assessment.  
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3.2.4 Cost Assumptions 

Unit costs have been supplied by EQ Resources for current operational practices 

and Ausenco for processing costs of the upgraded facilities. Drill and blast plus 

open pit mining costs were estimated based on the required fleet. The average 

unit costs used are shown in Table 3.2. 

Table 3.2 – Average Unit Costs for Economic Pit Limit Calculation 

Cost Item Units Unit Cost 
Drill & Blast $/t $1.00 
Waste Mining $/t $3.50 
Ore Mining $/t $3.50 
Ore Processing $/ore t $14.50 
Rehabilitation $/total t $0.20 
State Royalty % of revenue 2.70% 

 

3.2.5 Revenue Assumptions 

Revenue assumptions are based on the forecast concentrate prices for WO3 APT 

price of US$31,500 per tonne with a AUD:USD exchange rate of 0.73 applied. 

Historical realized price adjustment factors were then applied as well as discounts 

for producing a concentrate with 50% WO3. The assumed metallurgical recovery 

is 75%. The final assumed realised price for each tonne of 50% WO3 concentrate 

is AU$15,100 for the pit optimisation work. 

 

Despite currently generating income from quarry material, no revenue has been 

generated from this procedure as part of the economic pit shell calculation 

evaluation of the Reserves. 

 

The old open pit currently contains water which is being pumped out. The base of 

the pit beneath the water has been compiled from old survey maps plus depth 

sounding information taken from the water level. The starting topography for the 

open pit, with the current water area shaded dark blue, is shown in Figure 3.4. 
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Figure 3.4 –Open Pit Starting Topography 

 

The total economic pit shell, which the Ore Reserves Estimate is based on, is 

shown in Figure 3.5.  

 

 

Figure 3.5 – Economic Pit Shell for Mt Carbine 

A 

A’ B 

B’ 
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The economic pit shell shown in Figure 3.5 was broken into 3.5m high benches 

and interrogated against the resource model before being scheduled.  

 

Cross sections A-A’ and B-B’ as shown in Figure 3.6 and Figure 3.7 are shown 

below with 20m benches (white lines) and modelled tungsten veins (red) 

indicated. 

 

Figure 3.6 – Cross Section A-A’ 

 

Figure 3.7 – Cross Section B-B’ 

A A’ 

B B’ 



EQ Resources Limited 

Mt Carbine Project – Ore Reserve Estimate, December 2021 

 

Page 36 

The starting topography for the LGS was calculated from forecast production 

information up to December 31st 2021. It is estimated that 10.126mt of ore will 

be remaining in the LGS at this date. 

 

The location of the LGS ore blocks is shown in Figure 3.8. 

 

 

Figure 3.8 – Low Grade Stockpile Ore Blocks 
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3.3 Mining Method  

The low grade stockpile is currently processed by a 50t excavator and 

accompanying 45t articulated dump trucks (ADTs). The Ore Reserves estimate 

assumes that this process will continue throughout the proposed life of the 

schedule.  

 

The open pit will be developed using two primary fleets: 

• 1 x 120t class excavator loading 45t ADTs, 

• 1 x 50t class excavator loading 45t ADTs. 

 

The mining fleets will be supported by ancillary equipment including 2 x dozers, a 

grader and a water cart. Topsoil stripping is not required as the planned pit is 

within the footprint of the previous open pit disturbance area. 

 

For scheduling and costing purposes, it has been assumed that all material will be 

drilled and blasted, however some upper waste material may be free dug. Due to 

the vertical nature of the modelled tungsten veins, drill and blast of the waste 

material will be undertaken to the edge of the vein and then removed. The ore 

will then be drilled and blasted in a small shot to reduce losses and minimise 

dilution. 
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3.4 Mining Layout 

3.4.1 Pit Limits 

An isometric view of the open pit with modelled tungsten veins (red solids) is 

displayed in Figure 3.9. 

 

 

Figure 3.9 – Open Pit and Tungsten Veins 
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3.5 Mining Assumptions and Modifying Factors 

Modifying factors were applied to the insitu quantities and qualities to convert from 

an insitu basis to a ROM basis. Metallurgical modifying factors were then applied 

to calculate product information. 

 

3.5.1 Loss and Dilution  

Mining dilution has already been included in the resource model, with an average 

of 85% dilution by volume added to the insitu tungsten veins. This dilution has 

been applied veins whose assayed length is less than 2m, reflecting that the veins 

will need to be mined at a minimum width of 2m to recover the majority of the 

Resource with the planned mining equipment. The grade of the modelled veins 

has accordingly be downgraded to reflect the addition of this dilution. 

 

An additional 16% dilution has been added on top of the mining dilution built into 

the resource model to account for additional dilution around the edges of the veins 

which are thicker than 2m. 

 

Between the two dilution assumptions, approximately 101% dilution has been 

applied to the insitu tungsten veins.  

 

Global losses equal to 1% of the modelled tungsten veins has been applied. This 

low loss factor complements the large dilution value which aims to recover as 

much of the insitu tungsten as possible. 
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3.5.2 Metallurgical Factors 

The mined ore passes through a network of processing facilities, with the process 

summarised in Figure 3.10. 

 

Figure 3.10 – Mt Carbine Ore Processing Flowchart 

 

The above flow chart includes a combination of both existing infrastructure and 

proposed new facilities. 

 

Table 3.3 summarises the average metallurgical factors achieved at each section 

of the processing flowchart. 

