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Table 1.1 ITE report – areas of responsibility
Area of report Responsibility

Overall compilation, review and editing,
TSF review, project management and

liaison

Ian Glacken, Snowden

Francois Grobler, Snowden

Mineral Resource review Stefan Zanon, Snowden

Ore Reserve, mine planning, scheduling,
mining capital and operating costs

Peter Myers, Snowden

Geotechnical review Richard Fry, Snowden

Paste fill plant review Karl van Olden, Snowden

Metallurgy, process engineering,
infrastructure, operational aspects of the

concentrator

Jeff West and

Damian Connelly, METS

Environmental and permitting review Michael Wakefield, URS

Quantitative analysis of cost overrun Francois Grobler, Snowden

1.3 Summary of risks
A detailed review of project risks, using the semi-quantitative approach detailed in
Australian Standard 4360 along with detailed commentary, is presented in Section
14. A detailed risk assessment, considering a variety of project parameters, the
probability, the impact and the overall risk rating is presented as Table 14.5. A
summary of those risks, by major project area, is presented below in Table 1.2.

Table 1.2 Risk summary by area
Project area Overall risk Comments

Mineral Resources and
data quality

Low Data collection is to high standards. The
geological model is well understood but has
areas of uncertainty which recent drilling
indicates represent orebody extensions.
Estimation is carried out to an acceptable level
of precision using industry standard techniques
and respected consultants.

Ore Reserves, mine
planning, mine schedule
and cost estimation

Medium The Ore Reserve is based upon detailed stope
design using industry standard mining
methods. The schedule has some flexibility
and future pre-production work should address
any scheduling or critical path issues. The
costs have been estimated from first principles
and are subject to normal industry cost
pressures.

Geotechnical Low Good database, although there may be some
locational biases in the information collected.
Ground conditions are good. However, further
assessment of stope designs and extraction
sequences are needed from the viewpoints of
stability and ground support requirements.

Metallurgy and processing Low Process route is tried and tested both globally
and in the local area. Personnel risk is medium
but lower than most other areas of the world.
Set-up and fine tuning of the flotation circuit
requires availability of key skilled personnel
which should pose little problems given the
local processing resources available.
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identified areas of risk, and Vulcan has, in its comments relating to a draft of this
report, highlighted how it intends to mitigate significant risks.

1.5 Study disclaimers
Snowden has based its findings upon information made known to it as at 31 July
2008. Snowden has endeavoured, by making reasonable enquiry of Vulcan, to
ensure that all material information in the possession of Vulcan has been fully
disclosed to Snowden. However, Snowden has not carried out any type of audit of
the records of Vulcan to verify that all material documentation has been provided.

A draft version of this report was provided to Azure and to Vulcan for comment in
respect of omission and factual accuracy, and this draft reflects Vulcan’s comments.
Azure has agreed to indemnify Snowden from any liability arising from its reliance
upon inaccurate or incomplete information provided.

Snowden has prepared this report on the understanding that all Vulcan’s granted
tenements are currently in good standing and that there is no cause to doubt the
eventual granting of any tenement applications. Snowden has not attempted to
establish the legal status of the tenements within each project area with respect to
potential environmental and access restrictions. Snowden also has not
independently verified ownership and the current standing of Vulcan’s agreements
and is not qualified to make legal representations in this regard.

Snowden is an independent subsidiary of Downer EDI Limited which provides
specialist mining industry consultancy services in the fields of geology, exploration,
resource estimation, mining engineering, geotechnical engineering, risk assessment,
mining information technology and corporate services. The company, with its
principal office at 87 Colin Street, West Perth, Western Australia, also operates
from offices in Brisbane, Johannesburg, Cape Town, Vancouver, Belo Horizonte
and London and has acted as Independent Technical Experts on a variety of
projects covering a range of mineral commodities in many countries.

Neither Snowden nor those involved in the preparation of this report have any
material interest in Vulcan or in the mineral property considered in this report.
Snowden has been remunerated for this report by way of a professional fee
determined according to a standard schedule of rates which is not contingent on the
outcome of this report.

Snowden and its associates confirm that all reasonable care has been taken to ensure
that all information contained within this ITE report is, to the best of its
knowledge, in accordance with the facts and contains no omissions likely to affect
its import.
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2 Project overview

2.1 Introduction
Vulcan Resources Limited (‘Vulcan’) owns the Kylylahti polymetallic copper-cobalt-
nickel-zinc-gold project in southeastern Finland. It is located about 400 km
northeast of the national capital Helsinki, 24 km northeast of the historical mining
centre of Outokumpu, and about 2 km west of the town of Polvijärvi. Regional
infrastructure is good, with grid hydroelectric power available, sealed roads, and an
extensive rail network with a railhead at Vuonos, 15 km to the west of Polvijärvi.
Regular scheduled air services connect the regional centres of Joensuu, 40 km to the
southeast, and Kuopio, 100 km to the west, with Helsinki.

Kylylahti was discovered by the Finnish mining company Outokumpu Oy
(‘Outokumpu’) in 1984, and was considered for development by Outokumpu in
1986 and 1996. The project was sold to Australian company Dragon Mining NL in
2003, which on-sold it to Vulcan in December 2004. Vulcan completed a Pre-
Feasibility Study (‘PFS’) for the development of the project in October 2005, which
included reviews of previous metallurgical studies, a new resource estimate, and
mining and environmental studies.

The project is secured by four mining leases covering 181 hectares (‘ha’), and four
mineral claims covering 234 ha over a total of about 4.1 km2. The underlying land
is privately owned, mostly by the Polvijärvi municipality.

