
Riana Rossouw 
University of Stellenbosch

LBMA Assaying and Refining 
Digital Conference 2021



• Fingerprinting is used to distinguish between the geological source of gold, for example lode vs alluvial gold, as well 
as its geographical origin, with Colombian gold for example enriched in Pt and Brazilian gold higher in Pd.

• This chemical distinction provides a fingerprint for tracing the source of ancient gold artefacts when comparing 
against a database of gold mined centuries ago.

• It is an essential tool in the global battle against illicit precious metals trafficking, with the source of the illegally 
mined gold as well as the elements associated with the different extraction processes providing a unique signature. 

Gold fingerprinting

Identification of different gold origins through specific element ratios resulting in a characteristic 
chemical signature.



Chemistry of mined and processed gold for fingerprinting

While the geological and geographical origin of the gold produce inherently unique element 
associations, the different extraction processes (both legal and illegal) add additional chemical 
signatures. 

• Illicit gold mostly obtained from illegal panning of alluvial gold or theft from high grade ore mines.
• Legally mined gold is mostly extracted using the carbon-in-pulp (CIP) method: gold is extracted from the ore using 

cyanide complexing, then activated carbon separates the gold from the cyanide. Also concentrates Ag, Cu, Co, Ni if 
present.

• Illegally mined gold is most commonly extracted using Hg amalgamation, after which the Hg is evaporated with 
heating. Though mineral impurities and some base metals are still extracted there is no enrichment to the level of 
the CIP process.

• Characteristic signatures usually erased during the refining process.
• Access to a database of Au compositions from various geological and geographical origins, as well as knowledge on 

typical elements added during Au extraction and manufacture, will aid in identifying the source of gold.



Laser ablation ICP-MS as analytical tool

• ICP-MS instruments have detection limits in the ppb or lower range, with a large number of elements to be 
measured in a short time.

• Minimal destruction of sample in the case of artefacts using LA, with spot sizes typically ranging from 15 -100µm.
• Minimal sample preparation:

- Coins or small artefacts can be analysed as is 
- Au grains or metal shavings are resin mounted and polished
- Au grains in thin section 

• Analysis of Pb isotopes is useful to further distinguish gold
provenance using LA QQQ ICP-MS, where 204Hg interference on
204Pb can be removed.

Analytical techniques such as EPMA, PIXE, XRF, NAA, ICP-AES & -MS used in measuring minor & 
trace elements in Au, suitable according to a specific work environment and sensitivity required. 
LA ICP-MS offers some unique benefits: 



Study objective

Set up LA ICP-MS method for fast and accurate analysis of 20+ trace elements in mined Au.
• Obtain Au reference material: With limited funding AuRM3 outside our budget – it also contained a limited nr of 

elements. Rand Refinery (Pty) Ltd South Africa manufactured a Au matrix reference material to be used as primary 
std, spiked with elements at similar concentrations as found in AuRM2, except for higher Ag, and requested 
homogeneity better than 100µm scale. 

• Evaluate primary Au std for homogeneity at different laser spot sizes.
• Evaluate sample properties such as homogeneity and other major element components that will affect 

measurement accuracy and reproducibility. 
• Optimize laser and ICP parameters for best sensitivity, interference removal and reliability of measurement.
• Advanced data processing with software requiring minimal user input and manipulation. 



Analytical set-up

Measurement of trace elements in Au with reasonable accuracy relies on a set of interconnected 
parameters between sample characteristics, instrument parameters and calibration standards: 
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Analytical set-up

Resolution 193nm 
Excimer gas laser –

Applied Spectra

Agilent 7700 Q ICP-MS + 
8800 QQQ ICP-MS

Ionisation in 7000K Ar plasma



Analytical set-up

Instrument parameters

Laser ablation system

• Sample properties determine the laser settings to be optimized for analysis, such as below:

Fluence = laser E

Spot size

Ablation time

Frequency = number of laser pulses per sec



Analytical set-up

Instrument parameters

Laser fluence

• Ablated material of uniform particle size
• Minimal melting of material

Spot size

• 40µm selected

1 J/cm2 1.5 J/cm2 2 J/cm2 2.5 J/cm2 3 J/cm2



Analytical set-up

Calibration standards

Matrix & multi-element composition

• Major element composition similar to samples so that ablation properties between standards and samples are 
comparable. NIST glasses widely used for traces in silicate material
as well as semi-quant analysis of sulfide and ore minerals.
Gold matrix spiked with elements of interest more suitable.

