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The western Hiame Belt hosts several gold deposits, including the Uuniméki deposit,
which is hosted by a gabbro. There are three main goals in this study: (i) age
determination of the Uunimiki gabbro, (ii) geochemical classification of the gabbro, as
well as comparison to other gold-hosting rocks in the western Hame Belt, (iii) structural
characterisation of the Uunimaéki area and its surroundings.

The age determination was performed with zircon U-Pb geochronology and yielded a
concordia age of 1891 + 5 Ma. This makes the Uuniméki gabbro one of the oldest plutonic
rocks in the Hame Belt.

Geochemically, the Uuniméki gabbro is more mafic when compared to the two other
gold-hosting intrusions in the area, the Jokisivu and Palokallio diorites. Major element
geochemistry suggests that the Uuniméki gabbro is simply less fractionated. However,
trace element geochemistry reveals that the gabbro has not formed during arc-type
magmatism as other plutonic rocks in the Hame Belt. The gabbro has several
characteristics atypical for arc-type rocks: (i) it lacks the typical negative Ta-Nb anomaly
compared to N-MORB compositions, (ii) it is not enriched in large ion lithophile
elements, (ii1) the REE-pattern of is relatively unfractionated.

New field observations and structural measurements were collected from the western
Hime Belt, and were used with geophysical maps to divide the study area into structural
domains. The Uuniméki gabbro is located at the junction of three of these structural
domains: (i) steep NE-plunging folds immediately to the south and northwest, (ii) an
ENE-WSW-trending shear zone immediately to the north and northeast, (ii1) a large N-
S-trending shear zone to the west. The gabbro displays three distinct structural
orientations, and has undergone deformation in several stages in both ductile and brittle
regimes. The NW-SE-trending structures that are dominant in the Uuniméki gabbro are
interpreted to have formed during re-activation of weakness zones caused by shearing
along the ENE-WSW-trending shear zones.

The Uuniméki gabbro is interpreted to represent the primitive arc that formed in the early
stages of the development of the Hime Belt, based on the age determination and
geochemical signatures indicative of primitive magmatism with respect to its
surroundings. The gabbro underwent deformation in several stages, including opening of
NW-SE-trending fractures into which gold was precipitated. The fractures were later re-
activated as shear zones that can be observed on the surface today.
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Héameen vulkaanisen jakson ldnsiosissa on useita kultaesiintymid, mukaan lukien
Uuniméen kultaesiintymd, jonka iséntdkivi on gabro. Talld tutkimuksella on kolme
padtavoitetta: (1) Uuniméen gabron ikdmddritys, (ii) gabron geokemiallinen luokittelu ja
vertailu muihin kultaa isénnéiviin kiviin Himeen vulkaanisen jakson lénsiosissa, (iii)
Uuniméen alueen rakenteellinen tulkinta.

Uuniméen gabron ikdmaédritys suoritettiin zirkoni-mineraaleista in situ U-Pb-
idanmadritysmenetelméd kayttden. Gabron concordia-idksi mééritettiin 1891 + 5 Ma, mika
tekee siitd yhden Hameen vulkaanisen jakson vanhimmista kivista.

Uuniméden gabro on mafisempi, kuin vertailuun kéytetyt Jokisivun ja Palokallio
kultapitoiset dioriitit. P#dalkuaineoksidien pitoisuuksien perusteella timé johtuu
Uuniméen gabron vidhdisemmadstd fraktioitumisasteesta. Hivenainegeokemia kuitenkin
paljastaa, ettd gabro ei ole muodostunut samassa vulkaaniseen kaareen liittyvéssd
magmatismissa kuin muut syvékivet Himeen vulkaanisella jaksolla. Gabrolla on useita
geokemiallisia piirteitd, jotka eivét ole tyypillisid vulkaanisen kaaren magmatismille: (i)
silld ei ole negatiivista Ta-Nb anomaliaa verrattuna keskimiérdisiin N-MORB-
pitoisuuksiin, (ii) se ei ole rikastunut suuren ionisdteen litofiileihin, (iii) sen REE-
koostumus osoittaa vahdistd fraktioitumista.

