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Abstract

Geometallurgy is an interdisciplinary field aimed at describing potential ore deposits in terms that mine
planners and economists can use to design and run profitable mining operations. The major geological
contribution to the field is defining the spatial variability of potential and active mining resources so that
planning and scheduling can accurately predict the economic performance and environmental impact of
mining in time to respond efficiently to variations in ore type. This information is needed at feasibility
stage and throughout the mine life. We review the available literature on how geologists have contributed
to these predictions in the past. There have been substantial advances in predicting comminution
behavior. Prediction of recovery and environmental impacts are less advanced. This introductory paper
provides a brief review of geometallurgy and a synopsis of the papers in the Special Issue, along with
suggestions on future directions.

Introduction and Review of Geometallurgy
Introduction

Descriptions of case studies with a geometallurgy focus, particularly those that highlight links to geological
variability, are not abundant in the published literature and much of what is available only appears as
conference papers and abstracts with limited circulation. Modern mine planning requires much better ore
deposit knowledge than was accepted last century and mine geologists are now required to generate new
types of data for the metallurgists and engineers in addition to the grade control data that was the bread-
and-butter of the last 50 years. This collection of papers presents a series of geometallurgy case studies
including examples from North and South America, Australia and Europe that provide a snapshot of some
of the data that will need to be routinely collected in the future.

This introductory paper provides a brief review of geometallurgy and a synopsis of the papers in the
Special Issue, along with suggestions on future directions.


mailto:julie.hunt@utas.edu.au

Review

Geometallurgy is an interdisciplinary field nominally covering the overlap between geology and extractive
metallurgy. However, in practise it has grown to cover the interaction between geology, geostatistics,
mining engineering and extractive metallurgy. With such a broad cross disciplinary ambit it requires a
team-based approach. The geologists main contribution is documenting variability within the
prospect/resource, including mineralogy, texture and structure, so that the metallurgical sampling
program includes all significant ore types. Changes in the geological characteristics can affect the cost of
comminution (i.e., crushing and grinding) and waste rock management, and the value extracted in the
metal recovery processes (e.g., Walters and Kojovic, 2006; Walters, 2011; Williams, 2013; Hunt and Berry,
2017, Dominy et al., 2018a). The ultimate aim of geometallurgy is to produce a quantitative, spatially
constrained database containing all the relevant mineral processing parameters for every part of the
resource and surrounding waste rock. This data can be used to build a block model where each block in
the mine plan is valued, not only on grade, but on a combination of all the relevant properties (e.g.,
throughput, recovery, tailings characteristics, product saleability etc.) that contribute to profitable mining.

Geometallurgy is an important tool in assessing technical risk associated with new mine developments or
the expansion of existing mines. It can also be used to compare prospects during mineral exploration, not
just in terms of grade, but also considering processing parameters that affect value, such as hardness (e.g.,
ease of crushing and grinding) and mineralogy (e.g., elemental occurrence, minerals deleterious to
processing or acid producing minerals). It is used during feasibility to make sure the bulk samples selected
for plant design (e.g., types of crushers and grinding mills) and testing mineral processing options
(including flotation, leaching, and gravity and magnetic separation) are representative of the whole
deposit. The data can also be used for optimising block models (long and short term) and mine scheduling
to maximise value. This can be done by allowing mining methods to target more consistent plant feed
and, if significant feed changes are identified, by informing the plant operators ahead of time of expected
changes in feed characteristics.

Geometallurgy is not new and has existed in various forms for more than 50 years, under such names as
mine site valuation and “mine to mill” (McKee, 2013). What is new, however, is the holistic view where
geologists, mining engineers and metallurgists share the responsibility for profitable operation of the mine
and communicate across the boundaries of what were traditional data silos (i.e., geologists,
geostatisticians, mining engineers and metallurgists historically did not share a common technical
language and received no training in their degree programs on what the other groups need to know to
optimise a mining operation). Geometallurgy complements, but does not replace, existing approaches to
design and optimization of mining and mineral processing options (Walters, 2015).

Geometallurgy: a brief history — The concept of geometallurgy has been around since the 1960s (e.g.,
McQuiston and Bechaud, 1968). It had strong supporters in various parts of the world. In Chile, Pedro
Carrasco of CODELCO was a leading advocate for using a geometallurgical approach over many years
(Beniscelli, 2011). At the Los Bronces porphyry copper deposit, Holmgren and Marti (1984) developed
maps showing the distribution of ‘metallurgical types’ that were used to optimize the metallurgical
process, predict concentrator results, and provide a tool to forecast copper production. In a notable study
in Australia, Bojcevski (1998, 2004) demonstrated relationships between rock textures at the meso- and
micro-scale, and metallurgical characteristics that could be used to optimise metal recovery at the George
Fisher mine, Mount Isa, Australia. The Mine to Mill conference in 1998 (AusIMM, 1998) provided a snap



shot of ideas and methodologies applied before the term ‘geometallurgy’ came into general use in the
early 2000s (Williams and Richards, 2004)

