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1. Introduction

This Chapter 4: Mining shall be read in conjunction with Chapter 1: Executive Summary and additional
references as listed in Section 16.

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

2.1.1. 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).

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.

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% WOz and 10.2Mt @ 0.075%
WOs 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:

e All material passes through a Jaw Crusher to -100mm.
e Material is screened at -6mm and -40+6mm (Fines and Ore Sorter material streams respectively).

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

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

e 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:
e Processing plant capacity of 408kt per annum.
e LGS regulatory approval limit of 1Mt mined per annum; and
o 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:

o 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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e 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 11 1.43
Services
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

Unconfined
Compressive Swell
Estimated Strength Insitu Loose | Factor| contaminants
Material Hardness (MPa) Density | Density (%) (PAF/NAF) Comments
Hornfels R4 to R5 62.5t091 2.74 2.28 20 | No
Metasediment | R3 to R4 41091 2.74 2.28 20 | Unknown Likely to slake
Weathered S4to RO 02t07 274 2.8 20 | Unknown E‘gge%eif%ae‘tﬁ
Metasediment observations

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

Hardness Type: Estimated UCS

Description ‘ Comment (MPa)

S = Soil, R = Rock
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
RO Extremely Indented by thumbnail.
Soft Rock 0.2-0.7
R1 Very Soft Crumbles under firm blow with point of
Rock 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 Requires many blows with geopick to
Rock 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:

e There is low hydraulic conductivity within the Hodgkinson Formation aquifers and minimal groundwater
inflow is expected into the open cut pit; and

e 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:
e RQD and defect information from 79 diamond drill holes across deposit;
e Two images and a powerpoint presentation of the above drill hole information; and
e Four geotechnical reports, entitled as follows:

o GCPL — MC - 160421 — Preliminary Geotechnical Assessment of Ground Conditions &
Remedial Support (2021)

o HCOVGIobal — 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 HDO042 — 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:
e Structural defect orientation, persistence and frequency with related defect strength understanding;
e Intact rock strength and weathering characteristics for slope performance;
o Domain rock types and expected geotechnical performance; and
e 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.

6.1.1. 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:

e 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;

e 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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e 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;

e Strength tests and back analysis of wall failures; and
e 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

axla PO oad de
O pIre O > e
aled
D Dep
Ro De Average UCS ucs
ardne olke ucs G\éesrage Parallel Normal to
(MPa) (MPa) Schistocity | Schistocity
(MPa) (MPa)
Fill & residual soil | S4 to RO - - - - - -
24.0 7.04
. 26.1 4.60
Highly weathered CB20 5.6 - -
schist & R1 285 4.53
greywacke
28.7 6.01
CB3 16.8 - - 5.76
Moderately CB20 - 6.48
weathered schist R2 10.44 - -
51.0to
CB20 56.0 - - - 93.4
Unweathered R3toR4 |cB20 | /700 |_ : 29.0 5.8
greywacke 81.0
54.3to
CB3 60.4 - - - 54.0
122.0 to
Unweathered CB20 1270 - - 28.1 73.4
schistose R3to R4 1310
reywacke Oto | i
grey CB20 1370 3.7 91.2
Unweathered 71.0 to
hornfels R4 to R5 CB3 7713 - - - 62.4
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Table 7: Orientation of Fault and Shear Sets in the Open Pit

Doma Population TR IR A 2P| bip | %
1,283 9 355 |72 | >35 S -
4 31 043 |33 |11 038 | 70 | 19
5 35 047 |37 |14 032 | 73 |13
6 10 i i i S
4586 75 045 |35 |11 035 | 72 | 12

Notes: 1. Orientation is given in terms
discontinuity set.

of dip direction and dip of the peak or average orientation of the

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

a ope Angle 1o
Oope [0
D, ope
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
ocatio Orientatio a
O ed OoCcatlo 0, e
Dowe eng RO
D|p eng dne a a
0 North | East Elev. | 2. Incl. 2 3 ailure
Dir.

1 26226.6 | 22887.1 | 380.8 | 160 -30 10 10 RO 1stbench 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 RO Top 64
4 26216.6 | 22856.2 | 381.2 | 171 -30 20 20 1.5 1st bench 70
5 262129 | 22837.2 | 3815 | 171 -30 10 10 R1 1st bench 7
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 RO 1st bench 76
8 26241.1 | 22874.2 | 371.0 | 174 -30 10 10 R2 2" bench | 71
9 26246.1 | 22899.1 | 370.7 | 181 -30 20 20 R2 2" bench | 76
10 26255.9 | 229546 | 3709 | 173 -30 10 10 R3 29 pench | 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)
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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 (-10°) 10m twin strand cable bolts, four rows at 3 metres spacing, above the 360RL.
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e Inclined (-10°) 10m twin strand cable bolts, six rows at 3 metres spacing, above the 340RL
e Below the 340RL, 10m twin strand cable bolts, five rows at 3 metres spacing for all benches
e 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
Bench batter angle (°) 70

Suitable in hornfels material north of the South
Bench width (m) 8 Wall Fault, see Table 11 for mechanical ground
stabilisation requirements south of the fault.

Ramp angle (%) 10

Inter-ramp slope angle (°) | 70

Table 11: Ground Stabilisation Requirements for Southern Pit Wall

Toe Length of | Area (m?) | Horizontal No. of Min. bolt Bolting
Elevation | pit wall Spacing Rows length (m) metres
(m) (m) (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

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.

6.3.1. 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.

6.4.1. Objectives

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

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

o Groundwater — porosity and permeability.
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e 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:
e Structural defect data collation (including RQD); and
e 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.

/
Design By. SWL Scale 12000 Revision Date
South Wall Fault A A ———
Check By SWL shest 1
Cross section through the Corp. File: Dwg. o

proposed OC pit

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:
e Utilising all the gravity processing plant capacity to realise maximum revenue for the Project;
e 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.

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% WOs, 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.

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% WOQOs. 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% WO3s 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

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

WQO3

SOE”CG . Phase Mining Volume Bulk Ore Ore Tungsten
(Triangulation , Tonnage Tonnes
No. Seq. (bcm) Density Grade
EE) Q) > ®
(%)

LGSP_RL_370_1 1 370 56,707 1.60 90,731 | 0.075 68
1 local.00t

LGSP_RL_374_1 2 374 | 283,485 160 | 453,575 | 0.075 340
1 local.00t

LGSP_RL_378_1 3 378 | 401,238 160 | 641,981 | 0.075 481
1 local.00t

LGSP_RL_382_1 4 382 | 496,647 160 | 794,636 | 0.075 596
1 local.00t

LGSP_RL 386 | 5 386 | 372,966 1.60 596,746 | 0.075 448
1 local.00t

LGSP_RL_390_1| 6 390 | 367,442 1.60 587,907 | 0.075 441
1 local.00t

LGSP_RL_394_1 7 394 | 350,423 1.60 560,676 | 0.075 421
1 local.00t

LGSP_RL_398_1 8 398 | 269,038 160 | 430,461 | 0.075 323
1 local.00t

LGSP_RL_402_1 9 402 | 165,861 1.60 265,377 | 0.075 199
1 local.00t

LGSP_RL_406_ ) 10 | 406 7,771 1.60 12,433 | 0.075 9
1 local.00t

LGSP_RL_370_ | , 11 | 370 | 110,794 160| 177,270 | 0.075 133
2 local.00t

LGSP_RL 374_| , 12 374 | 422,336 1.60 675,738 | 0.075 507
2 local.00t

LGSP_RL_378_1 5 13 | 378 | 566,492 160 | 906,387 | 0.075 680
2 local.00t

LGSP_RL 382 | 14 382 | 611,562 1.60 978,500 | 0.075 734
2 local.00t

LGSP_RL_386_1 , 15 | 386 | 500,781 160| 801,250 | 0.075 601
2 local.00t

LGSP_RL_390_ 1 , 16 390 | 427,390 1.60 683,823 | 0.075 513
2 local.00t

LGSP_RL_394_1 5 17 | 394 | 339,085 1.60 | 542,536 | 0.075 407
2 local.00t

LGSP RL_398_| 18 | 398 | 297,175 160 | 475480 | 0.075 357
2 local.00t

LGSP_RL_402_1 19 402 | 190,462 1.60 304,740 | 0.075 229
2 local.00t

LGSP_RL_406_1| 20 | 406 12,790 1.60 20,465 | 0.075 15
2 local.00t

Total 6,250,445 10,125,710 7,502
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Source
(Triang

ulation

Pitl7 6
Phase3_
Solid.00t

Toe
Phase Mining RL

No.

300

Volume

33,370

Bulk
Density

2.74

Ore
Tonnage

®)

91,433

0.94

De!
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Tungsten
Tonnes

(t)

864

Pitl7_6_
Phase3_
Solid.00t

320

2,817

2.74

7,719

0.62

48

Pitl7_6_
Phase4
Solid.00t

220

18,388

2.74

50,384

0.81

406

Pitl7 6
Phase4
Solid.00t

240

32,074

2.74

87,882

0.88

776

Pitl7 6
Phase4
Solid.00t

260

71,862

2.74

196,901

0.91

1,796

Pitl7 6
Phase4
Solid.00t

280

100,766

2.74

276,098

0.89

2,446

Pitl7_6
Phase4
Solid.00t

300

69,019

2.74

189,111

0.80

1,512

Pitl7_6_
Phase4
Solid.00t

320

38,221

2.74

104,727

0.69

726

Pitl7_6_
Phase4
Solid.00t

340

20,029

2.74

54,878

0.59

322

Pitl7 6
Phase4
Solid.00t

360

10,285

2.74

28,182

0.50

140

Pitl7 6
Phase4
Solid.00t

380

3,657

2.74

10,021

0.59

59

Pitl7 6
Phase4
Solid.00t

400

218

2.74

597

0.36

Total

400,706

1,097,933

9,099
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8. Mine Production

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:

e 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:

e One year of mining from the LGS, to allow for open cut regulatory approvals, infrastructure upgrades
and mining contractor award and mobilisation.

e 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.

e 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:

e Overall Project cashflow;
e Volume and year on year consistency of ore flow to the gravity processing plant; and
e 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:

e Small footprint and good performance in tighter working areas;
e Utilisation flexibility between the LGS and open cut; and
e 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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Variable

Unit

Annual

De!

RESOURCES

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:

e 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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e Asore 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

o 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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Total Mass Movement & OC Strip Ratio
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Figure 4: Total Mass Movement & OC Strip Ratio
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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 60 6804 408,000
Plant

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

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

Parameter

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 avalilibility 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

Articulated Dump Truck Specifications

Model Bell B50OE
Payload 45 tonnes
Number of Excavator Passes 4

Truck Cycle Times

Truck Manoeuvre, Reverse and 30 sec
Spotting Time

Excavator Time to Load Truck 144 sec
Truck Manoeuvre and Dump Time at 30 sec
the Dump

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 187 tonnes
Hour
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

Parameter

Articulated Dump Truck Specifications

Model Bell B50OE
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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Parameter ‘
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

31



Mt Carbine Bankable Feasibility Study — Chapter 4: Mining

ﬂ

RESOURCES

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.

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:

e Higher capital cost option;
e 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;

e Multiple material movement systems onsite increase the complexity of maintenance and personnel
training ; and

e 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.

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 Avg. Blast Avg. Bla Avg. Blast Drill Average Blast Bulk
Volume (m?3) Tonnes (t) Drill Hole Meters (m) Explosive (kg)

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

Table 20 - Indicative Blast Design Parameters

Parameter Quantity
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 25 m
Stemming Factor 2451 (20f - 26f)
Explosive Charge Weight per Metre 1.15 glcc
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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e 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;

e 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

e 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:

e 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

e The truck class is already on site, enabling mine planning flexibility and synergies for equipment
maintenance and operator training

There exists a number of opportunities, that with additional activities, will improve the mining schedule and
overall Project economics. These include:

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

e 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:

e 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

e 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:

e Revenue per tonne of product WOg3;

¢ Recoveries from insitu mining through to processing;
e Material densities;

e Overall pit slopes;

e Mining costs;

e 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 27,000 27,000
tungsten
Mining Cost AUD per tonne of 4.00 6.44
mined material
Processing Cost AUD per tonne 14.50 14.50

including dry and
gravity processing

Rehabilitation Cost AUD per tonne of waste 0.20 0.20
material

Table 22: Physical Parameters used in the Pit Optimizer

Bench
Bench Batter

Variable Height (m) | Angle (9 Berm Width (m) Overall Slope Profile (%)

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

Gravity
Plant

Scenario Scenario Resource Recovery | Mining Cost Process

INETp ] Variable Category (%) (AUD) | Cost (AUD)

MC_OCO_1 Base Case Indicated 70 5.85 14.50 0.20

MC_OCO_2 Mining Cost 70 6.14 14.50 0.20
+5% Indicated

MC_0OCO_3 Mining Cost 70 6.44 14.50 0.20
+10% Indicated

MC_0OCO_4 Mining Cost - 70 5.56 14.50 0.20
5% Indicated

MC_OCO_5 Mining Cost - 70 5.27 14.50 0.20
10% Indicated

MC_OCO_6 Mining Cost - 70 4.97 14.50 0.20
15% Indicated

MC_OCO_7 Mining Cost - 70 4.68 14.50 0.20
20% Indicated

MC_OCO_8 Processing 70 5.85 15.23 0.20
Cost +5% Indicated

MC_OCO_9 Processing 70 5.85 15.95 0.20
Cost +10% Indicated

MC_OCO_10 Processing 70 5.85 13.78 0.20
Cost -5% Indicated

MC_OCO_11 Processing 70 5.85 13.05 0.20
Cost -10% Indicated
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Gravity
Plant
Scenario Scenario Resource Recovery | Mining Cost Process
Name Variable Category (%) (AUD) | Cost (AUD)
MC_0OCO_12 Unconstrained Indicated 70 5.85 14.50 0.20
Rescat and
Inferred
MC_0OCO_13 Base Case 75 5.85 14.50 0.20
75% Recovery Indicated
MC_0OCO 14 75% Recovery Indicated 75 5.85 14.50 0.20
Unconstrained and
Rescat Inferred
MC_OCO_15 75% Recovery Indicated 75 4.50 14.50 0.20
Unconstrained and
Rescat Inferred
MC_OCO_16 75% Recovery Indicated 75 4.00 14.50 0.20
Unconstrained and
Rescat Inferred
MC_0OCO_17 Mining Cost Indicated 75 4.50 14.50 0.20
AUDA4.50
Recovery 75%

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;

Setup spec file;

Batter Angle = 70 degree;

Berm width = 8m;

Contour existing block model (Mt_Carbine_20210918.bmf);

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

Benches — Min elevation = 220RL Max elevation = 400RL Bench height = 20m;

Create seed strings to develop final pit limits;

© © N o g A~ w DN

Create bench and batters;

By
o

. Insert ramp;

=
=

. Create triangulation;

=
N

. 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

Range — Minimum

RESOURCES

Range - Maximum

Tungsten Price Payable (50% AUD 13,533 16,181

Concentrate)

Mobile Fleet Capacity Tonnes per 4,000,000 6,000,000
annum

Gravity Plant Max. Head % 0.5 2

Grade

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

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:
e The insitu orebody;
e Low grade stockpile;
e Crushing screening and sorting plant (excluding ore sorter product sizing);
e Quarry and waste rock dumps; and
e Administration and maintenance facilities.
South of the highway are:
e The gravity processing plant;
e Secondary crushing plant for the ore sorter product material (VSI);
e Process plant reject material management system; and
e 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:

e Material extracted from the LGS and open cut via excavator and trucked to the Grizzly/Rock Screen
at the dry processing plant;

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

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

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

e +40mm material crushed via cone crusher and recirculated back onto the double deck screen;
e FEL loads -6mm material into a hopper for slurry pumping to the gravity processing plant;

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

e XRT Sorter product and reject material stockpiled;

e FEL loads XRT Sorter reject material into ADTSs for transport to the quarry or waste dump depending
on quality of product; and

e 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.
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Figure 8: General Mine Arrangement
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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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The primary technical risks for the mining activities are summarized as follows:
e Opencut
o Geotechnical instability due to the intersection of pit geometry with major faults/joints;
o Poor blast fragmentation; and

o Ore recovery.

o Higher frequency of oversize material; and

o Bench instability due to poor excavation practices.
e 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

Consequence
Open Cut Major Geotechnical Loss of production, potential loss of ore
Instability reserves.
Open Cut Poor Blast Fragmentation | Loss of production, reduced ore recovery, Major
increased wear/damage to fleet and plant.
Open Cut Ore Recovery Loss of ore, reduced operational profitability. | Major
LGS Higher Frequency of Loss of production, increased wear/damage
Oversize Material to fleet and plant.
LGS Bench Instability due to Loss of production.
Poor Excavation {ractices
Dry Processing Poor Crushing & Loss of production, increased wear/damage | Moderate
Plant Screening Performance to plant.

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

e 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.

e Orerecovery:

o Adequate blast fragmentation;
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e Higher frequency of oversize material:

Robust and consistent ore-markup practices;

RESOURCES

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

Ore spotter if required.