 

Bypass (>2% WO3)

Ore Sorting

Gravity Plant

Concentrate

Tailings

LGS Ore

Open Cut  Ore

Crush & Screen

Rejects

Coarse +6mm

Rehandling Circuit

Fines -6mm

Fines -6mm
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Table 3.3 – Average Metallurgical Factors 

Factor Value 
Ore Sorter Tungsten Recovery 90.3% 
Wet Plant Fines Tungsten Recovery 79.3% 
Wet Plant Coarse Tungsten Recovery 90% 
Wet Plant Total Tungsten Recovery 82.7% 
Total Tungsten Recovery 80.3% 

 

3.5.3 Existing Infrastructure  

The existing crushing and screening flowsheet consists of two stages crushing and 

dry screening circuits to produce two products: 

1. –6mm wet plant feed 
2. +6mm, -40mm ore sorter feed 

 

Run of mine (ROM) ore (-700mm) is delivered to the fixed jaw crusher which has 

a closed side setting of -75mm. The jaw crusher discharge belt transfers primary 

crushed ore onto a 900mm wide screen feed conveyor. The screening plant 

consists of a mobile fitted with two decks to split the feed into two streams: 

1. Oversize (+40mm) to the cone crusher circuit 
2. Undersize (-6mm) to the -6mm stockpile 

 

The secondary cone crusher discharge is fed onto a belt conveyor and recirculates 

back to the sizing screen for separation into product sizes. 

 

The existing ore sorter consists of a single hopper feed point, dry screen to dress 

ore before the ore sorter and a single ore sorter. The ore sorter circuit produces 

two products: 

1. Rejects 
2. +6mm to -40mm ore sorter oversize that is crushed by a cone crusher to -

6mm for feed into the processing plant. 
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Ore is fed into the existing processing plant and onto a wet screen which separates 

the -6mm material and the +6mm material. The +6mm material is sent back to 

the ore sorter for processing. 

 

The -6mm particles are pumped to a pulse jig where the high density, tungsten 

bearing particles are concentrated and pumped to a secondary wet screen with 

0.8mm panels on the screen. The +0.8mm particles are fed to a rolls crusher and 

then pumped back to the front of the screen while the -0.8mm sized material is 

dewatered and sent to six shaking tables. 

 

The shaking tables produce a rougher concentrate which is pumped to a final 

cleaner table. The tailings from the rougher tables are pumped back to the screen, 

to be jigged once more to minimise losses and increase recovery. The cleaner 

table produces a final concentrate which is bagged immediately. The tailings from 

the cleaner table are pumped back to the secondary screen, to undergo sizing and 

crushing once more to ensure minimal losses. 

 

A significant amount of data is available on the metallurgical performance of the 

existing processing infrastructure. 

 

3.5.4 New Infrastructure  

The upgraded ore sorter circuit flowsheet has been prepared by Mincore, a 

minerals processing and engineering consultancy. 

 

The ore sorter will be upgraded to accommodate the proposed increase in annual 

ore tonnage. The treatment rate will be 80tph to achieve an annualised throughput 

of 525,600 tonnes. 

 

Additional processing infrastructure, which will allow the site to mine up to 1mtpa 

of ore, has been designed and costed (for both capital and operating costs) by 
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Ausenco, a multinational engineering consultancy firm, in 2021 to feasibility level 

of detail. 

 

The proposed additional processing infrastructure will process ore at a rate of 

60tph. Historical performance data plus results of metallurgical test work Minerals 

Institute for the ore sorter has been referenced when calculating the performance 

of the ore sorting facilities. 

 

Historical performance data plus results of laboratory metallurgical testing 

completed by Ausenco as part of the plant expansion project has been referenced 

when analysing the performance of the processing plant. 

 

3.6 Equipment Waste Allocation 

Waste will be mined by both the 120t and 50t excavators, however the majority 

of the waste will be excavated by the large excavator as the small excavator will 

be the only dig unit which mines ore.  

. 

  



EQ Resources Limited 

Mt Carbine Project – Ore Reserve Estimate, December 2021 

 

Page 44 

3.7 Detailed Mine Schedules 

A detailed schedule has been compiled in Spry based off the economic pit shell as 

described in Section 3.2. 

 

The mine schedule comprises of five main processes: 

• Drilling 
• Blasting 
• Waste mining 
• Ore mining 
• Low grade stockpile mining 

 

Two stripping fleets were included in the schedule, a 120t excavator and a 50t 

excavator. The 120t excavator mines only waste whilst the 50t excavator is able 

to mine ore and waste. All waste and ore was assumed to require drilling and 

blasting. 

 

The productivities for all drilling and blasting plus mining equipment is summarised 

in Table 3.4 

Table 3.4 – Equipment Productivities 

Equipment Process Rate 
Drill Waste Drilling 40m/hr 
 Ore Drilling 40m/hr 
Blast Crew Waste Loading 0.5t/hr 
 Ore Loading 0.5t/hr 
50t Excavator Waste Mining 176 t/hr 
 Ore Mining 150 t/hr 
 Ore Mining – LGS 176 t/hr 
120t Excavator Waste Mining 437 t/hr 
 Ore Mining – LGS 386 t/hr 
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Practical dependencies and constraints were applied to ensure the correct 

progression of the equipment and the mine in general. Benches were developed 

away from the ramp with two active faces allowed on each bench.  

 

The strategy of the schedule was to develop the open pit in a logical manner and 

top up the annual ore quantity to 1mt via feed from the low grade stockpile. The 

ramp up in production is based on the estimated dates for receiving the required 

approvals which are summarised below: 

• EA approval to process 500,000tpa  - Estimated on 1/4/2022 
• EA approval to process 1mtpa   - Estimate on 1/1/2023 

 

Dump and haulage modelling was completed as part of the detailed schedule, with 

a swell factor of 25% applied to all prime material. All waste and ore is assumed 

to be loaded onto 45t articulated dump trucks. 

