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CSA Global is a leading consulting 
company in the mining sector strategic 
advisory space and became part of the 
ERM Group of Companies in July 2019, 
with a view to create a world leading 
mining consulting business.

About CSA Global



Introduction
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Setting the Stage – Economic Efficiency

600,000 tonne gold deposit

2.0g/t Au ~38,600 oz A$77.2M

1.9 g/t Au ~36,700 oz -A$3.9M

1.8 g/t Au ~34,700 oz -A$7.7M

1.75 g/t Au ~33,800 oz -A$1.9M
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A$2,000 per oz

~A$1.9M
0.05g/t change in Au



Setting the Stage – Economic Efficiency

600,000 tonne gold deposit @2.0g/t Au

2.0 g/cm3 ~38,600 oz A$77.2M

1.9 g/cm3 ~36,700 oz -A$3.9M

1.8 g/cm3 ~34,700 oz -A$7.7M

1.75 g/cm3 ~33,800 oz -A$1.9M
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Tonnes = Volume X Density

~A$130/tonne
0.1 g/cm3 change in Density



Setting the Stage – Economic Efficiency

Grade and Tonnes - it pays to get it right!!

Increased Efficiency of estimating grade and tonnes 

Maximise potential for profit – increased Economics
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A$2,000 per oz



Setting the Stage – What is Sustainability?

• “The property of being environmentally sustainable; the degree to which a 
process or enterprise is able to be maintained or continued while avoiding the 
long-term depletion of natural resources.“   Oxford English Dictionary 

• Derived from the Latin word “sustinere” - to hold

• From “tenere” to hold, keep, support

• Concept comes from forestry - “using natural resources mindfully so that the 
supply never runs out.”
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Setting the Stage – Sustainability

• Concept of Maintenance 
and Support

• The ESG part of 
Sustainability –
Environment, Social and 
Governance will by default 
be a consideration with 
better Ore Control.
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Setting the Stage – How Sustainability can be maintained

Sustainability can be maintained and supported by -

• Maximising the Economics by improving Efficiency in the Life of Mine cycle

• The ability to increase Efficiency in the LoM cycle will arise from Education

• Education is achieved by following the Ore Body Knowledge approach, where 
Geometallurgy is used to identify and classify those physical and geochemical 
properties of the rocks which are going to impact on product recovery.

• An appropriate Ore Control model is the way in which the above can be 
achieved.
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Setting the Stage - Ore Body Knowledge

What is Ore Body Knowledge?

• Ore-Body Knowledge focuses on the integration of geological, mining, 
metallurgical, environmental and economic information at an early stage within 
the Life of Mine to create geologically-based predictive models for mineral 
exploitation. Google definition

• Comprehensive knowledge and understanding  of element and mineral behaviour

• Geometallurgical input is a significant contribution to Ore Body Knowledge, 
enabling the development of strategies to mitigate risk of variability in a mining 
operation.
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Setting the Stage – What is Geometallurgy?

• Geometallurgy is the integration of geological, mining, metallurgical, 
environmental and economic information to maximise the Net Present Value 
(NPV) of an orebody while minimising technical and operational risk. Google

• Everyone has an opinion, and the meaning is different depending on who you are!

• Corporate - it is the “other” information necessary to successfully convert grade 
and tonnes from out of the ground, through the process plant and out the other 
end to a “VALUE ADDED PRODUCT”

• Metallurgist, Process Engineer- It is the “extra” information that will help ensure 
the minimum amount of ore that might find its way to the waste dump or tailings 
dam!
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Setting the Stage – The role people play in Geometallurgy

• Mine Geologist - The recognition and identification of the physical properties of 
the ore and how those properties impact product recovery

• Exploration Geologist – 3-D model describing alteration and mineralogical 
domains for potential ore type definition

“If you manage the Bad Stuff, the Good Stuff tends to look after itself”
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Setting the Stage – Ore Control

What is Ore Control? 

• The solution to successful process circuit design, control optimization and  
problem solving.
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The Life of Mine
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The Life of Mine - a Change in Focus
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• Orebodies are variable in terms of grade, density, mineralogy, alteration and the 
effects of weathering on the above

• Variability results in extremes in metallurgical response to the physical and 
geochemical properties of the ore

• Source of uncertainty that affects mine design, plant design and capital 
investment decisions.