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

Separate stockpiling/removal of oversize material.

e Bench instability due to poor excavation practices:

Dig to design compliance — no undercutting of bench profiles.

e Poor crushing & screening performance:

o

o

Adequate blast fragmentation; ad

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
LGS Bench Instability due to Poor Negligible
Excavation Practices
Dry Poor Crushing & Ccreening Adequate blast fragmentation a key
Processing | Performance sensitivity.
Plant

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.
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Table 27: Open Cut Mining Reserves

Resource
Category

Material
Type

WO3
Mass (t)

WO3
Max (%)

n

RESOURCES

Total Mass

(t)

Pitl7_6_Phase3_Solid.00t | 300 Target Waste 0 - - 0 0 237,263 650,102
Pitl7_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
Pitl7_6_Phase3_Solid.00t | 320 Indicated Ore 0.62 2,817 7,719 0.22 5.09 2,817 7,719
Pitl7_6_Phase4_Solid.00t | 220 Target Waste 0 - - 0 0 76,261 208,955
Pitl7_6_Phase4_Solid.00t | 220 Indicated Ore 0.81 18,388 50,384 0.26 1.95 18,388 50,384
Pitl7_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
Pitl7_6_Phase4_Solid.00t | 260 Target Waste 0 - - 0 0 491,246 1,346,013
Pitl7_6_Phase4_Solid.00t | 260 Indicated Ore 0.91 71,862 196,901 0.19 5.09 71,862 196,901
Pitl7_6_Phase4_Solid.00t | 280 Target Waste 0 - - 0 0 752,221 2,061,084
Pitl7_6_Phase4_Solid.00t | 280 Indicated Ore 0.89 100,766 276,098 0.19 5.09 100,766 276,098
Pitl7_6_Phase4_Solid.00t | 300 Target Waste 0 - - 0 0 767,437 2,102,777
Pitl7_6_Phase4_Solid.00t | 300 Indicated Ore 0.8 69,019 189,111 0.14 5.09 69,019 189,111
Pitl7_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
Pitl7_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
Pitl7_6_ Phase4 Solid.00t | 360 Target Waste 0 0 0 0 0 740,548 2,029,101
Pitl7_6_Phase4_Solid.00t | 360 Indicated Ore 0.5 10285 28182 0.17 1.63 10,285 28,182

48



Mt Carbine Bankable Feasibility Study — Chapter 4: Mining

WO3 Total
Resource Material Volume WO3 Volume Total Mass
Region Category Type (bcm) Max (%) (bcm) ®)
Pitl7_6 Phase4 Solid.00t | 380 Target Waste 0 0 0 0 0 185,499 508,267
Pitl7_6 Phase4 Solid.00t | 380 Indicated Ore 0.59 3657 10021 0.17 1.57 3,657 10,021
Pitl7_6_Phase4 Solid.00t | 400 Target Waste 0 0 0 0 0 2,816 7,716
Pitl7_6_Phase4 Solid.00t | 400 Indicated Ore 0.36 218 597 0.22 0.79 218 597

Table 28: LGS Mining Reserves

Ore Total Total

Resource | Material Grade W03 W03 Volume | Total Mass Tungsten

Category | Type (%) Mass (t) Min (%) (bcm) (t) (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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Ore WO3 Total Total

Resource | Material Grade Volume WO3 WO3 Volume | Total Mass Tungsten
Region Category | Type (%) (bcm) Mass (t) Min (%) (bcm) ®) ®)
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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Product and Waste

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

1.

2
3
4,
5
6
7

Mining dilution of 16% in addition to material added during the geological modelling process;
Minimum ore mining thickness of 1.0m;
Loss of 1% of ore (mainly attributable to drill and blast processes);
Bench height of 4m;
Excavator class of 100-120t for non-ore material with associated ADT fleet;
Excavator class of approximately 50t-90t for ore mining;
Tomra X-ray ore sorter:
a. Metal recovery of 90% (-40+6mm ore size fraction); and
b. Capacity of 816ktpa (120tph).
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.

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.
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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% WOs (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:
e The use of a TOMRA XRT Sorter (XRT Sorter) to upgrade +6mm ore; and
e The presence of a LGS with a global grade of 0.075% WOs.

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% WOz
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% WOs3, well above the LGS global
grade of 0.075% WOs. 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% WOs for all ore sources.
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The grade control system will have multiple processes, with the primary objectives of:
e Delineation of the insitu spatial distribution of tungsten ore and associated WOz % grade;
e Delineation of the spatial distribution of ore post-blasting for accurate selective mining; and
e 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.

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.

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% WOs. 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%
WOs.

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)

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 tht.
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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:

e 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

SWE Loose Volume | Material to Total Volume to
Source Volume (m?3) Factor (%) | (m?®) Dump (%) Dump
Insitu Open
Cut - HGZ 252,434 20.0 302,920 100.0 302,920
'gj;t” Open 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 3,478,868 0.0 3,478,868 65.0 2,261,264
Stockpile
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

15.1.1. 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

Purchase , : .
. . : Project Capital | Operational Cost
SulCliglurat CEPRE || [ESEE Cost (AUDK) | (AUDIt (excl. labour)
(AUDK)
EQ Resources Owned Equipment
Excavator Kobelco 50t 333 | 0 (leased 0.27
SK500 through opex)
(2018)
Articulated | 3 x Bell 45t 740 | O (leased 0.39
Dump B50E (2016) through opex)
Truck
Front End Hyundai 980 5.5m3 240 | O (leased 0.37
Loader (2016) through opex)
Front End Komatsu 6.4m3 613 | 250 (remainder 0.37
Loader WAS500 leased through
opex)
Front End Hyundai 5.1m3 - - 0.35
Loader 780A
Dozer Caterpillar 5.8m3 160 | O (leased 0.31
D6 LGP through opex)
(2013)
Bobcat Caterpillar 1.57t 50 | O (leased -
272 through opex)
Mining Contractor — Indicative equipment and class
Excavator Liebherr 7.4m3 -
9100
Articulated | 6 x Bell 45t - All included in
Dump B50E AUDA4.50/t rate
Truck
Grader Caterpillar - -
M120
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Purchase . . .
: : : Project Capital | Operational Cost

U ptinEs Capacity | Estimate Cost (AUDK) | (AUDIt (excl. labour)
(AUDK)

Service Custom - -

Truck Heavy Rigid

Truck

Light 3 X Toyota - -

Vehicles Landcruiser

Water Isuzu or - -

Truck Similar

Drill & Blast — Total Load Service

Production | 2 x Epiroc -
Drill 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

Productivity rate per

Component hour (1) 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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15.2.1. 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

Operational

Capacity | Annual Cost (AUD/t
Equipment (tph) Capacity (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 2 160 816,000 0.71
Modules

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 19.44 | Per day
Hours

Processing Effective Production 6804 | Per annum
Hours
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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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Appendix A Geotechnical Report
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1.  INTRODUCTION

The purpose of this report is to describe the results of studies which were
carried out concerning slope stability analyses and related design for the
Mount Carbine Mine. The scope and nature of the proposed geotechnical work
were discussed with mine personnel during an initial visit to the mine by
D.R. Piteau in late February, 1981. The terms of reference for this work
are described in a proposal letter dated April 27, 1981 from D.R. Piteau to
D. Wolff of R.B. Mining Pty. Limited.

The project was initiated on June 15, 1981 when D.C. Martin and E.J. Byres
of Piteau & Associates visited the mine to organize the field mapping and
mine office studies. Mr. E. Byres remained at the site until late
November, 1981 to complete the geologic structural mapping, drilling stu-
dies, core logging, associated field work and preliminary analysis of the
field data. Mr. D. Martin revisited the mine in early September, 1981 to
review the program and to initiate a geotechnical drilling program. A rock
strength testing program was also started at this time at James Cook
University, Civil Engineering Department.

Significant findings of the study relating to engineering geology, analysis
techniques, results and our preliminary slope design recommendations were
discussed by D.R. Piteau, D.C. Martin and E.J. Byres with E. Brachmanski by
telephone on January 13, 1982 and February 10, 1982. Draft copies of the
report were prepared in late March, 1982. D.R. Piteau visited the mine in
early April, 1982 at which time all aspects of the study and design recom-
mendations were presented to mine personnel.
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2. DESCRIPTION OF THE INVESTIGATION

2.1 FIELD DATA COLLECTION AND DATA COMPILATION

2:1=1

Geological Mapping

Geological mapping was carried out on all accessible benches
in the open pit. This work involved engineering geology
assessments relating to lithology, rock strength and geologi-
cal structures (such as faults, shears, joints and geological
contacts) to determine the physical and mechanical properties
of the slope forming materials. Detailed line geological
mapping techniques were used for the bench mapping and data
was recorded on standard field sheets for computer processing
and analysis.

Studies of rock competency, degree of fracturing, degree of
weathering, rock hardness and bench face angles were con-
ducted during the mapping to assist in evaluating the rock
mass and related behaviour of slopes.

A1l major faults were carefully mapped and considered as
thoroughly as possible. A review of historical geological
information, level plans and geological sections was carried
out to incorporate all relevant information in terms of
defining the overall geologic model as accurately as
possible. Other documented information concerning the
geology, engineering properties and other aspects relevant to
the problem were also reviewed.
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The geological mapping information was used to develop a com-
posite geology map and geological sections. This mapping
showed the location and spatial relationship of major
features, such as faults, geological contacts, etc. A
realistic model was developed which could be used to deter-
mine both the location of the significant geologic structural
features and the distribution of the various rock types on
the proposed final pit wall. The structural geology and
engineering geology of the open pit is shown in plan in Fig.
1 and on sections in Appendix A.

Geotechnical Drilling and Core Logging

A geotechnical drilling program, consisting of two diamond
drillholes and eleven percussion drillholes, was carried out
in the area of the south wall. Samples from these holes were
logged and the results were compiled into sections showing
lithology, weathering and rock strength profiles in the south
wall. Drill logs are included in Appendix B. 1In addition,
foliation angles were recorded in the diamond drillholes and
were used to orient the core so that joints in the core could
be analyzed statistically. The locations of the South Wall
Fault at depth was also accurately determined from these
drillholes.

Relogging of existing diamond drillholes was also carried out
during the drilling program. Relevant sections of these
holes were logged for lithology, weathering, breakage,
foliation, RQD and joint frequency. The results were analyzed
using the cumulative sums technique. Intersections of the
South Wall Fault in existing drillholes was used to assist in
locating the fault accurately and to develop a structure con-
tour map of the fault.
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2.1.3

Hydrogeological Investigations

In conjunction with the geotechnical investigation, a brief
hydrogeological investigation and assessment was carried out.
The purpose of this investigation was to determine if it
would be necessary to depressurize the pit slopes, and hence
improve pit slope stability. The study concentrated on the
south wall since this is a particularly critical area of the

pit.

Twenty piezometers and five standpipes were installed in the
geotechnical drillholes to monitor water pressures in the
south wall. Water levels were recorded by mine personnel
throughout the rainy season and falling head tests were con-
ducted in each piezometer to assess the permeability of the
rock mass. In addition, a review of climatic data supplied
by the mine was carried out.

2.2  STRENGTH TESTS AND BACK ANALYSIS OF FAILURES

2.2.1

Strength Tests

To obtain realistic strength data, four direct shear strength
tests were performed on selected samples of open discon-
tinuities. These tests were carried out to determine the
relevant friction and cohesion properties of joints and
foliation joints on the south wall area. The samples used in
these tests were core samples obtained from diamond drilling.
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A series of point load tests and unconfined compressive tests
were performed to evaluate the intact rock strength of the
schists and greywackes in the south wall. Both weathered

and unweathered samples were collected and this allowed a
realistic appraisal of the effect of weathering on rock
strength to be made. The unconfined compressive strength
tests were performed by Dr. H. Bock of James Cook University.
Point load index tests were performed both at James Cook
University as well as by Piteau & Associates.

2.2.2 Back Analysis of Failures

In order to obtain a better appreciation of the behaviour of
the slope and the shear strength parameters of discon-
tinuities involved in failures, particularly in the weathered
schist and related rocks in the south wall, back analyses
were carried out. Rotational failures in weathered rock on
Bench 375 and a plane failure on Bench 365 were analyzed and
strength parameters were developed. Road cuts along the Rex
Range Highway near the Mount Carbine Mine were also docu-
mented and analyzed. The similarity of these road cuts, in
terms of lithology, rock strength, weathering and structure,
to the upper benches of the south wall of the pit make it
possible to apply the results of this study to the design of
the south wall.

GEOLOGIC STRUCTURAL ANALYSES

Geologic structural analyses and slope stability analyses were
carried out using the geological data and test results. Geological
mapping data was processed using a desktop computer at the mine to
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2.4

plot equal area projections. Statistical methods were used to define
the basic geologic structural parameters and to develop an accurate
appreciation of the nature and distribution of these features in the
rock mass.

STABILITY ANALYSIS AND SLOPE DESIGN

Based on the markedly different engineering geology, character and
constraints on slope design, slopes south of the South Wall Fault
were considered separately from the remainder of the pit. For this
reason, two separate sections on analysis and design are presented.
The first section considers stability analysis and slope design in
the bulk of the pit; the second section considers design and remedial
measures for slopes south of the South Wall Fault.

2.4.1 Stability Analyses and Design Based on Design Sectors

Based on the results of the structural analysis, the pit was
divided into areas where the rock type, strength and geologi-
cal structure are similar in a statistical sense, i.e. struc-
tural domains. The final pit was divided into design

sectors within which the orientation of the proposed ultimate
slopes in the individual structural domains are similar.
Separate slope stability analyses were carried out, and
related design criteria were established for each design sec-
tor. Equal area projections were used to determine the kine-
matically possible failure modes which are likely to control
slope design in each design sector. Mechanical stability
analyses were carried out for possible failure modes. When a
large number of possible failure modes exist in a particular
design sector, statistical analyses were used to evaluate
these potential failures in the process of determining opti-
mum slope design.
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2.4.2

Slope designs were developed with due consideration to the
possibility of instability involving both benches and large
sections of the overall slope. Consideration was also given
to effects of plan radius of curvature, variation of geologi-
cal structure, strength and groundwater conditions in the
final open pit.

Analysis and Design of Slopes and Remedial Measures South of
the South Wall Fault

Design of slopes and remedial measures in weathered schists
and greywackes on the south wall above the South Wall Fault
was carried out with due consideration of both deep seated
rotational failures in the weathered rock as well as failure
along discontinuities. The occurrence of a well developed
weathering profile, weak rocks, unfavourably oriented discon-
tinuities and critical nature of the slope was considered in
preparing a slope design and remedial measures. Geological
mapping, drilling, strength testing and back analyses results
were used to prepare a rational design and remedial measures,
with due consideration of the constraints imposed by the
nature of the slope forming materials and location of the
existing primary crusher and roads near the crest of the

s lope.
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3. REGIONAL GEOLOGY

The Mount Carbine area is underlain by deep-water turbidite sequences of
the Hodgkinson Formation, which consists mainly of metasediments of Middle
Devonian to Lower Carboniferous age. These sediments were intruded by
late-orogenic and post-orogenic granites and unconformably overlain by
Permian and Triassic sediments. The region has undergone four stages of

folding and low grade metamorphism (Amos, 1968).

At the mine, the Hodgkinson Formation consists of thinly bedded, inter-
calated units of greywacke, quartzitic greywacke, siltstone and shale, with
minor chert and basic volcanics. Within the pit area, regional meta-
morphism as well as local and contact metamorphism from nearby intrusions
have altered the sedimentary rocks to micaeous schists, siliceous
greywackes, hornfels, phyllites and slates in addition to the original
lithologies. Within the ore zone, extreme pneumatolytic tourmalinization
and silicification has occurred, altering the engineering characteristics
of the rock significantly.

Several large batholiths of Mareeba Granite can be found near Mount
Carbine. The most dominant intrusion, which consists mainly of biotite-
muscovite granite, forms the Mount Windsor and Mount Carbine tablelands.
It is believed that this intrusion was responsible for the contact meta-
morphism which led to hydrothermal alteration, silicification and emplace-
ment of the tungsten bearing quartz veins at Mount Carbine.

The quartz veins strike east-west and are distributed en-echelon along
Mount Carbine Hill. The southern boundary of the quartz veins and signifi-
cant silicification is defined by the South Wall Fault. This fault is the
most significant structural feature in the pit.
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According to Amos (1968), at least four stages of folding have been docu-
mented in the region. At Mount Carbine the first two phases of deformation
have been completely masked by the third phase of deformation, which
resulted in the development of a strong axial plane cleavage which obli-
terated the original bedding cleavage in the grewackes and siltstones.

This axial plane cleavage now appears as generally steep dipping foliation
throughout most of the mine. The fourth phase of deformation occurs as
folding of the foliation cleavage.

D. R PITEAU B ASSOCIATES LIMITED



10.

4.  LITHOLOGY

The basic engineering geology, lithology and structural geology are shown
on plan in Fig. 1 and on geotechnical sections in Appendix A. A general
description of the main rock types in the mine are given in the following.

4.1

HORNFELS

Hornfels is the predominant rock type in the pit (see Photo 1).
Hornfels hosts the tungsten bearing quartz veins, giving rise to its
common name of "Host Rock". However, hornfels does occur in areas
without mineralization or quartz veins, and hence the term host rock
is not used in this report.

The hornfels is a highly tourmalinized and silicified version of the
surrounding greywackes and siltstones, which have undergone low grade
metamorphism. This alteration has occurred throughout the rock mass
without regard for original lithologic boundaries, and has masked
most of the original lithologic differences. For purposes of this
study, the hornfels has been divided into two main 1lithologic types
based on present characteristics and estimated original composition
as described in the following. This division is preliminary only,
and careful petrographic investigation is needed before accurate
divisions can be made.

4,.1.1 Laminated Hornfels (LHF)

Laminated hornfels (LHF) is derived from the argillaceous and
micaceous siltstone facies common in the region. This rock
is dark grey, fine grained and contains up to 30 percent
fine, light coloured quartz rich laminations. Laminations
may be planar and uniform or highly twisted and deformed,
giving the rock an irregular, gneissic texture.
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4.1.2

12,

Unweathered, laminated hornfels is tough and has a hardness
of between R4 and R5 (i.e. an unconfined compresive strength
of greater than 8000 psi (56 MPa)).* Laminated hornfels tend
to fracture along foliation when hit with a rock hammer,
giving the rock a blocky appearance.

Weathered laminated hornfels has a hardness of R2 and R3,
i.e. an unconfined compression strength of 1000 to 8000 psi
(7 to 56 MPa), depending on the amount of siliceous banding
and degree of weathering. Weathered rocks are a dark olive
green colour. Extremely weathered rocks are bleached.