Hameen vulkaanisen jakson ladnsiosista kerdttiin uusia kenttdhavaintoja ja
rakennemittauksia. Yhdistimélld ne alueen geofysikaalisiin karttoihin, tutkimusalueen
rakenteet jaettiin alayksikoihin. Uuniméden gabro sijaitsee kolmen rakenteellisen
alayksikon risteyskohdassa: (i) poimuakseliltaan koilliseen kaatuva poimutus on
vallitseva rakennepiirre Uuniméden eteld- ja luoteispuolilla, (ii)) ENE-WSW-suuntainen
hiertovyohyke kulkee Uunimien pohjois- ja koillispuolilla, (ii1) suuri N-S-suuntainen
hiertovydhyke kulkee Uunimien ldnsipuolella. Gabrossa voidaan ndhdéd kolme selkedd
rakennesuuntaa, ja se on deformoitunut useassa vaiheessa, seka hauraassa etté plastisessa
ympéristdssd. Hallitsevat NW-SE-suuntaiset rakenteet tulkitaan syntyneen ENE-WSW-
suuntaisen hiertovyohykkeen aiheuttamien heikkousvyohykkeiden myO6hemmassi
uudelleenaktivoitumisessa.

Uuniméen gabro tulkitaan edustavan primitiivistd kaarimagmatismia, ja muodostuneen
Héameen vulkaanisen jakson varhaisessa kehitysvaiheessa. Tulkinta perustuu gabron
ikdmadrityksen tuloksiin, sekd sen primitiivisempéddn geokemialliseen koostumukseen
suhteessa ympéristoonsd. Gabro on deformoitunut useassa vaiheessa, joissa luode-
kaakko-suuntaisiin ruhjeisiin on saostunut kultaa. Ruhjeet ovat uudelleenaktivoituneet ja
muodostaneet hiertovyohykkeitd, jotka ovat nykyddn osittain paljastuneena kallion
pinnalla.

Avainsanat: geokronologia, geokemia, rakennegeologia, orogeeniset kultamalmit
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1. Introduction

Several new gold prospects have been discovered in SW Finland since the beginning of
the century, in addition to older deposits that are currently being mined (e.g. Jokisivu,
Orivesi). This makes the area promising in terms of ore prospecting (e.g., Kérkkéinen et
al. 2006, Saalmann et al. 2009). Many of these prospects were discovered by the
Geolocigal Survey of Finland (GTK) during mapping of the mineral potential of southern
Finland (Tiainen et al., 2017). There are three main types of ore mineralisations in the
Héame Belt; 1) the orogenic gold mineralisations such as in the Jokisivu gold mine, ii) the
lithium pegmatites, such as the Somero-Tammela intrusions and iii) the epithermal
porphyry-Cu-Au mineralisations. The Uuniméki gold deposit, detailed in this study,
belongs to the first type and was first discovered in 2008 during mapping of mafic
intrusives spatially associated with shear zones (Kéarkkiinen et al., 2016). GTK conducted
studies on the prospect between 2008-2016 with several methods including till
geochemistry, bedrock mapping, and core drilling. In 2017, a two-year co-operative
project between GTK and the University of Turku was started to continue the work in

SW Finland.

In this study, three main goals were selected to gain new information on the geology of
the area. The first goal is to compare the geochemical signatures of the gold-hosting
Uuniméki gabbro to the nearby mafic intrusives hosting the Jokisivu gold deposit and and
the Palokallio gold occurrence. Plutonic rocks with intermediate compositions were also
sampled from the area surrounding the Uuniméki gabbro, to determine what similarities
and differences the gold-hosting rocks and the non-mineralized rocks have. The second
goal is to determine the age of the Uuniméki gabbro using U-Pb geochronology. The third
goal is structural analysis of the Uuniméki area, which requires bedrock mapping in a
wider scale, aiming at determining which deformation events have affected the gabbro,

and the gold mineralisation it is associated with.