Homogeneous element distribution

• Element distribution should be homogeneous at a known scale 
(> 50µm or > 100µm) in order to match the spot size on the 
unknown samples. Some software however allow standard and
sample spots to be of different sizes.

Fluence 2.5 J/cm2

Frequency (Hz) 7
Spot size (µm) 40
Nr of pulses 140
Ablation time (s) 20
Pulse depth (µm) 0.3

Au matrix NIST610



Au reference material testing

Our custom Au reference material was produced by Rand Refinery (Pty) Ltd South Africa, tested 
for homogeneity and certified by Spark-OES and ICP-OES analysis.

Homogeneity test at laser parameters

• Reference material analysed at 40µm spot over 3 days, also tested at 26 and 60µm spots. Ablation signal (cps) for 
each element relative to AuAr cps were evaluated. 

• Laser frequency (number of laser shots per second) and ablation duration optimized for signal stability to acquire a 
large number of data points.



Au reference material testing

Ablation signal recorded by ICP-MS

Au RM001 - 26µmAu RM001 - 60µm

Gas background

On-sample 
ablation



Au reference material testing

Hg is a crucial element for fingerprint studies in illegal mining, but could not be added to the std. It can however be
reported relative to Au or Ag, or semi-quantitively using MASS-1 sulfide std.

Element RM001 certified 
values (ppm)

2σ uncertainty 26um spot RSD NOTES 60um spot RSD

Mg 117.6 6.7 11.7 Improved with bigger spot size 9.5

Al 89.7 3.6 21.5 Improved with bigger spot size 10.0

Si 88.4 5.3 < LOD Analyse with QQQ for better SNR 96.4

Ti 18.5 1.2 14.1 Improved with bigger spot size 4.9

Cr 47.3 3.1 10.2 Further improved using 52Cr 1.6

Mn 65.9 4.2 8.0 3.5

Fe 28.4 1.6 10.5 9.3

Co 24.2 2.5 6.8 2.7

Ni 31.7 1.4 9.4 4.2

Cu 130.1 8.7 13.8 9.6

Zn 32.2 5.9 8.1 9.4

As 19.7 2.2 31.3 Analyse with QQQ for better SNR 10.4

Se 38.5 5.2 43.5 Analyse with QQQ for better SNR

Rh 57.6 3.7 13.0 7.6

Pd 71.2 3 11.2 9.4

Ag 7505 510 8.0 1.2

Cd 54.4 5.8 7.2

In 32.8 2.3 17.2

Sn 24.1 2.4 23.3 Improved with bigger spot size 8.2

Sb 52 6.4 30.2 Improved with bigger spot size 10.3

Te 20.7 2.9 41.8 Improved with bigger spot size 12.9

Pt 75.3 2.3 7.3 5.0

Pb 84.4 9.1 37.4 Improved with bigger spot size 10.4

Bi 23.6 3.7 44.9 Improved with bigger spot size 17.2



Analytical set-up

Instrument parameters

ICP-MS

• Single quad Agilent 7700 ICP-MS has low ppb detection limits for most elements. 
• Important to be aware of matrix interferences on the analyte masses, for example high amounts of Ag or Cu

result in elevated values of several elements:
• While collision gasses removes interferences it also reduces sensitivity.
• Agilent QQQ ICP-MS removes interferences through reaction with O2 gas

while sensitivity is also improved for some elements

Analyte Interferent
Mn55 Ar40N15
Rh103 Cu63Ar40
Pd105 Cu65Ar40
Sb121 Ag107N14
Sb123 Ag109N14; Ag107O16
Te125 Ag109O16
Sm147 Ag107Ar40



Analytical set-up

Sample properties

Sample chemistry

• Major components are important in choosing a matching calibration standard as well as understanding possible 
interferents in ICP measurement, eg. % levels Cu & Ag as outlined.

