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Outline

• Gold - combina-on of geological + 
anthropogenic features
• Provenance and traceability –

background and feasibility
• The Gold Rush Project – Ongoing

studies and perspec-ves
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GOLD GEOCHEMISTRY

Robb, 2005

White, 2013

LOW ABUNDANCE à CONCENTRATION! 

GEOLOGICAL &
“ANTHROPOGENIC”



GOLD GEOLOGY

Groves et al 2020

Sillitoe, 2010

Bu9 et al 2005



GOLD – GEOLOGICAL 
DIVERSITY

Bettencourt et al 2016

METALLOGENETIC PROVINCES

• ORE-FORMING PROCESSES AND 
DEPOSIT TYPES

• GEOCHEMICAL AFFINITIES



GOLD – GOLD PROCESSING
• The anthropogenic concentra-on in a nutshell: 

Gold liberaYon Gravity
concentraYon

Hg 
amalgamaYon

Burn and Hg 
recovery Smelting

Chemical 
leaching -

cyanidaYon
Electrolysis SmelYng



PROVENANCE AND 
TRACEABILITY BKG

• FORENSIC CASE STUDIES

Dixon & Merkle 2019
Pochon et al 2021



THE GOLD RUSH PROJECT – QUO VADIS?



GOLD RUSH – MAIN QUESTIONS
• GOLD HETEROGENEITY – GEOLOGICAL AND ANTHROPOGENIC INFLUENCE

• GEOCHEMICAL AND ISOTOPIC FRACTIONATION THROUGHOUT GOLD PRODUCTIVE CHAIN
– Hg AMALGAMATION AND CYANIDATION – FEASIBILITY OF PROVENANCE AND
TRACEABILITY STUDIES

• Ag & Cu & Pb ISOTOPES – ADVANTAGES AND PITFALLS

• BIG DATA PROCESSING AND STATISTICS IN GOLD TRACEABILITY



GOLD RUSH – ANALYTICAL FACILITIES AT UNB
THERMO ELEMENT SC-ICP-MS &
IRIDIA LA

THERMO NEPTUNE XT-MC-ICMP-MS & 
ANALYTE EXCITE LA

THERMO NEPTUNE MC-ICMP-MS & 
Nd:YAG 213 nm LA

FEI SEM + CL + EBSD + EDS



GOLD RUSH – SAMPLING PROTOCOL



GOLD RUSH 
ANALYTICAL
PROTOCOL

Sample

“Homogeneous”

XRF

LIBS

ICPMS

Heterogeneous

XRF

SEM/EPMA

LA-ICPMS/SIMS

DILUTION IN-SITU TECHNIQUES



GOLD RUSH 
MINERALOGY

• TYPOMORPHIC STUDIES
• HEAVY MINERALS 

COLUMBITE-TANTALITE

CASSITERITE



GOLD RUSH – IN SITU GEOCHEMISTRY
• MICROINCLUSIONS AS A POTENTIAL 
SOURCE DISCRIMINATOR Fomynick et al 2020

Chapman et al 2021



GOLD RUSH – IN SITU GEOCHEMISTRY
• IMAGING TECHNIQUES + IN SITU TRACE ELEMENT PROFILING

Stewart et al 2017

Liu et al 2021



GOLD RUSH – Ag & Cu ISOTOPES
• PLANETARY SCIENCE AND COSMOLOGY, TO ARCHAEOLOGICAL 

STUDIES.

• POTENTIAL ISOTOPIC TRACER: SYNTHETIC MARKERS/TRACERS
• GEOCHEMICAL AND ANALYTICAL ADVANTAGES

Argapadmi et al 2018

Wang et al 2022



GOLD RUSH – BIG DATA AND STATISTICS

• 2D EMBEDDING OF 14 ELEMENTS FROM
AMAZONIAN GOLD SAMPLES BASED ON THE
TOPOLOGICAL STRUCTURE OF THE DATA.

• CHEMICAL SIMILARITIES BETWEEN DIFFERENT TYPES
OF SAMPLES (IN A HIGH DIMENSIONAL SPACE)
REGARDLESS OF THE ANTHROPOGENIC PROCESS
THAT THEY HAVE BEEN THROUGH.



• FURTHER SAMPLING;

• DEVELOPMENT AND SHARING OF REFERENCE MATERIALS FOR GEOCHEMICAL AND ISOTOPIC 
ANALYSIS;

• LABORATORY INTERCALIBRATION AND SCIENTIFIC KNOWLEDGE EXCHANGE AMONG RESEARCH 
INSTITUTES AND UNIVERSITIES;

• DATABASE – FROM RAW MATERIAL TO BULLION.

GOLD RUSH – NEAR FUTURE & BOTTLENECKS
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