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Qutline of presentation

* Mineral potential of Greenland

* Geology, geochemistry, petrography and hydrothermal
alteration of gold deposits/occurrences in Archean
West Greenland and Paleoproterozoic South
Greenland

* Paleoproterozoic VMS massive sulfide deposits of the
Skelleftea district and gold deposits of the Gold Line
In Northern Sweden

Geochemical Comparison of the Nalunaq gold mine
(South Greenland) and the Svartliden gold mine
(Northern Sweden)

Conclusions and how applied geochemistry and
petrography in mineral exploration for precious
and base metals has helped to focus gold
exploration and to prioritize targets
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Greenland:
Mineral
occurrences,
past mines
and potential
of future new
mining
projects

Godthabs

Fjord gold and

Nuuluk gold
case studies
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Location of gold
occurrences in the
Godthabs Fjord
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Geology of the

‘ ?
?
: . Q .
. |/ suva 387 Ga Godthabs Fjord area
o ! . .
‘ ‘éw\‘ aA lvinnguit fault 2.6 to 2.66
o
?\g{@f\_é Isukasia Ga old,
-65 N - terrane g .
Qussuk: 3.0] 7 Ga dividing Akia and
o and ‘Swan Faeringhavn terrane
e L]
Akia RS "Plate / jigRartoq _¥= Terrane boundary
t F h
Sl (g) O?g'r?gﬁea\’" ‘éqaﬁ“ —4— |nternal terrane boundary
@\o@s\o *t(gﬁf,ﬁ'gk _-~~ Palaeoproterozoic fault

Structural trend line

3
{-/ |:| Granulite facies

? [ ] Quaternary cover
I‘ - Qérqut granite complex
4 == |:| Meso- to Neoarchaean granites

StOI’ﬂ hp'St\I"OCk 2 8 Ga I: Mesq-_ to Neoarphggan late-kinematic

r tonalitic-granodioritic plutons
Storg Au- m‘rneral Ization: |:’ Meso- to Neoarchaean grey orthogneiss

S
%&c_.e““d 2.63 Ga and granitic rocks
: | : Tasiusarsuaq |:| Eoarchaean gneiss
Qilanngagy/suit terrane

El Noritic intrusions (Akia terrane)

Greenland Au-ffineralization 2.7Ga-2.5Ga  Nnatxk
Trte Bradre & 1390 |:| Supracrustal belts (undifferentiated)
errane

Qarliit Nunaat thrust |:| Anorthosite-metagabbro complexes

e
o L 29km - Isua Greenstone Belt

Schlatter and Christensen (2010)

ok




Geology of the Qussuk area and exploration results
from rock and sediment sampling
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Location of the Qussuk Au targets and
exploration drill locations in the Plateau and

Can these two areas be correlated?

Brilling 2008 and 2009
|7 bore holes)

Schlatter and Christensen (2010)



Geology defined from logging of drill hole profiles
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Rocksfrom the Plateau Au-zone and from wall rocks
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Petrography of the hanging Petrography of the
wall and the gold zone of the hanging wall and the
Platea area gold zone of Swan N
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Lithogeochemical and petrographic sampling
program Swan N 7
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Refined rock classification of the amphibolitic
rocks based on immobile element ratios
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Chemostratigraphic Plateau
relation and ore horizon
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Classification of hydrothermal alteration based on
results of mass change calcultions
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Short summary Qussuk:

Au is associated with pyrrhotite, chalcopyrite, biotite, muscovite and
quartz

Favorable host rock is of basaltic Andesite | type

Hydrothermal alteration is characterized by gains of K,0+FeO+SiO, and
gains and losses of Na,O+CaO



Geology of Qilanngaarsuit-Simiutat located
m the southern part of the Godthébs Fjord
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Kolb, Stensgaard, Schlatter, DZ|ggeI (2009)
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It is an island in the Southern part of the
Godthabs Fjord (not the South China Sea)




Qilanngaarsuit, Profile B, looking South

o

(2009)

Kolb, Stensgaard, Schlatter, Dziggel
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Au mineralization in fold structures in humerous
quartz veins and sulphides in Bt-Grt-Sil-rich schist

Hydrothermal alteration zone
(2m wide)

Kolb, Dziggel, Schlatter (2013)
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Qilanngaarsuit-Simiutat: Lithogeochemical results
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Short Summary: Qillangaarsuit-Simiutat

