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Outline 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 

Skellefteå 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



Venus Statue from 1597 by 

Giambologna in bronze and produced 

by G. Meyer from Stockholm. Bought 

and saved from a French Scrap dealer 

in the 1980ies
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Past Gold mine Nalunaq

and Vagar prospects
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Qussuk looking towards the 

Godthåbs Fjord system

Location of gold 

occurrences in the 

Godthåbs Fjord

Kolb, Dziggel, Schlatter (2013)
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Geology of the 

Godthåbs Fjord area 

Storø host rock: 2.8 Ga 

Storø Au-mineralization:  

2.63 Ga

Qussuk: 3.07 Ga

Isua: 3.87 Ga

Ivinnguit fault 2.6 to 2.66 

Ga old, 

dividing Akia and 

Faeringhavn terrane

Au-mineralization 2.7 Ga-2.5 Ga



Geology of the Qussuk area and exploration results 

from rock and sediment sampling 

Plateau area
Swan N area
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Schlatter and Christensen (2010)

Location of the Qussuk Au targets and 

exploration drill locations in the Plateau and 

Swan N areas



Schlatter and Christensen (2010)

23 m @ 

1.24 ppm 

Au

0.6 m @

19 ppm Au

Geology defined from logging of drill hole profiles



Rocks from the Plateau Au-zone and from wall rocks

Schlatter and Christensen (2010)



Petrography of the hanging 

wall and the gold zone of the 

Platea area

Schlatter and Christensen (2010)

Petrography of the 

hanging wall and the 

gold zone of Swan N

Biotite and quartz in Au zone Garnet and sillimanite in Au 

zone



Schlatter and Christensen (2010)

Lithogeochemical and petrographic sampling 

program



Refined rock classification of the amphibolitic

rocks based on immobile element ratios

Schlatter and Christensen 

(2010), inspired by Kolb (2010)



Chemostratigraphic

relation and ore horizon

Schlatter and Christensen (2010)



Classification of hydrothermal alteration based on 

results of mass change calcultions

Short summary Qussuk:
Au is associated with pyrrhotite, chalcopyrite, biotite, muscovite and 

quartz

Favorable host rock is of basaltic Andesite I type

Hydrothermal alteration is characterized by gains of K2O+FeO+SiO2 and 

gains and losses of Na2O+CaO 

Schlatter and 

Christensen (2010)



Geology of Qilanngaarsuit-Simiutat located 

in the southern part of the Godthåbs Fjord

Kolb, Stensgaard, Schlatter, Dziggel (2009)



It is an island in the Southern part of the 

Godthåbs Fjord (not the South China Sea)



Qilanngaarsuit, Profile B, looking South

Kolb, Stensgaard, Schlatter, Dziggel

(2009)



Au mineralization in fold structures in numerous 

quartz veins and sulphides in Bt-Grt-Sil-rich schist

Hydrothermal alteration zone 

(2m wide) 

Foliation parallel quartz veins 

(a few cm wide)

Kolb, Dziggel, Schlatter (2013)



Simiutat

island: rock 

sequence and 

occurrence of 

massive 

sulfides

Kolb, Stensgaard, 

Schlatter, Dziggel (2009)

Samples of 

massive 

sulfide of Po 

and Ccp, 2080 

ppm Cu and 

130 ppm Zn; 

some samples 

with up to 924 

ppm Bi



Qilanngaarsuit-Simiutat: Lithogeochemical results

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 SiO2, K2O, LREE, Au, Cu, Zn, Mo and As 

(see Koppelberg et al., 2011)

Simiutat host rocks are altered basalts AND altered rhyolite-dacite

Schlatter (2009)



Location of mesozonal gold occurrences in the 

Tartoq greenschist facies greenstone belt

Kolb, Dziggel, Schlatter (2013)



Location of 

Nuuluk gold 

Kolb et al. (2011)



Nuuluk Eastern 

carbonate zone 
Nuuluk W-carbonate zone 

Kolb et al. (2011)

Au up to 50 ppm in lateral/frontal ramp 

systems, Au in Qtz-ankerite veins and in 

alteration zones



Schlatter and Kolb (2011)

Nuuluk profile at Edge of Eastern Carbonate Zone



Alteration envelope around orogenic gold 

mineralisation

Distal 

alteration

Proximal 

alteration

Ore

Pasi Eilu, 2014, revised after Colvine et al. 1988



Hydrothermal alteration trends seen at Nuuluk

Schlatter and Kolb (2011)



Hydrothermal alteration trends seen at Nuuluk

applying SOM methods

Schlatter and Kolb (2011)