There was a significant increase in geometallurgy research after 2005. This included the large industry
sponsored geometallurgical mapping and mine modelling (GeM) projects (AMIRA P843, P843A/Australian
Research Council funded project with scientists based in JAMRC and BRC, Brisbane; CODES, Hobart and
CSIRO, Perth) designed to support and enhance emerging commercial and cultural trends towards more
effective mine site integration and optimisation (Walters and Kojovic, 2006). They involved cross-
discipline research collaboration between groups with expertise in economic geology, mining and mineral
processing, mining geostatistics and optimisation, automated core logging, and hydrometallurgy research.
For most of the groups in the GeM projects this was the first time they had collaborated on research
projects outside their disciplinary “silos” despite a long history of research funded by the same industry
sponsors and in some cases research on the same mining operations. Much of this information remains
confidential but case study summaries have been published for Cadia East (Keeney et al., 2011) and La
Colosa (Leichliter et al.,, 2011; Montoya et al., 2011). Publications relating to test and methodology
development from these projects are listed in Table 1.

Table 1: Examples of geometallurgy testing-focused publications from the GeM projects.

Testing/methodology topic Reference
Meso to micro-scale mineralogy Bonnici et al., 2009; Hunt et al., 2009
Estimating mineralogy in bulk samples Berry et al., 2011
Automated optical microscopy Berry et al., 2008

Integrating optical and SEM-based microscopy [Hartner etal., 2011
Characterising liberation using image analysis
and simulated fragmentation

Hunt et al., 2011a,b; Nguyen, 2013

Small-scale hydrometallurgical tests Kuharetal., 2011, 2013; Turner et al., 2013
Small-scale flotation tests Chauhan et al., 2013
. . Kojovic et al., 2010a,b; Kojovic and Walters,
Small-scale comminution tests
2012
Petrophysical characterisation of comminution |Vatandoost et al., 2009
Environmental characterisation Parbhakar-Fox et al., 2013

Keeney and Walters, 2009, 2011; Keeney et

Integrating and modelling data
al., 2011; Hunt et al., 2013.

During this time geometallurgy focused research was also gaining ground at other institutions including
Cambourne School of Mines (UK), COREM (Canada), University of Cape Town (South Africa) and Colorado
School of Mines (USA). The first conference dedicated entirely to geometallurgy took place in 2011 and
has been followed by many others (Australian Institute of Mining and Metallurgy (AusIMM): 3; Gecamin:
3; Institute of Materials, Minerals and Mining (IOM3): 2; South African Institute of Mining and Metallurgy
(SAIMM): 1). The conferences led to a rapid increase in the availability of geometallurgy based papers and
some recent examples are provided in Table 2. These include models used for geometallurgy data that
vary from simple domaining (Burger et al. 2006) to decision trees (Lishchuk et al. 2019). Escobar and Jara
(2012) describe challenges in the development of a geometallurgical model for oxide heap leaching.
Papers that illustrate how geometallurgy can improve the net present value (NPV) of a deposit include
Dunham et al. (2011), Bye (2011), Wolff et al. (2012), King and MacDonald (2016) and Lotter et al. (2018).



Table 2: Examples of geometallurgy-focused publications relevant to the geological community.

Type Commodity Mine Reference Target
Los Bronces Rocha et al., 2012 comminution
Cadia East Keeney et al., 2011 comminution
Cu Collahuasi Alruiz et al., 2009 comminution
generic Cropp et al., 2013 Cu recovery
Porphyry Northern Europe [Parbhakar-Fox et al., 2018 AMD
Cu-Au Batu Hijau Burger et al., 2006 comminution
Cu-Au-Mo Cerro Corona Baumgartner et al., 2016 Cu, Au recovery
Au deportment and
Cu-Au-Mo Pebble Gregory et al., 2013 P
recovery
Montoya et al., 2011; Leichliter et . .
Au La Colosa comminution, recovery
al., 2011
Escolme et al., (2019); King and . .
Productura comminution
Macdonald (2016)
Cu
10CG Prominent Hill |Huntetal., 2011a; Hunt et al., 2014 recovery
. Boisvert et al., 2013; Ehrig et al., . .
Cu-U Olympic Dam comminution, recovery
2015
. Cu-Au Chelopech Rincon et al., 2019 comminution
Epithermal -
Au-Cu-Ag Canahuire Baumgartner et al., 2013 recovery, AMD
Au San Antonio Dominy et al., 2018b recovery, comminution
Mesothermal - - -
Paracuta Bhuiyan et al., 2019 comminution
Magmatic Pt Mogalakwena |Schowstra etal., 2013 comminution, recovery
. critical metal deportment,
VHMS critical metals Neves Corvo Frenzel et al., 2018
recovery
U deposits U generic Pownceby and Johnson 2014 recovery
. ; comminution, concentrate
Mont-Wright Pérez Barnuevo et al., 2018
grade
Iron Ore Fe — -
Leveaniemi Lishchuk et al., 2019 recovery
Kings deposit |Vatandoost et al., 2013 concentrate quality
Industrial feldspar- recovery, concentrate
. p. Nabbaren Silvaetal., 2018 Y
minerals nepheline grade

Current state of geometallurgy

Equipment and methods to collect data are continually being upgraded and new data handling protocols
are being developed to rapidly and efficiently analyse and interpret the large amounts of data now being
collected. In addition, the awareness that improved understanding of a geological resource can provide
key information to link with processing performance etc. is also growing. Some recent examples are
included in this Special Issue (Johnson et al. 2019; Escolme et al. 2019; Harraden et al., 2019). Others
include McKinley et al. (2017) who describe how they incorporate near and shortwave infrared (NIR-SWIR)
data into 3D models for the Kisladag gold porphyry deposit in Turkey. Rifai et al. (2018) demonstrate the
use of laser-induced breakdown spectroscopy (LIBS) for real-time geochemical applications on samples
with complex mineralogy and varying surface topography. Developments are continuing in scanning
electron microscope, energy dispersive X-ray-based (SEM-EDS) automated mineralogy (Graham et al.,
2015: Hrstka et al., 2018).

