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Controversial presentation warning...

Non-ore materials characterisation should be considered as integral to mineral resource
evaluation and reserve declaration

Non-ore material characterisation should be included in the reserve declaration stage because, in
addition to ore extraction and processing, managing these materials (including tailings)
determines if the project as a whole will be financially viable.

o PFS typically aims to put costs within +/- 25% whilst a DFS aims for +/-10%. A strong argument can
be made that this is not achievable (at least for DFS) without thorough waste characterisation

This places great importance on having a representative block model (and thus drill hole assay
database) for non-ore parts of the deposit before a reserve can be declared.

The focus should be on integrated mine planning driven by appropriate drill hole asssay database
and block model development as part of resource-reserve development framework

ML/ARD regulations and guidance, and existing mineral resource reporting frameworks together
as they stand today are not sufficient to achieve the above in a consistent way
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“The JORC Code provides a
mandatory system for the
classification of minerals Exploration
Results, Mineral Resources and Ore
Reserves according to the levels of
confidence in geological knowledge
and technical and economic
considerations in Public Reports.”
(https://jorc.org)*



How does waste characterisation fit with mineral
resource framework

« In general this means O Ttion
. : Results
increasing level of knowledge
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Consideration of mining, processing, metallurgical, economic,
marketing, legal, environmental, infrastructure, social,
and governmental factors
(the “Modifying Factors”).

Waste zones generally only become “important”
when converting resources to reserves. Mine
waste may be considered a “modifying factor”



ML/ARD as a “modifying factor”

MOdlfylng Factors PAN-EUROPEAN RESERVES +
RESOURCES REPORTING
COMMITTEE

4.8. Definition Modifying Factors are considerations used to convert Mineral

Resources to Mineral Reserves. These include, but are not restricted

to, mining, processing, metallurgical, infrastructure, economic,

marketing, legal, environmental, social, governance (‘ESG') and

regulatory factors. MINERAL

The conversion of Mineral Resources to Mineral Reserves requires the consideration RESERVE
of the Modifying Factors. The estimation of Mineral Reserves must include

consideration of all relevant Modifying Factors with input from a range of disciplines.

Suitable waste
MINERAL characterisation and
RESOURCE waste management risk

assessment

By definition, to convert a mineral resource to a reserve then suitable waste

characterisation, and waste management risk assessment is required as these are
Modifying factors




Implications for non ore charactersiation
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 Sufficient understanding of mine waste management is required to
demonstrate a mine plan and schedule is technically achievable and
economically viable.

» Understanding of the geochemistry of the waste should be sufficient to
assume geochemical continuity between points of observation where data
and sample are gathered (pertinent to spacing of boreholes)

Geological evidence is derived from adequately detailed and reliable exploration, sampling and
testing gathered through appropriate techniques from locations such as outcrops, trenches, pits,
workings and drill holes, and is sufficient to assume geological and grade (or quality) continuity
between points of observation where data and samples are gathered.



Underlying rational

» The process of ML/ARD assessment in the context of resource phase of project
development could be considered as a bottom-up, rather than a top-down assessment

« Data driven process rather than a compliance driven process.

» The objectives for ML/ARD assessment can be thought of in terms of providing a set of

requirements to provide an underlying suitable data set to facilitate future ML/ARD
assessment

* From this bottom-up data-driven approach that consideration of ML/ARD within mineral

resource/reserve definition frameworks becomes a practical, holistic and integrated
consideration.

Understanding of the geochemistry of the waste should be sufficient to assume geochemical
continuity between points of observation where data and sample are gathered



Implication for sampling requirements

» Conversion of Resources to Reserves - the declaration that a project is economic -
cannot be completed without knowledge of waste management requirements and
water treatment costs through operation, closure and post closure.

» Itis necessary for investors, boards and directors to be informed of these costs in
order to make fully informed investment decisions.