 

Mine physicals and mine scheduling results for the detailed equipment schedule is 

provided in Table 3.5 with a summary of major physicals and qualities for the 

schedule provided in Figure 3.11 to Figure 3.13. 
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Table 3.5 – Annual Quantities and Qualities 

 

Item Units 2022 2023 2024 2025 2026-2033 2034 TOTAL
Tonnes
Waste Tonnes t 0 5,616,886 5,999,519 2,393,770 0 0 14,010,174
Ore Tonnes t 0 171,304 620,077 472,647 0 0 1,264,028
LG Ore Tonnes t 385,010 828,696 379,923 527,353 1,000,000 5,247 10,126,228
Total Tonnes t 385,010 6,616,886 6,999,519 3,393,770 1,000,000 5,247 25,400,431

Drill Metres
Waste Drill m 0 306,403 328,547 186,334 0 0 821,284
Ore Drill m 0 5,723 20,483 16,235 0 0 42,441
Total Metres m 0 312,126 349,029 202,570 0 0 863,725

Blast Tonnes
Waste Blast t 0 4,398 4,760 2,612 0 0 11,770
Ore Blast t 0 89 319 241 0 0 648
Total Tonnes t 0 4,487 5,079 2,853 0 0 12,419

Processing
Crushed & Screened Tonnes t 385,010 1,000,000 1,000,000 1,000,000 1,000,000 5,247 11,390,257
Crushed & Screened WO3 Grade % 0.075% 0.185% 0.471% 0.376% 0.075% 0.075% 0.146%
Fines Tonnes t 138,604 360,000 360,000 360,000 360,000 1,889 4,100,492
Fines Grade % 0.113% 0.277% 0.706% 0.565% 0.113% 0.113% 0.219%
Ore Sorter Feed Tonnes t 246,406 640,000 640,000 640,000 640,000 3,358 7,289,764
Ore Sorter Feed Grade % 0.054% 0.133% 0.338% 0.271% 0.054% 0.054% 0.105%
Ore Sorter Product Tonnes t 39,425 102,400 102,400 102,400 102,400 537 1,166,362
Ore Sorter Product Grade % 0.304% 0.749% 1.909% 1.527% 0.304% 0.304% 0.592%
Ore Sorter Rejects t 206,981 537,600 537,600 537,600 537,600 2,821 6,123,402
Gravity Plant Feed Tonnes t 178,029 462,400 462,400 462,400 462,400 2,426 5,266,855
Gravity Plant Feed Grade % 0.155% 0.381% 0.972% 0.778% 0.155% 0.155% 0.301%
Concentrate Tonnes t 464 2,966 7,560 6,046 1,205 6 26,679
Concentrate WO3 Tonnes t 232 1,483 3,780 3,023 602 3 13,340
Tailings Tonnes t 177,565 459,434 454,840 456,354 461,195 2,420 5,240,176
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Figure 3.11 – Annual Ore Tonnes 

 

 

Figure 3.12 – Annual Truck Numbers 
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Figure 3.13 – Concentrate Production 

 

Stage plans showing the progression of the mine at the end of each year of the 

operation of the open pit are provided in Figure 3.14 to Figure 3.18. 
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Figure 3.14 – Starting Topography 
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Figure 3.15 – Mine Status at end of 2022 
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Figure 3.16 – Mine Status at end of 2023 
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Figure 3.17 – Mine Status at end of 2024 
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Figure 3.18 – Mine Status at end of 2025 
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4. Financial Modelling 

4.1 Financial Assumptions 

A financial model was compiled based on the physicals generated from the detailed 

schedule. The financial modelling was based on a contractor operation undertaking 

all mining and processing activities with EQR providing the management and 

administrative roles. The details of the unit costs applied in the financial model 

are sensitive and have not been disclosed in this report.  

 

Allocations for initial capital estimates were generated from a combination of 

sources including: 

• feasibility level information for processing infrastructure, 
• feasibility level information for the upgrade of power and water 

infrastructure, 
• Market capital costs for mining equipment, 
• Estimate decommissioning and mine closure costs, 
• Contractor mobilisation and demobilisation. 

 

4.2 Equipment Numbers 

The number of trucks required were calculated from the haulage modelling which 

determined the annual truck hours required for ore, waste and low grade stockpile 

mining. Ancillary equipment hours, for items such as graders and dozers, were 

then calculated using industry standard factors which are summarised below in 

Table 4.1. 

Table 4.1 – Ancillary Equipment Number Calculation Factors 

Cost Item Units Unit Cost 
Dozer - Pit hrs/exc. hr 1.50 
Dozer - Dump hrs/exc. hr 0.50 
Grader hrs/truck hr 0.12 
Water Truck hrs/truck hr 0.15 
Service Truck $/fleet hr 0.05 
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Fleet sizes were calcualted by dividing the total hours for each piece of equipment 

by the annual operating hours achieved. These values vary by equipment with 

priority equipment achieving 5,600 hours annually whilst low utilisation equipment 

achieve 3,500 hours. 

 

The maximum size of the mining fleet, when the open pit is in fully production, is 

summarised in Table 4.2. 