Banded Hornfels (BHF)

Banded hornfels (BHF) is derived from arenaceous greywackes
that have undergone quartz segregation prior to tour-
malinization and silicification. They are composed of 5mm to
20mm quartz rich bands separated by thin layers of dark
argillaceous rock. These bands can comprise between 60 to 90
percent of the total volume of the rock. Bands are usually
regular, but extreme deformation and boundinage is not uncom-
mon.

Unweathered, banded hornfels is light blue-gray and has a
glassy appearance. Banding may be obscured by silicifica-
tion. Banded hornfels is generally less brittle than the
laminated hornfels, and has an estimated hardness of R5
(unconfined compressive strength greater than 16,000 psi (112
MPa). There is no preferred fracture direction and banded
hornfels rarely breaks along foliation.

A complete description of hardness as related to unconfined

compressive strength is given in Fig. 9.
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Weathered banded hornfels has a hardness of R3 (unconfined
compressive strength of 4000 to 8000 psi (28-56 MPa). This
rock has a rusty red brown colour and banding is highlighted
by weathering.

IRON DUKE ROCKS

Iron Duke rocks are those units which have undergone low grade meta-
morphism, but have not been affected by the extreme tourmalinization
and silicification noted in hornfels. Iron Duke rocks are formed
from the same facies as the hornfels. Iron Duke rocks were noted on
the south wall of the open pit above the South Wall Fault (see Photo
2). Iron Duke Duke rocks were also noted on the flanks of Mount
Carbine hill outside the ore zone.

4.2.1 Siliceous Greywacke (GWK)

Siliceous greywacke (GWK) consists of bands, stringers,
augens and clasts of quartz and feldpathic material in a
variable matrix of silicified argillaceous material. Grain
size is highly variable and large clasts of chert are common.
Cherty zones and schistose zones several metres thick are
common. Contacts between units of greywacke are gradational.
The degree of silicification is variable and this effects the
degree of weathering and the rock strength. Foliation is
evident, but is often twisted and contorted. Such contor-
tions may contribute in a substantial way to shear strength
of the rock mass.
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Unweathered, siliceous greywacke is light or dark grey.
Cherty zones have a slight green cast. Some of the mottling
is probably caused by differences of grain size rather than
mineralology, but the majority is caused by to the bands and
stringers of quartz-feldspar material. The rock has a hard-
ness of R3 to R4 (i.e. unconfined compressive strength of

4000 to TBEAQpsi (28 to 56 MPa).
Bove

Weathered silicious greywacke develops a rusty overall colour
with well defined mottling and banding. The argillaceous
matrix is considerably weakened by weathering, with the
result that hardness drops to between RO and R2 (unconfined
compression strength of 100 to 4000 psi (0.7 to 28 MPa)).

Siliceous greywacke has been found in drillholes behind the
south wall and in highly weathered outcrops on the east and
west ends of the south wall. No unweathered surface outcrops
have been located. This rock is expected to form part of the
upper benches of the final pit, above the South Wall Fault.

Green Argillaceous Schist (GAS)

Green argillaceous schist (GAS) is found on the south wall of
the pit where it forms a band or lense adjacent to the South
Wall Fault (see Fig. 1 and Photo 1). The rock has a well
developed undulating schistosity and is weakly silicified.
Argillaceous schist grades into the siliceous greywacke,
becoming more siliceous and containing occasional stringers
and blobs of light coloured, quartz rich rock. Quartz
stringers are oriented along laminations at approximately

400 to the schistosity.
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Unweathered argillaceous schist is dark green to dark grey
and has a hardness of R3. Light green mottling, which is
caused by slight changes in grain size, is common but has no
affect on strength. Once weathered, argillaceous schist
loses strength rapidly; slightly to moderately weathered
schist has a hardness of R2 and heavily weathered schist has
a hardness between S4 and R1. Fresh rock exposed to
weathering is likely to deteriorate rapidly due to its low
silica content. |

The upper benches in the centre of the south wall are
expected to be composed of argillaceous schist.

Black Slate (BST)

Black slate (BST) was noted in drillholes and outcrops behind
the south wall. Black slate is very thinly laminated and has
well developed slatey cleavage. It is uniform in both com-
position and degree of lamination and has a hardness of R3
when unweathered. Weathered samples have not been found, but
very low strengths are likely.

Black slate is unlikely to appear in the walls of the final
pit, but is mentioned here as it occurs close to the crest of
the final open pit and is a major lithologic unit in the mine
area.
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4.3 INTRUSIVE AND VOLCTANICT ROCKS
4.3.1 Felsite (FLS)

Felsite is a pale creamy coloured quartz-porphyry intrusive,
which forms an approximately 5m wide dyke visible on the west
side of the pit. It is coarse grained (except along the
chill margins) and is acidic in composition. Unweathered,
felsite has a hardness of R4. Felsite appears to weather
rapidly and can have a hardness as low as Rl. Weathering is
most severe along chill margins. Stiff green clay, which
probably occurs as a result of weathering, has been noted in
the dyke at surface and in drillhole CB13, over 75m below the
surface. Hardness of the clay is S5 (i.e. unconfined
compression strength of 14 to 28 psi).

The felsite dyke is expected to occur on the west wall of the
final pit, although its exact location is not clear due to
the variable orientation of the dyke boundaries.

4.3.2 Andesite (ADS)

Several dykes up to 2m wide of purple grey, fine grained
intermediate andesite (ADS) were mapped in the pit. These
rocks have a hardness of R4. Moderate to severely weathered
andesites have a hardness of R2 to R3. Andesites may form
relatively small dykes on the east wall of the final pit.
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SILICIFICATION

The most significant silicification and tourmalinization has occurred
in the hornfels north of the South Wall Fault and west of Iron Duke
Fault. Silicification has resulted in increased rock strength,
increased resistance to weathering and general increase in competency
of the rock mass. In the remaining areas of the pit, particularly in
the schists and greywackes south of the South Wall Fault the rock is
either slightly silicified or completely unsilicified.

The South Wall Fault and Iron Duke Fault appear to control the degree
of silicification in the pit. East of the Iron Duke Fault the size
and number of quartz veins and degree of silicification decreases
gradually with the result that the rock becomes more susceptable to
weathering. South of the South Wall Fault the rock is only slightly
silicified. There are no mineralized quartz veins and the rock is
extremely susceptible to weathering. This sharp contact of silicifi-
cation may be related to the actual offset of the fault.
Alternatively, it is noteworthy that the silicification in the horn-
fels increases as the South Wall Fault is approached. This suggests
that the fault may have existed prior to silicification and acted as
a dam to the migration of silica and tungsten bearing fluids.
Detailed study of the relationship between the faults and ore empla-
cement is beyond the scope of this study.

WEATHERING

Rocks in the upper part of the open pit form a well developed
weathering profile. This profile is particularly well developed in
weaker rocks on the south wall. The weathering profile is clearly
defined from surface mapping (see Fig. 2), in surface outcrops (see
Photo 3) and from examination of diamond drill cores and percussion
drillhole chip samples as shown in Photos 4 and 5.
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PHOTO 3:

View of South Wall Fault in southwest
corner of the pit. Note that
silicified hornfels north of the fault
is less deeply weathered than green
argillaceous schist south of the fault.

1.



PHOTO 4: View of core in drillhole CB-20 showing marked
decrease in weathering and increase in rock
strength at a depth of about 40.1m.

PHOTO 5: Illustration of decrease in degree of weathering
with depth in chip samples from percussion drillhole
MCP4.
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Residual soil and rocks within the weathering profile have been
divided into five categories, based primarily on the degree of
weathering and related rock strength. These categories range from
extremely weathered residual soil (Category A) to hard unweathered
rock (Category E). Definitions of each weathering category are given
in the legend in Fig. 2.

The distribution of weathered zones in the open pit, based on
geological mapping and core logging, is shown in Fig. 2 and on sec-

tions in Appendix A.

Assessment of information on weathering indicates that hornfels and
related silicified rocks have a very limited weathering profile,
whereas less silicified rocks south of the South Wall Fault have a
well developed weathering profile. The contrast of depth of the
weathering profile across the South Wall Fault is clearly illustrated
in Photo 3.

Weathering has no significant effect on rock strength below the first
bench in the silicified hornfels north of the South Wall Fault. In
the less silicified rocks south of the South Wall Fault, a weathering
profile up to 30m deep is developed as shown in Fig. 2 and Appendix
A. The markedly different strength of the rocks within the
weathering profile, and increase in strength with depth, indicates
that a different slope design will be required for each succeeding
bench in this area.

A summary of the weathering profile in rocks south of the South Wall

Fault is given in Table I. Detailed discussion of the variation of
rock strength within the weathering profile is given in Section 6.
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B STRUCTURAL GEOLOGY

Rational slope stability analysis and pit slope design requires that the
pit be subdivided as best as possible into areas of approximately similar
geologic structural characteristics. The engineering behaviour of the
slope forming material can be expected to differ in different parts of the
pit which have different geologic structural characteristics.

Extrapolation of stability analysis results and slope design criteria is
valid only within parts of the rock mass which have physical and mechanical
properties which are similar in a statistical sense. Such areas with simi-
lar geological structure are called structural domains.

Attitude of geological structures is the most important consideration in
determining whether geologic structural populations within a structural
domain or between structural domains are similar or dissimilar. Other
parameters, such as continuity (joint extent or size), joint infilling,
waviness, etc., are also considered in evaluating the engineering proper-
ties and nature of joint sets, but are not used for designation of struc-
tural domains.

Structural domains at Mount Carbine were determined initially by assuming
the boundaries of the structural domains were major faults, geological con-
tacts and/or boundaries of areas with similar foliation. Attitudes of the
geologic structural populations within different parts of each structural
domain then were evaluated and compared. Six preliminary structural
domains (i.e. Structural Domains 1 to 6) were chosen as shown in Fig. 1.

In order to further compare populations within the structural domains,
several structural sub-domains (i.e. Structural Domains 5A to 5D, 6A and
6B) were chosen based on variation in foliation dip.
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Equal area projections were used to define the peak or average attitude and
possible range of attitudes for the various sets of discontinuities in the
individual structural domains. Four major joint sets, foliation, several
minor joint sets, a vein set and two fault sets have been recognized in the
open pit. The nature, distribution and possible genesis of these struc-
tural features are discussed below. Average orientation of discontinuity
sets based on detailed line mapping are summarized in Table II.

5.1 FOLIATION
5.1.1 Nature and Distribution of Foliation

Foliation is a laminated structure developed parallel to
"compositional layering" in the metasediments as shown in
Photos 6 and 7. Foliation is well developed throughout the
pit, although it is often difficult to recognize in
unweathered hand specimens.

Equal area projections of foliation in structural domains are
shown in Fig. 3 and summarized in Table II. These plots
clearly show the variation of foliation orientation in the
various structural domains. It can be seen that there are
marked differences in orientation in argillaceous schist and
greywackes south of the South Wall Fault. It also noteworthy
that foliation is more variable in the area south of the
South Wall Fault.

Foliation in hornfels dip steeply to the northeast or south-
west at about 700 to 900. Average dip directions vary from
0410 to 0560 and 2210 to 2390. 1Iron Duke rocks south of the
South Wall Fault have foliation that dips approximately due

north at about 750.
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PHOTO 6: View of foliation and foliation joints in
weathered banded hornfels in the southeast
corner of the pit.
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PHOTO 7: View of foliation in core from drillhole CB20.
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Within individual structural domains there are marked
variations in foliation dip due to the presence of minor
folds. As a result, it is extremely difficult to predict
variations in foliation dip or to delineate areas of con-
sistent dip in the pit.

Assessment of Variation of Foliation Using the Cumulative

Sums Technique

Foliation dip was assessed statistically using the cumulative
sums (cusums) technique. This technique provides a rapid and
precise method of determining major trends above or below a
particular reference value (generally the mean), and of
ascertaining both the magnitude and location of these
variations. Complete details of the construction and
interpretation of cumulative sums plots are given in Appendix
C.

Data for the cusums analysis was collected at 3m intervals
along all benches during the detailed line mapping. In addi-
tion, foliation angles were recorded at 3m intervals in drill
core from selected drillholes.

The results of the cusums analysis of foliation dip were
plotted on a current pit plan and on sections. Spot checks
of foliation in critical areas and foliation measurements
made by mine personnel during production face mapping were
also plotted for comparison.

This information was used as a basis for defining zones with
similar foliation dip and to prepare a three dimensional
model of the distribution of foliation dip. The distribution
of these zones on the current pit plan is shown in Fig. 3.
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Selection of Structural Domains Based on Areas of Similar
Foliation Dip

Distribution of zones of similar foliation dip direction and
dip was used to assist with selection of structural domain
boundaries as shown in Fig. 3. Within individual structural
domains the foliation is expected to have a reasonably con-
sistent dip direction and dip. 1In some cases the dip direc-
tion and dip of the foliation is variable over small areas.
For engineering geology purposes, the foliation in these
areas is assumed to have two or more dominant orientations at
any one location. Areas of relatively flat dipping folia-
tion, such as those mapped on the north wall or west wall,
are included with steeper dipping foliation in each struc-
tural domain (see Fig. 3). 1In terms of slope stability
analyses, these flatter foliation dips are considered in the
slope design only in areas where they are considered to be
statistically significant.

Origin of Foliation

Foliation in hornfels and related rocks appears to be related
to the metamorphism and folding described by Amos (1968).

Within the schists and siliceous greywackes in Structural
Domains 1 and 2 the foliation is variable, but generally
oriented subparallel to the South Wall Fault. This suggests
that foliation in these rocks may be, in part at least,
related to the shearing and displacement along this fault.
Foliation dips steeply to the northeast in hornfels in
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Structural Domains 5D and 6A in the areas adjacent to the
South Wall Fault. Confirmation of foliation origin and orien-
tations in the argillaceous schists and siliceous greywacke

is difficult due to the lack of good unweathered exposures of
these rocks.

JOINTS

Lower hemisphere equal area projections were used to define the peak
or average attitude, and possible range of attitudes, for each main
joint set mapped in individual structural domains. The distribution
of joints within the various structural domains (as determined from
detail line mapping) is shown in Figs. 4 and 5. Average orientations
of the main joint sets are summarized in Table II.

Equal area projections indicate that most joint sets occur as reaso-
nably tight clusters, with moderate scatter in the data. In most
cases, it is reasonable to represent each joint set by a single peak
orientation. However, some joint sets are diffuse enough that they
may be represented by two or three different peaks. In such cases
the joint set is represented by a number of subsets, e.g. Joint Set
Bl, Joint Set B2, etc.

In addition to foliation joints (Joint Set A), three major joint sets
and several minor and miscellaneous joint sets occur within the pit
area. Joint Sets A and B occur consistently throughout the pit,
while Joint Sets C and D occur in all domains north of the South Wall
Fault. Minor and miscellaneous joint sets occur in specific domains,
and only appear to be significant on a local basis only. In most
cases, differences in attitude of joint sets are evident from one
structural domain to another. The main joint sets are described in
the following:
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5.2.1 Joint Set A

Joints of Joint set A are foliation joints and their distri-
bution is shown in Fig. 4. Average strike orientation of
foliation joints is generally within 59 of peak orientation
of foliation in any structural domain.

Foliation joints have an estimated average spacing of 0.5m
and are generally less than five to ten metres long. Small
rolls, undulations and waves are common. Foliation joints in
hornfels and related rocks are moderately rough, whereas
foliation joints in argillaceous schists and siliceous
greywacke are generally rough and irregular.

Foliation joints are well developed in weathered areas, but
become infrequent in unweathered rocks in the centre of the
pit. Typical foliation joints are shown in Photos 6 and 7.
Infilling of serpentine and/or chlorite are common on
foliation joints in schists and greywacke. Foliation joints
in hornfels are generally unfilled.

5.2.2 Joint Set B

Joints of Joint Set B are the most well developed in the
entire pit. These joints form the host set for tungsten-
bearing quartz veins. The similarity of peak orientations of
vein sets with peak orientations of Joint Set B has been

used as a selection criteria to designate Joint Set B from
other joint sets.
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Joints of Joint Set B are long and continuous, often
extending over several benches. In most areas of the pit
these joints have an average dip direction between 3240 and
3600, and an average dip greater than 800. In structural
domains adjacent to the South Wall Fault, average dip direc-
tion varies from 3240 to 0200 and average dips vary from

550 to 76°. Joint Set B characteristically occurs as two
distinct subsets, with a 200 to 300 separation of average dip

direction.

Joints of Joint Set B have a mean roughness of 2.7.
Slickensides and other evidence of shearing are common.
Typical joints of Joint Set B are shown in Photo 8.

The origin of Joint Set B is not definitely known. It is
worth noting that the peak orientations of these joints is
consistently 600 from the peak orientation of foliation.
Wwhittle (1969) states these joints are tension joints, based
on the matching wall infilling of the quartz veins. If this
is true, slickensides on joint would have developed during a
later stage of deformation.

Joint Set C

Joints of Joint Set C are well developed in hornfels north of
the South Wall Fault (see Photo 9). These joints dip
shallowly to the east, with mean dips between 189 and 369 and
mean dip directions between 0600 and 1159, There is a
possibility that the dip increases with depth, but this can-
not be confirmed without further mapping as the pit is
deepened.
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PHOTO 8: View of typical smooth continuous joints of
Joint Set B.
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PHOTO 9: View of flat lying joints of Joint Set C and

steep dipping joints of Joint Set D in laminated
hornfels.
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Joints of Joint Set C are typically long, continuous and clo-
sely spaced, as shown Photo 9. These joints have a roughness
between 3 and 5. Significant water flow has been observed
along joints of Joint Set C during periods of heavy rain.

