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Outline

* Gold - combination of geological +
anthropogenic features

* Provenance and traceability —
background and feasibility

* The Gold Rush Project — Ongoing
studies and perspectives
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GOLD GEOCHEMISTRY
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Average Typical Approximate
crustal exploitable concentration
abundance grade factor

Al 8.2% 30% x4

Fe 5.6% 50% x9

Cu 55 ppm 1% %180

Ni 75 ppm 1% %130

Zn 70 ppm 5% x700

Sn 2 ppm 0.5% %2500

Au 4 ppb 5gt! %1250

Pt 5 ppb L x1000

Note: 1 ppm is the sameas 1gt™". Robb, 2005

LOW ABUNDANCE -> CONCENTRATION!

GEOLOGICAL &

“ANTHROPOGENIC” /
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GOLD GEOLOGY
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GOLD — GEOLOGICAL
DIVERSITY

METALLOGENETIC PROVINCES

* ORE-FORMING PROCESSES AND
DEPOSIT TYPES
* GEOCHEMICAL AFFINITIES
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Amazonian Craton
B Sunsas (1450 - 1000 Ma)

B Rio Negro (1820 - 1520 Ma)

B Ronddnia- Juruena (1850 -1540 Ma)
I Amazonia Central (1900-1860 Ma)
- Tapajos-Parima (2030 - 1860 Ma)
- Transamazonas (2260 - 1990 Ma) {
[ Carajés (3000 - 2500 Ma)

[ | Phanerozoic basins and covers

Other tectonic provinces
: Tocantins (Araguaia and Paraguay belts)

- Parnaiba (Sao Luis cratonic fragment and
Gurupi Belt)

L: Lourengo, A: Amapa, C: Careuru
B: Bacaja, S: Santana do Araguaia

Bettencourt et al 2016



4 GOLD — GOLD PROCESSING

* The anthropogenic concentration in a nutshell:

amalgamation recovery
<
Chemical
leaching - ey Electrolysis g Smelting
cyanidation
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Gold sample

raw gold
qralns «, grains

PROVENANCE AND

(1) Has mercury been used to extract the gold?
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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
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GOLDRUSH ANALYTICAL FACILITIES AT UNB
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GOLD RUSH = SAMPLING PROTOCOL
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COLUMBITE- TANTALITE

GOLD RUSH
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* TYPOMORPHIC STUDIES

* HEAVY MINERALS I
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20 ym EHT=20.00 kV Signal A= SE1 Date: 26 Aug 2021
] WD =831 mm Photo No. = 421 Mag= 1.30KX




GOLD RUSH = IN SITU GEOCHEMISTRY

* MICROINCLUSIONS AS A POTENTIAL
SOURCE DISCRIMINATOR
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GOLD RUSH = IN SITU GEOCHEMISTRY

* IMAGING TECHNIQUES + IN SITU TRACE ELEMENT PROFILING
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GOLD RUSH — Ag & Cu ISOTOPES

* PLANETARY SCIENCE AND COSMOLOGY, TO ARCHAEOLOGICAL

STUDIES.

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

Wang et al 2022 Epithermal Deposit

A"AG=-0.30 ~ +0.06%

—

- \
> Acidic fluid

200C

300C
Ag-Co-Ni-As veins
A'AG=-0.09~+0.01% A" AQ=-0.3~ +0.4%
Porphyry
Deposit

600C Source 3 .:iAg',’

Deposition-related

& Mass-dependent (1000Ina )
Supergene : -0 47 ~ +0.08 %
Epithermal : -0.30 ~ +0.06 %
Mesothermal : -0.15~ +0.03 %
Porphyry : -0.09 ~ +0.01 %

¢ Redox-mediated (1000ina ..., ....)
NVE =0.028x10"/T+0.00004
MD =-.0.0376x10"/T°-0.0066
Total = -0.0313x10"/T*+0.0174

Transport-related

# Equilibrium fractionation

1000Ina,,.. ... =-0.015~-0.055 %
& Rayleigh fractionation
A™Ag.,, =-0.3~+0.4%

Argapadmi et al 2018
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GOLD RUSH — BIG DATA AND STATISTICS

2D EMBEDDING OF

AMAZONIAN GOLD SAMPLES BASED ON THE

14

ELEMENTS

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.
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UMAP projection of Gold from Amazonas
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GOLD RUSH — NEAR FUTURE & BOTTLENECKS

* 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.
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