Geometallurgy requires abundant data to create statistically valid spatial models and one way of obtaining
such data is via small-scale proxy tests which, by design, use small sample size and are less expensive to



perform than full scale metallurgical tests (e.g. (Kojovic et al., 2010a, b: Kojovic and Walters, 2012;
Mwanga et al., 2015; Heiskari et al., 2019). While small scale tests for comminution are reaching a mature
stage, small sample tests for recovery are still at a developmental stage especially in flotation (see
references in Table 1).

Methods of analyzing and interpreting data continue to be developed and improved. Lishchuk et al. (2019)
carried out a comparison of machine learning methods to determine if process data (mass pull, liberation,
particle size, recovery) could be effectively incorporated into spatial models of geometallurgical
parameters at the Levedniemiiron ore mine in Sweden. The authors suggest tree methods perform better
than regression methods in predicting non-additive variables such as recovery. El Haddad et al. (2019)
describe new methodologies for analysis of laser-induced breakdown spectroscopy (LIBS) data. They used
a multivariate curve resolution — alternating least squares (MCR-ALS) method for mineral identification
and quantification and suggest the method could be scalable and used to gather automated mineralogy
measurements in coarse rock streams. The new Handbook of Mathematical Geosciences contains a
chapter on Predictive Geometallurgy (van den Boogart and Tolosana-Delgado, 2018) that discusses the
state of the art but emphasises the need for new mathematical and computational developments to tackle
problems arising from geometallurgical studies.

It is also evident that geometallurgy is now being used in areas outside metallic deposits, such as the bulk
commodities exploited in the mining of industrial minerals (e.g., Ellefmo et al. 2019). Recently Silva et al.
(2018) tested a range of methods for calculating the modal mineralogy of the Nabbaren nepheline syenite
deposit, Norway, based on X-ray fluorescence (XRF) and X-ray diffraction (XRD) data by two different
element-to-mineral conversion methods, one least squares-based and one regression-based.

Environmental parameters suitable for geometallurgy are now available (Parbhakar-Fox and Lottermoser
2015). Recent innovations are the use of core scanning technologies (including RGB, VNIR-SWIR) to
determine geoenvironmental parameters (Cracknell et al., 2018; Parbhakar-Fox et al., 2018), using
“calculated mineralogy” to estimate ARD (Berry et al., 2015) and the development of a more rapid
biokinetic test for the characterisation of ARD potential (Opitz et al., 2016).

Synopsis of Papers Included in this Special Issue

The use of a geometallurgical approach to characterising variability within an ore body and its impacts on
the mining value chain now has significant uptake and the increased use of the approach has led to
upgrading of methods and equipment used to collect data. Johnson et al. (2019) discuss how near and
shortwave infrared (NIR-SWIR) hyperspectral data collected from blast hole samples using an automated
system can be used to characterise samples and predict recovery and throughput at the Phoenix Au-Cu
porphyry-related skarn deposit, USA. The complex skarn mineralogy associated with ore grade
mineralization poses significant challenges to blasting, mining, comminution, and process operations. The
different host rocks are, in general, fine grained and similar in colour making them difficult to distinguish
from one another in the field. Mill performance data plus hyperspectral data collected from mill samples
were used to build predictive Au-Cu recovery, grade and throughput models. Blast hole data were then
applied to models to calculated predicted recoveries and throughputs. These models showed excellent
relationships to geologic features.



Harraden et al. (2019) describe the development of geometric models derived from laser profiling of
oriented drill core to extract fracture locations, orientations and roughness from oriented drill core at the
Cadia East Au-Cu porphyry deposit, Australia, during routine measurement of NIR-SWIR spectra using an
automated system. The fracture orientation and spacing coupled with the mineralogy information on the
joint surface collected with the NIR-SWIR spectrometers, is used to calculate the rock mass rating (RMR),
and rock tunneling quality index (Q index). This data is required for geotechnical models and the
automated method has the potential to produce enough data to provide robust statistical support for a
spatially-defined geotechnical model in future mines.

Escolme et al. (2019) describe both qualitative and quantitative approaches to estimating bulk mineralogy
from multi-element geochemical data for the Productura Cu-Au-Mo deposit, Chile. In the qualitative
approach they used whole rock geochemical data plus dominant sulfide mineralogy from core logging in
a combination of ternary and bivariate plots to provide a rapid and simple classification of dominant
alteration assemblages. Geochemical data plus supplementary semi-quantitative X-ray diffraction (QXRD)
data were used with linear programming to generate estimates for abundance of major mineral phases
(calculated mineralogy) for drill core assay intervals. The results demonstrate that the amount of bulk
mineralogy data available can be significantly increased via calculated mineralogy and used in a mining
environment to map mineralogical variability.