5.2.4 Joint Set D

Joints of Joint Set D are well developed in all hornfels

north of the South Wall Fault (see Photo 9). The joints dip
steeply to the west and northwest, with average dips of 80° to
vertical. In Structural Domains 5A to 5D, average dip direc-
tions are between 2759 and 299°. 1In Structural Domains 4, 6A
and 6B, average dip direction is between 3159 and 327°. This
variation of dip direction was used to separate Structural
Domains 5 and 6.

5.2.5 Joint Set E

Joints of Joint Set E are subparallel to foliation, but are
distinct from foliation joints. These joints are weakly
developed in Structural Domains 3 and 6B and are poorly deve-
loped in other Domains. Average dip direction is 050° and
average dip is between 720 and 76°. Joints of Joint Set E
are short and discontinuous, rarely extending over 5 metres.
These joints have an average roughness of 3 or greater.

5.2.6 Joint Set G
Joint Set G is weakly developed in Structural Domains 1, 2,

5A, 5C and 6B. Average dip directions vary between 340° and
0090 and dip varies between 430 and 50°. Although often
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widely spaced, joints of Joint Set G may be continuous, with
trace lengths of 10 metres and greater. Roughness of less
than 3 are not unusual for these joints. A plane failure
along a joint of Joint Set G occurred in Green Argillaceous
Schist on bench 375. A typical joint of Joint Set G in
schist is shown in Photo 10.

5.2.7 Miscellaneous Joint Sets

In addition to the joint sets described above, several
miscellaneous joint sets have been mapped in the open pit.
These joint sets vary considerably and may be significant on
a local basis only.

VEINS

Tungsten bearing quartz veins are found in hornfels north of the
South Wall Fault. A1l tungsten ore mined in the pit is contained in
these veins.

The quartz veins are sub-vertical, and occur subparallel to joints of
Joint Set B or along pre-existing joints of joint set B. Two subsets
are common in most areas, corresponding to the subsets in Joint Set
B. Distribution of veins in the open pit is shown in Fig. 6 and sum-
marized in Table II.

Thickness of quartz veins varies from a few centimetres to one to two

metres. They are very continuous and can often be traced over
several benches (see Photo 11).
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PHOTO 10:

View of joint of Joint Set G in green
argillite schist on bench 365 on the
south wall. Note potential plane
failure on this joint.

33.



PHOTO 11: View of tungsten bearing quartz veins on the
west wall of the pit.

PHOTO 12: Flat lying shear of Shear Set SR1 on bench 385
on the north wall.
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Quartz contained in veins is hard, brittle and often sheared and bro-
ken. The wall rock contact of veins is also often sheared and the
quartz breaks away cleanly from this contact. These contacts are
rough and irregular and may be healed or open.

FAULTS

Two major faults and a number of smaller faults and shears have been
recognized in the pit. Their distribution throughout the pit is
shown in Fig. 7.

5.4.1 South Wall Fault

The South Wall Fault is the most continuous and significant
structural feature in the pit. It cuts across the south wall
of the open pit, dips towards the north at 700 and forms the
southern 1limit of the ore zone (see Fig. 7). The structure
contour plan of the fault given in Fig. 8 indicates the fault
is planar and has a uniform dip and strike. Typical expo-
sures of the South Wall Fault are shown in Photo 2 and 3.

The South Wall Fault consists of an approximately one metre
wide zone of sandy clay silt which has been sheared and brec-
ciated. Rocks within one or two metres of the fault are
often sheared and brecciated.

Orientation of foliation in rocks adjacent to the fault is
often significantly different than in other areas of the pit.
Additional joint sets have been noted in the vicinity of the
fault , and joint sets are often more diffuse in this area.
As stated in Section 4, rocks south of the fault are only
weakly silicified, resulting in increased susceptibility to
weathering.
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Iron Duke Fault

The Iron Duke Fault occurs in the northeast corner of the pit
as shown in Fig. 7. It dips steeply to the north/northeast
at about 859, The fault zone is less than 0.5 metres wide
and consists of oxidized clay gouge. To the northeast of the
fault there is a noteable decrease in quartz veining and
silicification, which results in an increased susceptibility
to weathering. This increased susceptibility to weathering
is not as pronounced as that south of the South Wall Fault,
because the degree of silicification does not decrease as
rapidly across the Iron Duke Fault.

Fault and Shear Sets

The distribution of all fault and shears mapped is shown in
Fig. 7, and their orientations are summarized in Table III.
Due to the relatively few observations available, Structural
Domains 4, 5 and 6 were grouped together to form a more sta-
tistically meaningful population of faults and shears in the
various areas of the open pit.

The results show two main fault and shear sets exist in
Structural Domains 4 and 5. Both fault sets have dip direc-
tions of 035 and 045. Fault Set SR1 has an average dip of
350 to the northeast (see Photo 12). Fault Set SR2 has an
average dip of 720 to the northeast. No consistent set of
faults or shears are evident in Structural Domain 6. The
South Wall Fault dominates Structural Domains 1, 2 and 3.
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Faults are characterized by rough walled gouge zones filled

with clay rich gouge and breccia (see Photo 12). The gouge

zones are rarely wider than 10cm and are usually highly oxi-
dized. Trace lengths are usually between 10 and 20 metres,

but several 100 metre long faults are visible in the east

wall.

D R PITEAU & ASSOCIATES LIMITED



6.1

6.

38.

STRENGTH PROPERTIES AND DOCUMENTATION OF SLOPE FAILURES

STRENGTH OF INTACT SAMPLES OF FRESH AND WEATHERED ROCK

6.1.1

Distribution of Rock Hardness in the Open Pit

The intact strengths of samples of fresh and weathered rock

in the open pit have been determined primarily from simple
field assessments, which consist of a set of simple mechanical
tests based on the physical properties of the rock. Using
this method, the hardness or the resistance of hand specimens
to breaking or cutting can be related to the unconfined
compressive strength using a simple classification system as
summarized in the legend in Fig. 9. The distribution of rock
hardness in the open pit, based on the detailed line mapping,
is given in Fig. 9.

Fig. 9 indicates that most hornfels and related silicified
rock in the open pit are uniformly hard, having a hardness
greater than R4 (i.e. unconfined compressive strength greater
than 8,000 psi (56 MPa). These rocks are extremely hard due
to silicification. Additional rock mechanics testing of
hornfels is not warranted at this time.

Schists, greywackes and other less silicified rocks south of
the South Wall Fault have variable hardnesses, depending on
the degree of weathering and silicification of the rock (see
Figs. 1 and 2). Unweathered rocks in this area have hard-
nesses of R2 to R4 (i.e. unconfined compressive strength of
1000 psi to 16,000 psi). Weathered rocks have hardnesses of
RO to R3 (i.e. unconfined compressive strength of 100 psi to
8000 psi). Residual soils have hardnesses of S4 to RO .
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Earlier discussion in Section 4.5 indicate that there is a
well defined variation of rock hardness with depth in the
weathered rocks in this area (see Fig. 9 and the sections in
Appendix A). These results are corroborated by examination

of rock cores and percussion drill hole records.

Laboratory Tests

Detailed assessment of strength of weathered rocks and weaker
schists in the open pit were estimated, based on field
assessments and laboratory testing of selected core samples
and block samples at James Cook University (as summarized in
Table IV). These results are consistent with the distribu-
tion of hardness described above, and indicate that extremely
weathered rock near surface are very weak and can be expected
to behave as a soil. Hardness and strength increases with
depth as the rock becomes less weathered.

Interrelationship of Hardness, Weathering and Unconfined
Compressive Strength

Based on the distribution of hardness indicated in Fig. 9 and
on the geotechnical section and the laboratory test results
summarized in Table IV, the distribution of rock strength and
degree of weathering has been defined for rocks south of the
South Wall Fault. The distribution of rock strength and
weathering with depth within these rocks is summarized in
Table I.
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North of the South Wall Fault the silicified hornfels and
related rocks have a uniform hardness of R4 to R5 in all
weathering zones, except the extremely weathered zone which
occurs within a few metres of ground surface. In this area
the upper 10m could be expected to be somewhat more weathered
and broken than the rest of the rock mass.

SHEAR STRENGTH TESTING OF DISCONTINUITIES

Direct shear tests were carried out on selected core samples of four
representative joints from the south wall area. Test results, sum-
marized in Fig. 10, indicate that these joints have friction angles
greater than 360 and a relatively high cohesion. Cohesion on all
joints tested was about 28 to 42 psi (193 to 290 kPa) as shown in
Fig. 10. Subsequent back analyses of a plane failure along a shallow
dipping discontinuity on the south wall indicate that a cohesion of
20 kPa to 51 kPa would be required along the joint plane for an
acceptable factor of safety (see Section 6.4).

Based on the test results, and back analyses described in Section 6.4
it is felt justified to use a cohesion of at least 10 kPa for modera-
tely rough discontinuities on the south wall. The typically planar
discontinuities which occur in hornfels and related rocks are assumed
to have a friction angle of 369 and little or no cohesion.

Actual effective cohesion may be substantially decreased or
increased, depending on the effects of blasting on the rock mass.
Clearly, controlled blasting would help to preserve cohesion of the
rock mass, and thus improve the stability of the slope.
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6.3 DOCUMENTATION AND BACK ANALYSIS OF FAILURES IN WEATHERED ROCKS

B:3:1

Failures in Weathered Rock on the South Wall

Several failures were mapped in weathered rocks and soil on
the south wall of the open pit. These failures appear to be
typical soil type failures, with characteristic rotational
failure surfaces (see Photo 2). Back analyses were carried
out for the large failure below the primary crusher area, as
this failure is the highest in the slope (being approximately
nine metres high).

Back analyses were carried out using standard charts to
determine likely shear strength properties for various
possible groundwater conditions which may have existed prior
to failure. If it is assumed that the friction angle, of the
material is 240, the analyses indicates the cohesion (C')
required for a factor of safety (F) of 1.0 varies from about
39 kPa to 45 kPa, depending on the groundwater conditions in
the slope at the time of failure. These analyses indicate an
average mass cohesion C' of about 40 kPa should be used for
slope stability assessments in this area.

Analyses were carried out for a cohesion C' of 40 kPa and a
friction angle @' of 240 for 10m, 15m and 20m high slopes
(bench faces). The results are summarized in Table V. These
results indicate that slopes should be well drained to main-
tain reasonably steep slope angles.

D R PITEAU & ASSOCIATES LIMITED



6.3.2

42,

Documentation of Highway Slopes in the Mt. Carbine Area

In order to assess shear strength properties of residual
soils and weathered rock, slopes on the road between Mount
Molloy and Port Douglas were documented. This road crosses
through mountainous terrain and there are numerous cut slopes
up to 10m high in weathered rock and residual soil. These
slopes contain weathered schists and greywackes, which are
similar to the rocks observed behind the South Wall Fault at
Mt. Carbine. Also, the distribution of rocks of various
strengths and degree of weathering is similar to that at
Mount Carbine. It is noteworthy that these slopes appear to
have been successfully excavated by ripping and extensive
surface drainage ditches have been provided on these slopes
(see Photo 14).

A plot of slope height vs slope angle for documented cut slo-
pes showing stable, failed and partially failed slopes is
given in Fig. 11. These results may be used to delineate the
maximum safe slope angles for various slope heights, depending
on rock strength as shown in Fig. 11. Because weathering
decreases with depth and rock strength increases with depth,
the relationship between slope height and slope angle is not
consistent. Hence, an approximate line dividing stable and
unstable slopes has been defined for extremely weathered to
totally weathered rock (i.e. Weathering Category A and B) and
highly weathered rock (i.e. Weathering Category C).

The results in Fig. 11 indicate that slope angles of

500 would be acceptable for highly weathered rock and resi-
dual soil up to 10m high. Slope angles of 57° would be
acceptable for 10m high slopes in moderately weathered rock.
Slopes up to 20m high would consist of residual soil in the
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PHOTO 13: View of plane failure on joint of Joint Set G
in green argillaceous schist on Bench 365 on

the south wall.

PHOTO 14:

View of slopes in residual
soil and weathered rock in
the Rex Range near Mt.
Carbine. These slopes
were excavated by ripping
and extensive surface
drainage control measures
have been installed.
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upper portions and moderately weathered rock in the lower
portions. Overall slope angles for slopes 20m high are indi-
cated to be about 460 (as shown in Fig. 11).

Although somewhat erratic and sparse, these results are con-
sistent with the back analyses carried out using design
charts (as described in Section 6.3.1). Hence, these results
provide a reasonable estimte of shear strength of the
weathered rock and residual soil for slope design in these
materials.

BACK ANALYSES OF FAILURES ALONG DISCONTINUITIES

Numerous small wedges and plane failures, involving one bench in
height, have been noted on the pit walls. Most of these failures are
steep, and hence they have failed during or shortly after excavation.
These failures provide little information concerning the shear
strength of discontinuities, because their factor of safety is
expected to be much less than 1.0.

Back analyses were carried out for one large plane failure on the
375m elevation near 22,925F (see Photo 13). This failure occurs pri-
marily along a joint of Joint Set G, which has an average orientation
of 330/47 and is typical of a possible failure which controls stabi-
lity on the south wall.

Back analyses were carried out assuming a 10m high bench, a bench
face angle of 809, a failure plane with a dip of 470 and a friction
angle of 369. Back analyses indicate that the cohesion required
for a factor of safety of 1.0 to 1.5 varies from 20 kPa to 51 kPa for
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a slope with a tension crack (see Table VI). Additional analyses
were carried out to determine the possible artificial support
requirements, assuming that cohesion of 10 kPa could be mobilized

along the joint.

Analyses results summarized in Table VI indicate the total anchor
forces and number of anchors required to attain a factor of safety of
1.5 for this failure for a 10m high single bench. Results in Table
VI indicate that the required anchor force decreases as the bench
face angle is decreased. These results indicate that it is feasible
to use grouted dowels or anchors to prevent small failures in the
slope, provided dowels capable of maintaining sufficient loads can be
installed in the slope. Results of trial dowel installations and
pull out tests indicate that this is feasible.

DOCUMENTATION AND ASSESSMENT OF TRIAL INSTALLATIONS FOR POSSIBLE
ARTIFICIAL SUPPORT

6.5.1 Background

In order to assess the feasibility of designing artificial
support in the south wall, a series of trial dowel installa-
tions and pull out tests was recommended. The object of
these tests was to install and test fully grouted dowels in
representative weathered and unweathered rock types on the
south wall. Details of dowel locations, installation details
and test results are given in Table VII.

D R PITEAU & ASSOCIATES LIMITED



46.

6.5.2 Installation and Test Results

Recommended locations and details of trial installations were
summarized in a telex to the mine on October 18, 1981.
Locations and test results for trial installations were
transmitted by telex from the mine on February 8, 1982.

These results are summarized in Table VII.

Cables tested had a nominal ultimate strength of 75 metric
tonnes. Of ten dowels tested, nine tests were successful.
The tenth test experienced jack failure and the jack could
not be repaired on site. For all successful tests the cable
strands failed at loads of 64 to 78 Tonnes. In no case did
the anchor pull out for the test loads applied.

The average failure load was about 72 tonnes which indicate
that a maximum design working load of 50 Tonnes (500 KN)
would be reasonable and could be used for design of support
systems for the dowel length specified.
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y L HYDROGEOLOGY

Detailed assessment of hydrogeological conditions in the open pit is beyond
the scope of this report. However some assessments of groundwater con-
ditions in the open pit are justified, based on the obvious contribution of

water to failures in weathered rock near the pit crest.

Ted

HYDROGEOLOGICAL CONDITIONS ON THE SOUTH WALL

Location of piezometer installations is shown on plan in Fig. 1 and
on sections in Appendix A. A summary of all installations, maximum
and minimum piezometric levels and hydraulic conductivities, based on
falling head test results, is given in Table VIII.

Permeability test results indicate that rocks on the south wall have
hydraulic conductivities of 3.8x10-7 to 2.7x10-10 m/sec. Hydraulic
conductivities measured in percussion drillholes are generally about
two orders of magnitude greater than those measured in diamond
drillholes. Piezometric levels in individual piezometers and between
adjacent piezometers indicate that groundwater on the south wall is
related to local infiltration and flow in the immediate vicinity of
the south wall. The South Wall Fault appears to form a barrier to
groundwater flow, in that the water levels in some piezometers south
of the fault are considerably higher than water levels north of the
fault.

Regular weekly monitoring of piezometers indicates that there are
reasonably large and rapid fluctuations in piezometric levels in
response to precipitation. The moderate permeabilities and rapid
fluctuation of piezometers indicates that the bulk of the groundwater
in the south wall may be related to infiltration of surface water.

It is 1ikely that control of surface water, using sealed ditches and
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inclined benches, would 1imit the amount of groundwater in the slope.
Because of the moderately permeable nature of the rocks, it is likely
that the adverse effects of groundwater in the slope could be reduced
by simple depressurization techniques, using subhorizontal upward
inclined drainholes in critical areas.

HYDROGEOLOGICAL CONDITIONS ON THE NORTH, WEST AND EAST WALLS

Little is known concerning hydrogeological conditions in areas of the
pit other than the south wall, because no installations were placed in
these areas. Presence of water in the sump in the pit indicates some
groundwater flow could occur towards the open pit as it is deepened.
There will also be a significant contribution to water flow in the

pit as a result of precipitation within the pit limits.

To date no significant effects of groundwater have been noted on the
north, east or west walls.

GROUNDWATER CONTROL AND DEPRESSURIZATION

The importance of groundwater control depends on the volume of water,
rate of flow through the rock mass and water pressure in the slope.
The necessity for control of groundwater is expected to vary,
depending on the sensitivity of the particular area of the slope to
variation in groundwater pressure. Stability analyses discussed in
Section 8 indicate that in many areas groundwater pressure is
expected to have little effect on slope stability and slope design.

