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Inclusions, shown by peaks in time-resolved laser ablation pro�les (above) and backscattered electron images (right)
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3 LA-ICP-MS Trace Element Maps

LA-ICP-MS trace element distribution maps of a bornite (bn), digenite (dg) and chalcopyrite (ccp) composite crystal

Trace Element Contents of Cu-(Fe-) Sulphides2

Trace element box and whisker plots of Cu-(Fe-) sulphides. Bn (bornite), Ccp (chalcopyrite), Dg (digenite). Boxes are bordered by the 25 and 75 percentiles. Lines in the boxes indicate 
the medians, circles represent geometric means. Circular outliers are de�ned by being 1.5 times the interquartile range from the boxes. Triangular outliers are de�ned by being three 
times the interquartile range from the boxes. Whiskers are extreme values that are not de�ned as outliers. Each box represents a minimum of 5 samples. 
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1 Mineralogy

Representative thin section examples of the �ve porphyry dikes at Bingham Canyon ordered from oldest to youngest intrusion, simpli�ed mineralisation intensity (locally 
mineralisation intensity might be di�erent) and relative abundances of Cu- (Fe-) sulphides over the porphyry sequence.

 Findings
  - Vein hosted Cu-sulphides are bornite, chalcopyrite and digenite
  - Abundace of all sulphides decreases over porphyry sequence
  - Mineralisation decreased with time 

  - Bornite major host for Se, Sn and Bi -> top levels in QMP > 2nd LP, BP
  - Chalcopyrite primary host of Co, Ga, Ge, As, Cd and In 
  -> top levels in QMP, LP > 2nd BP
  - Digenite major host for Ag, Sb, Te and Au -> top levels in QMP
  - Penalty elements: As, Cd and Sb commonly <10 ppm, Sn <30 ppm

  - When digenite is associated with bornite (exsolution), digenite yields
    higher concentrations of Ag and Au, while Bornite hosts excess Bi

  - Rare micron to nanoscale inclusions of telluride, electrum, native Au
    and wittichenite contain high concentrations of Te, Ag, Au, and Bi
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Bn (dg free)     n = 90

Cu- (Fe-) Sulphide Type 

Methods
- SEM-EDS -> Major element chemistry of sulphides, BSE imaging

- Spot laser ablation inductively coupled mass spectrometry (LA-ICP-MS) 

-> Trace element chemistry of sulphides 

- LA-ICP-MS mapping -> Visualisation of trace metal distributions
Laser spot raster -> Map

Bingham Cu-Mo-Au Porphyry Deposit
- Bingham Canyon is a giant copper deposit, situated in northern Utah, USA

- Belongs to a belt of Eocene to Oligocene intrusions   

- Bingham stock: monzonite and a series of mineralisation related porphyry dikes

- Historical samples were taken from the high-grade (>1% Cu, >1g/t Au) zone 

- At least five distinct crosscutting porphyry phases have been identified:

 1. Quartz monzonite porphyry (QMP)         

 2. Latite porphyry (LP)                      4. Quartz latite porphyry breccia (QLPbx)         

 3. Biotite porphyry (BP)                    5. Quartz latite porphyry (QLP)

- Each porphyry phase, at declining intensity, with associated sequence
  of quartz veins, copper-gold mineralisation and potassic alteration 

Geological Maps and cross sections (Redmond and Einaudi, 2010)
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Introduction
Porphyry copper deposits are primarily mined for Cu, Mo and Au. Bulk rock concentra-
tions of these commodities are typically well constrained.

Some porphyry copper ores bear potential for the extraction of energy-critical elements 
(ECEs), key components in modern energy technologies (Ag, Te, Se, Co, Ga, Ge, In).

These trace constituents can be potentially be recovered as by-products, adding value 
to the primary targeted commodities. 

For example, 90 % of the global Te production is recovered from anode slimes in the 
Cu refining process (USGS Mineral Commodity Summaries 2020).

Rationale
The mineralogy and partitioning mechanisms of ECEs in copper ore minerals 
are not fully understood. 

For many porphyry copper deposits, ECE deportment data haven’t yet been 
determined and their distribution at the deposit scale is unknown.

Similarly, there is insufficient knowledge on the mineral and deposit-scale distribution of 
penalty elements (i.e. As, Cd, Sb, Sn) that may reduce the value of Cu concentrates

Cu and its potential by-products (Hageluken and Meskers, 2010)

Trace element deportment studies may add value to resources, 
improve recovery and help migitate environmental effects of mining
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