2.2 Definitive Feasibility Study
The Definitive Feasibility Study (‘DFS’) for Kylylahti was prepared by SNC-Lavalin
Australia Pty Ltd (‘SNC’), in conjunction with a large number of subcontractors.
The draft DFS was issued in November 2007 and initially considered the PFS base
case of a 500,000 tpa operation producing copper-gold concentrate for sale to
smelters and a bulk zinc-cobalt-nickel concentrate (‘bulk concentrate’) for further
processing. The bulk concentrate was to be transported to a third party roaster for
roasting. A pressure acid leach vessel and a hydrometallurgical plant were to be
constructed for the production of high value, high payability intermediate products.
The DFS was carried out on the PFS base case but, as costs were made available
and it became apparent that a new roaster would be required, alternative project
options were pursued. The DFS subsequently focussed on optimisation and value
engineering of the base case, de-bottlenecking the flowsheet and considering
alternative approaches to processing bulk concentrate.

Vulcan, together with a group of subcontractors, carried out reviews and
optimisation of the DFS between November 2007 and March 2008. The
optimisation and reviews have resulted in the current case which does not include a
concentrate processing facility, but which considers the sale of bulk concentrate for
processing by others. This report is based upon information produced by Vulcan
and its subcontractors following the optimisation and review stage; however, the
technical evaluation, simplification and cost reduction of the various aspects of the
process continues to be investigated by Vulcan..

2.3 Mineral Resource estimate
The current Mineral Resource estimate for the Kylylahti deposit is that generated in
May 2007. This was generated by Vulcan staff in conjunction with noted industry
consultants The Quantitative Group (‘QG’), a staff member of which assumed the
role of Competent Person, as required by the Australasian Code for the reporting of
Exploration Results, Mineral Resources and Ore Reserves (the JORC Code, 2004).
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The resource is tabulated in Table 2.1 . In addition to generating the resource
estimate QG audited and reported on the quality of the geoscientific data
supporting the estimate and the integrity of the database, which includes historic
Outokumpu data.

Table 2.1 Current (July 2008) Kylylahti Mineral Resource estimate

Resource
Classification

Tonnes
Cu

(%)

Co

(%)

Ni

(%)

Zn

(%)

Au

(g/t)

Measured 686,000 1.17 0.24 0.22 0.36 0.50

Indicated 6,973,000 1.17 0.24 0.22 0.50 0.72

Inferred 195,000 1.34 0.28 0.23 0.62 0.96

Total 7,854,000 1.17 0.24 0.22 0.49 0.70

The Kylylahti deposit comprises two lenses; the upper Wallaby zone and the lower
Wombat zone. These have been well defined by drilling apart from the lower limit
of the Wombat zone (wherein orebody extension potential exists) and the zone of
overlap of the Wallaby and Wombat zones. In Snowden’s opinion the resource
categorisation applied fairly reflects the quality of the data, the precision of the
estimation technique, and the relative knowledge of the respective parts of the
orebodies.

It appears that recent drilling by Vulcan will result in an expansion of the Mineral
Resource; however, this has not been considered in this study.

2.4 Mine plan and Ore Reserve estimate
As part of Vulcan’s optimisation of the DFS one of the major changes was to
increase production rates from 550,000 tonnes per annum (‘tpa’) up to 800,000 tpa
from an underground mine, which will be accessed by a decline from surface. This
work was carried out by consultants SRK, which in conjunction with the production
rate increase revised the mine design, the stoping and development schedule and the
mining cost estimates. In general operating costs were reduced from the DFS by
optimising stope sizes, increasing capital development, reducing DFS errors and by
improving the paste fill schedule. The current life of mine plan is for ore
production over 11 years. The associated Ore Reserve (again reported in
accordance with the JORC Code, 2004) is provided in Table 2.2.

Table 2.2 Current (July 2008) Kylylahti Ore Reserve
Reserve

classification Tonnes
Cu
(%)

Co
(%)

Ni
(%)

Zn
(%)

Au
(g/t)

Proved 603,714 1.11 0.23 0.20 0.36 0.50

Probable 6,342,095 1.17 0.24 0.20 0.50 0.72

Total 6,945,809 1.17 0.24 0.20 0.49 0.70

The mining method chosen for the Kylylahti orebody is a combination of
longitudinal open stoping and transverse open stoping (to be used for the wider ore
zones in the Wombat zone). Both methods are well established and appropriate for
the morphology and the spatial distribution of ore zones. The stopes will be
sequentially filled using paste fill technology (delivered from a custom-built paste fill
plant on the surface and using predominantly concentrator tailings) which allows for
a high extraction ratio. Stopes were designed according to the guidelines imposed
by the mining methods and the fill sequence, leading to a mining inventory. This
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was then converted in to an Ore Reserve through the addition of modifying factors,
predominantly dilution and ore loss (which was incorporated into a single stage
adjustment). An economic filter was also applied to the stope inventory to generate
the Ore Reserve. It is Snowden’s view that the mining inventory to Ore Reserve
conversion process is sub-optimal and could be tightened up to increase the overall
value of the mining schedule.

Ventilation has been designed as a push/pull system, with fresh air forced into the
mine via surface-mounted downcast fans and exhaust air drawn out through
exhaust raises. Intake air will be heated to improve the underground working
environment. Snowden believes that the ventilation plan has been constructed to a
high degree of detail.

The mine schedule is designed to achieve the 800 ktpa production rate. This is
based upon reasonable development and stoping assumptions and presents an
achievable project outcome. The proposed equipment fleet also appears reasonable.

Vulcan has carried out a full geotechnical investigation programme based upon a
variety of test holes. All such holes were fully structurally logged and subject to the
normal battery of rock strength and failure tests. Snowden believes that the
geotechnical investigation programme has been carried out in accordance with
industry standard approaches, with one possible issue that the actual geotechnical
information is not evenly spread throughout the orebodies, raising the potential
issue of bias.