1.1 Orogens and shear zones

1.1.1 Orogens

Orogenies occur at destructive plate margins in convergent plate tectonic settings where
intra-plate shortening, crustal thickening and topographic uplift take place (Kearey et al.,
2009). Two types of orogens are identified by Kearey et al. (2009). Noncollisional



orogens develop in tectonic environments where oceanic and continental lithospheric
converge, and subduction of the oceanic plate into the mantle leads to compression in the
overriding continental plate. This type of orogen is also called the Andean-type orogen.
The other type is a collisional orogen, where two continental plate margins, or an island
arc collides with a continental margin. The thickness and buoyancy of these collisional
plates restrict the subduction of material into the mantle and leads to compression in the
plates. This type is also known as the Himalayan-type orogen. When an island arc system
collides with a continental plate, it is also considered a collisional orogen. Orogens
commonly begin as noncollisional, but eventually develop into collisional orogens as the
ocean basins between plates close. This means that orogens are different phases of a long-
term geological process (Cawood et al., 2009). Orogens that have grown over long
periods of time without ocean closure, and therefore never becoming a collisional
orogens, are sometimes called accretionary orogens (Kearey et al., 2009). The ancient
composite Svecofennian orogen which serves as the backdrop of this study was formed
in one accretionary event and several collisional orogenic events according to Lahtinen

et al. (2005).

Lithospheric plates behave differently during orogenesis based on the strength and
rheology of the plates (Kearey et al., 2009). If the continental plate is cool and strong,
such as in the southern Andes, orogens are comparatively narrow (~100-400 km in width).
If the continental plate is hot and weak, such as in the central Andes and Himalayas, strain
can become distributed across areas 1000 km wide. The strength and rheology of the
plates can be affected by processes such as magmatism, metamorphism, crustal
thickening, crustal melting, sedimentation and erosion. After the orogenesis has ended,
isostatic uplift of the crust and erosion alter the topography of the orogen. Eventually,
only the overthickened, deformed roots of orogens, with high-grade metamorphic rocks,

are exposed at the current erosional level.

1.1.2 Shear zones

According to Fossen (2010) a shear zone is a tabular zone in which the strain is notably
higher than in the surrounding rock. A shear zone is separated from the wallrock by
margins on both sides. Shear zones can be considered as deeper counterparts or extensions
of brittle faults, in the sense that they displace material parallel to the wallrock and grow

in width and length as displacement accumulates. The major difference between faulting



and shearing is that faulting is commonly a brittle feature and shearing is commonly a
ductile feature. The brittle-ductile transition zone in the lithosphere lies at a depth of about
10-15 km, though this is dependent on the rock type under strain and temperature. Shear
zones can occur at any scale at almost any tectonic regime, usually below the brittle-
ductile transition zone and tend to have a high-strain core surrounded by a low-strain

damage zone.

Shear zones can be normal, reverse, strike-slip or oblique, depending on the orientation
of the strain applied to the bedrock and the effect of pre-existing structures (Fossen,
2010). Strike-slip shear zones tend to have steep dips, while extensional and contractional
shear zones can have low-angle dips. A simplified classification of shear zone types can
be made from the movement of the shear zone walls in relation to each other (Fig. 1). The
main types of shear zones are pure shear zones, simple shear zones and subsimple shear
zones. In simple shear zones, the walls of the zone move in opposite directions without
moving towards or away from each other. In pure shear zones the walls of the zone move
towards each other, flattening the shear zone area left in between, and creating
displacement outwards along the edges. Subsimple shear zones either have both
components present or have simultaneous compaction or dilation taking place. The shear
zone type has a marked impact on the internal structures of the shear zone, which can
then be used to make interpretations of the stress fields that led to the deformation.
However, as shear zones are rarely formed in a homogenous stress field throughout its
length, discontinuities and structural incompatibilities are formed, which can make
interpretation of the structural regimes difficult. The effects of later deformation phases

and erosion further complicate interpretation of ancient orogens.
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Fig. 1. Classification of shear zone types based on pure shear, simple shear, compaction and dilation
components (Fossen, 2010).

The characteristic structures of shear zones are foliations and lineations (Fossen, 2010).
Foliation is developed along the strike of the shear zone, and in well-developed ductile
shear zones, reorient pre-existing structures to the same orientation. Lineations are
developed along with the foliations and are visible on foliation surfaces. In ideal cases
the strectch lineation on the shear plane indicates the shear direction. The kinematics of
shear zones can be determined through kinematic indicators that showcase dextral (right-

handed) or sinistral (left-handed) structures in both meso- and microscales.

1.2 Orogenic gold

Gold deposits can be formed in many different environments, and they are classified into
several ore types, some of which have a significant overlap. The term ‘orogenic gold’ has
been proposed to cover many of these ore types (Bohlke, 1982; Groves et al., 1998). Other
names for these types of deposits include ‘lode gold’ (e.g., McCuaig & Kerrich, 1998),
‘gold-only’ (Hodgson et al., 1982) and ‘synorogenic gold’ (Goldfarb et al., 1998).