Qillangaarsuit host rocks are basalts

Narrow Au zones associated with garnet, plagioclase, quartz, biotite,
sillimanite and sulphides, in narrow Qtz veins and of epigenetic origin.
Ore fluids were enriched in SiO,, K,O, LREE, Au, Cu, Zn, Mo and As
(see Koppelberg et al., 2011)

Simiutat host rocks are altered basalts AND altered rhyolite-dacite



Location of mesozonal gold occurrences in the
Tartoq greenschist facies greenstone belt
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Location of
Nuuluk gold
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Nuuluk profile at Edge of Eastern Carbonate Zone
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Alteration envelope around orogenic gold
mineralisation
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Hydrothermal alteration trends seen at Nuuluk
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Hydrothermal alteration trends seen at Nuuluk
applying SOM methods
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Geology of South Greenland and location of Au
deposits’and mineral prospgets of the g
Paleoprotegazoic Nanortalik gold belt .- g
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Gold Belt is near the contact of granitic rocks and metasedimentary and
metavolcanic rocks



Gold occurrences of the Nanortalik gold belt from
shear zone hosted Nalunaq and Vagar

» Auriferous quartz-veins

Schlatter and
Hughes (2014)




Comparison of Au settings fromm Nalunaq and Vagar

Drill core log across the ore horizon
across the Nalunaq Au ore horizon of the ”Vein 2” target on Vagar

Tectonostratigraphic sequence
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Schlatter and Kolb (2011);
Schlatter et al. (2013)

Both deposits are hosted mainly in Qtz veins but in different host rocks;
Nalunaq: 10.7 t of gold, 15g/t, 713’000t ore, Vagar: 79m with 0.9 g/t Au



The Vagar license and the gold occurrences on the
Niagornaarsuk peninsula with 18 targets of the

Nanortalik

kilometers
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I Pelitic gneiss ®Historic Heavy Mineral Concentrate >1 g/t gold
>10 g/t (in-situ) gold indicated by target names

The geology of Vagar is dominated by granitoid rocks and areglonal
shear zone. Each target shows Au in situ > 10 ppm



Gold occurrences of the Nanortalik gold belt in
South East Greenland
Sorte Nunatak Kangerluluk
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Schlatter and
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copyright GEUS

3.1 m@ 9.3 ppm
Au in silicified
and sulphidised
rocks

Auriferous quartz with 5.5 ppm gold and
GEUS sample with 9 ppm Au and 4% Cu

Gold mineralization occur in a variety of different host rocks



Au-Bi relation from Nalunagq, Vagar and Jokum shear
Nalunaq (past gold mine) Vagar (drilled project)
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Number of samples
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Short Summary
South
Greenland

gold:

Mass change
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Nalunaqg show that
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favorable
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related to gold
Introduction
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Kolb (2011)



Reconstruction of the c. 1.8 supercontinent and
location of Vagar gold on Laurentia and Svartliden

Laurentia_~_

Latest event:

£ <04 Ga
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[J19-176a
I Archean 38-26Ge M

(2008)
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30N sweden
Svartliden gold

of the Gold Lineé (

Lahtinen et al.
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2224 orogenic belts

Location of Svecofennian orogeny (Nordic on map) and Ketilidian orogeny

Patchett and Bridgwater, 1984 @
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Comparison of granitoid ages of the Svartliden and
Nalunag mining areas

Northern Sweden South Greenland
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Schlatter et al. (2016)



Case study from Sweden: Simplified geological

map of the Skelleftea district

7250000
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LAl

Post-volcanic granitoids of A- and I-type
(Revsund type), c. 1.82-1.78 Ga

Post-volcanic granitoids of S-type
(Skellefte type), c. 1.82-1.80 Ga

Gabbro and diorite

Ultramafic intrusions
Synvolcanic granitoids of I-type (Jorn I
granit, Gallejaur monzonite) c. 1.87- 1.85 Ga

Synvolcanic granitoids of I-type
(Jorn Il granodiorite), c. 1.87 Ga

Synvolcanic granitoids of I-type
(Jorn | tonalite and undivided) c. 1.89 Ga

: . Adak @ Rudtjebacken ‘\ /
v i |

A Y

\ g,
A
1»% &\' |

e Glommerstrask

9

Q Rakkejaur

Nasliden #&\\\ Menstrask -

MaurlldenQ/

Q Holmtjérn
'&

U6

Norrlldenrvg

~Svansele
R
Kedtrask

1700000
g \“\‘\_d

! .H :'i

Petiknas
South and North

25 km

Conglomerates and sandstones, polymict (Vargfors
and Ledfat Groups) c. 1.87-1.85 Ga

