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Growing demand for metals Vs. lack of Social Licence to Operate
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By Gwladys Fouche and Nerijus Adomaitis

A suite of cost-effective

S ——— geophysical and

June 20, 2023 3:23 PM GMT+2 - Updated 2 months ago ‘ E‘ ‘ E ‘ ‘5 | geOChemical methOdS
suitable for exploration of
hydrothermally inactive
seafloor deposit (often
covered by a thick layer of
sediments)

= expedition of the Greenpeace's Arctic Sunrise ship at the Arctic Ocean, September 14, 2020. REUTERS/Natalie




FM-W@“ Ridge . Fast-spreading ridges, like
el " the East Pacific Rise, the

spreading rate is 100 to 200
millimeters per year.

* Slow-spreading ridges, like
the Mid Atlantic Ridge, the
spreading rate is 20 to 40
millimeters per year.

* Ultraslow-spreading ridges,
like the Southwest Indian
Ridge, the spreading rate is
less than 20 millimeters per
year.
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Barents Sea

v Bear Island

Kolbeinsey Ridge:
1) Grimsey

2) Kolbeinsey

3) Squid Forest
4) Seven Sisters

Mohns Ridge:

5) Soria Moria/Troll Wall/Perle and
Bruse (Jan Mayen Vent Fields)
6) £gir

7) Copper Hill

8) Gnitahei

9) Mohns Treasure

10) Favne

11) Loki’s Castle

12) Deep Insight

13) Grgntua

Knipovich Ridge:
14) Jgtul
15) Gygra

Lena Trough/Lucky Ridge:
16) Lucky B/Ultima Thule

Gakkel Ridge:
17) Aurora




VMS deposits in Norway

Mining of copper and zinc from
volcanogenic massive sulfide (VMS)
deposits has a long tradition in Norway,
with more than 450 years of production.
Major mining districts included Rgros,
Lakken, Sulitielma, Folldal and Grong.
More than 100 Mt of ore was extracted
from 10 major mines and districts,
producing 1.7 Mt Cu and 1.9 Mt Zn.

These districts still have a large potential
for new discoveries especially of
strategic commodities (e.g. Co, V, Sb,
Te, Ga, Ge, In,...)

The Sulitjelma district produced 25 Mt of Cu-Zn ore in less
than 100 years. At least 5 Mt of ore is still leff. mainly in the
Giken depaosit.

The Mofjellet area contains a number of potentially economic
Zn-Pb-Cu-Ag-Au deposits in addition to remaining are in the
closed Mofjellet mine

The Hattfjelldal area has potential for rich Zn-Cu-Ag-Au depo-
sits, hosted by bimodal volcanics.

The Lekken deposit was a world class Cyprus-type VMS

far other deposits.

deposit. & Mt is still left in the depaosit and the area has potential
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The 3 Mt Cu-Zn Rieppe ore body is one of several interesting
VMS depaosits in the Nordreisa areain Troms.

L) Sulitjelma

b = Mofijellet

The Grong District was one of the mafor past producers, with
Jama (11.5 Mt mined) and Skorovas (5.6 Mt) as the largest
mines.
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The Reraos district is famous for the old copper mines, but the
distriet contains a lot more zine than copper. The potential for
maore deposits is regarded as large.

/

O{sim Reros-Tydal

Grimsdal/Folldal

The Grimsdalen deposit contains & possible resource of 8.3
Mt Cu-Zn are. It is also potential for other deposits in the Folldal
area, as well as in the extension of the island-arc system eas!-
wards (more than 100 km).

The Kisgruva deposit fo the south of the famous silver mines
at Kongsberg, is a VMS deposit enriched in selenium (c.4-500
g/t). Possible resources are 2-3 Mt of Cu-Zn-5e ore, however,

the deposit is open to depth,




RV G.O. Sars

Mapping, sampling and data
collection

* Multiple research cruises since 2017
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Photo: Daniel Albert, GoNorth 2023 Expedition
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Active vs. Extinct SMS systems ]




Active vs. extinct submarine hydrothermal systems

Initial hydrothermal venting _ Waning hydrothermal activity - Extinct hydrothermal mound -
7/
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_ .. ?"-_.' Operating coppermins oland currentlylhave an average
:5-‘- » £ grade of 0.53%

2 Cu. 3.9 34.1 wt.%, average: 15.7 wt.%
~  Co: 0.1-0.8 wt.%, average: 0.5 wt.%
Zn: 1.8-13.7 wt.%, average: 5.3 wt.%
' Ag: 7.5-43.1 ppm, average: 21.1 ppm
. Ga: 2.7-15.5 ppm, average: 6.7 ppm
Au < 1.8 ppm
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Lucky B Vent Field, Lucky Ridge, Lena Trough
(81.36°N, 3.44°W, 4000 mbsl)
ARK XX/2 expedition, 2007, PFS Polarstern — Dredged material