In areas where groundwater is expected to affect slope stability,
groundwater control and depressurization measures, consisting of
subhorizontal upward inclined drainholes, are recommended near bench
toes. Drainholes are particularly important on the south wall to
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control water pressures in weak or weathered rocks south of the South

‘Wall Fault. Drainholes are also recommended to control water

pressures behind the South Wall Fault or other major faults.
Drainholes may also be required in selected areas of the pit to
control water pressures.

Location, length and spacing of drainholes is difficult to predict,
based on the limited information available. However, optimum length
and spacing of drainholes could be determined by installation of
additional piezometers and monitoring the response when drainholes
are installed near piezometers. In areas where drainholes are to be
installed, it is suggested that piezometers should be installed and
monitored prior to installing the drainholes. Drainholes should be
installed initially at about 10m to 20m spacings. Spacing should be
adjusted based on response of piezometers until an optimum spacing of
drainholes has been achieved and the slope is depressurized.

Sealed piezometers should be installed on the south wall as the final
pit is excavated. These piezometers should be monitored regularly to
assess the effectiveness of drainholes, and to clearly determine the
length and spacing of drainholes required to obtain effective
depressurization of the slope.

SURFACE WATER CONTROL

Due to the unfavourable effects of groundwater on slope stability,
particularly in the south wall of the open pit, it is recommended
that a properly designed system of surface water control be
constructed in the pit. Surface water control should consist of the
following:
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(i)

(iii)

(iv)

(v)

(vi)

50.

A sealed drainage ditch behind the pit crest in all areas to
intercept all water which could infiltrate into the rock mass.

The area around the entire pit crest should be properly
graded to divert water into the drainage ditch or away from
the pit.

Benches and haulroads on the south wall should be inclined
and/or graded to divert water off the slope.

Drainage ditches or closed pipes are important to collect and
control water from drainholes on the south wall.

A sealed drainage ditch should be constructed on the haulroad
to convey water off the slope and into sumps for pumping out
of the open pit. Uncontrolled water flow should not be per-
mitted in any area of the open pit.

Sealed drainage ditches should be constructed in areas of the
pit other than the south wall only as required.

ADDITIONAL HYDROGEOLOGICAL INVESTIGATIONS

Other than specific areas as discussed above, serious groundwater

problems have not occurred in the open pit. Hence, detailed investi-

gation of hydrogeological conditions in the open pit is not con-

sidered warranted at this time.

However, it is recommended that sealed piezometers should be placed
at strategic locations around the open pit to monitor groundwater
pressures as the pit is developed. If monitoring indicates that
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adverse groundwater pressures are developing in certain areas, hori-
zontal drainholes should be installed until the slope is sufficiently
depressurized. Depending on the severity of groundwater problems
encountered, additional study may be warranted at a later date.
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8. SLOPE STABILITY ANALYSES AND SLOPE DESIGN

Slope stability analyses involved investigating all kinematically possible
failure modes with respect to faults, joints and other discontinuities
which could lead to shallow failure of individual benches and/or deep
seated failure involving large sections of the interramp slopes between
haulroads. Consideration was also given to the past performance of the
slope with respect to evaluation of basic failure modes as well as general
rock mass behaviour. Plan radius of curvature of the proposed final slopes
was also considered in the design. Back analysis of failures in the pit
was used to assist in evaluating the effective friction and cohesion of
discontinuities and to complement strength testing results. Back analysis
of failures which occurred in the weathered schist and residual soils in
the upper portion of the south wall was used to prepare a slope design and
remedial measures in this area.

8.1 BASIC SLOPE DESIGN CONSIDERATIONS

In rock slopes, instability occurs as a result of failure along
structural discontinuities, such as foliation joints, geological con-
tacts, faults, etc. Seldom is instability due to failure through
intact material, unless the rock is very soft or weak such as in the
weathered schists and greywackes near the crest of the south wall.
Therefore, the most important single factor in the stability analysis
and design of rock slopes is to evaluate and determine the orien-
tation, geometry and spatial distribution of the discontinuities in
the slope. Having done this, the next step is to evaluate these
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discontinuities with respect to the orientation and alternative
possible angles of the proposed pit slope. It is following these
basic principles that the slope stability analyses were carried out.

Slope control can be basically accomplished in two ways:
a) to design the slope so that no failures occur, or

b) to excavate the pit under controlled conditions and design
the slope with adequate access so that failures can be caught

on berms and removed if necessary.

The first solution is usually too conservative to be economically
feasible. The second solution requires thorough consideration of
slope geometry so that failures are contained on berms and safe
access is available to the berms to allow removal of collected
debris if required. This solution provides adequate safety at mini-
mal cost, although special design or remedial measures may be
required to insure the stability of haulroads or critical installa-
tions on benches.

The parameters which govern the geometry of a slope are shown in Fig.
12. These are bench height (H), berm width (2), and bench face angle
(8). These parameters are governed by the strength and nature of the
slope, government mining regulations and equipment available. Bench
height should be such as to provide a safe working slope as well as
an optimum overall slope angle. It should be noted that without
affecting the slope angle, higher benches will allow wider berms for
better protection and more reliable and easier access, if this is
desirable, although the size of possible failures may increase.
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Berm width should be controlled to a certain extent by the amount of
access required to the slope as well as the optimum width to accom-
modate failures. It must be accepted that, even with careful peri-
meter or controlled blasting techniques, a certain amount of
breakback may occur. In general, slopes should have berms wide
enough so that falling debris will be trapped and, equipment can have
access to keep berms clean and effective as catchments if required.

By inclining the bench faces, blasting damage is reduced and high
stresses are less likely to develop near the bench crests. Hence,
tension cracks and overhangs are minimized. Avoiding these problems
reduces the amount of rockfall and increases the safety of the slope.

DEEP ‘SEATED FAILURE CONSIDERATIONS AND MAJOR FAILURES

Deep seated failure, involving several benches or even the whole
slope, may involve major throughgoing faults or other major discon-
tinuities. Deep seated failures may also develop through a complex
interaction of minor and/or major structures to form a large, con-
tinuous, if somewhat irregular, failure surface(s). In some cases
deep seated failure surfaces may in part develop by failure through
intact rock bridges between discontinuities. Such failures are often
precipitated by small slope readjustments and high stress con-
centrations at the toe of the slope, which tend to exceed the
strength of the rock mass. This type of failure mechanism is par-
ticularly common in slopes where softer material at the toe of the
slope, such as coal, potash, or schist bands, is squeezed out due to
the load which is applied by the overlying strata.
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Deep Seated Failure Involving Major Faults

As discussed in Section 5.4, major faults in the open pit are
steep dipping. Hence, it is expected that even if undercut by
mining instability would be confined to one or two benches at
the most. In terms of the proposed design, some local design
modifications and/or remedial measures may be required in
areas of major faults. This is particularly the case for the
South Wall Fault, wherein it is recommended that the benches
be excavated to avoid undercutting this fault.

Major faults could result in significant damming of ground-
water. Hence, drainholes may be required in the vicinity of
major faults to control water pressures and stabilize slopes
on a local basis.

Deep Seated Failures Involving Fault and Shear Sets

An equal area projection of planes representing the average
orientation of faults and shears in the open pit is given in
Fig. 13. The main orientations of fault sets and shear sets
(summarized in Section 5.4) indicates that plane failures
could occur along faults of either Set SR1 or Set SR2 in the
south or southwest side of the pit where these faults dips to
the northeast out of the slope. It is noteworthy that, based
on geological mapping, these discontinuities are relatively
poorly developed in Structural Domains 5D, 6A and 6B which
occur on the south and southwest walls of the open pit.
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Faults and shears of Set SR1 have an average dip of 350,
Large potential areas of instability could occur along these
shears, or along a combination of faults and shears of Set
SR1 and SR2. Because the average dip of these faults is
similar to the average friction angle of discontinuities
described in Section 6.2, it is possible that failures could
occur along these discontinuities, particularly, if high
groundwater pressures develop in the slope. It is likely
that shear strength along faults and shears would be less
than that along joints. However, the surfaces of faults and
shears of Set SRl have been noted to be rough and irregular
and may have some effective cohesion.

Because faults and shears of Set SR2 have an average dip of
729, it is expected that failures involving these discon-
tinuities would only be developed over one or two benches.
Such failures could form small areas of local instability,
requiring remedial measures, if undercut by mining.

The possibility of occurrence of major faults of Sets SR1 or
SR2 on the south and southwest walls of the final pit cannot
be clearly stated at this time. Hence, it is not considered
Jjustified to flatten the slope in this area, based on the
possible occurrence of a major fault. However, it is impera-
tive that the slopes be carefully mapped and monitored. If a
major failure develops, provision should be made for possible
remedial measures such as artificial support, depressuriza-
tion or possible slope flattening, if required.
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Deep Seated Rotational Failures

For engineering purposes, the principal consideration in
evaluating the compressive strength of the rock is to deter-
mine if there is any possibility of excessive deformation and
ultimate rotational failure of the slope due to failure of
the intact material, resulting from the weight of the
overlying strata. In general, normal stresses up to 1000 psi
(7 MPa) can be expected in deep, open pits. Thus, slopes
which have part of the rocks with compressive strengths less
than this could be subject to significant deformation and
possibly failure if the crushing strengths are exceeded.

Based on the relatively high hardness and accordingly high
compressive strength of most intact rocks in the pit, the
likelihood of time dependent strain and subsequent failure of
intact material in the slope appears to be small, the excep-
tion being the weathered or decomposed rocks on the upper
benches of the south wall. Hence, the possibility of deep
seated rotational failure, due to failure of intact material
involving the whole slope, is low (at least within the range
of overall slope angles which are geometrically feasible, and
which are considered in this analysis).

Specific design and remedial measures to control possible
rotational failures over one to two benches in the highly
weathered rocks and residual soil near the crest of the south
wall are discussed in Section 8.7.
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STABILITY ANALYSES BASED ON GEOLOGIC STRUCTURAL ANALYSIS RESULTS

8.3.1

Description of the Design Sector Concept

Rational slope stability analysis and design requires predic-
tion of the geologic structural conditions which occur on the
final pit wall. Such a prediction includes determining the
distribution and location of lithologic units, geological
contacts, major faults and structural domain boundaries.

Not only must structural domains be considered for individual
analysis, but also the overall orientation of the final pit
wall must be considered as well. Different pit wall orien-
tations require basically different design considerations.
Hence, it is necessary to define zones which contain essen-
tially one structural domain and one general pit slope
orientation; these zones are designated design sectors.

If the orientation of the pit wall changes within a struc-
tural domain, depending on the number of different pit slope
orientations, two or possibly more design sectors may be
required within that structural domain. If, on the other
hand, two structural domains occur where the orientation of
the pit wall is constant, two design sectors will result.

A1l available geological mapping and core logging information
was used to project the structural domain boundaries onto the
proposed final pit wall. The boundaries of the structural
domains and straight slope segments on the proposed final pit
walls were used to determine the design sector boundaries,
and thus delineate the design sectors, as shown in Fig. 14.
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The proposed final pit was divided into 17 design sectors,
designated Design Sectors 1-1, 6B-1, 6B-2 etc. In some
cases, where small portions of the pit theoretically should
comprise a separate design sector, these areas have been
incorporated into larger design sectors. Information
relating to pit wall orientation, structural areas, main rock
types and related slope information for each design sector is

given in Table IX.

Design Criteria Concerning Orientation of Geological
Structure

Because there are significant variations in intensity, orien-
tation and dip of each joint set and fault set in various
areas of the pit, the effects of each joint set acting indi-
vidually or in combination with other joint sets should be
evaluated statistically. The statistical significance of one
particular failure mode on stability may be low. However,
the combined statistical significance of all possible failure
modes, with respect to both the actual observed and predicted
performance of the slope, should be evaluated to prepare a
rational pit slope design.

Statistical analysis of joint sets is of key importance for
bench design. In this regard, the volume of slope failure,
which is considered to be statistically significant, is used
to determine the bench design required to contain failed
material on benches and provide a safe slope.

Within most rocks in the pit many joints are continuous over
several benches. However, because of the generally steeply
dipping nature of most structures in the pit, it is unlikely
that bench failures, involving more than one or two benches,
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would develop along single sets of discontinuities or com-
binations of single sets of discontinuities. As discussed
earlier, it is possible that large failures could develop
involving occasional major discontinuities, which dip towards
the pit and daylight in the wall. This is not seen to be a
significant factor, however, in terms of the design criteria
at Mt. Carbine. The location and extent of such shallowly
dipping features cannot be predicted with any degree of con-
fidence within practical limits on the final pit wall.

Determination of Kinematically Possible Modes of Failure

Equal area projections of planes representing the peak orien-
tations of the various discontinuity sets (i.e. faults,
shears, joints, veins and foliation in each design sector)
were used to define the possible failure modes as shown in
Fig. 14.

Mechanical Stability Analyses

Appropriate stability analyses, using a desktop computer,
were carried out for each possible failure mode. Friction
properties of the discontinuities used in the analyses were
based on laboratory test results, as summarized in Section 6.

Stability analyses results were used to determine the kinema-
tically possible failure mode(s) which controls slope stabi-
lity. The failure mode(s) which has the shallowest average
dip or plunge for a factor of safety of 1.2 and 2.0 were
assumed to control stability for dry (or drained slopes) and
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saturated (underwatered slopes), respectively. In these
cases the slope design would be based on the "worst case"
assuming all possible failures would be controlled on each

bench.

Because of numerous kinematically possible failures in the
pit, stability analyses were also approached statistically,
using simple 1imit equilibrium methods. The analysis tech-
nique assumed dry slopes to simplify the analysis. With
regard to stability analyses, a factor of safety greater than
or equal to 1.2 was considered adequate to insure stability
of dry (i.e., drained or dewatered) slopes. A factor of
safety greater than or equal to 2.0 (assuming the dry
condition) was considered adequate for stability of slopes
subject to adverse groundwater conditions (i.e. undrained or
fully saturated slopes).

STATISTICAL ANALYSES OF POSSIBLE WEDGE FAILURES

In most areas, slope stability appears to be controlled by plane or
wedge failures on benches. These failures are generally formed by a
combination of joints, veins and/or faults. Thus, in terms of design
of interramp slopes between haulroads, optimum bench geometry will
control the overall slope design.

8.4.1 Determination of Possible Critical Failure Modes

The number and geometry of possible failure modes in each
design sector is determined by evaluating the various com-
binations of discontinuity sets with respect to the proposed
orientation of the final pit wall. Discontinuities are eva-
luated based on the peak or average orientations of each
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joint set. Kinematic plots of discontinuity sets in each
design sector are presented in Fig. 14.

Because the analysis is developed for bench design, all kine-
matically possible failure modes which dip or plunge out of a
slope face with an angle of up to 900 and a factor of safety
of less than 2.0, are considered in the analysis. These
possible failures are designated "critical failure modes" or
"critical wedges", in that they could lead to failure or
breakback of individual bench crests.

In most design sectors there are a large number of possible
critical failure modes, since several joint sets and fault
sets occur in each design sector. Also, because vertical
(90°) bench face angles are considered for analysis purposes,
a large number of critical failure modes has resulted. 1In
such cases, statistical analysis was used to considerable
advantage.

In some design sectors there are few joint sets, and con-
sequently only a few critical failure modes. In these areas
the dip or apparent plunge of the least favourable failure
mode with a factor of safety less than 1.2 (dry slope) and
2.0 (undrained slope) is chosen for design. In these cases,
the slope geometry is optimized to control possible failures
on benches.

D A PITEAU & ASSOCIATES LIMITED



3.

8.4.2 Statistical Analysis of Possible Critical Wedges

i)

ii)

Orientation of Sets of Discontinuity

Sets of discontinuities which form critical failure
modes are defined by the peak or average orientation
of the discontinuity sets. Peak orientations of dif-
ferent discontinuity sets and subsets give an appre-
ciation of the range of possible orientations of the
discontinuity sets in the particular design sector.

Determination of Number and Orientation of Possible
Critical Failure Modes

Based on the critical failure modes identified, the
total number of possible wedges was determined for
all possible combinations of the peak orientation of
each joint set. The number of possible wedges was
determined by adding the number of discontinuities
which correspond to the orientation of each discon-
tinuity set involved in a particular possible wedge
combination. Equal area projections of the joint
sets were used to determine the average plunge of
each possible wedge failure, as well as the apparent
plunge relative to the proposed final slope. The
apparent plunge was recorded for purposes of deter-
mining the actual size or volume of possible
failures. A1l possible combinations were tested for
type of failure, and a factor of safety was calculated
using a standard wedge analysis method.
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Development of Cumulative Frequency Plots

Equal area projections and the stability analysis
results summarize the orientation and apparent plunge
of the possible critical failure modes examined.
Unique statistical plots are used to assess the
distribution and relative number of possible failure
combinations. The cumulative frequency of possible
failures are plotted aginst apparent plunge of the
possible wedges in terms of those wedges which have a
factor of safety less than 2.0 and less than 1.2,
respectively. Cumulative frequency plots for all
design sectors assessed by this method are given in
Appendix D.

Cumulative frequency plots have been developed for
wedges with a factor of safety less than 1.2 and 2.0,
because it is considered that these values are
required to prevent failure of a dry (or dewatered)
slope or undewatered slope, respectively. In many
cases, because of the steeply dipping nature of most
discontinuity sets, there was little or no difference
between the cumulative frequency plots for factor of
safety less than 1.2 and 2.0.

Interpretation of the Cumulative Frequency Plots
The statistical cumulative frequency plots described
above were assessed by evaluating the apparent plunge

of failures in terms of the cumulative percentages
and factors of safety of the respective possible
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wedge failures in each design sector. The
appropriate cumulative frequency plots in Appendix

D, may be used to assess the significance of the
cumulative frequency distribution for each design
sector and the difference in apparent plunge for each
factor of safety.