 Table 4.2 – Maximum Mining Fleet Numbers 

Cost Item Maximum 
Fleet Size 

120t Excavators 1 
50t Excavators 1 
45t Articulated Dump 
Trucks 9 
Drills 2 
Dozers 2 
Graders 1 
Water Trucks 1 
Service Trucks 1 
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4.3 Mining and Processing Unit Costs 

4.3.1 Cost Assumptions 

Unit costs have been supplied by EQ Resources for current operational practices 

and Ausenco for processing costs of the upgraded facilities. Mining costs, including 

all drill and blast, were split into equipment, labour and fuel costs with benchmark 

fuel burn rates applied for all mobile equipment.  

 

Processing costs were based on historical performance at Mt Carbine as well as 

feasibility level assessments completed by Ausenco and Mincore on the proposed 

upgraded processing facilities.  

 

Application of all operating costs, both fixed and variable, results in an average 

production cost of approximately $10,250 per concentrate tonne across the life of 

the mine. The production cost of each tonne of 50% WO3 concentrate produced 

from the low grade stockpile is $13,100, whilst concentrate generated from the 

open-pit costs approximately $7,860 per tonne. 

 

4.3.2 Revenue Assumptions 

Revenue assumptions are based on the forecast concentrate prices for WO3 APT 

price of US$31,500 per tonne with a AUD:USD exchange rate of 0.73 applied. 

Historical realized price adjustment factors were then applied as well as discounts 

for producing a concentrate with 50% WO3. The final assumed realised price for 

each tonne of 50% WO3 concentrate is AU$15,100. 

 

Current off-take agreements consider the following potential deleterious 

elements: 

• Sulphur 
• Tin 
• Molybdenum 
• Lead 
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• Arsenic 
• Water 

 

None of the above elements have been modelled in either the low grade stockpile 

or open-pit geological models. However, forecast sale prices, which align with 

current off-take agreements, apply a substantial penalty to the benchmark 

tungsten concentrate price reflecting the potential presence of deleterious 

elements which Mt Carbine concentrate may contain. Historically, Mt Carbine has 

produced concentrate with relatively high levels of arsenic, however the 

processing plant proposed by Ausenco contains an arsenic removal module which 

will be used when levels of this element become too high. 

 

Historically, Mt Carbine concentrate has been sold to customers in several 

locations including Europe, the United States, Vietnam and China reflecting the 

acceptance of the product in the open market. 

 

Despite currently generating income from quarry material, no revenue has been 

generated from this procedure as part of the economic pit shell calculation 

evaluation of the Reserves. 

 

 

4.4 Financial Results 

The net present value of the operation was calculated using a discount rate of 8%. 

The project generated a good net present value figure with all levels of the planned 

open pit and section of the low-grade stockpile economical to mine and process. 

 

The competent person is satisfied that the proposed mining activities within the 

mine plan which underpins the Ore Reserve estimate are economical to mine and 

process. 
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5. Reserve Estimate 

5.1  Reserve-Resource Clarification 

All Ore Reserves have been classified as Probable Reserves which are subsets of 

areas of Indicated Resources category. 

 

5.2  Physical Limits 

The physical limits of the open pit and low grade stockpile Ore Reserves are shown 

in Figure 5.1 and Figure 5.2 respectively.
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Figure 5.1 – Open Pit Ore Reserve Areas  
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Figure 5.2 – Low Grade Stockpile Ore Reserve Areas
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5.3 Ore Reserves 

The estimated Ore Reserves for the open pit and low grade stockpile are presented 

in Table 5.1 and Table 5.2 respectively. 

Table 5.1 – Mt Carbine Project – Low Grade Stockpile Reserves Estimate 

Reserve Category ROM Tonnes (mt) WO3 % 

LGS - Proved 0 - 

LGS - Probable 10.126 0.075% 

LGS - Total 10.126 0.075% 

 

Table 5.2 – Mt Carbine Project - Open Cut Reserves Estimate 

Reserve Category ROM Tonnes (mt) WO3 % 

Open Pit - Proved 0 - 

Open Pit - Probable 1.263 0.713% 

Open Pit - Total 1.263 0.713% 

 

* Tonnages in the above table are expressed on a ROM basis, incorporating the effects of 
mining losses and dilution. 

 

 

5.4 Accuracy of Estimate 

Small differences may be present in the totals due to tonnage information being 

rounded. 
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JORC Code, 2012 Edition – Table 1 report template 

Section 4 Estimation and Reporting of Ore Reserves 

Criteria JORC Code explanation Commentary 

Mineral 
Resource 
estimate for 
conversion 
to Ore 
Reserves 

• Description of the Mineral Resource estimate used as a basis 
for the conversion to an Ore Reserve. 

• Clear statement as to whether the Mineral Resources are 
reported additional to, or inclusive of, the Ore Reserves. 

• The Ore Reserves have been based on two separate block 
models, one for the low grade stockpile and the other for the 
open pit operation.  

• The geological model used to develop the final low grade 
stockpile resource model was generated by Measured Group 
Pty Ltd in August 2021 and is titled 
‘Mt_Carbine_LGS_20210820.bmf’.  

• The geological model used for the open pit operation was 
developed by Measured Group in September 2021 and is 
titled “Mt_Carbine_20210918.bmf”. 

• The Mineral Resources are inclusive of the Ore Reserves. 

Site visits • Comment on any site visits undertaken by the Competent 
Person and the outcome of those visits. 

• If no site visits have been undertaken indicate why this is 
the case. 

• The competent persons are yet to visit site due to previous 
travel restrictions imposed by the Queensland government. 
However, the competent person has been provided with a 
large number of digital photos and videos of the current 
operation including the old open pit, the low grade stockpile, 
processing plant, tailings storage and dumping areas. The 
photos also provided information on the condition of the 
current infrastructure on site including the processing plants.  