Ellefmo et al. (2019) describe the key differences between the industrial minerals and metallic ore sectors
in terms of their development and use of block models and optimization strategies using examples from
the Norwegian mining industry. They discuss key levers for value creation in industrial mineral operations
and the differences to those used in the mining of metallic ores along with the extent to which
geometallurgy has been adopted. Pereira et al. (2019) use the Cataldo | Nb deposit at the Chapadao
phosphate mine, Brasil to examine the feasibility of recovering rare earth elements as a by-product. They
characterised the mineralogy and chemistry of tailings plant streams and identified the stream with the
greatest potential for recovery of REE without compromising the current Nb beneficiation process.

Geometallurgy — Future Directions

Developments to reduce energy usage in mining, particularly in size reduction (comminution) circuits,
have led to the emergence of several innovative technologies (e.g., CAHM: conjugate anvil hammer mill,
eHPCC: eccentric-high-pressure-centrifugal-comminution; e.g., Canada Mining Innovation Council, 2019;
Impact Canada, 2019). Improved ore sorting and upgrading methodologies are emerging to reduce the
amount of material requiring size reduction (Rutter, 2017). If these technologies become widely adopted,
new methods will be required to predict which ore types are suitable for upgrading, and these methods
must be incorporated into geometallurgical programs.

Other areas such as public acceptance and social licence to operate are increasingly important as the
industry aspires to provide minerals and metals to society in an economically viable, environmentally
responsible way that benefits all stakeholders (Bradshaw and Digby, 2018). It has also been acknowledged
that it is unlikely that future mineral demand will be met by new discoveries and recycling (Ali et al., 2017),
and that the focus on known ‘complex’ undeveloped sub-economic ore bodies will be renewed. The
practice of geometallurgy will play a significant role in the ability to overcome many of the technical,
environmental and socio-political challenges associated with these undeveloped “ore” bodies (e.g.,
Valenta et al., 2018).



Acknowledgements

This Special Issue has benefited from careful and constructive reviews and we thank the reviewers for
their efforts. We wish to thank the authors for their contributions and patience during the editing process.

References

Ali, S.H., Giurco, D., Arndt, N., Nickless, E., Brown, G., Demetriades, A., Durrheim, R., Enriquez, M.A.,
Kinnaird, J., Littleboy, A., Meinert, L.D., Oberhansli, R., Salem, J., Schodde, R., Schneider, G., Vidal, O.,
and Yakovleva, N., 2017, Mineral supply for sustainable development requires resource governance:
Nature, v. 543, p. 367-372.

Alruiz, O., Morrell, S., Suazo, C., and Naranjo, A., 2009, A novel approach to the geometallurgical
modelling of the Collahuasi grinding circuit: Minerals Engineering, v. 22, p. 1060-1067.

AusIMM, 1998, Mine to Mill: AusIMM Conference, Brisbane, Australia, October 11 — 14, 1998,
Proceedings, 300p.

Baumgartner, R., Dusci, M., Trueman, A, Brittan, M., and Poos, S., 2013, Building a geometallurgical model
for the Canahuire epithermal Au-Cu-Ag deposit, southern Peru — past, present and future: The Second
AusIMM Geometallurgy Conference, Brisbane, Australia, September 30— October 2, 2013, Proceedings,
p. 3-7.

Baumgartner, R., Escobar, G., and Gomez, P., 2016, Comprehensive mineralogical characterisation at the
Cerro Corona Cu-Au porphyry mine—the fundamental key for geometallurgical applications: The Third
AusIMM International Geometallurgy Conference, Perth, Australia, June 15-16, 2016, Proceedings, p.
221-230.

Beniscelli, J., 2011, Geometallurgy — fifteen years of developments in Codelco: Pedro Carrasco
Contributions: The First AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011,
Proceedings, p. 51-58.

Berry, R., Walters, S., and McMahon, C., 2008, Automated mineral identification by optical microscopy:
ICAM 2008, Ninth International Congress for Applied Mineralogy, Brisbane, Australia, September 8-10,
2008, Proceedings, p. 91-94.

Berry, R., Hunt, J., and McKnight, S., 2011, Estimating mineralogy in bulk samples: The First AusiIMM
Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p. 153—156.

Berry, R., Hunt, J., Parbhakar-Fox, A., and Lottermoser, B., 2015, Prediction of acid rock drainage (ARD)
from calculated mineralogy: 10" International Conference on Acid Rock Drainage and International
Mine Waters Association (IMWA) Annual Conference, Santiago, Chile, June 5-6, 2015, Proceedings, p.
1-10.

Bhuiyan, M., Esmaieli, K., and Odonez-Calderon, J., 2019, Application of data analytics techniques to
establish geometallurgical relationships to Bond Work Index at the Paracutu mine, Minas Gerais,
Brazil: Minerals, v.9, article 302, 29p.

Boisvert, J.B., Rossi, M.E., Ehrig, K., and Deutsch, C.V., 2013, Geometallurgical Modeling at Olympic Dam
Mine, South Australia: Mathematical Geosciences, v. 45, p. 901-925.