Most of the cumulative frequency plots have a
somewhat characteristic, though crude, S shape, as
shown in Appendix D. For any given design sector
there is usually a point on the curves beyond which,
for an increase in apparent plunge of wedges, there
is a correspondingly sharp increase in the cumulative
frequency of possible wedge failures. Cumulative
percentages and corresponding apparent plunges for
the break in curvature of the cumulative frequency
distribution in each design sector are also presented
in Tables IX.

Analysis of Wedge Failures When There Are Insufficient Wedges
to Carry Qut Statistical Analyses

In cases where there are not enough critical failure modes to
carry out a statistical analysis, slope design is determined
based on the least favourable failure mode with a factor of
safety less than 2.0 and 1.2. The least favourable failure
mode corresponds to a worst case. This failure mode is used
to determine the berm widths, bench heights and bench face
angles required to catch failed debris on individual benches.
Design charts based on slope geometry and failure geometry
are developed for these cases.
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Effects of Plane Failures on Statistical Analysis Results

In cases where plane failure on shallow dipping joints domi-
nates slope design, statistical analyses techniques are not
valid. In these cases the slope design would be controlled
by the "worst case" as described in Section 8.3.4.

At Mt. Carbine plane failures could occur primarily along
joints, faults, shears or veins which dip towards the pit.

In all design sectors where the dip of a possible failure
plane is steeper than the angle of friction along these sur-
faces, planar sliding is assumed to be kinematically
possible, and the slope should not be excavated at a steeper
angle than these planes. This would be the case unless spe-
cifically required remedial measures such as artificial sup-
port or depressurization or both, are used. 1In general, the
slope should be designed so that failures along single sur-
faces are caught on berms. Dips of failure surfaces for
design sectors where plane failure controls slope design are
summarized in the appropriate columns in Table IX. In
several design sectors, shallow dipping planar failures are
indicated, which involve poorly developed joint sets or fault
sets. In these cases, it is not considered realistic to
flatten the slope based on the questionable occurrence of
these features. However, it is imperative that the slopes be
carefully mapped and monitored. If failures are encountered,
provisions should be made for possible remedial measures if
required.
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BENCH BREAKBACK ANALYSIS

An analysis of bench breakback was carried out to compare the

current geometry in the pit with the failure geometry indicated by
the stability analyses of possible failure modes. Bench breakback
angle was obtained by calculating the existing bench breakback for
10m high benches from profiles taken normal to the pit walls in
various areas of the current pit (October, 1981). Measurements taken
for slopes of similar orientation in similar areas of the open pit
were grouped together, and the average breakback was calculated (as
summarized in Table X).

Bench breakback occurs in virtually all sections of the pit, due
primarily to bench failures on steep dipping discontinuities, as well
as the adverse effects of blasting. Typical breakback in the pit is
shown in Photo 15. The analysis indicates that generally the average
bench breakback is as steep or steeper than the geologic structures
which control the potential failure modes. This is probably due to
the favourable effects of asperities, intact rock bridges, cohesion,
etc., which tend to add sufficient additional resisting forces to
prevent complete failure of the potential sliding blocks. The pre-
sence of cohesion in the slope has already been indicated by the back
analysis results for bench failures discussed previously.

The average breakback in various areas of the open pit (as summarized
in Table X) ranges from 2.45m to 4.88m. It is noteworthy that in
areas where controlled blasting has been used on the east wall,

“ breakback is about 2.45m. Examination of the breakback in the pit

indicates that over half the breakback on benches occurs near the
bench crests and results primarily from blasting damage (see Photo
15). On the east wall, where controlled blasting has been used,
bench breakback appears to be approximately half that compared to
where controlled blasting was not used.
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PHOTO 15:

View of breakback of bench crests due to
natural failures and blast damage on the
west wall of the open pit. Note that
over one half the breakback occurs near
the bench crests.
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Based on the analyses summarized in Table X, it is reasonable to
assume that, if careful controlled blasting is used on the final
wall, the average break back at the crest of vertical benches would
be approximately 2.5m for every ten metres of bench height. This
would result in breakback angles of 760. Therefore, 10, 20 and 30
metre high benches would be expected to have bench breakbacks of 2.5,
5.0 and 7.5m, respectively (provided that careful controlled blasting
were used). It appears that if controlled blasting were not used,
breakback would be significantly greater.

If bench faces are inclined, the breakback at bench crests would be
accordingly reduced. Hence, bench faces at 76° or less would be
expected to have minimal breakback, in that the slopes would be exca-
vated shallower than the anticipated breakback angle. Benches exca-
vated at 800 would be expected to have breakback of about 0.74m,
1.47m and 2.21m for 10, 20 and 30m bench heights, respectively.

DESIGN OF INTERRAMP SLOPES BASED ON STATISTICAL ANALYSES RESULTS

Statistical analysis of kinematically possible failure mechanisms was
applied to design of benches and interramp slopes in all areas of the
open pit. However, the stability of slopes in the weathered schists
and greywackes south of the South Wall Fault is controlled largely by
rotational failures, as well as failures along shallow dipping
discontinuities. Because of the critical nature of this wall, and
constraints on mining geometry as a result of the primary crusher and
stock piles near the pit crest, the statistical analyses were not
suitable by themselves for slope design in the area south of the
South Wall Fault. Hence, other types of analysis had to be con-
sidered in this area. Detailed slope design and remedial measures
for the area south of the South Wall Fault are discussed in Section
8.7.
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Presentation and Evaluation of Analysis Results for Slope
Design

The results of stability analyses for the various types of
kinematically possible failure mechanisms are presented in
Table IX. The average dip of planar failures or plunge of
wedge failures for the worst case, or for design sectors
where statistical analyses were not carried out, are recorded
in the appropriate columnns. The results of the statistical
analysis of wedges are also given for a cumulative frequency
of 20% of possible unstable wedges, and for the break in the
cumulative frequency plot for factors of safety less than 2.0
and 1.2, respectively.

In general, it is considered reasonable to design slopes to
accommodate the bulk of the bench failures. Therefore, if
the slope design is based on a cumulative percentages of 20%,
this could result in 20% of the possible failure modes not
being caught on berms or controlled on individual benches.
Hence, it is possible that a failure, which is not controlled
on a bench, would spill over and be caught on a lower bench.
Consequently, safe reliable access on strategic or critical
benches for clean up is desirable.

Based largely on engineering experience at other open pit
mines, it is considered reasonable for preliminary slope
design purposes to assume that a cumulative frequency of 20%
of the possible wedge failures would not be retained on a
single bench. In many cases, however, the break in the curve
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appears to be more realistic for design. Therefore, for pur-
poses of the statistical analysis, the lesser of these two
values is used to determine the apparent plunge angle of the
possible wedge failures for design.

Based on the above discussion, the least favourable analysis
results for each design sector are chosen for slope design.
These values are circled in Table IX.

Determination of Slope Angle and Slope Geometry Based on
Failure Geometry

The failure modes or apparent plunge of wedges, which are
considered to control slope design in each design sector, are
used to determine the possible failure geometry and slope
design required to control these failures. Design charts
have been developed for slope design, based on slope geometry
and possible failure geometry, for 20m and 30m high benches,
as shown in Figs. 15 and 16.

Bench heights of 20m to 30m are considered feasible in horn-
fels and related rock north of the South Wall Fault, due to
the high compressive strength of the rock and steep dip of
most joints. The analyses presented in this report are
carried out for both 20m and 30m high benches to determine
the optimum bench height to be used for each design sector.

The design charts may be used to determine the size of poten-
tial failures, the minimum berm width and the intermediate
slope angle between haulroads required to control possible
bench failures defined by structural discontinuities. These
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calculations are based on the dip or plunge of possible
failures, By, which is indicated from the statistical analy-
sis discussed above and circled in Table IX.

The volume of material in a bench failure is proportional to
either the dip of a failure surface or plunge of wedge
failure, By, bench face angle and bench height. The shallower
the dip or plunge of a failure, the greater the volume of
material which could fail onto the bench. Calculation of the
cross-sectional area (A) of a possible bench failure for a
particular bench height gives an estimate of the volume of
failed material per unit width of berm (see Figs. 15(a) and
16(a)).

Cross-sectional area of a possible bench failure is used to
calculate the minimum berm width (%.eq) which is required to
catch all possible failed material (see Figs. 15(b) and 16
(b)). In this calculation, it is assumed that the failed
material completely breaks down and comes to rest at the
natural angle of repose (r) of the failed material, which is
assumed to be 38°. Minimum berm widths may be used to calcu-
late the interramp slope angle between haulroads (o), for the
particular bench height and bench face angle which is assumed
in the analysis (see Figs. 15(c) and 16(c)). A bulking fac-
tor due to an increase in volume of material during failure
is not considered in the calculation of minimum berm width

(2 req). Results of the analyses with regard to the bulking
factor are considered to be conservative.
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It is recommended that the total berm width be calculated

by adding the berm width required to catch failed material to
the anticipated average breakback (2pp) at the bench crests.
As discussed in Section 8.5, the average breakback is
expected to be 5.0m and 7.5m for 20m and 30m high vertical
benches, provided controlled blasting is used on final walls.
If bench faces are inclined, the amount of breakback would be
reduced accordingly. Total berm width recorded in Table IX
is the sum of the calculated berm width, i.e.

ftotal = %req * %bb

The total berm width is used to determine the interramp slope
angle using the design charts in Figs. 15(c) and 16(c).

These angles are assessed and a slope design prepared accor-
dingly.

Determination of Optimum Bench Design

Analyses were carried out using the design charts described
above for both 20m and 30m high benches to determine the
optimum interramp slope angle. The optimum interramp slope
angle is determined from the possible failure mode which is
expected to control stability of slopes, using the design
charts as described in the following and summarized for 20m
and 30m high benches in Table IX.

(i) Selection of Optimum Bench Face Angle

For 20m or 30m high benches it is considered prac-
tical to excavate bench faces at 700 to 800 in order
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to provide better control on the final face and
reduce high stresses near crests of individual
benches.

The optimum bench face angle was selected based on
the dip or apparent plunge of the failure mode. For
20m high benches the optimum bench face angle is

700 for failure modes which are less than 540. The
optimum bench face angle is 800 for failure modes
which are steeper than 540, For 30m high benches the
optimum bench face angle is 700 for failure modes
which are less than 679, but the optimum bench face
angle is 800 for failure modes which are steeper than
670.

Calculation of Berm Width

The total berm width required to retain failed debris
on the berm, with due consideration to the average
expected breakback, was calculated for the optimum
bench face angle.

For purposes of preliminary slope design, minimum
allowable berm widths not including average breakback
are assumed to be 9m and 10m for 20m and 30m high
benches, respectively. These minimum berm widths are
recommended to provide adequate safety, catchment,
and access to the slope. Minimum berm widths could
possibly be reduced for final slope designs,
depending on the performance of interim slopes.
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(iii) Calculation of Optimum Interramp Slope Angle

The optimum interramp slope angle was determined from
the design charts based on the optimum bench face
angle and total berm width. Calculated interramp
slope angles for 20m and 30m high benches are sum-
marized in Table IX and Fig. 14. Alternative slope
angles were compared and the optimum bench height and
slope design was selected.

Modification of Design Based on Effects of Plan Radius of
Curvature at North and South Ends of Pit

It is considered justified that the relatively tightly curved
slopes in the east and west ends of the open pit may be exca-
vated at angles somewhat steeper than those indicated from
the stability analyses, due to the effects of lateral
constraint or arching caused by the relatively tight plan
radius of curvature. Current theories of slope stability
deal with the slope as a two-dimensional problem, i.e. the
analysis is carried out on the basis of plane strain for a
slice of unit thickness cut from within an infinitely long
straight slope. As the radius of curvature decreases, hori-
zontal tangential stresses increase and "arching" occurs
which improves the stability of the slope. In effect, the
tight curvature of a slope provides lateral constraint which
tends to increase the cohesive forces and the competency of
the rock mass as a whole.
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Based on compilation by Coates and Sage (1974) of empirical
data from field studies and mathematical modelling of radius

of curvature effects in several open pits, a simple formula

to recognize these effects in design has been developed. A
correction increment (i) is proposed which represents the
allowable increase in slope angle due to the effects of plan
radius of curvature (R) and slope height (H) where

—ts
il

3 for R/H greater than 0.5
2R -1
H

The plan radius of curvature and allowable increase in slope
angle (i) are shown for the east and west wall in Fig. 14 and
summarized in Table IX. These radius of curvature effects
mainly apply to the lower reaches of the east and west wall.
A1l other areas in the pit have a large radius of curvature
and there is no significant effect of lateral constraint.

Recommended Slope Design

(i) Interramp Slope Design Between Haulroads in Design
Sectors

The final recommended design for interramp slope for

both dry, (i.e. drained or dewatered) conditions are
summarized in the columns on the extreme right side
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in Table IX. These slope designs have been deter-
mined by adjusting the optimum interramp slope angle
based on consideration of effects of plan radius of
curvature and requirements for access and safety par-
ticularly on the south wall. These slope designs are
also summarized on the proposed final pit plan in
Fig. 17.

Based on the design criteria and procedures described
above, the optimum interramp slope angle may be
selected for the case of either 20m or 30m high
benches (as summarized in Table IX). In general, 30m
high benches result in interramp slopes as steep or
steeper than those for 20m high benches, mainly
because the required minimum berm width for 30m high
benches is similar to that for 20m high benches.
Hence, steeper slopes would generally be achieved if
30m high benches are used.

In certain areas of the open pit, particularly on the
south wall, the proposed slope design and remedial
measures require the use of 10m and 20m high benches
(as described in Section 8.7). In nearly all areas
it is important to maintain access to some benches.
Access is particularly important on the south wall
for maintenance of drainage ditches, remedial
measures, monitoring etc.

Examination of the proposed pit plan indicates that,

even though 30m high benches would be feasible in
most areas north of the South Wall Fault, 20m high
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benches will be required in all areas between eleva-
tion 305 and 345m to insure access to benches on the
south wall. Bench heights of 30m are feasible for
interramp slopes above 345m and below 305m. Below
305m, the angle of the overall slope is considerably
flattened as a result of haulroads. Hence, increased
interramp slope angles and bench heights are con-
sidered justified. Above 345m, 30m high benches
could be blended relatively easily to 10m high
benches on the south wall with some loss of access.
These bench heights are considered justified, based
on the specific ground conditions at Mount Carbine.
Distribution of the areas where 20m and 30m benches
recommended are shown in Fig. 17.

Blending and Modification of Recommended Slope
Designs for Pit Planning Purposes

Slope designs recommended are based on analysis of
information within design sectors, but without due
consideration of pit planning requirements and
designs in adjacent design sectors. Design of the
final pit slopes must include zones of transition
between the slope designs of adjacent design sectors.
In general, the recommended slope angles for a
design sector should not be exceeded in transition
zones. However, because of the additional berm width
provided in the slope design to account for bench
breakback, it is considered justified to steepen
interramp slopes by up to three degrees over small
sections of the slope and accept the possibility of
increased failures spilling over benches. Therefore,
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if transition zones are not overly wide, it may be
justified to increase slope angles up to three
degrees near the boundaries of design sectors in
order to enable blending of the slope designs between
adjacent design sectors.

Results of blending slopes and related modification
to slope design based on the probable mining geometry
constraints are summarized in Fig. 18. Fig. 18 shows
the recommended general slope designs, bench heights
maximum and interramp slope angles in all areas of
the pit except the areas south of the South Wall
Fault (where specialized design and remedial measures
have been prepared (see Section 8.7)).

Production Blasting and Final Wall Blasting

If 20m or 30m high benches and steep interramp slopes
are used, it is imperative that breakback of the
final wall should be minimized with careful perimeter
blasting, using small diameter and lightly loaded
holes. Blast design should be re-evaluated and trial
blasting should be carried out to assess possible
control of breakback on 20m and 30m high benches.
Reduced breakback would indicate feasibility of
steeper bench face angles, and hence steeper
interramp slope angles.
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Groundwater Control and Drainage

Little is known concerning groundwater conditions in
the open pit. Horizontal drainholes may be required
in selected areas to control groundwater pressures.
Piezometers should be installed at appropriate loca-
tions to monitor groundwater if problems develop.

Control of surface drainage is extremely important.
A carefully engineered surface drainage system with
drainage ditches should be provided on all roads and
selected benches to control water flow in the pit.
Many of these drainage ditches should be lined 1in

appropriate areas.
Artificial Support

The steep slopes recommended herein could result in
occasional failures which could result in loss of
berms or loss of part of the haulroads. It is
suggested that either predowelling or postdowelling
with cables may be beneficial in some areas to pre-
vent loss of the bench catchment immediately above
haulroads or loss of part of the haulroad itself.
Location and number of dowels would be determined
based on detailed geologic structural mapping during
excavation to identify possible failures so that
appropriate remedial measures could be designed. It
is noteworthy that, where any failures appear immi-
nent or in a state of slow translation which could
significantly affect the operation, predowelling may
be the most effective approach.
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Trial Slopes

Trial slopes, consisting of 30m high benches, steeper
bench face angles and/or narrower berms, could be
worked into the slope on a trial basis with due con-
sideration of operational constraints and ramifica-
tions if the trials are not satisfactory. Trial
slopes are particularly desireable in that the stabi-
lity and feasibility of 20m and 30m high benches is
essentially unknown. Results of monitoring of trial
sections would be useful for preparing final slope
designs in the open pit as mining proceeds.

Cleaning Berms and Scaling

Rockfall hazards can be minimized if berms are
cleaned and all benches are carefully scaled during
excavation. This is particularly important in the
vicinity of haulroads or critical installations.

Geological Mapping and Monitoring

A11 slopes should be mapped during excavation. This
is particularly important on the south wall where
relatively little information is available concerning
the geological structure below the South Wall Fault
Mapping should be updated on an ongoing basis and
assessed to predict changes in structural geology
conditions. In this way justificiation for flat-
tening or steepening can be considered on a rational
basis in the lower reaches of the pit. Slopes should
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be carefully observed for signs of instability, ten
sjon cracking, movement, etc. If instability deve-
lops, a survey monitoring network should be

established to determine the magnitude and rates of

movement.