• The provision of this information was deemed to be adequate 
for the competent persons to be comfortable that the current 
site infrastructure plus proposed new infrastructure is 
suitable for ongoing mining and processing at the site. 

Study status • The type and level of study undertaken to enable Mineral 
Resources to be converted to Ore Reserves. 

• The Code requires that a study to at least Pre-Feasibility 

• The Ore Reserves are based on mining information that has 
been completed to an acceptable level of detail at the time 
of estimation, with a detailed mine design cut into 
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Criteria JORC Code explanation Commentary 

Study level has been undertaken to convert Mineral 
Resources to Ore Reserves. Such studies will have been 
carried out and will have determined a mine plan that is 
technically achievable and economically viable, and that 
material Modifying Factors have been considered. 

• A bench-by-bench schedule was compiled with the insitu, 
ROM and product information for each dig solid analysed in a 
financial model.  

• Upgrades to the processing equipment have been completed 
to a feasibility level of detail by Ausenco. 

• Key performance parameters such as unit operating costs, 
metallurgical parameters, etc. have been based on historical 
performance at site where practical. 

Cut-off 
parameters 

• The basis of the cut-off grade(s) or quality parameters 
applied. 

• A cut-off grade of 0.075% WO3 has been applied for 
calculation of the Reserve within the low grade stockpile. 

• A cut-off grade of 0.2% WO3 has been applied in the open 
pit geological model, however after loss and dilution 
calculations are completed, the final feed grade to the 
processing plant is as low as 0.121%. 

• A cut-off grade analysis has indicated that these two 
parameters are conservative and generate decent cash 
flows. 

Mining 
factors or 
assumption
s 

• The method and assumptions used as reported in the Pre-
Feasibility or Feasibility Study to convert the Mineral 
Resource to an Ore Reserve (i.e. either by application of 
appropriate factors by optimisation or by preliminary or 
detailed design). 

• The choice, nature and appropriateness of the selected 
mining method(s) and other mining parameters including 
associated design issues such as pre-strip, access, etc. 

• Mining of the low grade stockpile is currently being 
undertaken by a 50t excavator and fleet of 45t articulated 
dump trucks.  

• Front end loaders with, ~6m3 buckets, will be used around 
the crushers, screens, ore sorters and for general clean up. 

• Mining of the open cut operation will be completed in two 
phases: 

o Phase 3 - completion of the current pit design 

• The designed pit solids were intersected with the latest 
geological model and then adjusted for loss and dilution.  

two phases and subdivided into 3.5m high benches. A 
bankable feasibility study has commenced, which will 
continue to improve the level of detail in the mining section 
of the project. 
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Criteria JORC Code explanation Commentary 

• The assumptions made regarding geotechnical parameters 
(eg pit slopes, stope sizes, etc), grade control and pre-
production drilling. 

• The major assumptions made and Mineral Resource model 
used for pit and stope optimisation (if appropriate). 

• The mining dilution factors used. 
• The mining recovery factors used. 
• Any minimum mining widths used. 
• The manner in which Inferred Mineral Resources are utilised 

in mining studies and the sensitivity of the outcome to their 
inclusion. 

• The infrastructure requirements of the selected mining 
methods. 

down to RL300 
o Phase 4 – completion of a new phase which 

widens most of the current pit, with the 
exception of the north-west corner, down to 
RL200. 

• The open pit will be mined with 1 x 120t class excavator, 
with a 7m3 bucket and a fleet of 45t articulated dump 
trucks. A secondary fleet with a 50t excavator, fitted with a 
~3m3 bucket, will also be used to mine ore as cleanly as 
possible. The two fleets will move up to 5.4mt of waste and 
ore annually. 

• The open pit operations will be supported by ancillary 
equipment including a grader, water cart and dozers.  

• A 3m3 bucket on the secondary excavator will allow the 
excavator to selectively mine the relatively thin orebodies 
and keep dilution quantities to a minimum. 

• All waste and ore will be drilled and blasted at a powder 
factor of approximately 0.8 kg/bcm of material. 

• Due to the vertical and relatively this nature of the 
orebodies, grade control will be paramount. It is proposed 
to complete grade control via a combination of mapping, 
face sampling and grade control drilling, utilizing mostly 
angled holes. 

• Open-pit ramps have been designed at 10% maximum 
gradient at a width of 15m which is greater than 3.5 times 
the largest vehicle regularly operating on the ramp, the 45t 
ADTs. 

• Geotechnical parameters for the majority of the open pit are 
based on the existing pit’s design which has performed well 
and remained relatively unchanged since mining stopped in 
the 1980s. The key geotechnical parameters for the open 
pit wall are: 
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o Batter height   - 20m 
o Batter angle    - 70 degrees 
o Berm width     - 8.5m 

• The only area of geotechnical risk exists on the southern 
wall near the south wall fault. A geotechnical analysis of this 
wall indicates that the current pit design will require rock 
bolting at close intervals to minimise the probability of this 
wall causing geotechnical disruptions. Capital and operating 
cost allowances have been made in the financial assessment 
to monitor and treat this wall as it is exposed in the final 
wall. The two upper benches in the south wall, which are 
located in weathered material, have been excavated at 50 
degrees and 57 degrees as specified by the geotechnical 
assessment. 

• Due to the presence of an ore sorter and valuable narrow 
veins, very high dilution values have been applied on the 
assumption that the entire vein will be mined and sent to 
the processing plants. 