Lucky B Vent Field, Lucky Ridge, Lena Trough

(81.36°N, 3.44°W, 4000 mbsl) :

GoNorth 2023 expedition, RV Kronsprins Haakon — Active vent
‘r

High-temperature peridotite-hosted vent field EE. mm

Cu-Co rich mineralization

Active part of the system
#8: Cu: < 9.5 wt.%, average: 1.9 wt.%
- x SRS % N S '
“/" Inctive part of the system ‘
¢ Cu: <3.4 wt.%, average: 0.5 wt.%
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Jotul Vent Field, Knipovi
(77.44°N, 7.71°E, 2990 mbsl) <= w.
MARUM expedition, 2022, RV M&§&S. MeriandgT .

. s
Basalt-hosted sediment and ultramafitrgie®
rock influenced active vent field

Cu-Zn-rich mineralization
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Peridotite-hosted ex
Cu rich mineralizatic

Atacamite (Cu,CI(OH),)
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Arctlc Mid Ocean Rldges L e Kolbeinsey Ridge:
1) Grimsey

2) Kolbeinsey
3) Squid Forest
4) Seven Sisters

5 Mohns Ridge:
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6) Agir
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Greenland S ) AN 8) Gnitahei

Baatr 9) Mohns Treasure
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11) Loki’s Castle

Knipovich Ridge:
12) Jgtul
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% Gakkel Ridge:
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Vent field Characteristics

Loki’'s Castle Basalt-hosted, sediment
(~2300 m) influenced
(Pb, Zn, Cu, Au, Brt +
Hg, TI, Cd,...)
Mohns Treasure Basalt-hosted
(~2600 m) (Cu, Zn, Au)
Favne Basalt-hosted,
(~3000 m) ultramafic rock
influenced
(Cu, Co vs. Zn)
Gnitahei Extinct, Basalt-hosted,
(...2700 m) sub-seafloor
mineralization
(Au)
Deep Insight Extinct, Basalt-hosted
(~1300 m) (Cu)
Aegir Basalt-hosted
(~2400 m) (Cu, Zn)
Soria Moria Basalt-hosted

(~700 m) (Zn, Brt)



72°45'N, 3°50'E NPD, Summer 2019
Basalt-hosted

Extinct
Au-bearing

Basalt-hosted

Active
Cu-Co vs. Zn mineralization
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University of Bergen - F/F G.O, Sars Date/Time: (UTC) Position: North/East Heading: Depth Altitude. Pitch Roll;
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Fdvne Cu-Co-Zn mineralization

Active vent field
* ~ 3,000 m waterdepth

9 individual mounds and sev
~ 100 mx 400 m




Isocubanite (CuFeZS3)
Andydrite (CaS0,)
Pyrrhotite (FeS)




Trace element distribution
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Zn-rich mineralization
2-31 wt.% Zn

Sphalerite (ZnS)
Pyrrhotite (FeS)
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Fluid inclusion study
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* Uniform F within individual FIAs : e
. 4 -8 wt.% NaCl equ. Abundant anhydrite — prevents infiltration of seawater

« Th= 160 — 332°C — supports conductive cooling

Pressure corrected trapping T (°C)
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Abundance of chemical elements in the silicate Earth

Major elements (making 99.1 % of Earth crust and mantle)

Trace elements (making 0.9 % of Earth crust and mantle)

White (2013)
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Sample / REE Primitive mantle
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Stable isotopes in hydrothermal systems
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Silicified part of the deposit

Salinity=5.7 — 7.3 wt.% NaCl eq.
T,=300-320°C

T~=320-340°C

Density=0.75 g/cm-3

* Au-Cl-complexes
* Cu-Cl-complexes

350 1
345 4

340 4

330 4
325 1

320 -

Formation temperature / *C

310 4
e GS20-ROVII-RIS
305 4
GS21-ROVOB-R12

300 T T T T T ]
3.0 5.5 6,0 6.5 7.0 7.5 8.0

Salinity / wt.% NaCl eq.
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Active vs. extinct submarine hydrothermal systems

T e e

Cu grade Moderate-high Low-moderate

Zn grade Moderate-high Low

Co grade Low-high Low

Ore minerals Icb, Cpy, Sph, Po, minor Py/Mrc Py/Mrc dominated, minor Icb, Cpy, Sph, Po

Gangue minerals Anhydrite, amorphous silica, minor barite Quartz, minor barite

”“'r
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