Bojcevski, D., 2004, Metallurgical characterisation of George Fisher mesotextures and microtextures:
Master of Engineering Science thesis, University of Queensland, 402p.



Bojcevski, D., Vink, L., Johnson, N., Landmark, V., Mackenzie, J., and Young, M., 1998, Metallurgical
Characterization of George Fisher Ore Textures and Implications for Ore Processing: AusIMM Mine to
Mill Conference, Brisbane, Australia, October 11-14, 198, Proceedings, p. 29-41.

Bonnici, N., Hunt, J., Walters, S., Berry, R., Kamenetsky, M., McMahon, C., and Nguyen, K., 2009,
Integrating meso- and micro-textural information into mineral processing: an example from the Ernest
Henry iron oxide-copper-gold deposit, Queensland, Australia: Canadian Mineral Processors, 41 Annual
Meeting, Ottawa, Canada, January 20-22, 2009, Proceedings, p. 259-278.

Bradshaw, D., and Digby, C. 2018, Context: Perspectives on the future of mining, in Digby, C., Bradshaw,
D., Mostert, H., and Chicksen, B., eds., Green Mining: Beyond the Myth. Juta, Cape Town, p. 8-9.

Burger, B., McCaffery, K., Jankovic, A., Valery, W., and McGaffin, |., 2006, Batu Hijau Model for throughput
forecast, mining and milling optimisation and expansion studies: Society for Mining, Metallurgy, and
Exploration  (SME), 2006 Conference, St. Louis, USA, 21 p. Available from
http://www.metso.com/search-page/#/search/Batu%20hijau.

Bye, A.R., 2011, Case studies demonstrating value from geometallurgy initiatives: The First AusiIMM
Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p. 9—30.

Canada Mining Innovation Council, 2019, CMIC mineral processing teams selected as semi-finalists in the
Crush It! Challenge: https://mailchi.mp/cmic-ccim/cmic-board-update-2283077?e=647fd7e430

Chauhan, M., Napier-Munn, T., Keeney, L., and Bradshaw, D., 2013, Progress in developing a
geometallurgy flotation indicator: The Second AusIMM Geometallurgy Conference, Brisbane, Australia,
September 30 — October 2, 2013, Proceedings, p. 201-206.

Cracknell, M., Parbhakar-Fox, A., Jackson, L., and Savinova, E., 2018, Automated Acid Rock Drainage
Indexing from Drill Core Imagery: Minerals, v. 8, article no. 571., 11 p.

Cropp, A., Goodall, W., and Bradshaw, D., 2013, The influence of textural variation and gangue mineralogy
on recovery of copper by flotation from porphyry ore — a review: The Second AusIMM Geometallurgy
Conference, Brisbane, Australia, September 30 — October 2, 2013, Proceedings, p. 279-291.

Dominy, S.C., O’Connor, L., Parbakar-Fox, A., Glass, H.J., and Purevgerel, S., 2018a, Geometallurgy—A
route to more resilient mine operations, Minerals, v. 8, article no. 560, p. 1-33.

Dominy, S.C., O’Connor, L., Glass, H.J., and Xie, Yuling, 2018b, Geometallurgical study of a gravity
recoverable gold orebody, Minerals, v. 8, article no. 186, p. 1-31.

Dunham, S., Vann, J., and Coward, S., 2011, Beyond geometallurgy — gaining competitive advantage by
exploiting the broad view of geometallurgy: The First AusIMM Geometallurgy Conference, Brisbane,
Australia, September 5-7, 2011, Proceedings, p. 115-124.

Ehrig, K., Liebezeit, V., Smith, M., Macmillan, E., and Lower, C., 2015, Planning for the future of Olympic
Dam —the role of geometallurgy: AusIMM Adelaide branch technical meeting, Presentation, 28p.

El Haddad, J., de Lima Filho, E.S., Vanier, F., Harhira, A., Padioleau, C., Sabsabi, M., Wilkie, G., and Blouin,
A., 2019, Multiphase mineral identification and quantification by laser-induced breakdown
spectroscopy: Minerals Engineering, v. 134, p. 281-290.

Ellefmo, S.L., Aasly, K., Lang, A., Vezhapparambu, V., and Silva, C., 2019, Geometallurgy of industrial
minerals: examples: Economic Geology, V. XXX, p. XX—XX.

Escobar, V., and Jara, C., 2012, Challenges in the development of a geometallurgical model for oxide heap
leaching: GECAMIN, Geomet 2012 Conference, Santiago, Chile, December 5-7, Proceedings, p. 56-57.


https://mailchi.mp/cmic-ccim/cmic-board-update-2283077?e=647fd7e430

Escolme, A, Berry, R., Hunt, J., Halley, S., and Potma, W., 2019, Geometallurgical models from whole rock
assay data (and calculated mineralogy): case study from the Productora Cu-Au-Mo deposit, Chile:
Economic Geology, v. XXX, p. XX—XX.