The Life of Mine  - a Change in Focus
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GRADERECOVERABLE
PRODUCT



The Life of Mine  - a Change in Focus
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GRADE

RECOVERABLE
PRODUCT

RECOVERABLE
PRODUCT

• Opens the scope to consider all 
things along the LoM path that 
are likely to impact on less than 
100% product recovery

• Allows the opportunity to 
minimise the effects of these 
parameters at a much earlier 
stage

• Improved Efficiency, optimized 
Economy, longer- term 
Sustainability



Setting the Stage – Recoverable Product?
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• Amount of valuable metal in the ore that is recovered by metallurgical treatment

• Usually associated with the latter part of the LoM cycle

• Recovery Factor (RF%) in a plant is the mass of product recovered divided by the 
mass of the ROM ore fed into the plant

https://www.sec.gov/Archives/edgar/data/1165780/000116578003000001/glossary.htm



Back to Basics – Recoverable Product Simplified

• Recoverable Product (metal content) =  Grade x Tonnes x RF

• Recoverable Product (metal content) =  Grade x Volume x Density (DBD) x RF
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Geometallurgy
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Geometallurgy – Recoverable Product / Grade
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GRADERECOVERABLE
PRODUCT

Geometallurgical Test Work

• Variability sample

• Small scale

• Many samples

• Best place for test 
work to begin

Metallurgical Test Work

• Bulk sample

• Medium scale

• Blended 

• Small sample

• Traditional place for 
test work to begin

Pilot Plant

• Large scale

• Ramp-up

• Commissioning

• Plant Scale-up (additive) 



Geometallurgy – Understanding the Linkage
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• Understand the link between geology, mineralogy and metallurgical performance

• Detailed domain characterisation that provides predictive ore behaviour during 
mining and processing through LoM

• Relate to mineralogy, target minerals, gangue and textures

• Quality ME assay data – 4 acid ICP-MS, XRF.



Geometallurgy – Sampling and Distribution

• Variability sampling - spatial distribution of samples to define the variability of 
grade, lithology, mineralogy, alteration

• Spatial distribution across the ore body.

• High and low grade samples – end members

• Statistical robustness.
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Geometallurgy – Coverage and Assessment

• Sample as early as possible! Do ME geochemistry at the early stages of drilling 
over a representative coverage of the deposit to define geological and lithological 
domains for geometallurgy

• Accumulate as much information for qualitative and quantitative geometallurgical
assessment

• Critical geological items affecting product recovery – mineralogy, weathering, 
density, alteration

• Outcome is a 3D Spatial model which defines the geometallurgical domains to 
pinpoint where to sample.
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Geometallurgy –Domaining using ME Geochemistry
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• Lithogeochemical approach based on step-by-step domaining geochemical data 
using various element and element ratio scatterplots and ternary diagrams.



Geometallurgy
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Scogings and Louw, 2016. Density – Neglected but Essential. CSA Global internal publication

Lithology

Regolith

Oxide Transition Fresh

1 2 3

Lith 1 A A1 A2 A3

Lith 2 B B1 B2 B3

Lith 3 C C1 C2 C3

Lith 4 D D1 D2 D3



Geometallurgy
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Material 

Type
Ore Waste

B1 OB1 WB1

B2 OB2 WB2

B2a OB2a WB2a

B3 OB3 WB3

C1 OC1 WC1

C2 OC2 WC2

WA1-A3

WC1

WD1-D3

Ore Type Waste

OT1

B1 W1

B2

B3

OT2 B2a W2

OT3 C1 W3

Geometallurgical Sampling                         Metallurgical Sampling

Lithology

Regolith

Oxide Transition Fresh

1 2 3

Lith 1 A A1 A2 A3

Lith 2 B B1 B2 B3

Lith 3 C C1 C2 C3

Lith 4 D D1 D2 D3

Geometallurgical Domaining



Geometallurgy

• Density (for tonnes) – representation over the entire deposit, statistically covering 
all potential material and waste types

• Moisture content, in situ wet density and/or dry bulk density

• Hyperspectral mineralogy to define regolith/weathering boundaries and domains

• Sample both potential ore and waste material types
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Geometallurgy – Hyperspectral Analysis
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Geometallurgy 

• Geometallurgy compliments, but does not replace, traditional metallurgy

• Inform flowsheet design 

• Size equipment 

• Assist in plant design

• Optimize mine-to-plant performance 

• Forecast production

• Reduce risk during feasibility, production and operation. 
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Geometallurgy – Primary and Responsive variables

31

A. Celis, Benefits of Geometallurgy. CSA Global internal publication 2019

• Primary variables 
can be directly 
measured

• Responsive 
variables are 
estimated by proxy 
using primary 
variables.



