
Geology for a sustainable society

Ronald Arvidsson, Economic geology, Geological Survey of 
Sweden

20240424

UNFC progress in mining waste



2

Mining Waste data and
 UNFC

Large tailings

Håkansboda

BorSalau

Otanmäki

Cases investigated for UNFC - Futuram

Large tailings – Sweden

Håkansboda – Sweden – industrial case 

National case – Sweden - strategic

Otanmäki – Finland – industrial case

Salau – France

Bor – Balkans

C

Mining Waste Data – GSEU/Futuram

Examples – Sweden, Finland, Balkans, France, 
database for Europe (cooperation Futuram and GSEU)

Sweden

Finland

France

Slovenia
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MinW Database

Mining Waste Data -
Futuram

Europe (cooperation Futuram and 
GSEU)

From 12 to 21 (number of 
incoming)

In addition Switzerland (no mining 
waste), NM, Kosovo, Ukraine

SIx workshops – all of Europe 
invited

One more planned with stragglers
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CRMs in Swedish Mining Waste

Mission from the government development of 
UNFC and characterization of mining waste

▪ Closed mining sites with no operator

▪ Some data >1000 sites

▪ Tailings and Waste Rock – about 200 Mt

▪ About 70 sites waste sites sampled and characterised

▪ 24 tailings – drill and surface sampling and modeling

▪ Analysis covered all CRM and basemetals
▪ tonnage

▪ composition (mineralogy, elements, commodities…)
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Assessment of waste sites – by geological survey
Tailings – case Sweden

Sampling protocoll
• Hand drill and shovel
• Drill rig – auger – every m
• Analysis – standard protocols, 

most of the periodic table
• Mineralogy
• Tonnage from processing – out 

of flotation
• Volume – geophysics and 

observed surface, drilling

What parameters – G-axis -
tailings

• Extent often easily found

• Tonnage – often known through
reported from processing plants

• Grade – needs sampled and 
analysed

• Mineralogy – needs determined

Waste rock – case Sweden

Sampling protocoll
• Hand sampling
• Random 30 samples bottom, 

centre, top
• Analysis – standard protocols, 

most of the periodic table
• Mineralogy
• Tonnage from estimate of 

volume or reported from mine
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Large tailings Sweden – example drilling Kristineberg  and Adak 

• Drill – sample every m
• Analyse for most 

interesting elements
• Charatcerization of 

mineralogy

Volume from geophysical 
modelling tonnage from mine 
statistics
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Tailings
Type of objects – increasing ranking

1. Only known tonnage

2. Add surface sampling

3. Add surface and few drill holes

4. Add drill holes – dense to 

semidense

5. Industrial cases
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Tailings

After Lewerentz et al 2023
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Waste Rock

After Lewerentz et al 2023
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How to evaluate grade in mining waste stock?
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Comparison maximum 
values with mean for 
stock

=> stock must be 
evaluated at site level 

=> Use UNFC
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UNFC

Viable projects – 
industry

Non-viable 
projects - surveys
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UNFC CRM and 2RM– National Case Sweden

Mission from the government development of UNFC 
and characterization of mining waste – closed mine 
sites

UNFC G-axis

▪ Some data >1000 sites -> less than 70 sites for UNFC

▪ G4, G3 Tailings and Waste Rock

▪ G2 A few examples (well determined)

F – axis – few case F2 – few industrial cases 3 industrial cases

E-axis – E3 and E2 hearing with industry and authorities
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Mined 13th-20th century

Waste Rock

Tonnage estimated

Exploration – sampled 120 sites

Characterization

• Geochemistry

• Mineralogy

Beneficiation test

Advanced x-ray sorting

Håkansboda 
Mining waste: ~7,87 ha.
~200 000 – 300 000 t

Example Håkansboda rich in Cu, Zn, Co
Futuram project –Lovisamine (lovisagruvan)
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Example – Håkansboda – rich in Cu, Co

14

Exploration – dense sampling

Characterization

• Geochemistry

• Mineralogy

Beneficiation test

Advanced x-ray sorting

Resource Cu , Co, Zn
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Development of UNFC – Håkansboda preliminary results

Conceptual study

▪ Resources

▪ 250 000 tonnes

▪ Cu 0.7%

▪ Zn 1.2%

▪ Co Areas >500 ppm

▪ Ag 15 ppm

▪ Au .2 ppm

▪ Beneficiation test – 1st

step, but ongoing

▪ Permitting has not 
started for 
excavation/EIA
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Development of UNFC – Håkansboda preliminary results

Futuram case – operator 
Lovisagruvan

▪ Resources

▪ 250 000 tonnes

▪ Cu 0.7%

▪ Zn 1.2%

▪ Co Areas >500 ppm

▪ Ag 15 ppm

▪ Au .2 ppm

▪ Beneficiation test – 1st

step, but ongoing

▪ Permitting has not 
started for recovery/EIA

Cu Zn Co
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Conclusions

Mining Waste

Promising for raw materials/CRM

Stock low compared to primary mining

Extraction need combination of other RM maybe with primary

Not all mining waste is viable for recovery

Tonnage can be well determined/known

Grade must be analysed

Permitting must be clear otherwise no extraction/recovery

UNFC highlights permitting differences/hurdles compare to primary

LKAB resources
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Thank you

Photo Ronald Arvidsson

"THE VIEWS EXPRESSED ARE THOSE OF Ronald Arvidsson AND/OR SGU AND DO 
NOT NECESSARILY REFLECT THE VIEWS OF THE UNITED NATIONS." 
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