• Amalgamated Au samples with high residual Hg should not be analysed by LA ICP-MS as it will forever contaminate 
the ablation cell and make Pb isotope measurements impossible due to interference of 204Hg on 204Pb. In the same 
way very high Pb samples must be identified an avoided.



Analytical set-up

Sample properties

Sample homogeneity

• The resolution of sample homogeneity 
should be identified as it affects the 
major element composition used for LA 
ICP-MS quantification and determines 
the spot size & number of replicates for 
representative analysis.

SEM image of grain

Au-Ag-Cu grain under 
laser microscope

Spot 1 Spot 2

Spot 3

Spot 1 Spot 2

Spot 3

Spot 1: 70% Ag, 25% Cu, 5% Au
Spot 2: 10% Ag, 85% Cu, 5% Au
Spot 3: 25% Ag, 70% Cu, 5% Au

Spot 1 Spot 2

Spot 3



Analytical set-up

Laser:
- 60µm standard & 30 - 60µm sample spot 

size
- 2.5 J/cm2 fluence
- 7Hz repetition rate
- 25sec background, 30sec ablation
- 400 ml/min He flow
- 2.5 ml/min N2

Final Au analysis parameters:

ICP-MS:
- 0.9L/min argon carrier gas
- Torch depth: 7mm
- RF power: 1350 W



Analytical set-up

Instrument parameters

ICP-MS sensitivity

• Single quad ICP-MS has low ppb detection 
limits for most elements in Au matrix.

• Using historical data sensitivity
improved by 3x or more using
QQQ ICP-MS compared to Q ICP-MS. 

Au matrix - 
60µm spot
7700 NoGas 7700 NoGas 8800 NoGas 8800 O2

Element [ppm] [ppm] [ppm] [ppm]

Mg 0.93 0.08 0.09 3.54
Al 0.57 0.29 0.08 0.09
Si 157.59 232.13 292.60 187.12
Ti 0.81 0.39 0.14 0.004
Cr 3.38 0.65 0.34 0.08

Mn 2.11 0.60 0.58 0.06
Fe 14.05 3.23 1.11 0.14
Co 0.10 0.02 0.01 0.04
Ni 0.70 0.31 0.12 0.16
Cu 0.10 0.04 0.04 0.13
Zn 0.31 0.19 0.15 0.17
As 0.20 0.19 0.08 0.10
Se 1.27 1.46 1.40 1.46
Rh 0.005 0.002 0.006 0.006
Pd 0.07 0.012 0.012 0.042
Cd 0.02 0.021 0.024 0.016
In 0.01 0.010 0.004 0.005
Sn 0.06 0.06 0.01 0.04
Sb 0.05 0.07 0.01 0.03
Te 0.21 0.17 0.06 0.17
Pt 0.001 0.03 0.01 0.01
Pb 0.09 0.02 0.06 0.12
Bi 0.03 0.01 0.01 0.01

Historical data: NIST610 - 75µm spot



Data processing

We use LADR data processing software (Norris Scientific):

Au RM001 - 40µm Au grain - 26µm

Allows standards and samples to be quantified at different spot sizes. Main calibration standards analysed at larger 
more homogeneous spot size with secondary stds same as samples to apply a correction factor.



Still to be done …

• Quantify the extent of matrix interferences in Q ICP-MS from Cu and Ag on analyte masses (Rh, Pd, Sn, Sb, Te & Sm) 
using Au-Cu-Ag material and confirm removal using QQQ ICP-MS.

• Set up Pb-isotope method on QQQ ICP-MS using suitable standards.

Then …. Start gold-plating our laser & ICP-MS instruments 



THANK YOU FOR YOUR ATTENTION
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