Frenzel, M., Bachmann, K., Carvalho, J., Relvas, J., Pacheco, N., and Gutzmer, J., 2018, The geometallurgical
assessment of by-products — 7 Geochemical proxies for the complex mineralogical 8 deportment of
indium at Neves-Corvo, Portugal: Mineralium Deposita, online open access article, 24. p.
https://doi.org/10.1007/s00126-018-0849-6

Graham, S.D., Brough, C., and Cropp, A., 2015, An introduction to ZEISS Mineralogic Mining and the
correlation of light microscopy with automated mineralogy: a case study using BMS and PGM analysis
of samples from a PGE-bearing chromite deposit: Precious Metals ‘15, Falmouth, UK, May 13-14, 2015,
Proceedings, p. 1-12.

Gregory, M.J., Lang, J.R., Golbert, S., and Olson Hoal, K., 2013, Geometallurgy of the Pebble porphyry
copper-gold-molybdenum deposit, Alaska: Implications for gold distribution and paragenesis, Economic
Geology, v. 108, p. 463-482.

Harraden, C., Cracknell, M., Lett, J., Berry, R., Carey, R., and Harris, A., 2019, Use of automated core logging
technology for geotechnical assessment: Economic Geology, V. XXX, p. XX—XX.

Hartner, R., Walters, S., and Berry, R., 2011, Optical and SEM-based microscopy integration for
optimisation of geometallurgical modelling and ore deposit characterisation: The First AusIMM
Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p. 157-162.

Heiskari, H., Kurki, P., Luukkanen, S., Sinche Gonzalez, M., Lehto, H., and Liipo, J., 2019, Development of a
comminution test method for small ore samples: Minerals Engineering, v. 130, p. 5-11.

Holmgren, D.C., and Marti., G.M., 1984, Applied microscopy and metallurgical forecasting at Los Bronces
mine, Chile: ICAM 84, Second International Congress on Applied Mineralogy in the mineral industry,
Los Angeles, USA, February 22-25, 1984, Proceedings, p. 407-419.

Hrstka, T., Gottlieb, P., Skala, R., Breiter, K., and Motl, D., 2018, Automated mineralogy and petrology —
applications of TESCAN Integrated Mineral Analyzer (TIMA): Journal of Geosciences, v. 63, p. 47-63.

Hunt, J., and Berry, R., 2017, Geological contributions to geometallurgy - A review: Geoscience Canada, v.
44, p. 103-118.

Hunt, J., Berry, R., Bonnici, N., Walters, S., Kamenetsky, M., and McMahon, C., 2009, From drill core to
processing - a geometallurgical approach to mineralogy and texture from meso- to micro-scale: 10"
Biennial SGA Meeting, Townsville, Australia, August 17-20, 2009, Proceedings, p. 125-128.

Hunt, J., Berry, R., and Bradshaw, D., 2011a, Characterising liberation and flotation potential: examples
from an 10CG deposit: Minerals Engineering, v. 24, p. 1271-1276.

Hunt, J., Berry, R., and Bradshaw, D., 2011b, Characterising chalcopyrite liberation and flotation potential
using image analysis, simulated fragmentation and small scale flotation: The First AusIMM
Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p. 331-334.

Hunt, J., Kojovic, T., and Berry, R., 2013, Estimating comminution indices from ore mineralogy, chemistry
and drill core logging: The Second AusIMM Geometallurgy Conference, Brisbane, Australia, September
30 — October 2, 2013, Proceedings, p. 173—-176.

Hunt, J., Berry, R., Bradshaw, D., Triffett, B., and Walters, S., 2014, Development of recovery domains:
Examples from the Prominent Hill IOCG deposit, Australia: Minerals Engineering, v. 64, p. 7-14.

Impact Canada, 2019, Crush it! Challenge. Government of Canada website
https://impact.canada.ca/en/challenges/crush-it



https://doi-org.ezproxy.utas.edu.au/10.1007/s00126-018-0849-6
https://impact.canada.ca/en/challenges/crush-it

Johnson, C., Browning, D., and Pendock, N., 2019, Newmont Mining Corporation’s Phoenix Operation,
Nevada: A case study of hyperspectral imaging applications to geometallurgy: Economic Geology, v.
XXX, P. XX—XX.

Keeney, L., and Walters, S., 2009, Development of geometallurgical comminution mapping and modelling:
Canadian Mineral Processors, 41 Annual Meeting, Ottawa, Canada, January 20-22, 2009, Proceedings,
p. 1-19.

Keeney, L., and Walters, S., 2011, A methodology for geometallurgical mapping and orebody modelling:
The First AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings,
p.217-225.

Keeney, L., Walters, S., and Kojovic, T., 2011, Geometallurgical mapping and modelling of comminution
performance at the Cadia East porphyry deposit: The First AusIMM Geometallurgy Conference,
Brisbane, Australia, September 5-7, 2011, Proceedings, p. 73—83.

King, G.S., and Macdonald, J.L., 2016, The business case for early-stage implementation of
geometallurgy—An example from the Productora Cu-Au-Mo deposit, Chile: AUSIMM International
Geometallurgy Conference, Perth, Australia, June 15-16, 2016, Proceedings, p. 125-133.