Geometallurgy - Benefits
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A. Celis, Benefits of Geometallurgy. CSA Global internal publication 2019

• Geomet programme can be 
implemented early

• Geological data eg drill 
sample, assay

• Geomet sampling 
programme

• Variability testwork.



Geometallurgy – Understanding the Difference

• Difference between a Geometallurgical and Metallurgical sample is size

• Geometallurgy Small scale local variability

Bench scale testwork

Identification of Material Types

• Metallurgy Large scale (bulk) variability

Bulk scale and Pilot plant testwork

Identification of Ore Types
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Geometallurgy – Feed for the Ore Control Model

• Geomet model - spatial 3-D modelling of variability based on assay results and 
hyperspectral analysis

• Geostatistical and multi-element regression predictive techniques 

• Rock type, Ore type, Material type

• Mineralogy

• Alteration

• Clay speciation/mineralogy.
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Ore Control
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Ore Control

• An Ore Control Model (OCM) can have many diverse parameters attached to it

• Foundation is based on geometallurgical domaining and subsequently identified 
Material and Waste types

• The Material and Waste types will have been representatively sampled across the 
deposit for small scale variability characteristics

• There are many ways predictive models can be built into an OCM

• An informative OCM is the solution to successful process circuit design.
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Ore Control – Ni and Co Laterites in WA
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Courtesy of Mick Elias, CSA Global

• Selection of appropriate processing 
technology MUST consider the following 

• Ore characteristics (mineralogy,chemistry)

• Ni-Co grades (including potential for 
upgrade)

• Metal recovery

• Mineability (ore thickness and continuity)

• Capital and Operating costs (power, residual 
storage facilities, water source, limestone 
source, acid costs, existing infrastructure etc

• Market requirements.



Ore Control – Ni and Co Laterites in WA
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• Every nickel-cobalt laterite 
deposit in the world has its own 
set of unique geological  and 
mineralogical characteristics

• These need to be recognised, 
identified and understood from 
a geometallurgical perspective.

Courtesy of Mick Elias, CSA Global



Ore Control – Ni and Co Laterites in WA
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Murrin Murrin

• Smectite ore (texturally 
Saprolite, but higher Mg)

• PAL, heap leach (low grade)
• Cobalt and Nickel metal refining 

(briquette)

Ravensthorpe

• Beneficiation
• HPAL – Limonite ore (higher 

recovery)
• AL – Saprolite ore
• Mixed NiCo hydroxy product for 

export
• Acid plant for power.



Ore Control – Ni and Co Laterites in WA

• Composition of laterite ore is key to how it is processed and consumed

• Two distinct ore types

• Upgrade nickel content from 1-4%  to concentrates with grades 10-20%

• Initially from combination of resource Block model and Geometallurgical model

• Mine Planning Ore Control model includes Metallurgical updates and scale up 
factors

• Ore Control Model critical to success.
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Ore Control – Ni and Co Laterites in WA

• Ni upgrade, recovery and Mass Recovery factors

• Other metal recovery and upgrade factors

• Ore domains derived from Geometallurgy, assay and geological sample populations

• Recovered metal content (Recoverable Product)

• In situ (wet) density and dry bulk density

• Acid and Reagent consumption factors and other economic parameters

• Predictive models created at specific grind size – different grind sizes will have a 
predictive model specific for that grind size.
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Summary
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Summary

• Total Ore Body Knowledge

• Small scale geometallurgical testwork is used to create predictive models for 
mining and processing operations

• Focus on Recoverable Product rather than Grade alone

• Tighter control over mining activities and ore delivery to the plant
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Summary

• Build on the latest resource model by using finding relationships with interpolated 
geochemistry to define geometallurgical parameters

• Statistical determinations to build predictive models – dynamic

• Ore Control model used for Mine Planning, ore markout based on appropriate 
parameters eg Recoverable Product, $ block value, NPV etc NOT just grade
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Summary

• Minimise risk at an early stage

• Maximise efficiency in mining and processing

• Increase profitability – better economy

• Maintain sustainability - in every sense of the word
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Recommendation

• Exploration, Resources, Mining and 
Processing departments often 
operate in a quasi-silo scenario

• Find a champion in your company 
with an overall understanding of all 
the disciplines in the LoM

• Cross-department communication 
is the critical key to success with 
Ore Control



Countries CSA Global has worked in
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For more information

Felicity Hughes 
Principal Consultant

Felicity.Hughes@csaglobal.com

mailto:Felicity.Hughes@csaglobal.com