According to Groves et al. (1998), orogenic gold deposits have formed in compressional
to transpressional settings at convergent plate margins in accretionary and collisional

orogens. They are associated with metamorphic terranes of all ages. The gold itself is
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most commonly located in quartz-dominated vein systems with up to 3-5% sulfide
minerals and up to 5-15% carbonate minerals, but it can also occur in sulfidized
wallrocks. The sulfide minerals present are dependent on the host rock; metasedimentary
country rocks typically contain arsenopyrite while metamorphosed igneous rocks contain
pyrite or pyrrhotite. The ratio of gold/silver in these deposits ranges from 10 (common)
to 1 (rare). Other elements that may exhibit enrichment in the gold-bearing quartz veins
are As, B, Bi, Hg, S, Sb, Te and W, with Cu, Pb and Zn enrichments only slightly
exceeding the background concentrations (McCuaig & Kerrich, 1998; Groves et al.,
1998). P-T conditions of gold mineralisations vary extensively, as they can occur in
middle-to-upper crust at depths of ~5-20 km (Groves, 1993). Gebre-Mariam et al. (1995)
divided Late Archean orogenic gold deposits into three subgroups based on the formation
depth: epizonal (<6 km), mesozonal (6-12 km), and hypozonal (>12 km). According to
Groves et al. (1998) this classification can be used for younger orogenic gold deposits as
well (Fig. 2). The epi-, meso- and hypozonal deposits form a continuous series of
elevating P-T conditions and metamorphic facies, and a single geological zone may
contain deposits of all three subgroups. Orogenic gold deposits may have vertical

continuity from a few hundred meters to several kilometers (Groves, 1993).

The ages of orogenic gold deposits correlate with thermal events related to the growth of
new continental crust (Goldfarb et al., 2001). Major occurrences of orogenic gold seems
to be concentrated on three distinct time periods: Late Archean (3.0 — 2.5 Ga), early

Proterozoic (2.1 — 1.8 Ga) and Phanerozoic (570 Ma and younger).
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Fig. 2. Schematic view of orogenic gold forming environments. Note the change in Au-associated elements
with increasing depth. Modified after Goldfarb & Groves (2015).

1.2.1 Structural control

Orogenic gold deposits are controlled by the structural features of the bedrock. They are
most commonly found in second or third order structures near large-scale compressional
structures (Groves et al., 1998). The major shear and fault zones associated with
compressional structures are thought to work as channels where orogenic-gold forming
fluids may flow. The controlling structures often represent the transitional area of ductile-
brittle deformation in the crust (McCuaig & Kerrich, 1998). In the upper, more brittle
parts of the crust, the gold-bearing veins more commonly appear as breccia (Groves,
1993). Gold-bearing veins formed in the lower crust, in ductile conditions, most

commonly appear as parallel quartz veins and shear zones (Groves, 1993). Orogenic
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events during and after mineralisation may create additional faulting and fracturing of the

gold-hosting structures (Groves et al., 1998).

1.2.2 Metamorphism, alteration and hydrothermal fluids

Orogenic gold deposits are strongly associated with greenschist to lower amphibolite
facies rocks (Groves, 1993; Groves et al., 1998). Mineralisation typically occurs at syn-
to post-peak-metamorphism (McCuaig & Kerrich, 1998). Groves (1993) suggested that
the timing of gold mineralisation in relation to metamorphism depends on the depth of
mineralisation, with the metamorphic peak being closer to mineralisation in deeper

deposits.

Gold is transported as a reduced sulphur complex in low-salinity, near-neutral H20-CO2
+ CH4 fluids (Groves et al., 1998). Au(HS),- is the most common gold transporting
sulphur complex in these conditions, though in slightly more acidic conditions AuHS is
also stable (Benning & Seward, 1996). Metamorphic and/or magmatic fluids derived
from the lower crust/upper mantle are thought to be the source of these orogenic gold-
forming fluids (e.g., Robb, 2005; Tomkins, 2013). These fluids move upward in the crust
during earthquake events (Sibson et al., 1988) through major fault and shear zones that
may have been suture zones between accreted terranes in the crust (Groves et al., 1998).
If there are syngenetic sulfide minerals disseminated in the newly formed crust, sulfur
may be released into the hydrothermal fluids, allowing the fluid to leach and transport

gold from the rocks along its flow path (Goldfarb et al., 2001).