Kuhar, L., Jeffrey, M., McFarlane, A., Benvie, B., Botsis, N., Turner, N., and Robinson, D., 2011, The
development of small-scale hydrometallurgical tests for ore body mapping and domaining: The First
AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p. 335—
345,

Kuhar, L., McFarlane, Chapman, N., Meakin, R., Martin, R., Turner, N., and Robinson, D., 2013, Calibration
and testing of a geometallurgical leaching protocol for determining copper mineralogical deportment:
The Second AusIMM Geometallurgy Conference, Brisbane, Australia, September 30 — October 2, 2013,
Proceedings, p. 177-186.

Kojovic, T., Michaux, S., and Walters, S., 2010a, Development of new comminution testing methodologies
for geometallurgical mapping or ore hardness and throughput: XXV International Mineral Processing
Congress (IMPC), Brisbane, Australia, September 6-10, 2010, Proceedings, p. 146.

Kojovic, T., Shi, F., Larbi-Bram, S., and Manlapig, E., 2010b, Validation of the JKRBT ore breakage
characterisation device: XXV International Mineral Processing Congress (IMPC), Brisbane, Australia,
September 6-10, 2010, Proceedings, p. 80.

Kojovic, T. and Walters, P., 2012, Development of the JK Bond Ball Lite test (JK BBL): GECAMIN, Geomet
2012 Conference, Santiago, Chile, December 5-7, Proceedings, p. 48—49.

Lechleiter, S., Hunt, J., Berry, R., Keeney, L., Montoya, P., Chamberlain, V., Jahoda, R., and Drews, U., 2011,
Development of a predictive geometallurgical recovery model for the La Colosa porphyry gold deposit,
Colombia: The First AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011,
Proceedings, p. 85-91.

Lishchuk, V., Lund, C., and Ghorbani, Y., 2019, Evaluation and comparison of different machine-learning
methods to integrate sparse process data into a spatial model in geometallurgy: Minerals Engineering,
v. 134, p. 156-165.

Lotter, N.O., Baum, W., Reeves, S., Arrue, C., and Bradshaw, D.J., 2018, The business value of best practice
process mineralogy: Minerals Engineering, v. 116, p. 226-238.

McKee, D.J., 2013, Understanding mine to mill: CRCORE Publication, 96p. Available from Researchgate.net

McKinley, S., Baker, T., and Oztas, Y., 2017, Alteration at Kisladag gold mine, Turkey: a progressive study
in geology, geotechnics and geometallurgy: Tenth AusIMM International Mining Geology Conference,
Hobart, Australia, September 20-22, 2017, Proceedings, p. 51-62.



McQuiston, F.W., Jr. and Bechaud, L.J., Jr., 1968, Metallurgical sampling and testing, in Pfleider, E.P., ed.,
Surface mining: New York, The American Institute of Mining, Metallurgical, and Petroleum Engineers,
p. 103-121.

Montoya, P., Keeney, L., Jahoda, R., Hunt, J., Berry, R., Drews, U., and Chamberlain, V., 2011,
Geometallurgical modelling techniques applicable to pre-feasibility projects: La Colosa case study: The
First AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011, Proceedings, p.
103-111.

Mwanga, A., Rosenkrantz, J., and Lamberg, P., 2015, Testing of ore comminution behavior in the
geometallurgical context—A review: Minerals, v. 5, p. 276—297.

Nguyen, K., 2013, A new texture analysis technique for geometallurgy: The Second AusiIMM
Geometallurgy Conference, Brisbane, Australia, September 30 — October 2, 2013, Proceedings, p. 187—
190.

Opitz, A.K.B., Becker, M., Broadhurst, J.L., Bradshaw, D.J., and Harrison, S.T.L., 2016, The Biokinetic Test
as a geometallurgical Indicator for acid rock drainage potentials: 3rd International AUSIMM
Geometallurgy Conference, Perth, Australia, June 15-17, 2016, Proceedings, p. 183—191.

Parbhakar-Fox, A., and Lottermoser, B., 2015, A critical review of acid rock drainage prediction methods
and practices, Minerals Engineering, v. 82, p. 107-124.

Parbhakar-Fox, A., Lottermoser, B., and Bradshaw, D., 2013, Cost-effective means for identifying acid rock
drainage risks — integration of the geochemistry-mineralogy-texture approach and geometallurgical
techniques: The Second AusIMM Geometallurgy Conference, Brisbane, Australia, September 30 —
October 2, 2013, Proceedings, p. 143-154.

Parbhakar-Fox, A., Fox, N., Jackson, L., and Cornelius, R., 2018, Forecasting geoenvironmental risks:
integrated applications of mineralogical and chemical data: Minerals, v. 8, article 541, 21 p.

Pereira, L., Birtel, S., Mdckel, R., Michaux, B., Silva, A., and Gutzmer, J., 2019, Constraining the economic
potential of by-product recovery by using a geometallurgical approach: The example of rare earth
element recovery at Cataldo I, Brazil: Economic Geology, V. XXX, p. XX—XX.

Pérez Barnuevo, L., Lévesque, S., and Bazin, C., 2018, Drill core texture as geometallurgical indicator for
the Mont-Wright iron ore deposit (Quebec, Canada): Minerals Engineering, v. 122, p. 130-141.

Pownceby, M, and Johnson, C., 2014, Geology of Australian uranium deposits: Ore Geology Reviews, v.
56, p. 25-44.

