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Past and future of mining in the Repparfjord
area. Cu century…

- Ulveryggen was discovered in 1900-s
- Nussir was discovered later in 1970-s
- From 1972 until 1978/1979 Ulveryggen was in 

production by  Folldal Verk AS, from early 2000-s is 
owned by Nussir ASA.

- About 1 Mt of mine waste was deposited into the 
Repparfjord (Kvasness and Iversen, 2013)

- Ulveryggen: approx. 3.7 Mt of indicated resources 
(~0.8% Cu grade) 
(http://www.nussir.no/en_projec_ulvery.php accessed 
on 19.11.2018)

- Nussir: approx. 5.8 Mt of indicated resources (1.15% 
Cu grade) 
(http://www.nussir.no/en_projec_nussir.php accessed 
on 19.11.2018)  

- 19.12.2016 Nussir ASA gained permission to place 
tailings into the fjord 
(http://www.nussir.no/index.php)

- Green Shift requires Cu

http://www.nussir.no/en_projec_ulvery.php
http://www.nussir.no/en_projec_nussir.php
http://www.nussir.no/index.php


What is the starting material?



What is the starting material?



What is the starting material?

Lithogeochemistry of ore minerals: NS-35 chalcopyrite; Ulv -2 bornite



What is the starting material?



Repparfjorden
Bathymetry and 
sampling sites

A-C: Location and bathymetry map of 
Repparfjorden showing sampling sites of multi-
(MC) and gravity-core (GC). D: Grain size 
analysis of first 20 cm of HH-12-004-GC

Modified after Sternal et al. (2017)
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TOC, XRD (bulk, clays)



Lithogeochemistry According to SFT, 2008



Sequential extraction: HH-12-004-GC-MF0312



On-land conditions. Pyrite FeS2

4FeS2+14H2O+15O2↔4Fe(OH)3+16H++8SO4
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Anoxic marine sediments conditions.
Ore mineralogy and thermodynamic modelling. Pyrite. 

HH-12-004-GC-0-2 cm



Chalcopyrite CuFeS2

HH-12-004-GC 3-4 cm

Fresh chalcopyrite

Partly oxidized chalcopyrite



Chalcopyrite. 
Thermodynamics

4CuFeS2+14H2O+15O2 ↔ 4Cu2++4Fe(OH)3 + 8SO4
2- +16H+

K= 𝐶𝐶𝐶𝐶2
+ 4 𝑆𝑆𝑆𝑆4
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IG-15-1-1039-MC-3-4 cm



Chalcopyrite.

From Guld RN (2008)



Bornite Cu5FeS4

IG-15-1-1039-MC-3-4 cm

4Cu5FeS4+22H2O+27O2 ↔ 20Cu2++4Fe(OH)3 + 16SO4
2- +32H+

4Cu5FeS4+22H2O+27O2 +20Cl-↔ 20CuCl2 (aq)+4Fe(OH)3 + 
16SO4

2- +32H+

Vs.
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Bornite Cu5FeS4

HH-12-004-GC 0-2 cm

Bornite Cu5FeS4



Speciation of Cu in sub-sea vs. on-land conditions

Fresh water Seawater



Conclusion
• The mineralization at Nussir and Ulveryggen deposits is characterized by a 

high Cu and low heavy metal content (e.g., Pb, Hg, As and Cd).
• The host volcano-sedimentary lithology is enriched in compatible elements, 

including Cr and Ni.
• The Cu content is increased in the tailings.
• The main ore minerals (bornite, pyrite) preserved or weakly

weathered (chalcopyrite in the uppermost layers or the disposal)
• Thermodynamical modelling demonstrates that the redox potential/oxygen

fugacity is the main factor that controls stability of sulfide minerals deposited
in the tailngs

• Dissolved Cu2+ species prevail upon Cu+ species both in sea water and 
fresh water

• Cu-chloride complexes in seawater do not have significant importance
• At near neutral conditions, CuCO3 complexes can effect the solubility of Cu 

sulphides in the sea water conditions.





Chalcopyrite with Cl in sea water
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