2.5 Processing details
The DFS was based upon the concept of producing two concentrates, namely a
copper-gold concentrate (containing between 27 and 28% copper and between 10
and 14 g/t gold) and a bulk concentrate, containing cobalt, nickel, zinc and copper.
Approximately 90% of the concentrate produced over the life of the mine will be
the bulk concentrate. The DFS further went on to investigate roasting of the bulk
concentrate and the sale of various products. This rather complex scheme has been
greatly simplified in the Vulcan optimisation to the generation of the two
concentrates as before and then the sale of each individual concentrate product via
off-take agreements. This approach has greatly reduced the risk profile of the entire
project, which now comprises industry standard, tried and tested crushing, grinding
and flotation activities.

Mineralogy, crushing and flotation testwork has been carried out by well respected
organisations such as Outotec in the local mine region and by AMMTEC in Perth.
As a result of the DFS review a single stage, fully autogenous grinding mill with
associated pebble crusher has been adopted. Of note is the fact that this scheme
was adopted in the old Outokumpu mines in the area.

The flotation circuit is fairly standard and consists of a copper removal stage
followed by cleaning of the tail to generate a bulk concentrate. The copper-gold
concentrate is optimised for metal (i.e. copper and gold) recovery, whereas the bulk
concentrate constitution has been optimised for sulphur recovery, which is a key
driver for bulk concentrate purchasers.

The change from two mills to one has had a major impact on the project’s capital
cost but has slightly increased the risk associated with this area of the process;
however, this arrangement has been shown to work successfully on this type of ore,
most notably in the Outokumpu district. Snowden believes that the mill
throughput has been conservatively designed and does have some flexibility for
increasing the crushing rate. The flotation circuit has also been designed with some
flexibility, although a slight risk is the possible lack of expert technical help to fine-
tune this circuit in the early days of the project.
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In general the process plant is not overly complex or sophisticated, and Snowden
expects that Vulcan will be able to achieve design production and efficiency within a
three month time frame from the start of wet commissioning.

2.6 Infrastructure, tailings disposal and paste plant
The infrastructure and transport networks in Finland are excellent. The project is in
a rural area with good access to the main road network (the concentrator will be 400
m from a sealed highway) and within 2 km of the village of Polvijärvi, which is
expected to supply a significant proportion of the permanent workforce.

The mine site layout has provision for a concentrator as previously described,
administration offices, temporary stockpiles for acid generating and non-acid
generating waste material, a box cut area which provides surface access to the
underground mine, a mine ore pad adjacent to the concentrator, a paste plant for
supply of paste fill to the underground mine, and a tailings storage facility (‘TSF’).
The project will be connected to the Finnish grid power supply system (which
currently offers power at reasonable rates),and to the Polvijärvi potable water supply
system and the local sewerage system.

It is intended that up to 70% of the concentrator tailings are returned underground
as paste fill, along with the vast majority of the waste rock from underground
development; thus the ultimate capacity of the TSF is approximately 1.5 Mt. The
potential tailings material has been tested and found to be non-acid generating;
notwithstanding this Vulcan has elected to line the TSF to prevent discharge to the
local groundwater system. This is mainly due to a change in the solids content of
the tailings material from the 65% allowed for in the DFS to 35% in the review and
optimisation. This lower solids content allows Vulcan more flexibility in handling
mine water sources, including the option of using the TSF as a temporary water
storage area.

The TSF design and associated testwork has been carried out by prominent
consultants Golder Associates. Snowden views the TSF design and construction as
low risk, particularly as the decision to line it has now been taken. However, Vulcan
may wish to plan for an expansion of the TSF over and above the design in
consideration of an ultimate and currently unplanned increase in the size of the
mine and a consequent increase in the amount of tailings.

The paste fill plant was designed initially by Golder PasteTec and the review and
optimisation work was carried out by Turnberry RPA. Paste fill comprising 35%
solids will be delivered to the plant from the concentrator and will be thickened at
the plant before delivery underground via a reticulation system under the force of
gravity. Turnberry’s estimate of the utilisation of the paste fill plant (largely
confirmed by Snowden) is 72%, which provides some flexibility if changed and fill
and stoping schedules are to be adopted.

Snowden views the design, operating specifications and cost of the paste fill plant to
be within normal expectations.

2.7 Permitting, environmental and social aspects
The Vulcan DFS for the Kylylahti project has addressed the requirements of the
Environmental Impact Assessment Act (468/1994), the Environmental Protection
Act (86/2000) and the Water Act (264/1961) for granting of an environmental
permit for commencement of mining. The proponents have instigated broad
community consultation and have attained a reasonable degree of support from
both the community and the municipal authority. The requirement for employment
opportunities and development in the district has no doubt reinforced the positive
outlook on the development.
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Snowden is of the opinion that in relation to cost overruns on engineering projects
as a general trend, a benchmark of 2% to 5% of additional cost can be considering
in addition to the values quantified above. Snowden believes however that due to
the relatively low likelihood of overruns related to labour in this case, as well as
relatively high confidence in timely delivery of critical capital equipment fabricated
locally (in Finland), the likelihood for cost over run would rather tend to the lower
than the higher end of this range.

Considering the above reasoning thus, a total cost over run range of 10% to 15% is
proposed with a preferred value of 12%.
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3 Geology and resource estimation

3.1 Regional and local geology
The Kylylahti project is located approximately 22 km northeast of the historic
mining town of Outokumpu in the Karelia district of Finland. The Keretti copper-
cobalt-zinc-gold deposit, which underlies the modern town of Outokumpu, was
discovered in 1910 following the location of the source of a massive sulphide glacial
boulder found some 50 km to the southeast. The mine operated continuously
between 1914 and 1989, producing some 28 Mt of ore with a grade of 3.8% copper,
0.24% cobalt, 1% zinc and 0.8 g/t gold. In 1965 the Vuonos deposit was
discovered about 10 km to the northeast of the Keretti mine, and produced 5.5 Mt
of copper-cobalt-zinc-nickel-gold ore until closure in 1985. In all, and excluding the
Kylylahti deposit, approximately 48 Mt of copper-cobalt-zinc-nickel-gold ore was
produced or delineated from more than 40 occurrences in the Outokumpu area up
to 1986 (Kontinen, 1985). The Kylylahti deposit was discovered in 1984 by
Outokumpu geologists using diamond drilling following the application of
geophysical techniques within rocks which form part of the Outokumpu trend.

