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1. Geological setting

The Kuusamo schist belt (KSB) is a fold and thrust belt which forms a 
part of the Central Lapland greenstone belt (CLGB), the most signif-
icant Paleoproterozoic orogenic gold province in northern Europe. 
The KSB consists of an epiclastic-volcanic sequence deposited during 
multiple rifting events affecting the Archean basement between 2.4 
and 2.0 Ga. The lithological units (Fig.1) were metamorphosed and 
folded during the Svecofennian orogeny (1.9-1.8 Ga). 

2. Hangaslampi gold deposit

The Hangaslampi gold deposit is characterized by an Au-Co-U-Mo-
REE metal association and it is currently defined over a strike length 
of 270 metres to a maximum vertical extent of 90 metres from sur-
face. The deposit is hosted by metamorphosed and altered interme-
diate and mafic volcanic rocks. The alteration appears to postdate 
the greenschist facies peak-metamorphism of the host rocks. The 
mineral resource estimates of the Hangaslampi deposit total 0.4 Mt 
(measured, indicated and inferred) grading 5.1 g/t Au and containing 
66 100 ounces of gold.

3. Geochemistry and mineralogy of the host rocks

The main rock types at the Hangaslampi deposit are metabasalts and 
meta-andesites, which have undergone intensive hydrothermal al-
teration. The main minerals are quartz, plagioclase, biotite and chlo-
rite, accompanied by variable amounts of pyrite and muscovite, with 
accessory rutile, magnetite, pyrrhotite and monazite. The metavol-
canic rocks are cut by younger fractures and carbonate veins, which 
are composed of dolomite, chlorite, biotite, pyrite and rutile. Gold, up 
to 5 μm in diameter, is most typically found as inclusions in coarse-
grained pyrite hosted by sericite-quartz schist. 

4. Methods

High resolution imaging of individual monazite grains was performed 
by using a high-resolution field-emission scanning electron micro-
scope (JEOL JSM 7100F) in order to characterise internal zoning or 
other heterogeneities in individual grains of monazite. Quantitative 
analyses of monazite were completed by means of a Cameca SX100 
electron microprobe. U-Pb dating of monazites was performed by a 
Nu Plasma AttoM single collector ICPMS connected to a Photon Ma-
chine Excite laser ablation system. Large monazite crystals (n = 64) 
with clear petrogenetic context were targeted for analysis with a 20 
micron spot size.

5. Age populations of monazite
6. Conclusions

• Our results indicate that the volcanic sequence at Hangas-
lampi experienced multiple fluid flow events, recording the 
age of regional metamorphism (1.87 Ga), and late stage min-
eralizing fluid flows at ~1.85 Ga and ~1.81 Ga, during the Sve-
cofennian orogeny.

• The youngest ages (1.85 Ga and 1.81 Ga) indicate the con-
nection between ore-forming events at Hangaslampi and 
syn– to late orogenic regional hydrothermal stages. 

• Both generations of hydrothermal monazite (1.85 Ga and 
1.81 Ga) are associated with pyrite. Gold is most typically as-
sociated with different types of pyrite at the Hangaslampi de-
posit. Thus accumulation of gold can be connected either to 
the ~1.85 Ga or ~1.81 Ga hydrothermal events. 
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Figure 1. Location of the Hangaslampi gold deposit in the Kuusamo schist 
belt on the geological map of the Fennoscandian Shield. Green litho-
logical units represent mafic metavolcanic rocks, blue units are mostly 
quartzites and other metasedimentary rocks. 

Figure 8. Composition of monazites plotted on the Th/U-ratio-UO2 dia-
gram. Th/U-ratio has a logarithmic scale. 207Pb/206Pb ages from the same 
electron microprobe analysis spots are also shown on the diagram. U-Pb 
and microprobe data together reveal that some of the youngest mona-
zites (~1.81 Ga) are characterized by very low Th/U-ratio. The oldest 
population (~1.87 Ga) of monazites is characterized by low uranium 
content and very high Th/U-ratio.

Figure 2. BSE image of a monazite grain from 
groundmass of mafic metavolcanic rock, giv-
ing an age of ~1.87 Ga.

Figure 3. Concordia diagram showing U-Pb data 
for the sample 151190 (mafic metavolcanic rock).

1) Group 1.87 Ga

The average 207Pb/206Pb age of 1872 ± 4 Ma 
for the oldest monazite population in the 
groundmass of metavolcanic rocks (Fig. 2 
& 3) is interpreted to represent the time of 
a hydrothermal fluid flow event related to 
regional greenschist facies metamorphism 
in the eastern part of the KSB. Monazite is 
characterized by very low uranium content 
(less than 0.017 wt% UO2) and high Th/U ra-
tio. Monazites exhibit compositional zoning 
having Th-rich cores (1.6-3.0 wt% ThO2) com-
pared to Th-poor rims (0.1-0.2 wt% ThO2). 

Figure 4. BSE image of a monazite grain from a 
strongly biotitized zone, giving an age of ~1.85 
Ga.

Figure 5. Concordia diagram showing U-Pb 
data for the sample 151181 (intermediate 
metavolcanic rock).

2) Group 1.85 Ga

The 207Pb/206Pb average age of 1849 ± 8 Ma 
for monazite (Fig. 4 & 5) from zones of strong 
biotite alteration indicates that the first stage 
of ore-forming processes was commenced at 
1.85 Ga. Monazite grains are characterized 
by low concentrations of uranium (0.04-0.08 
wt% UO2), whereas the concentrations of 
thorium are high (0.4-4.0 wt% ThO2). Mona-
zites are typically intergrown with biotite, 
rutile and pyrite.  

Figure 6. BSE image of a monazite grain from 
a dolomite vein, giving an age of ~1.81 Ga.

Figure 7. Concordia diagram showing U-Pb data 
for the sample 151163 (intermediate metavol-
canic rock).

3) Group 1.81 Ga

The youngest population of hydrothermal 
monazite, giving the average 207Pb/206Pb age 
of 1809 ± 8 Ma (Fig. 6 & 7), is typically asso-
ciated with late fractures and dolomite veins 
which cut the hydrothermally altered meta-
volcanic rocks. The composition of monazite 
is highly variable but some of the grains are 
characterized by very low Th/U-ratio. Mona-
zites are typically associated with chlorite, bi-
otite, rutile and pyrite. Some of the monazite 
grains are intergrown with biotite.

Contact at GTK:

Esa Pohjolainen
Geologist
P.O. Box 96, FI-02151 Espoo, Finland
tel. + 358 295 032144
e-mail: esa.pohjolainen@gtk.fi

www.gtk.fi