• Dilution has been added in both the geological model and 
the mining model. Between the two allocations, 
approximately 101% dilution has been added. 

• Conversely, due to the very high extraction quantities a low 
loss value (1%) has been applied to all modelled ore. 
 

Metallurgica
l factors or 
assumption
s 

• The metallurgical process proposed and the appropriateness 
of that process to the style of mineralisation. 

• Whether the metallurgical process is well-tested technology 
or novel in nature. 

• The nature, amount and representativeness of metallurgical 
test work undertaken, the nature of the metallurgical 
domaining applied and the corresponding metallurgical 
recovery factors applied. 

• The low grade stockpile at Mt Carbine is processed through a 
combination of crushers, screens, an ore sorter and wet 
plant circuits to generate a concentrate containing 
approximately 50% WO3. 

Existing Infrastructure 

• The existing crushing and screening flowsheet consists of 
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• Any assumptions or allowances made for deleterious 
elements. 

• The existence of any bulk sample or pilot scale test work and 
the degree to which such samples are considered 
representative of the orebody as a whole. 

• For minerals that are defined by a specification, has the ore 
reserve estimation been based on the appropriate 
mineralogy to meet the specifications? 

two stages crushing and dry screening circuits to produce 
two products: 
1. –6mm wet plant feed 
2. +6mm, -40mm ore sorter feed 

• Run of mine (ROM) ore (-700mm) is reclaimed from the low 
grade waste stockpile and is delivered to the fixed jaw 
crusher. The jaw crusher has a closed side setting of -75mm. 
The jaw crusher discharge belt transfers primary crushed ore 
onto a 900mm wide screen feed conveyor. The screening 
plant consists of a mobile fitted with two decks to split the 
feed into two streams: 
1. Oversize (+40mm) to the cone crusher circuit 
2. Undersize (-6mm) to the -6mm stockpile 

• The secondary cone crusher discharge is fed onto a belt 
conveyor and recirculates back to the sizing screen for 
separation into product sizes. 

• The existing ore sorter consists of a single hopper feed point, 
dry screen to dress ore before the ore sorter and a single ore 
sorter. The ore sorter circuit produces two products: 
1. Rejects 
2. +6mm, -40mm ore sorter oversize that is crushed by a 

cone crusher to -6mm for feed into the processing plant. 
• Ore is fed into the existing processing plant and onto a wet 

screen which separates the -6mm material and the +6mm 
material. The +6mm material is sent back to the ore sorter 
for processing. 

• The -6mm particles are pumped to a pulse jig where the 
high density, tungsten bearing particles are concentrated 
and pumped to a secondary wet screen with 0.8mm panels 
on the screen. The +0.8mm particles are fed to a rolls 
crusher and then pumped back to the front of the screen 
while the -0.8mm sized material is dewatered and sent to six 
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shaking tables. 
• The shaking tables produce a rougher concentrate which is 

pumped to a final cleaner table. The tailings from the 
rougher tables are pumped back to the screen, to be jigged 
once more to minimise losses and increase recovery. The 
cleaner table produces a final concentrate which is bagged 
immediately. The tailings from the cleaner table are pumped 
back to the secondary screen, to undergo sizing and 
crushing once more to ensure minimal losses. 

• A significant amount of data is available on the metallurgical 
performance of the existing processing infrastructure. 

New Infrastructure 

• The existing ore sorter will be upgraded to accommodate the 
proposed increase in annual ore tonnage. The treatment rate 
will be 80 tph to achieve an annualised throughput of 
525,600 tonnes. 

• The upgraded ore sorter circuit flowsheet has been prepared 
by Mincore, a minerals processing and engineering 
consultancy. 

• Additional processing infrastructure, which will allow the site 
to mine up to 1mtpa of ore, has been designed and costed 
(both capital and operating) by Ausenco in 2021, a 
multinational engineering consultancy firm, to BFS-level of 
detail. 

• The proposed additional processing infrastructure will 
process ore at a rate of 60tph. 

• Historical performance data plus results of metallurgical test 
work completed by the Sustainable Minerals Institute in 
2021 has been referenced when analysing the performance 
of the ore sorter. 

• Historical performance data plus results of laboratory 
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metallurgical testing completed by Ausenco as part of the 
plant expansion project has been referenced when analysing 
the performance of the processing plant. 

• Current off-take agreements consider the following potential 
deleterious elements: 

o Sulphur 
o Tin 
o Molybdenum 
o Lead 
o Arsenic 
o Water 

• None of the above elements have been modelled in either 
the low grade stockpile or open-pit geological models. 
However, forecast sale prices, which align with current off-
take agreements, apply a substantial penalty to the 
benchmark tungsten concentrate price reflecting the 
presence of deleterious elements which Mt Carbine 
concentrate may contain. Historically, Mt Carbine has 
relatively high levels of arsenic and the processing plant 
proposed by Ausenco contains an arsenic removal module 
which will be used when levels of this element become too 
high. 

• Historically, Mt Carbine concentrate has been sold to 
customers in several locations including Europe, the United 
States, Vietnam, and China reflecting the acceptance of the 
product in the open market. 

 

Environmen
-tal 

• The status of studies of potential environmental impacts of 
the mining and processing operation. Details of waste rock 
characterisation and the consideration of potential sites, 
status of design options considered and, where applicable, 

• The site currently has all required environmental approvals 
to mine, crush and screen material from the pit. The mine 
and quarry activities occur on previously disturbed lands. 