The Outokumpu mining district (including the Kylylahti deposit) is situated within
the North Karelia Schist Belt. This is a structurally complex package of amphibolite
to granulite facies metasedimentary rocks located at a major crustal tectonic
boundary between the Proterozoic Svecofennian belt of rocks to the southwest and
the Archaean Karelian Craton to the northeast. The Outokumpu district is
dominated by northeast-southwest striking isoclinal folds with subvertical fold
limbs. The regional geology and main Outokumpu-type deposits are shown in
Figure 3.1. The numbers represent the copper-cobalt-zinc-gold deposits of (1)
Outokumpu , (2) Luikonlahti, (3) Vuonos, (4) Saramäki, (5) Kylylahti, (6) Perttilahti,
(7) Riihilahti, (8) Hietajärvi, (9) Kettukumpu, (10) Hoikka, (11) Sola, and the nickel-
cobalt deposits and prospects of (12) Outokumpu, (13) Vuonos, (14) Kokka, (15)
Poskijärvet and (16) Petäinen.

The Outokumpu style deposits are currently thought to have formed as a result of
complex multiphase processes involving remobilisation of copper-cobalt-zinc
sulphide rich rocks deposited on the ancient sea floor and their interaction with
nickel sulphide rich rocks within the Outokumpu assemblage. Multiple stages of
deformation coupled with this interaction have led to the thin but laterally extensive
rocks (up to 4 km at Keretti) forming the lenses of mineralisation which have been
mined since 1914.

3.2 Deposit geology
The Kylylahti deposit is hosted within a package of serpentinite, talc-carbonate,
tremolite-quartz and quartz-sulphide rocks which form a distinctive association (the
Outokumpu Association) within the district. The ultramafic rocks have been
metasomatically altered to a tremolite-quartz-sulphide assemblage in close proximity
to the Outokumpu deposits. This assemblage is termed a skarn throughout the
Outokumpu region, including the Kylylahti area. Kylylahti mineralisation is hosted
at the contact of these rocks and black sulphidic shales. Outokumpu Association
rocks occur as pods or lenses of serpentinite, altered to talc-carbonate on the
margins, which have been complexly deformed and elongated within the black
shales. The sequence of ultramafic rocks and enclosing shales is interpreted to have
been thrust into a thick sequence of mica schists and gneisses (Figure 3.2). The
folded belt of Outokumpu Association rocks can be traced over a strike length of
300 km. At Kylylahti these rocks show multiple phases of deformation and strong
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foliations within a tight synformal fold structure, with the mineralisation located
along the near vertical eastern limb.

Figure 3.1 Regional geology of the Outokumpu area showing the location of
serpentinite deposits (see text for names of deposits)

The location of a cross-section (Figure 3.3) is shown on Figure 3.2, and illustrates
the podiform nature of the Kylylahti mineralisation, along with a recognisable
coarse-grained core containing semi-massive sulphides surrounded by disseminated
sulphides on the foliated black schist contact. The semi-massive mineralisation
comprises 40% to 60% sulphide (predominantly pyrrhotite, pyrite and chalcopyrite,
with subordinate local accumulations of cobalt-rich pentlandite, sphalerite, cobaltite
and gold), and ranges in thickness from 5 m up to 20 m.

The disseminated zone contains medium to coarse grained sulphides (5% to 40%
sulphides) and veinlets, with pyrrhotite predominating and lesser amounts of
chalcopyrite, pyrite, cobalt-rich pentlandite and sphalerite. The disseminated zone
is locally gold-rich, with grades of up to 20 g/t gold. The semi-massive zone grades
sharply into the disseminated ore over one to two metres, although isolated pods of
semi-massive mineralisation may occur entirely within the disseminated zone.

Mineralisation at Kylylahti occurs in two elongated lenses which strike to the
northeast, dip near vertically to the northwest and plunge at between 25° and 40° to
the southwest. The total length of the mineralised corridor as currently defined by
Vulcan is 1.5 km and the orebody is open at depth. It is of note that the
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mineralised systems at Keretti and Vuonos are both 3 to 4 km in length. Vulcan has
named the two lenses or zones Wallaby and Wombat.
Figure 3.4, showing the semi-massive zones in red and the disseminated zones in
brown (the grid represents 100 m cubes). Recent drilling has focussed on filling in
the gap between Wallaby and Wombat, and has had some success in this regard.
Vulcan is employing directional drilling and sophisticated electromagnetic (‘EM’)
prospecting techniques for the first time in Finland to explore the limits of the
Wallaby zone. A portion of the upper part of the orebody sits outside and to the
north of Vulcan’s lease on ground owned by Mondo Minerals Oy (a talc mining and
processing company). Vulcan has an agreement with Mondo Minerals giving it
rights to the base metals on the Mondo ground.

Snowden comment

The Kylylahti deposit lies within a region and in a geological environment which has
a long history of mining. As such the nature of the mineralisation and the
metallogeny are well known, although the local controls on ore localisation are
becoming apparent through deposit-scale drilling. The mineralisation can be
identified visually, leading to low risks associated with the identification and
delineation of the orebodies. In Snowden’s opinion there is considerable upside in
the quantity of ore to be discovered, particularly in the down-dip area of the
Wombat zone and in the somewhat complex area of overlap of the Wallaby and
Wombat zones.
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Figure 3.2 Surface geology of the Kylylahti area after Kontinen (2005)
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Figure 3.3 Cross-section at 6973000N through Kylylahti
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Figure 3.4 Three dimensional view of the Kylylahti orebody looking northwest,
showing the distribution of semi-massive (red) and disseminated sulphides (brown)

3.3 June 2007 Mineral Resource estimate
3.3.1 Quality assurance and quality control
One of the key areas of any resource estimate is the certification of the underlying
data quality. This depends in part on good quality assurance and quality control
(‘QAQC’) procedures. QAQC in its broadest sense encompasses drillhole collar
surveys, downhole surveys, data entry and density determination in addition to the
more traditional meaning of assay quality assurance.