The exact source rocks of orogenic gold is not known, and is a very diffucult subject to
study (Tomkins, 2013). Source rocks such as hydrated mafic rocks (e.g., Phillips &
Powell, 2010) and carbonaceous metasedimentary rocks (e.g., Gaboury, 2013) have been
suggested. It is unlikely that the source rocks have very high concentrations of gold, so it
must be leached from a large area so that the high concentrations found in many orogenic
gold deposits can be achieved. There are several theories how gold precipitates as
temperature and pressure decrease, and the mechanisms by which it occurs may vary from
place to place (Tomkins, 2013). Wallrock alteration occurs when hydrothermal fluids
interact with wallrocks, and chemical reactions occur as the rock attempts to reach a new
equilibrium with the elements brought in by the fluids. The extent of alteration is

determined by several factors, including chemical and physical attributes of the fluid and
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wallrock, the phase equilibria in the wallrock, the prevalent P-T conditions, and the
amount of fluid that reacts with the wallrock (McCuaig & Kerrich, 1998). As a result of
alteration, the wallrock can exhibit lateral zoning. Mikucki et al. (1998) consider fluid-
rock interactions and wallrock sulphidisation to be the most important precipitation
mechanisms at all crustal levels. Boiling, fluid mixing and chemisorption of pyrite and

arsenopyrite are some of the other precipitation mechanisms suggested (Tomkins, 2013).

1.2.3 Orogenic gold deposits in Finland

Orogenic gold deposits form the overwhelming majority of all gold deposits in Finland
(Eilu et al., 2003). They were mainly formed during and immediately after the
metamorphic peak during the main accretionary phase of the Svecofennian orogeny at
1.89 — 1.86 Ga (Eilu et al., 2003). The host rocks of gold mineralisations have undergone
metamorphism under lower-greenschist to upper-amphibolite facies P-T conditions and
are structurally controlled by second or third order shear or fault splays from larger
structures (Eilu et al., 2003). This is in line with other known orogenic gold deposits in
Precambrian shields around the world (Groves et al., 1998). The areas with the most
potential for discovery of new orogenic gold deposits are the late Archean and
Paleoproterozoic greenstone belts in Eastern Finland and Lapland (Eilu et al., 2003).
Orogenic gold deposits in Finland that are currently mined are the Suurikuusikko,
Pahtavaara, Pampalo, Laiva and Jokisivu deposits. The Saattopora deposit was also mined
until 1995. Several other orogenic gold deposits are known and are being prospected for
possible mining activity, including the Satulinmiki, Kedonojankulma, Riukka, Uunimaiki
and Ritakallio deposits in the Hime Belt alone (Saalmann et al., 2007; Tiainen et al.,
2017). Host rocks of the orogenic gold deposits in Finland are most commonly mafic
intrusives and sedimentary rocks (Eilu et al., 2003). In addition to the orogenic gold
mines, gold has also been mined from other types of gold deposits such as Orivesi and

Haveri, and as side products of base metal mines.



1.3 Geological background
1.3.1 Fennoscandian Shield

The bedrock of Finland is part of a Precambrian shield of Archean and Proterozoic rocks
in NE Europe called the Fennoscandian Shield which as a crustal segment, it is part of
the East European Craton. (Gorbatschev & Bogdanova 1993; Bogdanova et al. 2008;
Nironen, 2017). The East European Craton is separated from its surroundings by the
Timanian fold belt in the north, the Norwegian Caledonides in the west, and the Trans-
European Suture Zone in the south. Fennoscandia within the East European Craton is

bounded by Sarmatia to the SE and Volgo-Uralia to the NE (Fig. 3).

Svecofennian
domain

Fig. 3. The East European Craton. Modified after Gorbastchev & Bogdanova (1993).