• The surrounding land use is rural-urban (Mount Carbine 
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the status of approvals for process residue storage and 
waste dumps should be reported. 

township), low-intensity cattle grazing, mining and 
exploration, and conservation (the Brooklyn Nature Refuge).  

• The background land tenure (Lot 13 on SP254833) is 
Brooklyn Nature Refuge, which is held by the Australian 
Wildlife Conservancy as a rolling term lease – pastoral (Title 
Reference 17664140); a special condition of this lease is to 
allow quarry material to be removed. 

• There are no wetlands of national or international 
significance mapped in the project site or the receiving 
environment. 

• There are no High Ecological Value Waters (watercourses), 
High Ecological Value Waters (wetlands) or Wetlands of High 
Ecological Significance mapped in the project site or the 
receiving environment. 

• Waste rock has historically shown minimal to no acid 
producing potential. Waste rock characterization has not 
been completed at Mt Carbine, therefore selective placement 
of this material has not been included as part of the 
scheduling and haulage modelling work. 

Infrastructu
re 

• The existence of appropriate infrastructure: availability of 
land for plant development, power, water, transportation 
(particularly for bulk commodities), labour, accommodation; 
or the ease with which the infrastructure can be provided, or 
accessed. 

• Mt Carbine is an operational site and is supported by well-
established infrastructure for the current mine and quarrying 
operations. Current facilities include offices, laboratory, 
ablutions as well as crushing, screening and processing 
facilities. 

• Mt Carbine’s current processing facilities can process ore at 
approximately 60tph, however this will be increased to 
accommodate the planned 1mt of ore mined annually. 
Capital costs for the required crushing, screening and 
processing infrastructure have been estimated to a BFS level 
of detail and included in the overall economic evaluation of 
the site. The competent persons are satisfied that enough 
detail has been included in the capital cost estimate for the 
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new processing facilities. 
• Access to site has already been established via the Mulligan 

Highway which runs through the operation.  
• Power to the site is currently supplied via two supplies 

segregated by the Mulligan highway into east and west. The 
eastern side is supplied by a 315 kVA overhead transformer 
whilst the western side is supplied by a 1000 kVA pad 
mounted transformer. Power is distributed across the site by 
22kV above-ground power lines. 

• Raw water for processing and operational activities is 
currently sourced from the open-pit. An alternate raw water 
storage will be confirmed in upcoming studies. A capital 
allowance for the establishment of a new raw water storage 
facility has been applied in the financial model. 

• Potable water is trucked to Mt Carbine and stored onsite in 
storage tanks for use at the site facilities. 

Costs • The derivation of, or assumptions made, regarding projected 
capital costs in the study. 

• The methodology used to estimate operating costs. 
• Allowances made for the content of deleterious elements. 
• The source of exchange rates used in the study. 
• Derivation of transportation charges. 
• The basis for forecasting or source of treatment and refining 

charges, penalties for failure to meet specification, etc. 
• The allowances made for royalties payable, both 

Government and private. 

• Capital costs have been estimated at a feasibility level of 
detail for all required infrastructure for a 1mtpa ore 
operation. Capital costs allocations include: 

o Crushing and screening upgrades, 
o Processing facilities upgrades, 
o Raw water facility construction, 
o Contractor facilities, 
o Contractor mobilization and demobilization, 
o Future studies, 
o Ongoing exploration. 

• Operating costs have been estimated based on a contractor-
based operation with 1 x 120t class excavator, 1 x 50t 
excavator, a fleet of 45t ADTs and supporting ancillary 
equipment. All waste will be drilled and blasted by a down-
the-hole service drill and blast contractor. 

• Processing costs have been estimated based on current 
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operational costs for existing equipment and processes, such 
as tailings disposal, plus BFS-level estimates for new 
processing infrastructure.  

• A state government royalty equal to 2.7% of generated 
revenue has been included in the cost structure. 
 

Revenue 
factors 

• The derivation of, or assumptions made regarding revenue 
factors including head grade, metal or commodity price(s) 
exchange rates, transportation and treatment charges, 
penalties, net smelter returns, etc. 

• The derivation of assumptions made of metal or commodity 
price(s), for the principal metals, minerals and co-products. 

• The Reserves are based on a WO3 APT price of US$31,500 
per tonne with a AUD:USD exchange rate of 0.73 applied.  

• Historical realized price adjustment factors were then applied 
as well as discounts for producing a concentrate with 50% 
WO3. 

• Despite currently generating income from quarry material, 
no revenue has been generated from this procedure as part 
of the economic evaluation of the Reserves. 

Market 
assessment 

• The demand, supply and stock situation for the particular 
commodity, consumption trends and factors likely to affect 
supply and demand into the future. 

• A customer and competitor analysis along with the 
identification of likely market windows for the product. 

• Price and volume forecasts and the basis for these forecasts. 
• For industrial minerals the customer specification, testing 

and acceptance requirements prior to a supply contract. 

• Tungsten carbide, which has hardness close to diamond, is 
the most popular form of tungsten. It is denser than steel 
and titanium, twice as hard as any steel grade, and has 
extremely high wear resistance. The product is widely used 
in construction, mining, and metal working applications and 
is forecast to continue to perform strongly on the global 
market.  

• Mt Carbine currently produces concentrate which is sold to 
multiple locations around the world. 

• In 2020, approximately 84,000 tonnes of tungsten was 
produced globally with 69,000 tonnes sourced from China. 
Mt Carbine is forecast to produce up to 3,700 tonnes of 
tungsten annually which will have minimal effect on the 
global market. 