Vulcan has devoted considerable effort into ensuring the quality of the drilling data,
particularly the pre-Vulcan (Outokumpu) drilling. Quality checks in this area
include re-surveying of drillhole collars and downhole inclinations. In the area of
assay quality control a number of the Outokumpu intersections were re-analysed
and compared with the original values, with favourable results.

For its own drilling Vulcan introduced industry-standard QAQC procedures,
including the use of duplicates, assays and blanks. This has ensured that the data
collected by Vulcan is of high quality.

Snowden comment
Quantitative Geoscience (‘QG’) has reviewed Vulcan’s QAQC procedures and
verification of the Outokumpu work and has endorsed it. Snowden concurs with
QG that the QAQC is of a good industry standard.

3.3.2 Overview of geological modelling
In June 2007, the Kylylahti Mineral Resource estimate was updated by Vulcan with
the majority of the technical work and the review processes being performed by
QG, which has a long-standing relationship with Vulcan and has previously
provided modelling advice and review. The June 2007 estimate, an update to the
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previous August 2006 Kylylahti Mineral Resource estimate includes additional
drilling and a new geological interpretation inside the mineralised envelope. Vulcan
supplied interpretations of the new geological domains and additional data to QG,
and QG updated the assay top cut values, variogram models and kriging
neighbourhood analysis. QG used this updated information to estimate into the
geological block model, and validated and classified the resultant Mineral Resource
model according to the guidelines in the JORC Code, 2004. Snowden carried out
an independent validation of the resource block model estimates against the input
drillhole sample data for the purposes of this document.

Mineralised areas of differing geological and statistical characteristics generally
require the determination of separate geological domains for resource estimation
purposes. The validated drillhole database for the Kylylahti project was used to
define three dimensional domain shapes within the Surpac mining software package
based on assay values and associated geological observations.

In terms of the definition of resource estimation domains, three different styles of
mineralisation have been classified at Kylylahti; these are represented by the semi-
massive sulphide (SMS), disseminated sulphide (DISS) and hangingwall domains.
Both the DISS and SMS domains have further been subdivided into two separate
areas, referred to as the Wallaby and Wombat zones. Both zones have similar
orientations and mineralisation styles, whereby the SMS is hosted inside of the DISS
domain. The largest zone of hangingwall mineralisation runs parallel to the
Wombat zone, but forms a series of discontinuous pods to the west of the main
orebody in both zones. The size and orientation of these domains are similar to
those used for the previous resource model but some additional domaining has
been performed to better separate copper and cobalt mineralisation, in recognition
of the fact that mineralisation controls on copper and cobalt are slightly different.

In both the Wallaby and Wombat zones copper grades greater than 0.4% were used
to define the DISS domain, which is specific to copper (CUDOM). A further
copper grade threshold, above 1.0%, resulted in the transition to the SMS domain.
Cobalt mineralisation does not always coincide with copper mineralisation, and a
separate cobalt only domain was defined (CODOM). The cobalt DISS envelope
was based on all values above 0.1% Co and a further increase to 0.3% defined the
cobalt SMS domain. A third domain, encompassing both of the mineral specific
domains, was created to define the envelope for the remaining minerals of interest
(AUDOM). If one or both of CUDOM or CODOM was defined as DISS, then
AUDOM was assumed to be coincident. A similar process was used to define the
SMS domain. CUDOM and CODOM were constructed so that there would not be
a mixing between the DISS and SMS domains. Figure 3.5 shows a schematic cross-
section to explain how the domains have been coded; the field of view is
approximately 50 m from top to bottom.
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Figure 3.5 Schematic cross-section demonstrating the domain definitions

The geological codes for the domains were applied to the drillhole database and
compositing was performed using Datamine Studio software, with a target
composite length of 2 m inside of each domain. The sample length of the original
or raw data was typically 1 m, with only a limited number of samples with a length
greater than 2 m. After compositing, samples with a length less than 1 m were
added back to the previous composite to try and preserve the metal content in the
domain. Some of the latest drilling was performed to obtain longer samples of high
grade material (up to 15 m) for metallurgical testing and it was decided that
compositing these sample to 2 m would bias the global statistics. QG proposed
removing these samples from the database but Vulcan requested them to be used,
and a compromise was achieved by treating these long intercepts as a single sample.

Snowden comment
Procedurally Snowden is in agreement with how the samples were composited but
notes some discrepancies in the database provided. Summary statistics show that
three samples with lengths less than 1 m are still contained in the database;
however, these samples cannot be combined with an adjacent sample due to
domaining or the lack of an adjacent sample. Working with a target composite
length of 2 m should result in the majority of composites being contained within a
reasonable range around this value. For each domain, Snowden looked at how
many samples fell between an interval of 1.5 m and 2.5 m, and all but one domain
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have more than 85% of the sample lengths within this range, with about half over
90%. These values are a little on the low side but reasonable for all domains except
for the cobalt SMS domain, where only 76% of the 98 sample lengths fall inside this
range. Some additional work on compositing may be beneficial but is expected to
have little impact on the quality of the estimates.

3.3.3 Use of top cuts
The distributions of some of the variables are positively skewed and top cuts are
one method of preventing these extreme values from overly influencing the
resource model. Top cuts were applied to gold, zinc and arsenic in the 2007
resource update, and the gold and zinc top cut values are similar to those used in
the August 2006 resource. Limited information was provided on the process used
for determining the top cut values, but the August 2006 report provided sufficient
details on this process.