DESIGN OF SLOPES ON THE SOUTH WALL ADJACENT TO AND SOUTH OF THE SOUTH
WALL FAULT

Slopes in Design Sectors 1-1, 2-1 and 3-1 south of the South Wall
Fault require special design considerations. This is due to the pre-
sence of weaker rocks in the weathered zone, the strong structural
control of the South Wall Fault as well as presence of relatively
shallow kinematically possible failure modes. Kinematic stability
analyses of structural discontinuities and back analyses of failures
in weathered rock, as well as along discontinuities, were used to
prepare a rational design for slopes in these design sectors.

Because of the constraints on slope design which arise as a result of
the location of the primary crusher and ore stock piles near the pit
crest, specific remedial measures including, controlled excavation,
artificial support and drainage are recommended to develop slopes at
angles steeper than those which would normally be anticipated for the
slope forming materials which exist in this area. Feasibility of
using fully grouted cable dowels has been demonstrated by pull out
tests of trial dowels. Pull out tests on dowels in ten selected
locations indicated that acceptable loads were obtained in all dowels
tested. It should be noted that, because kinematically possible
failures could develop on the south wall slope, artificial support
consisting of grouted dowels is necessary to maintain steep slope
angles. Alternative methods of artificial support such as gabions,
buttresses, shotcrete etc. would not be sufficient to prevent the
failures along joints documented in these slopes.
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Degree of weathering decreases and rock strength increases with depth
in slopes south of the South Wall Fault (as summarized in Table I).
Hence, slope design must be developed for individual benches based on
the possibility of both rotational failure and failure on discon-
tinuities. Back analyses results for both types of failure (see
Section 6) and kinematic stability analysis results summarized in
Table IX have been used to prepare a rational slope design for each
bench and the entire slope. Details of the recommended design are
shown in Fig. 19.

When designing artificial support, it is important that the strength
provided by the dowels or anchors is fully utilized. In addition, it
is imperative that an adequate distribution of pattern support be
established across the failure surface. Hence, although it may be
possible to develop high strength on individual dowels, it will be
necessary to install a sufficient number of dowels to provide an even
distribution of support in the slope.

The slope designs presented in this section pertain only to slopes
south of the South Wall Fault and for the first bench below and north
of the South Wall Fault. Design of slopes more than one bench north
of the South Wall Fault is described in Section 8.6.

8.7.1 General Slope Design Recommendations
(i) Excavation Method
In weaker materials on the upper benches it is
suggested that flatter bench face angles be adopted
to control soil type failure. Steeper bench face

should be used in lower benches where rock progressi-
vely becomes harder.
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The slope should be excavated by ripping in the top
three benches. Ripping is recommended on other
benches wherever possible. If ripping is not used on
lower benches or in the hornfels rock, preshearing or
some other acceptable perimeter blasting technique
using lightly loaded, closely spaced, small diameter
holes should be used. Careful controlled blasting is
required to maintain cohesion in the rock mass, since
cohesion contributes significantly to stability of
the south wall.

Artificial Support

Where required, use of vertical and inclined fully
grouted dowels are recommended to provide artificial
support of the slope to increase the stability of
kinematically possible failures and enable steeper
overall slopes to be mined on the south wall.
Vertical dowels should consist of old drill steel,
steel rail, beams, reinforcing bars or equivalent
stiff members grouted into clean vertical holes using
an acceptable cement grout. Inclined dowels would
consist of degreased cables grouted into drillholes
inclined at about -100 (i.e. 100 below horizontal).

Dowels should be placed in clean drillholes which
have been thoroughly flushed to remove all loose
debris, dust and drill cuttings. Cables should be
clean and free from grease or deleterious substances.
Dowels should be centred in the holes as best as
possible. Grout should be an acceptable nonshrink
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cement grout capable of developing adequate bond
strength. Grout should completely fill the drill
holes and cables should be fully encased in grout.
Preliminary lengths and spacing of dowels are recom-
mended based on stability analyses results and
necessity to obtain distribution of pattern support
across possible failure surfaces.

If adequate distribution of support could be obtained
with dowels it would be feasible to increase dowel
spacing, although care should be taken to support all
possible blocks in the slope. 1In the following a
standard dowel spacing of 3m has been recommended for
200 kN (20 Tonne) dowels. In that dowel pullout
tests indicate that it is possible to develop ulti-
mate loads in excess of 700 kN (70 Tonnes) and design
lToads of 500 kN (50 Tonnes). In this regard it may
be feasiblle to increase dowel spacings to about 5m
on a trial basis on benches below the 365m elevation,
provided that adequate distribution of support and
sufficient restraint of surface blocks is obtained.

If additional support is required to retain small
blocks or ravelling, it is suggested that bearing
plates may be required for the dowels. Alternately,
steel straps might be placed between the dowels for
additional support. Also a sufficient length of
dowel could be left at the face to enable the dowels
to be laced together to provide additional support if
required.
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Drainage Ditches

A proper sealed drainage ditch should be placed at
the pit crest to prevent infiltration of surface
water. The area behind the pit crest should be
sloped away from the pit and/or slightly cambered so
that all surface water is directed into drains and
carried away from the south wall. The existing
topography in the south wall area is favourable for
construction of a well engineered surface drain at
the pit crest.

Drainage ditches should be placed on each bench to
convey surface water or drainage water off the slope.
Benches should be slightly inclined towards the
drainage ditches. Benches should be given a suf-
ficient grade across the slope to carry all water in
surface drains off the slope and to a sump for remo-
val from the pit. The haulroad possibly also should
be inclined or cambered to control surface water, and
a well engineered sealed ditch should be placed at
the edge of the haulroad.

Sub Horizontal Drainholes

Drainholes, slightly inclined upwards at +5° to +100,
approximately 30 metres long and spaced at 10 to 15
metre intervals should be installed on each bench.
Spacing of drainholes may be increased on lower
benches, depending on the volume of water encountered
and how well surface water infiltration is
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controlled. Piezometer should be placed at selected
locations on benches to monitor the effectiveness of
drainholes and assist with determination of optimum
length and spacing of drainholes.

Piezometer Installations

Two to four piezometers should be installed on each
bench on the south wall to assess effectiveness of
drainholes and to monitor groundwater pressures in
the slope.

Geological Mapping

The wall should be mapped as excavation proceeds and
additional analyses carried out to determine dowel
requirements in the lower reaches of the south wall.
This is particularly important if dowel spacing is
increased on a trial basis. It is mandatory that
mapping and analysis be carried out during excavation
to assess this design and apply and/or modify reme-
dial measures as required.

Monitoring

Slopes should be monitored for movement on a regular
basis, using relatively simple techniques. If move-
ments are indicated, detailed monitoring should be
initiated to determine the extent and nature of move-
ment to enable rational design of remedial measures.
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8.7.2 Design of the First Bench Above 375m

(1)

(iii)

One to two rows of vertical dowels should be
installed at the crest of the slope. If two rows are
used, they should be about 2m apart, and should be
staggered with respect to the first row. Dowels
should be 10m long and spaced at 3m along the crest.
Dowels should consist of old drill steel, steel rail,
H beams, or reinforcing bars grouted into blastholes
drilled from the crest.

The slope should be ripped at a slope angle of 500 in
two lifts. The first 1ift should be ripped to 380m
elevation and one row of vertical dowels should be
installed as above. These dowels Should be 7m long
and spaced at 3m along the slope.

Where the pit crest extends above 385m, a row of ver-
tical dowels should also be installed at 385m as
described above (see Fig. 19).

The slope should continue to be ripped at an angle of
500 to 375m elevation and a 5m wide berm should be
established at 375m. Horizontal drainholes and a
sealed ditch should be installed at the 375m eleva-
tion before commencing further excavation of the
slope.
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Design of the Second Bench (365 to 375m)

(1)

(i)

(1i1)

The bench face should be ripped at 570 in two lifts.
Firstly, rip the slope to 370m and install one row of
200 kN (20 Tonne) cable dowels at -100 at 3m spacing
at elevation 373m. Install a second row of cable
dowels at -100 at 3m spacing at 370m elevation.
These dowels should be 6m long (see Fig. 19).

Continue to rip the slope at 570 to 365m elevation
and establish a 6m wide berm,

Install horizontal drainholes and a sealed ditch on
bench 365m before further excavation.

Design of the Third Bench (355 to 365m)

(1)

The bench face should be ripped at an angle of 700 in
2 to 3 lifts down to elevation 355m. Install three
rows of 200 kN (20 Tonne) cable dowels at -100 at
elevations of 364m, 362m and 360m after each 1ift and
as excavation proceeds. Dowels should be 8m long,
spaced at 3m. These: dowels should be placed prior to
excavating more than 2m below each row. Dowel
spacing could be increased to 5m on a trial basis if
500 kN (50 Tonne) cable dowels are used provided rock
mass conditions would appear to be feasible for the
wider dowel spacing.
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A 6m wide berm should be established at elevation
355m.

Horizontal drainholes should be installed and a
drainage ditch should be established at elevation
355m prior to further excavation below 355m elevation.

8.7.5 Design of the Fourth Bench (345 to 355m)

(1)

(i)

Design is the same as for the third bench. If
ripping is not possible control blasting should be
used. Excavation 1ifts should not exceed 5m height
in order that dowels can be placed prior to excava-
tion of lower 1ifts. Three rows of 200 kN (20 Tonne)
cable dowels should be installed at 354, 352 and 350m
after each 1ift and as excavation proceeds. Dowels
should be 8m long and spaced at 3m. As described
above, dowel spacing could be increased to 5m on a
trial basis if 500 kN (50 Tonne) dowels are used.

No subgrade drilling should be carried out.

8.7.6 Design of the Fifth Bench (325 to 345m)

(1)

This bench should be 20m high (double bench) and the
bench face should be ripped at 700 in 5m high 1ifts.
If ripping is not possible, adequate perimeter
control blasting should be used. Lifts should be a
maximum height of 5m in order that dowels may be
placed prior to excavation of lower lifts. Install
five rows of 500 kN (50 Tonne) dowels inclined at
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(iv)

(v)

(vi)
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-10° at elevations 343m, 340m, 337m, 334m and 331m
with specific dowel lengths of 12m, 10m, 9m, 8m and
6m, respectively. Dowels should be spaced at 3m.
Because the bench height is 20m, a greater number of
dowels is required than for the 10m high bench.
Hence, 500 kN (50 Tonne) dowels spaced at 3m are
required (see Fig. 19).

Establish a 10m wide berm at elevation 325m.

Drainholes and a drainage ditch should be placed at
the toe of the bench face.

No subgrade drilling should be carried out.

The need for the fifth bench only exists for a
distance of about 60m on the south side of the South
Wall Fault.

Additional benches below 325m south of the South Wall
Fault would be developed using the same procedure as
described for the fifth bench.

Slope Design Immediately North of the South Wall Fault

(1)

It is recommended that 20m high benches should be
used north of the South Wall Fault. Details of slope
design in design sectors north of the South Wall
Fault are given in section 8.6. Because of the
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(iii)

(iv)

(v)
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geometry of South Wall Fault, this fault could lead
to local instability if undercut. Therefore, it is
important to design the first bench north of the
fault in such a manner that the fault is not undercut
by mining. In this regard a bench face angle of

700 is recommended on the first bench immediately
north of the South Wall Fault.

Drainholes are essential to drain or depressurize the
fault for one to two benches north of the fault.

Benches north of the South Wall Fault should be exca-
vated using preshearing, cushion blasting or some
other acceptable perimeter blasting techniques, using
lightly loaded and closely spaced steeply inclined
drillholes. No subgrade drilling should be carried
out on benches.

Dowel requirements north of the South Wall Fault are
difficult to estimate due to limited information
available in this area. Preliminary assessment of
data indicates joints exist which dip at 449 to

500 in the rock in this area. Continuity of these
Joints is difficult to assess and dowelling may or
may not be required.

For the support of the haulroad it is advisable to
anticipate the use of grouted dowels similar to those
required for the 20m bench south of the fault {as
described in Section 8.7.6 above). On lower benches
dowelling requirements probably will be reduced and
should be used primarily to contend with individual
failures as required.
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. SUMMARY AND RECOMMENDATIONS

A detailed engineering geology and rock mechanics data collection and ana-
lysis program was carried out at the Mount Carbine Mine for the purpose of
conducting slope stability analyses and preparing an optimum design of

final slopes in the open pit. Particular emphasis was placed on design of
slopes and remedial measures in weak and weathered rocks on the south wall

of the open pit.
9.1 DESCRIPTION OF THE INVESTIGATION

Detailed geological mapping was carried out on all accessible benches
and outcrops in the open pit to determine the physical and mechanical
properties of slope forming materials. Two diamond drillholes and
eleven percussion drillholes were used to define the nature of the
rock and distribution of rock strength behind the south wall. Core
orientation and core logging were carried out for selected existing
diamond drillholes in the pit to assist with correlation of geologi-
cal structures, such as foliation, to delineate the South Wall Fault
and to develop a three dimensional rock mass model.

Core samples of intact rock and discontinuties were tested to obtain
basic unconfined compressive strength and shear strength properties
for design. Sealed piezometer and standpipes were installed in
drillholes on the south wall to obtain an appreciation of groundwater
conditions in this area of the open pit.
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Lower hemisphere equal area projections were used to determine the
attitude, general characteristics and behaviour of the various sets
of discontinuities in each area of the pit and to define structural
domains. Based on lithology, distribution of structural domains and
orientation of proposed final pit walls, the pit was divided into
design sectors. For each design sector, kinematic analyses and the
appropriate mechanical stability analyses were carried out for each
possible failure mode to determine the optimum design of interramp
slopes between haulroads. Effects of bench breakback, plan radius of
curvature, blasting methods, groundwater distribution, as well as
constraints of mining geometry were also considered in the design.

ENGINEERING GEOLOGY
9.2.1 Lithology and Rock Strength

The engineering properties of rocks in the open pit appear to
be controlled primarily by processes of silicification and
weathering. The bulk of the rocks in the open pit consist of
fine grained metasediments of the Hodgkinson Formation which
is of middle Devonian to Lower Carboniferous age. To the
north of the South Wall Fault moderate to intense silicifica-
tion of the metasediments has resulted in the formation of
tough hard hornfels. This rock appears to be very resistant
to surface weathering. Laminated hornfels and banded horn-
fels have been mapped within the open pit. South of the
South Wall Fault the rocks consist of unsilicified or weakly
silicified green argillaceous schist and siliceous
greywackes, which are designated as Iron Duke rocks.
Moderately silicified hornfels also occur south of the South
Wall Fault on the east side of the open pit. Unsilicified
and weakly silicified rocks have low to moderate strength and
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are extremely susceptible to weathering. As a result, rocks
south of the South Wall Fault have formed a weathering pro-
file up to 30m deep which varies from residual soil at sur-
face and changes gradually to highly weathered, moderately
weathered and slightly weathered rocks with increasing depth.
As the degree of weathering decreases the rock strength and
competency increases. Consequently, the slope design within
the weathered profile south of the South Wall Fault is dif-
ferent on each succeeding bench as the rock strength and com-

petency increases.
Structural Geology

Rational slope stability analysis and pit slope design
requires that the pit be subdivided as best as possible into
areas of approximately similar geologic structural charac-
teristics. These areas are designated structural domains.

Structural domains at Mount Carbine were determined initially
by assuming the boundaries of the structural domains were
major faults, geological contacts and/or boundaries of areas
with similar foliation. Attitudes of the geologic structural
populations within different parts of each structural domain
were then evaluated and compared. The distribution of major
;tructura] features, main rock types and structural domains
is shown in Fig. 1. A brief description of the main geologic
structural features in the open pit is given in the follow-
ing, based on detailed statistical analyses of available data
using appropriate techniques.
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Foliation

Foliation is a well developed laminated structure
developed parallel to "compositional layering" in the
metasediments. Foliation in hornfels dips steeply
to the northeast or southwest at about 700 to 900.
Average dip directions vary from 041° to 056° and
2219 to 2399, The Iron Duke rocks south of the
South Wall Fault have foliation that dips due north
at approximately 750.

Joints

In addition to foliation joints (Joint Set A), three
joint sets and several minor and miscellaneous joint
sets occur within the pit area. Joint Sets A and B
occur consistently throughout the pit, while Joint
Sets C and D occur in all structural domains north of
the South Wall Fault. Joint Sets E and G and other
miscellaneous joints only occur in specific struc-
tural domains, and appear to be significant on a
local basis only. Differences in orientation and
geotechnical properties of joint sets have been docu-
mented in individual structural domains in the pit.

Veins
Tungsten bearing quartz veins and barren quartz veins
are sub-vertical and occur subparallel to joints of

Joint Set B or along pre-existing joints of Joint Set
B. Two subsets are common in most areas,

D R PITEAU 8 ASSOCIATES LIMITED



9.2.3

gl

corresponding to the subsets of Joint Set B. Veins
are very continuous and can often be traced over

several benches.
(iv) Faults and Shears

Two major faults and a number of small faults and
shears have been recognized in the pit. The South
Wall Fault is the most continuous and significant
structural feature in the pit. It has a uniform
strike and dips towards the north at 70°. This fault
forms the southern limit of the zone of extensive
silicification and delineates the boundary of the ore
zone. The Iron Duke Fault occurs in the northeast
corner of the pit and dips steeply to the
north/northeast at about 850.

Two main fault and shear sets exist in the hornfels
rocks. These faults have dip directions of 035 and
045 and dips of 729 and 359, respectively. These
faults could affect stability in the south and south-
west sides of the open pit, in that they may daylight
due to mining.

