
Methodologies to 
characterise natural 
gold 



Analytical approaches 
UoL data bases 

> 40,000 gold particles 



Standard analytical approach : location records 

Each ‘site’ describes a number of gold particles from the same location . 

This is what we mean by ‘sample population’ 



Standard analytical approach 

Alloy composition EMP

Inclusion 

suite

SEM 

LOD (wt %) :   0.02    0.3    0.02

Useful quantitative 
data is 3σ

Cu: 0.06% 
Hg: 0.3%
Pd: 0.02%

Different software 
gives different results 
at low concentrations 

Data for individual site 



Comparing the minor alloy metal content of different populations

Cumulative percentile
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Increasing Ag

1 5 10 5

2 10 20 5

3 10 30 5

4 5 40 5

5 5 50 5

6 5 60 10

7 10 70 10

8 10 80 10

9 5 90 10
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Other methods of representation: 1  

Triangular plots 
There are  problems 

with this approach….

1. We lose absolute data

2. Errors between LOD 

and 3σ are amplified 

3. Au ≈ (100-Ag)

Compositional fields relating

to deposit type have 

been proposed 
(Townley et al. 2003)

But not always 

generically applicable 
(Moles et al. 2013)



Other methods of 
representation: 1 

Covariance plots 

Retain quantitative data

Build compositional fields with other data 

sets: 

Other alloy components 

Inclusion species 

From Chapman et al. 2017



Cumulative percentile plots: interpreting plot shape: 1

2mm

Small volume 
of ore 

Same conditions 
of precipitation
= same Au/Ag 
ratio 
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Polished block: Golden Summit, Fairbanks, Alaska 

Golden summit

(98 particles)  

1. Gold from in situ samples 

Nugget Zone, 
Lone Star, Klondike (85) 

Key message: signatures from a single vein may themselves 

be complex:

i. Evolving system

ii. Multiples pulses of fluid 



Cumulative percentile plots: interpreting plot shape: 2

1. Gold from in situ samples 
(10T bulk samples processed in 
pilot plant)  
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Ag signatures of 4 lode samples from 

a 3km2 area, Lone Star, Klondike  

Relatively stable mineralizing environment

Relatively stable mineralizing environment 

Evolving environment 

Stable, then evolving (or vice versa? )

Chapman et al. 2010



Relationship of placer signature 

to lode signature 

Cumulative percentile plots: interpreting plot shape: 3
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Golden summit

(98 particles)  

Wolf Creek (154)

Gold signature varies within a single system

Placer 

sample 



Cumulative percentile plots: 
interpreting plot shape: 4

Placer samples 
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a 3km2 area, Lone Star, Klondike  

Eldorado
Ck 

5 km 

Dawson City 

10km 

High- Ag 
gold 

If we know what the sources are- the placer signature 
makes sense. If we Don’t know this- its challenging…



Cumulative percentile plots: interpreting plot shape: 5

Other examples too 
Chapman et al. 2000
Chapman and Mortensen 2016
Moles and Chapman 2019

Robust because we decide where to analyse
in a heterogeneous particle- analyse 
first alloy phase 

Reproducability



Cumulative percentile plots: interpreting plot shape: 5

In the context of ‘same or different’: What is a result? 
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Two plots: same

or different? 

Sample set: 20 localities

in same area 

Same sub populations-

present in different 

proportions 



Mineral inclusions 

‘Rules’ for characterizing inclusion suites 

Measure the number of particles that contain an inclusion : NOT the number of inclusions
We focus on ore minerals as these are generally more  diagnostic  than quartz, carbonate etc

Pyrite =1

Pyrite =1

Bi telluride =1

Galena =1



Mineral inclusions: characterizing a sample 
population

Inclusion                         No. particles 

Pyrite: 7

Arsenopyrite: 4

Hessite: 2

Chalcopyrite : 4

Galena : 3 

Tally 

Mineral basis? Chemical basis? 

Problems: 

How to depict a diverse range of minerals

Small sample sizes 



Mineral inclusions:characterizing a sample 
population

Chapman et al. (in press)

Triangular diagrams: Lots of problems

• For complex signature need lots of triangles 

• Some triangles based on very small sample 

sets

• OR omit some data 

• Designing a generic template impossible 

• Identify specific diagnostic 

minerals/associations 

• Can accommodate large number of mineral 

species

• Get difficult to read with >3 plots 

Spider diagrams- improvement 



Mineral inclusions: characterizing a sample 
population

Radar Diagrams

‘Score’ inclusions according to: 

1. Metal component  

2. non metal component
Examples:

Pyrite : Fe=1, S=1

Chalcopyrite Cu=0.5, Fe= 0.5, S=1

Hessite: Ag=1, Te=1

Arsenopyrite Fe=1, S=0.5, As=0.5

Galena: Pb=1, S=1

• Generically applicable template
• Design of axes generates distinctive shapes for 

element associations commonly associated with
different deposit types

• Log scale elevates roles of minor metals
• Lose mineralogical information   

‘Other’

Elements considered as 
‘metals’ and ‘non metals/
metalloids’



Combinations of alloy and inclusion data sets 
Approach labelled ‘microchemical characterization’ by BGS in early 1990’s 

EMP analyses 

Ag Cu Hg Pd
Mineral inclusion suite 

Combine data on a particle by particle basis 

MICROCHEMICAL CHARACTERIZATION



Combinations of alloy and inclusion data sets 
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All: 135

Hessite: 4

Py, Cpy, Apy:18
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Cu sulphides; 15

2 gold types 
1 gold type 



Recap 

• There are various methods to depict gold compositional 
characteristics

• The most useful ones are generically applicable 

• Specific studies may take advantage of approaches that permit multi-
variate analysis 

• Minor metal profiles may be interpreted in terms of 
• i. The stability of the primary mineralizing environment 
• ii the number of contributing sub- populations to a sample population 

• Mineral inclusion profiles can yield more detailed information on the 
deposit type 