Snowden comment
Snowden accepts the methodology previously described. The chosen top cut values
may not match the ones that Snowden would recommend but they are sufficiently
close to make little or no difference to the resource estimates.

3.3.4 Boundaries and spatial continuity
Once the domaining and compositing was completed, a check on stationarity was
performed for each domain by QG; this involved tests to see that there were no
gross trends within each domain which may invalidate the estimation. These checks
showed that there were some small trends or inconsistencies in the spatial location
of the average grades. These slight discrepancies do not require any further
separation into sub-domains and will be accommodated by the chosen estimation
technique.

Furthermore, an assessment was made to determine how quickly the grade changes
took place between the domains, i.e. the boundary conditions. The previous work
determined that grade changes were rapid and that the boundaries between the
domains should be hard so that only samples situated inside of the domain being
estimated would be used for block grade estimation. This work was not repeated
for the 2007 update, and the previous work is assumed to be still valid since the
changes to the domains have been limited.

The grade continuity was investigated by QG by calculating experimental
variograms and variogram models were fitted to these points. The variograms were
generated using composited but untransformed data, in alignment with good
estimation practice. Due to the limited drillhole data, the Wallaby and Wombat
zones were combined for all domains but the hangingwall zone was kept separate,
since the grades are generally lower. Variograms were constructed for all variables
and domains; copper and cobalt were calculated using their respective domain data,
and the nickel, sulphur, zinc, gold, arsenic, iron and density variograms were
constructed based on the AUDOM codes. Direction specific variograms were first
created inside the plane of maximum continuity where this plane coincides with the
general plane of mineralisation. The directional variograms were generally of poor
quality and difficult to interpret. The additional drilling since the August 2006
resource resulted in some minor improvement to the copper and cobalt directional
variograms for the DISS and SMS domains, but all other variables and domains
continued to use the omni-directional variograms (average over all directions) in the
plane of maximum continuity. Modelling of the variograms was achieved using two
or three spherical structures. The copper and cobalt DISS variograms reach the sill
at over 240 m and around 125 m for the major and semi-major directions
respectively. The remaining DISS variograms achieve maximum variability between
75 m and 740 m, with half of the variables exhibiting a range below 100 m. For the
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SMS domain, the copper variogram has ranges of 150 m and 85 m in the two
principal directions, and the cobalt variogram is omni-directional, with a range of
95 m. The remaining SMS variograms achieve maximum variability between 65 m
and 350 m, with only one variable showing a range over 150 m. The hangingwall
variograms are all omni-directional and exhibit a maximum range between 30 m and
300 m, with copper and cobalt ranges of 50 m and 33 m respectively.

Snowden comment
Snowden endorses the decisions made on the boundary conditions and on the
modelling of the variograms. The ranges of continuity are significant, suggesting
that subsequent modelling is likely to produce blocks which have a moderate to
good local precision.

3.3.5 Model estimation
The block model size of 5 mE by 25 mN by 5 mRL was maintained from the
August 2006 resource but the subcelling was increased significantly, with a
minimum subcell size of 1/10th the parent cell in each direction. QG used this level
of subcelling after a request from Vulcan, but warns that subcells of this size imply
an unrealistic level of precision in the domain definitions. The block model was
constructed in the Datamine Studio mining package and then reblocked, with
domain proportions, to the parent cell size for import into ISATIS software for
grade estimation.

The estimation of grades into the domained block model was achieved by the
ordinary kriging method in ISATIS software. The search strategy was optimised
using the Quantitative Kriging Neighbourhood Analysis (‘QKNA’) process to
determine the size of the search and the number of samples to be used for
estimation. An elliptical search was used for all variables and domains with a range
of 200 m by 100 m by 50 m in the major, semi-major, and minor directions
respectively.

The minimum and maximum number of samples has changed significantly from the
August 2006 resource, where most variables and domains used between 8 and 32
samples. For the copper domains, the minimum number of samples varies between
8 and 16 and the maximum ranges between 12 and 48. Not every block in the
model was estimated using the stated parameters so a second pass was performed
where the search ellipsoid was increased to 300 m by 300 m by 100 m and the
sample number decreased to a minimum of 4 and a maximum of 16. This second
pass was able to estimate all remaining blocks in every domain and for all variables.
The Wombat SMS domain required the most additional blocks to be estimated with
the second pass, and number of estimates was less than 2% of the total number of
blocks.

Snowden comment
Snowden agrees that the level of subcelling is extreme and implies an unrealistic
level of precision in the domains.

Snowden does have a small concern about the limited range of sample values used
for the DISS domains. The Wallaby DISS has a minimum and maximum value of 8
and 12 respectively, and the Wombat DISS has the same value of 12 for both
variables. The cobalt and nickel values have similar minimum and maximum
numbers as used for the copper domains. Similar restrictive ranges were observed
for the Wallaby SMS, with values of 16 and 20, and the Wombat DISS with values
of 12 and 16 for the minimum and maximum respectively. The nickel domains
values, which have been applied to all other remaining variables, typically have a
minimum of 8 and a maximum of 40 samples, which seems reasonable.
Notwithstanding these apparently small numbers, Snowden understands that the
minimum and maximum numbers of samples were defined as the result of kriging



Vulcan Resources Limited: Review of the Kylylahti Feasibility Study

FINAL October 2008 34 of 137

neighbourhood analysis (including due consideration of the percentage of negative
weights) by QG, and is therefore probably of a low risk.

3.3.6 Validation of resource estimate
Confidence in the quality of the estimate was achieved by validating the block
model against the components of its construction. The first check was to validate
that estimation reproduced the mean composite grade, after declustering, for each
variable. The volume weighted average estimation grade was calculated for each
domain and variable, and these values were then compared with the composite
average grade provided by QG. For copper and cobalt the average grade
reproduction was reasonable, with less than a 10% difference for all domains. The
remaining variables typically showed similar levels of quality in the average
estimation grade, except for arsenic and gold. The arsenic difference from the
domain average grade reached a maximum deviation of 25%, but reporting
precision is a factor since the target average grade is reported to only two decimals.
For gold, the maximum difference was 19%, but all significant gold deviations were
in domains where the average estimated grade was less than the target average.
Visual inspection of the provided plots of drilling overlain upon the block model
shows that model grades compare reasonably well with the input composite grades.

