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A couple of economic definitions
concerning ores:

• Reserve:
An economic concept which shall be close to 
the amount of valuable ore available for 
extraction at current technology

• Resource:
An estimated amount of ore available for 
extraction at current or future technology

Reserve and resource are concepts used by stock 
market listed companies
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What are the challenges?

Globally:
• Population growth

– Growth of welfare

• Climate changes
– Energy production with with

low CO2-emissions
– Food production
– Ocean levels increase

• Natural resources are 
exhausted or threatened

• China is dominating the 
international access of metals

• Prices and offers are lacking  
transparency
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A greeting in Norwegian from the UN vice secretary for the Environment
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TASMAN METALS LTD5

The Past is No Guide to the Future: the metal demands of current and emerging

technologies represents a shift from crustally abundant elements with many sources, to trace

metals. These are rarely found in high concentrations; rarely form individual minerals; have

high barriers to entry due to technology hurdles; and customers require high purities.

ABUNDANT METALS SPECIALTY and BY-PRODUCT METALS

Need for Resource Security is Accelerating

Source: Materials critical to the energy industry, UNiA, BP 

Chinese Supply Monopoly

3000 BC
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The future will need more of
many different and special
metals

6



What are the main future use of the
metals?
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Steps in the development of a metallurgical project
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Resources are more than economy
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• Legal right and access to mineral deposit
• Infrastructure to bring ore to processing plant 

and export product
• Safe handling of waste material
• Knowhow on how to extract the valuables from 

the ore
• Chemical and environmental infrastructure
• Clean energy available
• Knowledge of markets and societal needs and 

requirements
• Capital
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’’Resources’’ are more than economy
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Examples of need for infrastructure:
Avalon Ventures, Canada
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A look at Norwegian metal ore deposits
Data from NGU
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Høgtuva

Tørdal
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Høgtuva

Mo i Rana

Nesna
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Høgtuva

• South of glacier Svartisen, NW of Mo i Rana. Road 
close by.

• Europe’s largest deposit of Be. Mineral is phenakite, 
Be2SiO4. SiO2 ca 70%, Al2O3 ca 12%, TiO2 ca 0,24%, 
other main components: Fe, Na, K

• Estimated at 400 000 tons of ore at 0,18% BeO

• Phenakite may be concentrated by floatation to 25% 
BeO at 80% yield (SGS, Lakefield, 1990).

• The ore contains:
Metals (g/ton)

Be Nb Zr Ce La     Y Rb Pb Sn     Zn Th U

3500 500  12000    450   150  1100  1200   300     150   300 700   300
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Phenakite from Høgtuva

• The fact that Y is more 
abundant than La and 
Ce indicates that ore is 
enriched on HREE

• REE is usually not 
present as silicates 

• REE may therefore be 
selectively leached

• Be, Si, Ti, and Zr may all be 
transferred to volatile 
chlorides:
MOn+ C + nCl2 = MCl2n+COn
n= 1 (Be) or 2 (Si, Ti, Zr)

• This will break down the 
silicate lattice and facilitate 
the further leaching of the 
other metals

• Fe and Th may also be 
leached as chlorides
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Scandium

• The Tørdal area (150 km
2
) 

consists of numerous mineralized
pegmatite (intrusive igneous 
rock) dykes

• Tørdal has potential for 
numerous mineral targets that
include scandium, yttrium, 
tantalum, niobium, beryllium, 
zirconium, titanium, lithium, 
lanthanides and tin

• Exploration rights did belong to 
Australian company Scandium 
International Mining Corp.
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Challenge with lithium

The Trouble with Lithium
Implications of Future PHEV Production for Lithium Demand

By William Tahil, Meridian International Research, 2007:

“Analysis of Lithium's geological resource base shows that 
there is insufficient economically recoverable Lithium available 
in the Earth's crust to sustain Electric Vehicle manufacture in 
the volumes required, based solely on Li-Ion batteries”

2015: 1 million electric cars – 2020: many more
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Production of lithium globally:
• North- and South-American 

producers are based on salt lakes 
and salt springs
– Li is a byproduct of K2CO3

– Dependent on ground water

• Australia and China produce Li from 
minerals
– Has to be a more expensive way than 

from brines

• Li-minerals (spodumen) occur 
among other places in Finland and 
Sweden

• New mines are presently being 
planned in South-Africa, Czech 
Republic, and Finland
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Are new open pit mines acceptable?
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Telnes mine, Titania A/S. 
Foto: Titania AS/Linda Løvås

The gangue rocks 
are deposited
near by on shore
– Now leaking Ni(aq)
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New concepts for mining are needed
• In the oil industry directional well drilling has been 

developed since 1930’s. 

• The oil industry is fading out and service companies are 
looking for new areas of interest

• Also tunnels can be made by drilling, Ø > 4 m

• Ores are often found in veins and «chimneys»

• What if mines are drilled just where the minerals are? 
Rock will already be crushed and grinded, and gangue 
material will still be in place?

• Drilling is expensive, but so is milling and depositories

• Maybe smaller resources can be upgraded to reserves 
by a better technology
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IMP@CT is a Horizon2020 project
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Integrated Modular Plant and 
Containerised Tools for Selective, Low-impact 
Mining of Small, High-grade Deposits
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Can Norway contribute to Europe’s 
metal resources?

• Norway has world class deposits of 
– Chalcopyrite (FeCuS2), Nussir – mine under 

construction

– Ilmenite (FeTiO3), Telnes - Titania

– Rutile (TiO2), Naustdal – Nordic Mining, mine under 
construction

– Olivine (Mg2SiO4), Åheim – Sibelco

– REE & Th, etc., Fen deposit

• Many less common metals may be extracted 
from smaller reserves by improved technologies
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• Norway has necessary competence and capital 
to become Europe’s metal producer

• Norway has chemical infrastructure to process 
ores from Sweden, Finland, Greenland, etc.
– E.g. Yara and Boliden are doing today

• Unfortunately, Norway is lacking policy for 
mineral and metal extraction. 
This is the sad truth!

• Thank you for your attention!
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Can Norway contribute to Europe’s 
metal resources?