Basalt-andesite and minor dacite lavas and sills
(Vargfors Group), c. 1.88 - 1.86 Ga

@ Major VMS deposits

Mudstone, black shales, sandstones and turbidites (Bothnian
Group, Vargfors Group, Skellefte Group) c. >1.95 - 1.85 Ga

Subaerial to shallow water basalt-andesite
(Arvidsjaur Group) c. 1.88 -1.87 Ga

Subaerial to shallow water rhyolite, dacite and minor
andesite (Arvidsjaur Group), c. 1.88 - 1.87 Ga

Basalt-andesite and minor dacite lavas and sills, mainly
submarine (Skellefte Group), c. 1.89 - 1.87 Ga

Rhyolite, dacite and minor andesite, mainly submarine
(Skellefte Group), c. 1.90 - 1.87 Ga

7

® Major gold deposits

Antiform with plunge

71 Synform with plunge

S Major faults and
shear zones

Petiknas
South:
mined
between
1992 and
2006:

5.3 Mt at
4.9% Zn
0.9% Cu
0.9% Pb
31% S
2.4 g/t Au
102 g/t Ag

Allen et al. (1996)
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Alteration minerals typically seen from alteration
zones of VMS deposits, rock samples

strong albite alteration

S prs e S
e el W R My
BH-54-357.7m

strong garnet-chlorite alteration

strong chlorite-garnet-
magnetite alteration

‘ .""?qf g foch at
BH-207-301.93m

strong chlorite-garnet-
magnetite-sulphide alteration

BH-209-301.5m

strong sericite-chlorite-quartz
sulphide alteration

‘,‘-’"’,/ '

T A A
BH-588-1.25m

Schlatter (2007)




Alteration minerals typically seen from alteration
zones of VMS deposits, petrographic thin sections

Plagio which likely is Zoisite porphyroblasts Porphyroblast consisting of
completely replaced by quarz o Plagloclase K-Fps and Qz

PETS.BH291-23.6m o) PETS-BH54-488.85m (u3) PETS-BH207-271.8m (U4)

Chlorite altered pumice clast Garnet porphyroblasts Pervasive sericite altered

0.5mm

& . Sy Schiatter (2007)
PETS BH72-43 75m(U3) | PETS BH207-281.35m (U4) PETS-BH511-27.45m (U2)



Alteration mmerals seen proxinmal to Petiknas South

Garnet v'f"
Borp yro- g

; MnO; FeO atomic wt%
A Grt 1: center 17.3:17.7
W Grt1:rim  14.5;20.2

Grt 2: center 20.5; 13.6
Grt 2: rim 15.4;19.5
Al;03; CaO; MgO
average atomic wt%
20.0;6.4;0.4

Un|t 4 Photo- o Backscattered electron image
m|crograph (PPL)
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Backscattered electron image




Stratigraphic interval hosting Stratigraphic interval hosting
the B-C ore lens the D and A ore lenses
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Gold anomalies of till overburden
in the Gold Line and Svarliden area

AU (ppb)
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Aeromagnetic survey covering the Bothnian
group and the Skelleftea district and geological
map of the Svartllden area that is dominated by
granitoids

Skellefte
VHMS District

\a’ Gold Line | <k
; area
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Aemmag net|c map s Mafic metavolcanic rocks, 1.88-1.86 Ga A .p
s Metavolcanic and metaigneous rocks, 1.91-1.88 Ga * i mine

Metagreywackes, 1.95-1.87 Ga
Metavolcanic and metaigneous rocks, 1.96-1.91 Ga  Modfied after Bark 2003, 2012
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Svartliden is located in metavolcanic-sedimentary sequences and is
spatially associated with calc-alkaline granites



Svartliden Au deposit

Southern metasediments
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: 2.97 Mt, 4.26 ppm, >300°000 oz
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Volcano-sedimentary sequence metamorph. and deformed under ductile
amphibolite facies conditions, cross-cut by granite. Hypozonal orogenic Au
mineralization at contact of amphibolite and metasediments, and BIF