SOM analysis by

Thorkild Rasmussen 

Short Summary: Nuuluk
Intense Fe-carbonate alteration

and K2O, CO2, FeO and SiO2 added

together with losses and gains of Na2O

Au associated with As, Sb, Cu, Ag, Cs, W, Bi



Geology of South Greenland and location of Au 

deposits and mineral prospects of the 

Paleoproterozoic Nanortalik gold belt 

Gold Belt is near the contact of granitic rocks and metasedimentary and 

metavolcanic rocks



Schlatter and 

Hughes (2014)

Gold occurrences of the Nanortalik gold belt from 

shear zone hosted Nalunaq and Vagar

Nalunaq

Vagar
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Comparison of Au settings from Nalunaq and Vagar

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 geology of Vagar is dominated by granitoid rocks and a regional 

shear zone. Each target shows Au in situ > 10 ppm

Schlatter and Hughes (2014)

The Vagar license and the gold occurrences on the 

Niaqornaarsuk peninsula with 18 targets of the 

Nanortalik gold belt with only one target drilled



Gold occurrences of the Nanortalik gold belt in 

South East Greenland

Gold mineralization occur in a variety of different host rocks 

S
c
h

la
tt

e
r 

a
n

d
 

H
u

g
h

e
s
 (

2
0
1
4
)



Au-Bi relation from Nalunaq, Vagar and Jokum shear

Schlatter and 

Hughes (2014)

Other pathfinder elements for 

gold are Ag, As, Sb and W



Schlatter and 

Kolb (2011)

Short Summary 

South 

Greenland 

gold:
Mass change 

calculations from 

samples from 

Nalunaq show that 

silicificaiton and 

addition of K 

represents 

favorable 

alteration and 

related to gold 

introduction



North Atlantic continents in 1.8-1.2 

Ga configuration

Nanortalik

Gold belt

Fennoscandian
Shield

Makkovik
Orogeny

Patchett and Bridgwater, 1984
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Location of Svecofennian orogeny (Nordic on map) and Ketilidian orogeny 

Reconstruction of the c. 1.8 supercontinent and 

location of Vagar gold on Laurentia and Svartliden

gold on Baltica

Gold Line in 

Sweden



Comparison of granitoid ages of the Svartliden and 

Nalunaq mining areas

Schlatter et al. (2016)



Allen et al. (1996)

Case study from Sweden: Simplified geological 

map of the Skellefteå district

Petiknäs 

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



Petiknäs South: 

Alteration 

systems, and 

geochemistry 

as seen from 

the Zn 

dispersion 

Schlatter (2007)

Massive 

sulfide ore 

lens

Massive 

sulfide ore 

lens



Alteration minerals typically seen from alteration 

zones of VMS deposits, rock samples

Schlatter (2007)



Alteration minerals typically seen from alteration 

zones of VMS deposits, petrographic thin sections

Schlatter (2007)



Alteration minerals seen proximal to Petiknäs South

Schlatter (2007)



Schlatter (2007)

Short 

Summary: 

Petiknäs S. 
Largest mass 

changes occur 

in the units 

that host the 

ore lenses, 

largest mass 

changes in 

ΔSiO2, ΔFeO

and ΔMnO

reflecting 

silicification

addition of Mn-

rich garnet and 

Fe rich chlorite 



Gold anomalies in till, © SGU 
The Gold Line is > 170 km long and about 50 km wide

Bark (2005)

Gold anomalies of till overburden 

in the Gold Line and Svarliden area

Active Gold mines: 

Svarliden, Björkdal,  

Kankberg (Au+Te)



Aeromagnetic survey covering the Bothnian

group and the Skellefteå district and geological 

map of the Svartliden area that is dominated by                 

granitoids

Bark (2008)

Svartliden is located in metavolcanic-sedimentary sequences and is 

spatially associated with calc-alkaline granites

Bark (2008)



Svartliden Au deposit: 2.97 Mt, 4.26 ppm, >300’000 oz

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

Schlöglova et al. (2013)
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Cross section of the Svartliden ore lode
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Ore is hosted by K-, Si- and Ca-altered amhibolite + schist, and BIF, accompanied by barren Qtz-mylonite (fill of the shear zone) 



Photos: Dragon Mining AB © 

1 cm

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

Schlöglova 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-Löll in the ore zone, BIF



Schlöglova et al. (2013)

SvartlidenNalunaq

Comparison of host rock geochemistry and 

hydrothermal alteration of the Svartliden and 

Nalunaq mines

Schlatter and Kolb (2011)



Overall Conclusions:
•Lithogeochemistry 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!
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