Strength Properties

Intact strengths of samples of fresh and weathered rock in
the open pit have been determined primarily from simple field
assessments of rock hardness. A limited number of laboratory
tests consisting of uniaxial compressive tests and point load
index tests were carried out to obtain more accurate estima-
tes of strength parameters in weathered rocks.
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Direct shear tests were carried out on selected core samples
of four representative joints from the south wall area. Test
results indicate that these joints have friction angles
greater than 360 and a relatively high cohesion.

Back Analysis and Documentation of Failures

Back analyses were carried out for a large rotational type
failure in residual soil and weathered rock below the pri-
mary crusher using standard design charts. Analyses indicate
that appropriate values for cohesion and friction angle for
these materials are about 40 kPa and 240 respectively.
Comparison of slopes in the pit with road cuts in similar
weathered rocks and residual soil indicates that the design
parameters discussed above are reasonable. The comparative
analysis also indicates that these slopes should be well
drained to maintain reasonably steep slopes.

Back analyses were carried out for one large plane failure
which occurred on a well defined joint in the south wall.
Back analyses results indicate that the cohesion required for
a factor of safety of 1.0 to 1.5 varies from 20 kPa to 51 kPa
for a slope with a tension crack (see Table VI). Additional
analyses were carried out to determine the possible artifi-
cial support requirements, assuming that a cohesion of 10 kPa
could be mobilized along the joint.

Back analyses results and results of trial installations
based on dowel pull out tests indicate that it is feasible to
achieve relatively steep slopes on the south wall using arti-
ficial support members. Fully grouted vertical or inclined
dowels appear to provide ideal support for the slope in
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question. The number, length and design load of dowels
accordingly have been determined from the data collection,
back analyses, laboratory tests and dowel pull out test
results, from which the relevant design parameters have been

obtained.

9.3  SLOPES STABILITY ANALYSIS AND DESIGN

9.3:1

Deep Seated Failure Considerations

Analyses of geological mapping data, core logs and strength
testing results indicate that, within the range of overall
slope angles which are geometrically feasible, the possibi-
lity of deep seated failure of the whole slope along a single
major discontinuities is small. Plane failures could
possibly occur along shallow dipping faults and shears of Set
SR1 on the south wall and/or west wall of the open pit.
However, the possibility of occurrence of major faults or
shears cannot be clearly stated at this time. Hence, it is
not considered justified to flatten the slope in this area
based only on possible occurrence of a major fault. However,
it is imperative that the slopes be carefully mapped and
monitored. If a major failure develops provisions should be
made for possible remedial measures such as artificial sup-
port, depressurization or possibly slope flattening if
required.

Based on the relatively high hardness, and accordingly, high
compressive strength of most intact rocks in the pit, the
likelihood of time dependent strain and subsequent failure of
intact material in the slope appears to be small except
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within the weathered or weaker rocks on the upper benches of
the south wall. Hence, the possibility of deep-seated rota-
tional failure due to failure of intact material involving
the whole slope is low (at least within the range of overall
slope angles which are geometrically feasible, and which are
considered in this analysis).

Specific design and remedial measures to control possible
rotational failures in the weathered rocks and residual soil
near the crest of the south wall are discussed in Section
8.7.

Stability Analyses and Design North of the South Wall Fault

Within the pit area local failures involving one or two
benches are possible in most areas. Consequently, the bulk
of the stability analyses were carried out to assess plane
and wedge failures on benches, using the structural geologic
information available, and were based on valid statistical
techniques. This statistical approach in designing the slope
was not used for the areas south of the South Wall Fault. In
these areas slope design and remedial measures have been pre-
pared for individual benches to enable design of relatively
steep slopes in weak, deeply weathered rock. Details of
design in this area of the pit is discussed separately below.

Not only must structural domains be considered for individual

stability analysis, but another overriding consideration is
the orientation of the final pit wall. Different pit wall
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orientations require basically different design con-
siderations. Hence, it is necessary to define zones of the
proposed slope which contain one structural domain and one
general pit slope orientation; these zones are designated

design sectors.

Within each design sector the main modes of failure were
determined and stability analyses carried out for both
interramp slopes between haulroads and benches. Due to the
considerable number of possible wedge failures of various
orientations in most design sectors, limit equilibrium analy-
sis results and wedge distributions were treated statisti-
cally. A recently developed statistical analyses technique
was used, based on assessing the cumulative percentage fre-
quency of possible unstable wedge failures with respect to
the apparent plunge angle and factor of safety of the
possible wedges. Slope angles were determined assuming that
20 percent of the possible wedges could spill over berms if
they failed. Design charts were used to develop slope
designs for interramp slopes based on the mode of failure
which was considered to control slope stability. Due con-
sideration also was given to bench breakback, effects of plan
radius of curvature and groundwater conditions.

Slope stability analyses were carried out for both 20m high
and 30m high benches. In most areas of hard unweathered
silicified hornfels, 30m high benches appear to be feasible
provided undue breakback does not occur due to uncontrolled
blasting or bench failures. 30m high benches would result in
wider berms, giving more reliable access and rockfall protec-
tion.
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Contingent on successful trials, 30m high benches are recom-
mended in the hornfels rocks above 345m elevation and below
305m elevation. Between 305m elevation and 345m elevation
20m high benches are recommended to insure reliable access to
the south wall for maintenance of remedial measures and slope
protection in the vicinity of the haulroad.

Information on individual design sectors, analyses results and
specific slope design recommendations are presented in Table
IX and Fig. 14. Modification to the design, based on recom-
mended bench height, effects of breakback, plan radius of
curvature and other relevant considerations for individual
design sectors, are summarized in Fig. 17. In order to

assist with mine planning and requirements of blending slope
designs between individual design sectors, the general
distribution of recommended interramp slope angles in each
area of the open pit is shown in Fig. 18*,

Slope designs shown in Fig. 18 assume dry (i.e. drained or
dewatered slopes). In areas where groundwater pressures are
anticipated, slope depressurization using subhorizontal
drainholes may be required.

9.3.3 Design of Slopes and Related Remedial Measures Adjacent to
and South of the South Wall Fault

Slopes in Design Sectors 1-1, 2-1 and 3-1 south of the South
Wall Fault require special design considerations. As
discussed earlier, this is due to the presence of weaker
rocks in the weathered zone, the strong structural control of

* Fig. 18 is included in the text (following page) as well as at the end
of the report for convenience.
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the South Wall Fault and the presence of relatively shallow
kinematically possible failure modes in the area. Kinematic
stability analyses of structural discontinuities, back analy-
ses of failures in weathered rock and artificial support con-
siderations were used to prepare a rational design for slopes
in these design sectors. Because of the constraints on slope
design, which arise as a result of the location of the pri-
mary crusher and ore stock piles near the pit crest, par-
ticular emphasis had to be given to stabilization, protection
and monitoring measures. Specific remedial measures,
including controlled excavation without blasting, application
of artificial support, drainage and careful slope monitoring
are recommended if these slopes are to be developed at angles
steeper than those which would normally be anticipated for
the slope forming materials which exist in this area.
Feasibility of using fully grouted cable dowels has been
demonstrated by pull out tests of trial dowels. Pull out
tests on dowels in ten selected locations indicate that
acceptable loads were obtained in all dowels tested. It
should be noted that, because kinematically possible failures
could develop on the south wall slope, artificial support
consisting of grouted dowels is necessary to maintain steep
slope angles. Alternative methods of artificial support,
such as gabions, buttresses, shotcrete, etc. without some
form of deep artifical support, would not be sufficient to
prevent the failures along joints which exist in these slo-
pes.

Degree of weathering decreases and rock strength increases
with depth in slopes south of the South Wall Fault. Hence,
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different slope designs are recommended for individual
benches, based on the possibility of both rotational failure
and failure on discontinuities. Details of the recommended
design of this slope are shown in Fig. 19%*.

Slopes in weak or weathered rock should be excavated by
ripping or some other accepted non-explosive method. Slopes
should be excavated in lifts of limited depth to permit
installation of remedial measures as required. 1In this
regard, excavation lifts of 2 to 5m could be used to con-
siderable advantage in certain areas of the south wall.

In areas where ripping is not possible, all final walls
should be developed by preshearing or some other acceptable
form of perimeter or controlled blasting techniques. If
proper controlled blasting is not used on the final wall, it
may not be possible to achieve the steep slope angles recom-
mended. Considerations should be given to using closely
spaced, lightly loaded, small diameter blastholes which can
be used to develop clean unbroken walls, maintain maximum
cohesion in the rock mass and reduce breakback of bench
crests. To maximize the effects of the perimeter blasting
program, trial blasts should be carried out to determine the
optimum blasting method on final walls.

9.4  EXCAVATION METHOD AND BLASTING
9.4.1 Excavation Method
9.4.2 Controlled Blasting

*

Fig. 19 is included in the text (following page) as well as at the end

of the report for convenience.
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Regardless of location, to protect haulroads it is recom-
mended that a more sophisticated or higher level of control
blasting be carried out on the bench immediately above and
below haulroads. Control blasting could also be used in the
vicinity of other important installations in the pit. If
control blasting is not sufficient to maintain the integrity
of the slopes, berms may be reinforced by grouted dowels in

site specific areas.
9.4.3 Production Blasting

Blast patterns, most particularly those near the final slope,
should be designed so that blasting damage to the pit wall is
minimized. With regard to benches, for example, this can be
done by reducing subgrade drilling and having blastholes span
the bench crests. Accurate location of all blastholes by
surveying is essential. Optimum results can only be obtained
by varying blasting techniques and correctly supervising and
designing field trials where loads, spacing, burden, delays,
etc. are varied to obtain the best possible results. It is
sound engineering to make special provision for a series of
test blasts to ensure optimum results for existing operating
conditions.

GROUNDWATER CONTROL AND DRAINAGE

Stability analyses indicate that in certain design sectors ground-
water control or depressurization could be used to advantage. The
slope design for these cases is shown in brackets for the appropriate
design sectors in Table IX and Fig. 14. Control of groundwater and
surface water is essential in the south wall area and behind the
South Wall Fault, as well as in some design sectors in other areas of
the open pit.
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In areas where groundwater is expected to affect slope stability,
groundwater control and depressurization measures, consisting of
subhorizontal upward inclined drainholes, are recommended near bench
toes. Drainholes are particularly important on the south wall to
control water pressures in weak or weathered rocks south of the South
Wall Fault. Drainholes are also recommended to control water
pressures behind the South Wall Fault or other major faults.
Drainholes may also be required in selected areas of the pit to
control water pressures which could precipitate local failures.

Sealed piezometers should be installed on the south wall as the final
pit is excavated. These piezometers should be monitored regularly to
assess the effectiveness of drainholes, and to clearly determine the
length and spacing of drainholes required to obtain effective
depressurization of the slope.

SURFACE WATER CONTROL

Due to the unfavourable effects of groundwater on slope stability,
particularly in the south wall of the open pit, it is recommended
that a properly designed system of surface water control be
constructed in the pit. Surface water control should consist of the
following:

(i) a sealed drainage ditch behind the pit crest in all areas to
intercept all water which could infiltrate into the rock mass

(i1) the area around the entire pit crest should be properly
graded to divert water into the drainage ditch or away from
the pit

O R PITEAU & ASSOCIATES LIMITED



E TE TE E HEH =B

9.7

107.

(iii)  benches and haulroads on the south wall should be inclined
' and/or graded to divert water off the slope

(iv) drainage ditches or closed pipes are important to collect and
control water from drainholes on the south wall

(v) a sealed drainage ditch should be constructed on the haulroad
to convey water off the slope and into sumps for pumping out
of the open pit. Uncontrolled water flow should not be per-
mitted in any area of the open pit.

(vi) sealed drainage ditches should be constructed in areas of the
pit other than the south wall as required.

TRIAL SLOPES

In addition to the slopes recommended, other slope geometries could
be considered on a trial basis, on small sections of the wall. As
stated earlier, trial slopes would be particularly useful for
assessing the feasibility of using 30m high benches on the final
slope. The performance of trial slopes will be helpful in modifying
the slope for succeeding mining phases.

Trial slopes might include steeper bench faces, higher benches or
narrower berms. Such trial slopes should be developed in areas where
failures can be allowed to occur without affecting the efficiency and
safety of the operation. If failures do occur on a particular trial
section, provision should be made so that the failure can be
controlled, and the mining geometry modified accordingly, without
jeopardizing the safety or efficiency of the mine operation.
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A11 significant failures should be completely and accurately docu-
mented so that back analyses can be carried out to help assess the
rock mass strength for design.

CLEANING BERMS AND SCALING

With due considerations of efficiency and safety, benches should be
adequately scaled to minimize rockfalls. Debris buildups may require
cleanup at a later stage in certain areas. Appropriate berms should
be kept relatively free of excessive buildup of rockfall, ravelling
and slide material to maintain adequate catchments. Such berms, if
possible, should be accessible from both ends so that access will not
be Tost if a failure occurs.

SUMMARY OF RECOMMENDATIONS FOR ONGOING WORK RELATED TO PIT DESIGN

The following summarizes many of the aspects discussed earlier per-
taining to ongoing work that should be considered by the mine in
terms of stability and design of slopes in the pit.

(i) Geologic Structural Mapping

Because of the complex geology and importance of the geologi-
cal structure to slope design, detailed geologic structural
mapping should be carried out on a reasonably continuous
basis as mining proceeds. This information should be com-
pared to the existing information and should be used to
determine if any slope design modifications are required as
mining proceeds. A1l geological structures, most par-
ticularly major faults and shears, should be carefully mapped
and described. This would help to correlate major geological
structures and to update important information on faults

D A PITEAU & ASSOCIATES LIMITED
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which have already been mapped and described. The ultimate
objective should be to establish an appropriate engineering
geologic data storage and retrieval system such that local
design problems can be analyzed on a rational basis. The
computer programs available on the mine should assist greatly
in this regard.

Documentation and Back Analysis of Slope Failures

Documentation and back analysis of slope failures should be
carried out to obtain additional information on rock mass
shear strength, shear strength of discontinuities and general
behaviour of slope forming materials.

Trial Slopes and Trial Blasts

A program of trial slopes and trial blasts should be con-
sidered to evaluate the proposed bench and overall slope
geometry as well as the blasting procedures to be used in the
pit. In conjunction with the above work, an analysis of
bench breakback could be carried out to compare the designed
and "as constructed" slope geometry, thus evaluating the
design and effects of control blasting and other remedial
measures.

Monitoring Slopes

Slopes should be monitored for horizontal and vertical move-
ment at appropriate intervals, depending on the degree and
nature of the movement. Carefully installed ground control
points would probably suffice. Also, a periodic visual
inspection of the pit crest should be carried out to deter-
mine visible signs of movement.
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Consideration could also be given to utilizing the dowels (or
possibly rockbolts) as movement monitoring devices. If some
of these artificial support members were ungrouted and
installed sufficiently deep, movement could be measured
directly or change in tensioning could be observed. In
either case, evidence of movement would be known.

(v) Piezometer Installations and Monitoring

As described above, piezometers should be installed in stra-
tegic locations to monitor groundwater pressures and to
assess the need for groundwater depressurization or addi-
tional hydrogeological studies.

PERSONNEL FOR CONTROL OF SLOPE DESIGN AND REMEDIAL MEASURES

The stability and integrity of the south wall depends on careful
excavation and installation of remedial measures as discussed above.
In order to insure a high degree of accuracy and acceptable results
from the remedial measures the work should be carefully monitored.
It is suggested that a qualified technician or engineer be utilized
to organize and control all remedial work. His duties would be as
follows:

(9) supervise installation of grouted dowels and dowel pullout
tests, if required

(1) supervise installation of drainholes, piezometers and
drainage ditches

(i11) plan and evaluate trial blasts and trial slopes

(iv) carry out detailed geological mapping, document slope
failures, back analyze slope failures and carry out slope
monitoring, as required

D R PITEAU A& ASSOCIATES LIMITED
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(v) establish a movement monitoring system utilizing dowels if
required
(vi) evaluate design on a regular basis and carry out appropriate

modifications based on results of field performance of slopes

DR PITEAUS ASSOCIATES LIMITED
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Detailed line mapping traverse: number and location

Number and location of percussion drillhole
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SAMPLE DESCRIPTION AND LOCAT I ON SYMBOLS
1 Natural joint: CB20 (64m) Peak shear strength Az
- i
2 Rough foliation joint: CB20 (104m) for’ Intrial test pun
TN B Residual shear strength
3 Foliation joint: CB21 (38m) Eor Tk tain ®
, Weathered joint: CB21 (4m)
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NOTE: Shear tests were carried out with a direct shear testing
machine using standard testing techniques FIG. [O
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SLOPE HEIGHT IN METRES
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i Highly weathered to
moderately weathered
9 rock.
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) Residual soil and
highly weathered
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SYMBOLS

Design Sector boundary. .

Design Sector number
[}
Orientation and dip direction of final pit wall == . . .. ... . 175°)
Lower hemisphere equal area projection of - et
peak attitude of discontinuity set used in H
the stability analysis. . . . '
Approximate trend and dip direction of proposed . BA
final pit wall on equal area. projection
for Design Sector considered. . _
Optimum interramp slope angle for
Design Sectors—with and without B'e'riéh height = 20m 550 (469)
adequate groundwater .
depressurization - Bench height = 30m 57.0 (472)
Location of measurement of plan radius of Rg,'o5m
curvature (R) and radius of curvature increment (i) i =+5.4°
\ ;
Crest, toe, and elevation of benches on the 285 //)/
proposed final pit (Plan 5A; July 1980) R L
NOTES
|. Design sector boundaries are based on structural domain boundaries and
boundaries of straight slope segments
2. Results of kinematic stafistical analyses were not used for design of
slopes in Design Sectors I-I, 2-1 and 3-|. Separate design of
slopes and remedial measures for individual benches south of the
South Wall Fault are discussed in Section 8.7.
?
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