Moving window trend graphs allow an assessment as to how well the local
estimation mean compares against the local sample mean inside slices generated
through each domain. The slicing was performed on 50 m increments in the
northing and 25 m increment for elevation. Due to the orientation of the zones,
slicing in the easting may provide limited information but it is recommended to
include them for completeness. The grade trends are generally honoured in both
directions but limited sample data makes comparison difficult for some variables
and domains, specifically all iron results and the Wombat SMS and hangingwall
domains.

Snowden comment
Snowden’s validation of the QG model indicates that it honours the input data at
the domain level and at the local (sub-domain) level. However, Snowden notes that
the estimate is fairly smooth due to the lack of data and this is supported with visual
comparisons in an area of close spaced drilling which show that there is significant
local variability in the drillhole data which is not reflected in the estimate, although
on the whole, broad trends are honoured.

3.3.7 Resource classification
The classification of the resource in 2007 is based on the same methodology as the
August 2006 resource model, which is largely based upon the search criteria. Blocks
that were informed in the first search pass have been classified as Indicated, while
the remainder of the model has been classified as Inferred. Generally the drill
spacing is 50 m by 50 m or better with reasonable continuity. The additional
drilling and larger searches adopted in the 2007 update have resulted in higher
tonnages in the Measured and Indicated categories. A small proportion of the
overall tonnage is classified as Inferred but this cannot be compared to the previous
resource model since no information was reported for the category. QG applied
the classification, with direction from Vulcan, in accordance with the JORC Code,
2004.

Snowden comment
Snowden endorses the Kylylahti resource classification and the resource estimate as
being a reasonable to good representation of the mineral inventory of the Kylylahti
deposit.
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enable the complete extraction of the orebody with no requirement for leaving
remnant pillars.

Drilling and blasting and ore handling will be the same as for the Wallaby LOS
operations.

Snowden comment
The approach to locating the decline is sound. The Wallaby zone portion is
contained in the footwall, somewhat distant from the potentially destabilising
effects of Wallaby stoping. The Wombat zone portion is located in the hangingwall
which facilitates the sequenced extraction of high grade footwall primary semi-
massive stopes followed by lower grade disseminated stopes.

The selected methods for mining the Wallaby and Wombat zones of Kylylahti are
well established and appropriate given the spatial distribution of the resource and
subject to the resolution of the various geotechnical matters discussed below.

4.3 Ore Reserve
Stope designs were prepared by taking vertical slices through the resource wireframe
prepared at a 0.4% Cu cut-off at 15 m intervals, or 7.5 m intervals for more
complex geometries. The minimum mining width was 3 m. Sublevel intervals were
30 m and the draw point spacing 12.5 m. Resource classified as Inferred was not
included in the mine design.

Dilution and ore loss were provided for by factoring the resource within the stope
shape in accordance with the modifying factors in Table 4.1, to produce a potential
mining inventory. Note that dilution and ore loss factors have been combined into
single tonnage and grade modifiers.

Table 4.1 Stope resource modifying factors

Stopes
Tonnage

factor
Dilution
grade

Applies

Wallaby 1.05 100% Wallaby (95 stopes)

Wombat
Primary

1.05

0.4% Cu
0.1% Co
0.2% Ni
0.4% Zn
0.5 g/t Au

52% Wombat (54 stopes)

Wombat
Secondary

1.08 0% 48% Wombat (50 stopes)

Vulcan reports that the grade of the diluting material is around that of the cut-off
grade used to establish the resource wireframe.

The conversion of stope resources to potential mining inventory is shown in Table
4.2 (from SRK (2008), Table 6).
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The main activity scheduling constraints adopted by SRK are shown in Table 4.5.

Table 4.5 Scheduling constraints
Activity Constraint

80 m/month for first 100 m of decline

120 m/month for second 100 m of decline
Decline development 180 m/month from 200 m to -120 mRL, about

640 m of decline

140 m/month below -120 mRL

12 m/week in any one heading
Level development

Each jumbo capable of 250 m/month

10 t/m drilled
Production drilling

200 m/day

Production loading rate 1,200 t/day/stope

Filling rate 1,000 t/day

Fill cure time 28 days before start of mining in adjacent stope

The project LOM schedule is summarised in Table 4.6.
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Table 4.6 LOM summary schedule
Years

Item Units 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Development m 2,858 5,409 3,726 4,976 2,486 1,791 987 - - - -

Wallaby ore (incl devt) kt 9,944 223,998 555,903 346,053 155,068 - 59,052 150,460 284,388 531,160 230,575

Wombat ore (incl devt) kt - - 91,637 460,357 647,103 800,331 744,619 651,461 517,155 270,072 216,474

Total ore kt 9,944 223,998 647,540 806,410 802,171 800,331 803,670 801,922 801,543 801,232 447,049

Cu grade % 0.64 1.27 1.14 1.29 1.42 1.36 1.41 1.09 0.94 0.82 0.89

Co grade % 0.16 0.26 0.26 0.25 0.25 0.24 0.26 0.23 0.21 0.20 0.20

Ni grade % 0.26 0.20 0.21 0.18 0.16 0.20 0.17 0.20 0.23 0.23 0.21

Zn grade % 0.30 0.50 0.51 0.49 0.51 0.61 0.62 0.52 0.39 0.34 0.37

Au grade g/t 0.44 0.70 0.66 0.61 0.70 0.92 0.79 0.77 0.64 0.57 0.54
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Table 4.7 Mining equipment fleet
Equipment type Number of units

Twin boom jumbo 2

Bolting jumbo 1

Mechanical scaler 1

Longhole drill 2

Development loader (14.5 t) 1

Production loader (10 t) 4

Haul truck (21 t) 8

Service equipment:
washdown truck, development charge
wagon, stope charge truck, IT, grader,

shotcrete machine, diamond drill

1 of each

Light vehicles 13

All major equipment, excluding service equipment and light vehicles, would be
leased from the manufacturer or supplied as part of the mining contract.