Rifai, K., Doucet, F., Ozcan, L., and Vidal, F., 2018, LIBS core imaging at kHz speed: Paving the way for real-
time geochemical applications: Spectrochimica Acta Part B, v. 150, p. 43048.

Rincon, J., Gaydardzhiev, S., and Stamenov, L., 2019, Coupling comminution indices and mineralogical
features as an approach to a geometallurgical characterization of a copper ore: Minerals Engineering,
v.130, p. 57-66.

Rocha, M., Ulloa, C., and Diaz, M., 2012, Geometallurgical modelling at Los Bronces mine: GECAMIN,
Geomet 2012 Conference, Santiago, Chile, December 5-7, Proceedings, p. 34-35.

Rutter, J., 2017, Grade Engineering and GE View: CRC ORE White Paper Cooperative Research Centre for
Optimising Resource Extraction (CRC ORE). Brisbane Australia, 31 p.
https://www.crcore.org.au/images/CRC-ORE/papers/Rutter-J-2017-CRC-ORE-Grade-Engineering-
Whitepaper-Full.pdf



Schouwstra, R., de Vaux, D., Muzondo, T. and Prins, C., 2013, A geometallurgical approach at Anglo
American Platinum’s Mogalakwena operation: The Second AusIMM Geometallurgy Conference,
Brisbane, Australia, September 30 — October 2, 2013, Proceedings, p. 85-92.

Silva, C.M., Sgrensen, B.E., Aasly, K., and Ellefmo, S.L., 2018, Geometallurgical approach to the element-
to-mineral conversion for the Nabbaren nepheline syenite deposit: Minerals, v. 8, article no. 325, 20 p.

Turner, N., Kuhar, L., Francis, N., Liebezeit, V., Ehrig, K., and Robinson, D., 2013, Development and testing
of small-scale uranium leach for geometallurgical applications: The Second AusIMM Geometallurgy
Conference, Brisbane, Australia, September 30 — October 2, 2013, Proceedings, p. 345—-350.

Van den Boogaart, K.G., and Tolosana-Delgado, R., 2018, Predictive geometallurgy: An interdisciplinary
key challenge for mathematical geosciences: in Daya Sagar, B., Cheng, Q., and Agterberg, F., eds.,
Handbook of Mathematical Geosciences, Springer, Cham, Switzerland, p.673-686.

Valenta, R., Clark, A., O’Sullivan, R., and Thomas, J., 2018, Estimating Geometallurgical Risk in
Undeveloped Complex Orebodies: Procemin Geomet: 5th International Seminar on Geometallurgy.
Santiago, Chile, November 28-30, 2018, Proceedings, p. 1-7.

Vatandoost, A, Fullagar, P., Walters, S., and Kojovic, T., 2009, Towards petrophysical characterization of
comminution behaviour: Canadian Mineral Processors, 41° Annual Meeting, Ottawa, Canada, January
20-22, 2009, Proceedings, p. 1-22.

Vatandoost, A., Beven, B., Campbell-Hardwick, S., and Young, J., 2013, A geometallurgical approach for
iron ore product evaluation: The Second AusIMM Geometallurgy Conference, Brisbane, Australia,
September 30 — October 2, 2013, Proceedings, p. 259—-268.

Walters, S., 2011, Integrated industry relevant research initiatives to support geometallurgical mapping
and modelling: The First AusIMM Geometallurgy Conference, Brisbane, Australia, September 5-7, 2011,
Proceedings, p. 273-278.

Walters, S., 2015, The emergence and continuing evolution of geometallurgy: what every economic
geologist should know about improving project value: World-Class Ore deposits: Discovery to Recovery
SEG Conference, Tasmania, Australia, September 27-30, 2015, Proceedings, 1 p.
https://www.segweb.org/SEG/ Events/Conference Archive/2015/Conference Proceedings/files/ind
ex.html?context=19

Walters, S., and Kojovic, T., 2006, Geometallurgical mapping and mine modelling (GeM) — the way of the
future: SAG Conference, Vancouver, September 23-27, 2006, Proceedings, p. 411-425.

Williams, S.R., 2013, A historical perspective of the application and success of geometallurgical
methodologies: The Second AusIMM Geometallurgy Conference, Brisbane, Australia, September 30 —
October 2, 2013, Proceedings, p. 37-47.

Williams, S.R., and Richardson, J.M., 2004, Geometallurgical mapping: a new approach that reduces
technical risk: Canadian Mineral Processors, 36" Annual Meeting, Ottawa, Canada, January 20-22,
2004, Proceedings, p. 1-13.

Wolff, R., Vann, J., Dunham, S., Jackson, S., Coward, S., Moayer, S., Bye, A., and Jackson, J., 2012, Transfer
functions to enable more realistic evaluations from ‘driver-based’ geometallurgical models: GECAMIN,
Geomet 2012 Conference, Santiago, Chile, December 5-7, Proceedings, p. 80-81.


https://www.segweb.org/SEG/_Events/Conference_Archive/2015/Conference_Proceedings/files/index.html?context=19
https://www.segweb.org/SEG/_Events/Conference_Archive/2015/Conference_Proceedings/files/index.html?context=19