Economic • The inputs to the economic analysis to produce the net 
present value (NPV) in the study, the source and confidence 
of these economic inputs including estimated inflation, 

• All costs and revenues which have been used in the financial 
model are in nominal terms and have been discounted by 
8% to generate the overall net present value of the project. 



EQ Resources Limited 

Mt Carbine Project – Ore Reserve Estimate, December 2021 

 

Page 72 

Criteria JORC Code explanation Commentary 

discount rate, etc. 
• NPV ranges and sensitivity to variations in the significant 

assumptions and inputs. 

• As Mt Carbine is an operating mine/quarry with significant 
existing infrastructure, capital expenditure is minimal and 
therefore the project is not sensitive to NPV discount rate.  

• The competent persons are confident that Mt Carbine will 
generate positive cash flows once the initial capital outlays 
are undertaken early in the schedule. The subsequent years 
generate enough free cash to adequately pay for the capital 
costs incurred in 2022. 

Social • The status of agreements with key stakeholders and matters 
leading to social licence to operate. 

• The project has good community engagement and has been 
discussed verbally with the local stakeholders, particularly 
the Mt Carbine Caravan Park, which stands to be the most 
impacted, and the response has been positive. 

• EQ Resources in accordance with its requirements pays 
Native Title Administration Fees to the Nguddaboolgan 
Native Title Aboriginal Corporation (NNTAC) and maintains 
regular dialogue and communication with any relevant 
information pertaining to its activities. 

• The underlying pastoral leases on which Mt Carbine is 
located are held by Australian Wildlife Conservancy on a 
parcel of land known as Brooklyn Wildlife Sanctuary. A 
positive relationship exists between EQR and Australian 
Wildlife Conservancy. There are no anticipated issues with 
the landholder in relation to the project. 

• The project does not involve any new significant 
infrastructure, and changes to the current mining methods 
or other activities that could otherwise have a negative 
impact on the local community and stakeholders. 

Other • To the extent relevant, the impact of the following on the 
project and/or on the estimation and classification of the Ore 
Reserves: 

• Any identified material naturally occurring risks. 

• The operation is contained within two mining leases: ML4867 
& ML4919.  

• The land relevant to the project site is used for quarry 
operations and mining activities as per the respective 
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• The status of material legal agreements and marketing 
arrangements. 

• The status of governmental agreements and approvals 
critical to the viability of the project, such as mineral 
tenement status, and government and statutory approvals. 
There must be reasonable grounds to expect that all 
necessary Government approvals will be received within the 
timeframes anticipated in the Pre-Feasibility or Feasibility 
study. Highlight and discuss the materiality of any 
unresolved matter that is dependent on a third party on 
which extraction of the reserve is contingent. 

licenses - EA EPPR00438313 for the quarry and EA 
EPML00956913 for the mine. 

• All environmental, surface access and operating licenses 
have been acquired to allow for between 100,000 and 
1,000,000 tonnes to be mined, crushed and screened per 
annum. 

• Processing through the existing proposed plant is approved 
up to 100,000 tonnes per annum.  

• An amendment to the current EA will be lodged which will 
allow for up to 500,000 tonnes per annum to be processed 
through the processing plants. A pre-lodgement meeting has 
been completed, however no specific feedback has been 
received from DES. 

• The required water and solids circuit will remain within the 
existing disturbance areas accounted for in the ERC for the 
project, therefore it is unlikely that additional amendments 
to the EA for mining activities will be required. 

• Given that the EA amendment relates to a change in annual 
throughput with no material changes to the mining method 
or operational methodology, the competent persons believe 
that there are reasonable grounds for the required EA 
amendment to be approved. 

Classificatio
n 

• The basis for the classification of the Ore Reserves into 
varying confidence categories. 

• Whether the result appropriately reflects the Competent 
Person’s view of the deposit. 

• The proportion of Probable Ore Reserves that have been 
derived from Measured Mineral Resources (if any). 

• All Reserves have been classified as Probable as the 
Resources have been fully categorized as Indicated. There 
are no Measured Resources. 
 

Audits or 
reviews 

• The results of any audits or reviews of Ore Reserve 
estimates. 

• The Reserve assumptions, calculations and financial 
modelling has been internally reviewed by a team of experts.  

• No external audits of the estimate have been completed. 
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Discussion 
of relative 
accuracy/ 
confidence 

• Where appropriate a statement of the relative accuracy and 
confidence level in the Ore Reserve estimate using an 
approach or procedure deemed appropriate by the 
Competent Person. For example, the application of statistical 
or geostatistical procedures to quantify the relative accuracy 
of the reserve within stated confidence limits, or, if such an 
approach is not deemed appropriate, a qualitative discussion 
of the factors which could affect the relative accuracy and 
confidence of the estimate. 

• The statement should specify whether it relates to global or 
local estimates, and, if local, state the relevant tonnages, 
which should be relevant to technical and economic 
evaluation. Documentation should include assumptions made 
and the procedures used. 

• Accuracy and confidence discussions should extend to 
specific discussions of any applied Modifying Factors that 
may have a material impact on Ore Reserve viability, or for 
which there are remaining areas of uncertainty at the 
current study stage. 

• It is recognised that this may not be possible or appropriate 
in all circumstances. These statements of relative accuracy 
and confidence of the estimate should be compared with 
production data, where available. 

• The estimate of the Reserves at Mt Carbine has been derived 
from local assumptions based on historical and current 
performance indices at the site.  

• The cost of operating the open pit has been calculated from 
historical contractor rates at the site, adjusted for larger 
equipment and longer work hours.  
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