Cross section of the Svartliden ore lode

middle
meta-sediments

S

Bt-rich schist

massive
calc-silicate
alteration

Qtz-rich arsenopyrite-

hosted high grade Au ore hosted low grade Au ore

North Lode

Qz- Di-

dominated

Po-Apy ore

Mag-Qz-Gru
Qz-Tr Di-Tr Fa-Hbl-Fac
+ Di - +Qz -Hd-Ap
PotApy  Po-Apy Po + Apy

Apy-rich layers

Diopside-rich pyrrhotite- BIF-hosted

high grade Au ore

shear northern
zone amphibolite
N
mylonite | amphibolite
Qz-Tr
Di-Adr-Wo
Ap-Sch
Barren Qtz-
mylonite

in shear zone

Schléglova et al. (2013)



Short Summary Svartliden host rocks and hydrothermal

alteration

Potassic alteration: biotite. Selective (fluid channels, distal) and
pervasive (proximal to the ore zone)

Hosted in amphibolites, metasediments

Calc-silicate alteration: Cpx-Grt-Qtz-Cc bands or patches, selective
(distal) and pervasive (proximal to the ore zone) hosted in
amphibolites, metasediments, and the ore zone

Silicification: ore zone (pervasive) and the cross-cutting granite
Sulfidation: Apy-Po-Ld4ll in the ore zone, BIF Schldglova et al. (2013)

K-alteration in amphibolite Calc-silicate alteration in amphibolite Harno granite, silicified

g

Photos: Dragon Mining AB ©



Comparison of host rock geochemistry and
hydrothermal alteration of the Svartliden and
Nalunag mines

Nalunag Svartliden
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Overall Conclusions:

sLithogeochemistry is a powerful tool to define rock types,
including hydrothermally altered rocks, and to define
favorable alteration trends for mineral exploration
Petrography can supplement the geochemical study, and
definition of the favorable suites of alteration minerals
helps in defining the vector towards ore

Geochemistry and petrography are used in combination
with the geological data, and should be integrated together
with the other geo-data in mineral exploration




Thank you for your attention!




Contact Info:

Denis Martin Schlatter

 Helvetica Exploration Services GmbH

« CEO, EurGeol, M. Sc., PhD

« Phone: +41 76 523 19 03

« denis.schlatter@helvetica-exploration.ch
« www.helvetica-exploration.ch

o o i 3 I i
p<

€2 W

N\

Contact for Sartlden inf:

Katerina Schléglova

* Institute of Geochemistry and Petrology, ETH Zurich
« Research assistant / PhD candidate

« Phone: +41 78 679 78 33

« katerina.schloglova@erdw.ethz.ch ETHzirich
« www.orefluids.ethz.ch




REFERENCES:

-Allen RL, Weihed P, Svenson S-A (1996): Setting of Zn-Cu-Au-Ag massive
sulfide deposits in the evolution and facies architecture of a 1.9 Ga
marine volcanic arc, Skellefte District, Sweden. Economic Geology 91.:
1022-1053.

-Bark G, Weihed P (2012): Geodynamic settings for Paleoproterozoic gold
mineralization in the Svecofennian domain: a tectonic model for the
Faboliden orogenic gold deposit, northern Sweden. Ore Geology
Reviews 48: 403-412.

-Bark G (2008): On the origin of the Faboliden orogenic gold deposit, northern
Sweden. Doctoral thesis, 1402-1544, Lulea University of Technology,
LTU-DT-0872-SE, 142 pp.

-Bark G (2005): Genesis and tectonic setting of the hypozonal Faboliden
orogenic gold deposit, northern Sweden. Licentiate thesis, 1402-1757,
Lulea University of Technology, LTU-LIC-0573-SE, 64 pp.

-Billstrom K, Weihed P (1996): Age and Provenance of Host Rocks and Ores
in the Paleoproterozoic Skellefte District, northern Sweden. Econ Geol
91:1054-1072.

-Kolb J, Dziggel, A, Schlatter DM (2013): Gold occurrences of the Archean North
Atlantic craton, southwestern Greenland. A comprehensive genetic
model. Ore Geology Reviews. Vol. 54: 29-58.



-Kolb J (editor) (2011): Controls of hydrothermal quartz vein mineralisation and
wall rock and wall rock alteration in the Paamiut and Tartoq areas,
South-West Greenland. Danmarks og Grgnlands Geologiske
Undersggelse Rapport 2011/114, 176 pp (contributions of Schlatter DM
on DVD).