» Therefore we could make an argument that the number of samples required for waste
characterisation at PFS stage for conversion of a resource to a reserve is:

« “Equal to that required to construct an ML/ARD block model that is suitable for use to
develop a life of mine plan (including closure), mine waste schedule, and processing
method that is technically achievable and economically viable”

o This is not likely to be 50 or 100 samples.....Why? Because if a generic, non statistically
justified sample number in ore zones is not acceptable for estimation as part of mineral
reserve declaration then de-facto it should not be acceptable for waste characterisation

“estimation” for any project proceeding to mining.
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The purpose of the samples

« Difference between sampling to understand the geochemical behaviour of different types of
waste (most ML/ARD studies) and that to construct a block model (Resource development)

Probabilistic Samp”ng Details Advantages Application
‘..' '. Random or regular Statistical analvsis is Construct block
grid — for example ossible y model of waste
resource or grade P _r
Can quantify error

control drilling Inform spot sampling

Spot sampling

Characterise waste

Targeted sampling — Detailed (often time-
Most understand the consuming and costly) Inform ARD-ML
MU/ARD | ARD-ML behaviour tests used to )

D D studies of a subset of characterise the model — parameters

samples selected materials that define waste
P classes

Some of the ambiguity in discussions of number of samples required for waste definition
stems from lack of clarity regarding the purpose of the samples. There is a difference
between sampling to understand the geochemical behaviour of different types of waste
and sampling required to construct a block model.

Describe probabilistic vs spot sampling using the table.

Crucially, both types of sampling are needed to create robust waste models that reflects
the AMD behaviour accurately.




Sample selection principles

« Sampling is needed to obtain information

« The number of samples depends on the question that is being addressed and the
detail/accuracy that the answer needs to deliver

» Generally, drilling gives random sampling type data. This information can be used to
select targeted samples to understand specific combinations of parameters (for
example sulfur content + carbonate mineralogy + specific alteration).

« Such targeted sampling provides information that allows application of the
parameters collected for the larger randomly-selected dataset to predict material
properties

« Validation testing requires once again a random sampling approach



Geochemical properties relate to underlying
complexity and number of relevant variables

» Given the following deposit characteristics how many samples
are required to characterise geochemical properties?

Number of samples

100,000

* 6 rock types (dacite, andesite, breccia) 10,000

+ 3 alteration types (silicic, argillic, advanced argillic) 1,000

+ 3 oxide types (oxide, transition, sulfide) 100

» 5 key sulfide ranges (e.g. 0-0.15%, 0.15-0.3%...) 10

Number of samples

» 5 key carbonate grade ranges

+ 2 key metal species (not correlated e.g. As and Mn), for each metal & v\-&‘ \k&"’ @“’} & ¥
species 5 key metal concentration ranges (e.g. 0-100ppm, 100- o & &
250ppm etc) @

Maximum potential combinations of properties = 33,750 i.e. likely tens of thousands of different
geochemical compositional outcomes that may be sampled.




What is the level of confidence in the underlying
distributions of key parameters in the entire resource?

Ca_pct

901
851
801
751
701
851
8.0 1
551
501
451 o
401
35
301
251
201
151
101
051
001 ¢

Combined sulfide S : Ca_pct

24,000 samples
(assay results)

TV ee e

8460 samples
(assay results)

5 6 7 8 9
Combined sulfide S [Locked)

10 1

12 13

14

Colour 22,500
Grouped_Lith
- 20,000
@® VANh
VDA 17.500
" Yoyr: 15,000
-— €
~Shape 3 12.500
@ Default Shape © 10,000
Size 7.500
® Default Size ‘ 5.000
Label 2,500
SampleID_2
0 —

VDA QTZ
Grouped_Lith

» Are the distributions a function of real differences by
lithology or a function of number of samples taken?

+ How many samples are needed to understand the
distribution to a meaningful level of statistical certainty?

« How should sampling strategy for ARD/ML be developed
and validated?



Real life complexity from high density grade control
drilling ~260,000 results for arsenic

As

Layered complexity:

* Rock type

Alteration type

: . : Oxidation state

e - o & A 5 E Mineralisation type
5 : N A Mineral grade

000000

» Density of testing required very
site specific

» Need to validate if “average”
grade approach appropriate for
block models of waste zones.