Snowden comment
Snowden has not undertaken a detailed fleet evaluation but considers the equipment
types described in SRK (2008) to be adequate. There may be opportunities for cost
and efficiency improvements by considering larger capacity underground haul
trucks.

It is noted that cable-bolting of stope footwalls does not appear to have been
included in activity schedules. If cable-bolting of stope footwalls is fully embraced,
an additional contractor supplied long-hole rig may be required.

It is also unlikely that the single rock-bolting jumbo listed in Table 4.7 will be
adequate to support both the Vulcan and contractor development activities.

4.7 Mine services
Vulcan’s plans for mine services are described in SRK (2008), and include
descriptions for provisions for pumping and groundwater management, electrical
reticulation, compressed air and water supply, communications, refuge chambers
and emergency egress.

Snowden comment
The provisions described in SRK (2008) are deemed adequate for the purposes of
the study.















Vulcan Resources Limited: Review of the Kylylahti Feasibility Study

FINAL October 2008 51 of 137

Table 7.1 Typical mineralogical analysis of the main Kylylahti ore types

7.2.2 Variability
The proportion of iron sulphides, pyrite and pyrrhotite, varies widely among the
orebodies. In the pyrrhotite rich areas cobalt pentlandite is the main cobalt mineral
whereas in the pyrite rich areas it is the main cobalt carrier. The metallurgical
process is mineralogically driven and the solid solution nature of some of the metals
and the low grade of others (e.g. zinc) means individual concentrates of cobalt,
nickel and zinc are not possible. Variations in the mineralogy result in characteristic
changes to the nature of the bulk concentrate produced as a result. Metallurgically
the identification of the ore zones is important. When cobalt pentlandite is present
it is possible to produce a higher grade cobalt concentrate than when pyrite is the
main cobalt phase. The mass flows will vary accordingly, and performance of the
concentrator could be impacted if the mine schedule of feed to the concentrator is
not managed to achieve optimum outcomes. Vulcan has used assaying and
chemical mass balancing to model the ore species in 3D and therefore manage the
potential problem.

7.2.3 Geometallurgical approach
The main sulphide minerals are pyrite, pyrrhotite, chalcopyrite, cobalt pentlandite
and sphalerite. Accessory minerals include pentlandite, cobaltite and siegenite.
Vulcan has used wet chemical assays for copper, sulphur, zinc and arsenic. Cobalt,
nickel and iron values have been obtained by bromine methanol dissolution.
Vulcan used this and other methods to estimate the spatial distribution of mineral
species in the ore blocks so that the distribution could be visualised in 3D.

The geometallurgical approach taken by Vulcan is excellent as this technique results
in a minimisation of risk and unwanted surprises during mineral processing
operations.
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Figure 7.1 Details of Stage 1, 2 and 3 testwork
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Flotation testwork
Site water is excellent, and although Perth tap water was used for all flotation tests
the impact of site water has been tested and resulted in a suitable local water source
being selected.

Snowden comment - copper flotation
The primary grind size of P80 106 µm is coarser than normal in this type of circuit.
The requirement here is to achieve a grade suitable for sale to smelters. There is
flexibility with grade and recovery. This is a robust simple float and not technically
demanding. Testwork has shown that the production of a saleable concentrate is
possible from all three ore types; this is possible due to the liberated form of the
chalcopyrite in the ore. The circuit has a tower mill to regrind composite particles
and ensure the copper grade is as high as possible.

Bulk Flotation
Extensive bench scale and locked cycle flotation testwork was carried out by G&T
Canada and thereafter by AMMTEC. The process is robust and aimed at
maximising metal recovery and sulphur recovery. Technically this is a less
demanding flotation regime than one normally finds because grade is not a
limitation.

Cobalt recovery is important from a revenue perspective and the cobalt recovery is
dependent on the ore type. Of the three ore types described above (Section 7.2.1),
Kyly B is most affected by cobalt inclusions in pyrite, and also has a lower nickel
recovery (nickel associated with pyrrhotite). Kyly A is less affected and achieves
high recoveries. The DISS ore offers the best potential to make a higher grade
cobalt concentrate, albeit at slower flotation rates.

The variable recovery of cobalt reflects the differing mineralogy in the ore types.

Snowden comment – blending of ore types
It is important to note that it is relatively easy from a mining viewpoint to blend the
two main ore types, DISS and SMS, and that the concentrator is designed to handle
varying proportions of these two types of ore throughout the mine life. In fact the
recovery of the plant is not sensitive to the relative proportions of DISS and SMS,
which provides more flexibility to the mining schedule.

Thickening and filtration
Extensive thickening and filtration testing has been undertaken on samples of
concentrates and tailings. In addition the transportable moisture limit (‘TML’) has
been determined. Drying of the concentrates is not required. The TML dictates the
moisture level above which the concentrate cannot be shipped.

Pilot plant testwork
The pilot plant failed to achieve bulk concentrate sulphur grade other than the last
day of operation. As a result the bulk flotation had to be repeated; however,
notwithstanding the short pilot plant operating time the plant did demonstrate the
ability to achieve high grade copper concentrates with little cobalt and a bulk
concentrate with high cobalt recoveries.

Snowden comment
There will be a learning curve for the plant and the three month ramp-up period
will allow fine tuning of the process. While the suggestion to do more piloting is a
simple one this may not achieve anything worthwhile. Evidence from Radio Hill
selective flotation (copper from nickel) is that a circuit which could not be made to
work at AMMTEC was in fact successful on site. The technical resources for