-Kolb J, Stensgaard BM, Schlatter DM, Dziggel A (2009): Controls of
hydrothermal quartz vein mineralization and wall rock alteration
between Ameralik and Sermilik, southern West Greenland, Danmarks og
Grgnlands Geologiske Undersggelser Rapport 2009/25, 76 pages

-Lahtinen R, Garde AA, Melezhik VA (2008): Paleoproterozoic evolution of
Fennoscandia and Greenland. Episodes published by the IUGS, Vol.31
No.1l: 20-28.

-Patchett PJ, Bridgwater D (1984): Origin of continental crust of 1.9 — 1.7 Ga
age defined by Nd isotopes in the Ketilidian terrain of South Greenland.
Contrib. Mineral. Petrol. 87: 311-318.

-Schlatter DM, Hughes JW, Katerina Schlidglova K (2016): Comparison of
Paleoproterozoic orogenic gold deposits/occurrences of Nalunag and
Vagar in South Greenland and Svartliden in Northern Sweden: Reusser
E, Pilet S, Grobéty (eds) 14th Swiss Geoscience Meeting, Geneva, 18th —
19th November 2016. . Abstract Volume, p 102-103.

-Schlatter D.M. and Hughes JW (2014): The gold potential of South East
Greenland: new insights of the eastern extension of the > 150 km
Nanortalik gold belt. In: Reusser E, Pilet S (eds) 12th Swiss Geoscience
Meeting, Fribourg, 21st — 22nd November 2014. Abstract Volume, p 81-
82



-Schlatter, D.M., Berger, A. and Christiansen, O. (2013): Geological,
petrographical and geochemical characteristics of the granitoid hosted
Amphibolite Ridge gold occurrence in South Greenland. Conf. Proceed.
SGA Meeting, Sweden: 1189-1192.

-Schlatter D.M. and Kolb J. (2011): Host rock composition and hydrothermal
alteration as tools for exploration in the Nanortalik gold district In:
Conference proceedings, Let’s talk ore deposits. 11th Biennial SGA
Meeting, Antofagasta, Chile, pp 544-546.

-Schlatter DM, Kolb J (2011): The hydrothermal gold system of the Archaean
Greenstones in the Nuuluk area, Sermiligaarsuk Fjord, South West
Greenland. CERCAMS 14 & MDSG 34, 5th — 7th January 2011, Abstract
Volume with Programme, The Natural History Museum, London: page
43. Published in Applied Earth Science (Trans. Inst. Min. Metall. B) 2010
VOL 119 NO 2: 97

-Schlatter DM, Christensen R (2010): Characterisation of host rocks and
hydrothermal alteration of the Qussuk gold occurrence, southern West
Greenland. Geological Survey of Denmark and Greenland Bulletin 20:
63-66.

-Schlatter DM (2009): Petrographic and lithogeochemical data from the gold
occurrence on Qilanngaarsuit island, southern West Greenland. In:
Kolb, J. & Kokfelt, T. F. (eds.). Annual workshop on the geology of
southern West Greenland related to field work: abstract volume 1,
Danmarks og Grgnlands Geologiske Undersggelser Rapport 2009/21,
18-21.



-Schlatter DM (2007): Volcanic Stratigraphy and Hydrothermal Alteration of the
Petiknas South Zn-Pb-Cu-Au-Ag Volcanic-hosted Massive Sulfide
Deposit, Sweden. Doctoral thesis, ISSN 1402-1544 / ISRN LTU-DT--
07/36—SE, Lulea University of Technology, pp 208,
http://epubl.ltu.se/1402-1544/2007/36/index.html

-Schldglova K, Gordon C, Hanes R, Ask H, Broman C (2013): Svartliden gold
mine: shear zone and BIF-hosted orogenic gold deposit, Gold Line,
northern Sweden. Conf. Proceed. 12th Biennial SGA Meeting, Sweden:
1193-1196.

-Steenfelt A, Kolb J, Thrane K (2016): Metallogeny of South Greenland: A review
of geological evolution, mineral occurrences and geochemical
exploration data. Ore Geology Reviews. Vol. 77, pp 194-245.

o

HELVETICA
EXPLORATION
SERVICES®**