Sample selection: the unknown unknows...

a0 0o b

Targeted sample selection aims to provide
information for the key combinations of parameters
that may be encountered, while capturing some of

the variability of the depost. I

Usually, it is aimed to have similar distribution of —, - - 1 Dkl T
lithologies in the subset of detailed samples as in Cpet BT T W W TS M
the depOSIt S_pct : Ba_ppm S_pct: Co_ppm S_pct: Cr_ppm

1,000

Targeted testing requires samples from different
depths and parts of the pit so that it is
representative of the rock in the deposit as a whole

Ba_ppm
Cr_ppm

Balancing the geochemical distribution of the
deposit can be challenging if very few samples are
selected




Distributions in assay database against
classifications
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Parameters are not always directly correlated meaning without a lot of data it can be

difficult to determine what the distributions are for a given waste material
classification



Datasets vs models and validation

e Drill data is used to construct the
model:

* Where more than one interval data
point is present for the block, the assay
data has to be combined in some way
(for example grade weight average or
top cut value)

* Where no borehole intercepts the
block, data has to be interpolated
between nearest data points, making
an assumption about the grade and
geology being similar to that of the
locations of the boreholes, or be
predictably grading between the two.




Block model construction

GC RC drilling

Zones of
“extrapolation”

Parameter Resource Model Grade control Model

Block size (m) 30%40*24 10*10*12

Drill data Diamond and RC RC

Estimation Indicator Kriging & Indicator Kriging &
Ordinary Kriging Ordinary Kriging

Assay data Metals, Sulfide sulfur | Metals/sulfide

sulfur/XRD/AMD




High-resolution, low certainty model

Alunite can make up >30% of
rocks = 1.5% false uplift on SxS

X = Elevated Sulfur Reduced zone, Y = Low Sulfur Oxide Zone

*  Looks great, and model based on proxies from routine assay can have >260,000
datapoints. BUT SxS is impacted by Alunite, a source of sulfate sulfur also picked up
in SCIR measurements

*  Therefore the model requires corrections in zones of elevated alunite

*  Alunite Min-1 on ASD and confirmed with XRD on selected validation boreholes



Changes from model to mining

Blast movement Blast/dig plan Block model
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« Scale of mining may not be equal to block model.

* Bulk mining means that “isolated” blocks may be lumped in with others

» Grade weighting at the mine plan scale means that mixing/blending of blocks together likely to occur

 After blasting boundaries between blocks/dig areas move meaning that mixing occurs across
boundaries during mining process (unless offsets are applied at boundary zones)



Grade weight averaging

sl Designed for resource assessment (entire block
— will be processed), not for environmental
Grade (%) evaluations where the range of values may be

. 2 - more important than the average.

SRS

3m composite
sample for sulfide 100
sulfur analysis

. \ Grade weighted average
25"10m block area in block value based on

T resource model model estimation

130m drill hole profile sulfide
sulfur/calcium assay data

1m drill core 120
intervals



Conclusion: better understanding underpins better
outcomes

« Mines produce waste more than anything
else (volumetrically)

« Sampling and modelling of this waste
should be developed using a similar
approach as carried out in the ore zone

» Early detailed geochemical characterisation
can identify the key ML/ARD risk indicators
so that they are included in the testing and
used for modelling from the onset.

 This will improve the accuracy of planning,

scheduling, estimation of future risks from

the waste and economic evaluation. 25*10m block area in
resource model




Conclusions

« Where ML/ARD assessment is considered as a separate technical exercise to mineral
resource assessment, missed opportunities can be identified with respect to both the
development of the underlying data set used for ML/ARD assessment, and consequently
managing project risks related to ML/ARD.

+ Development of an integrated framework that better describes the integration of ML/ARD
into resource definition project workflow and resource reporting is considered to be a

significant opportunity for the mining industry to present ML/ARD related risks and develop
transparent ML/ARD related mitigation strategies

« Considerations of circular economy, and reduce-reuse-recycle mantras, consideration of
integrating ML/ARD into resource development and reporting can assist with determine
“value” to non-ore blocks as well as ore blocks within a mine model.

« For this to be practicable the underlying data set is required to be developed during the resource
development phase to include appropriate parameters to allow the construction of a non-ore block
model



Thank you

spearce@memconsultants.co.uk
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