The Shield can be further divided into four clearly distinct areas: the Archean,
Svecofennian, Sveconorwegian domains and the Transscandinavian Igneous Belt
(Vaasjoki et al., 2005). Large parts of northern and eastern Finland belong to the Archean
domain (mostly >2.5 Ga) and consist of two major Archean blocks: the Karjala and Kola

cratons. The central and southern parts of Finland belong to the Svecofennian domain
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mostly formed at 1.93-1.80 Ga, though later intrusions by 1.65-1.54 Ga rapakivi granites
and sedimentation during the Paleozoic and Mesozoic brought additional components
into the bedrock of southern Finland. Much of the sedimentary cover was removed
through five glaciation periods in the Pleistocene, leaving the bedrock relatively well

exposed.

1.3.2 Svecofennian Province

The Paleoproterozoic Svecofennian Province is separated from the Archean Karelia-
craton in the NE by a complex NW-SE suture zone (Fig. 4) and consists of several terranes
and lithotectonic units in Finland and Sweden. In the contemporary geological map of
Finland by Nironen et al. (2016), the Svecofennian Province in Finland is divided into
several terranes: the Savo Belt, the Vaasa Complex, the Central Finland Granitoid

Complex, the Tampere, Pirkanmaa, Hidme and Uusimaa Belts (Fig. 4).

Karjala craton

Svecofennian province

WAS
I;,, )
{
VCFGC
. SEEeE
’;% i - PiB 5
‘ HaB :::
' 3 UB

Fig. 4. The Southern Svecofennian province in the generalized geological map of Finland. The thick black
line represents the interpreted suture zone (Raahe-Laatokka) between the Svecofennian province and
Karjala craton. UB = Uusimaa Belt, HiB = Hdme Belt, PiB = Pirkanmaa Belt, TB = Tampere Belt, CFGC
= Central Finland Granitoid Complex, VC = Vaasa Complex, SB = Savo Belt. Modified after Korsman et
al. (1997).
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The oldest rocks of the Svecofennian Province in Finland are the 1.92 Ga primitive island
arc rocks in the Savo belt (Mikkola et al., 2018). The rocks of the Central Finland
Granitoid Complex, the Vaasa Complex, the Tampere Belt and the Pirkanmaa Belt are
metasedimentary rocks, volcanic-arc type rocks, intruded by ultramafic-mafic plutonic
rocks, granitoids and gabbros (Nironen, 2017). Together, they form the western Finland
arc complex. The Hime and Uusimaa Belts form the southern Finland arc complex. They
consist of varying metavolcanic rocks, metasedimentary rocks, syn-volcanic mafic
intrusions, and younger plutonic rocks. Two possible models explaining the formation of
the Svecofennian orogen (Fig. 5), one by Lahtinen et al. (2005) and the other by

Hermansson et al. (2008), are discussed here.

According to the model by Lahtinen et al. (2005) the Svecofennian orogen formed as a
result of collision and accretion of several microcontinents and volcanic arcs onto the
Archean craton at ~1.92 — 1.79 Ga. The model proposes that two subduction zones, in the
west and south respectively, operated at high angles, resulting in a very complicated
tectonic setting as a result of repeated accretions (Fig. 5). According to this model, there
were five orogenic phases; Lapland-Kola, Lapland-Savo, Fennian, Svecobaltic and
Nordic; that partially overlap temporally and spatially. These orogenic phases are divided
by orogenic collapses, extensional phases and a subduction switchover. The most
voluminous of these orogenic stages, the 1.89 — 1.87 Ga ‘Fennian’ stage, is interpreted to
have formed the Hédme Belt, which is the setting of this study. The end of the
Svecofennian orogeny would take place at ~1.79 — 1.77 Ga with a large-scale orogenic

collapse.

The model by Hermansson et al. (2008) suggests that there was only one active
subduction zone during the entire Svecofennian orogeny. In this model, the cyclic tectonic
evolution of compression and extension in the Svecofennian Orogen is explained by
alternating hinge retreat and hinge advance of the subduction zone (Fig. 5). Following a
period of hinge retreat and extension in the back-arc at 1.91-1.89 Ga, the hinge migration
is interpreted to have changed its direction. This led to compression in the back-arc,
resulting in voluminous calc-alkaline arc magmatism at 1.89 — 1.87 Ga: the time period

when the plutonic rocks of the Hime Belt were formed.
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Migratory tectonic switcihing model
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Fig. 5. The two models explaining the cyclic tectonic evolution of the Svecofennian province. Continental
crust A-C are correspond with lithotectonic units in Sweden, but are applicable for the evolution of the
Svecofennian province in Finland. A: Ljusdal domain, B: Bergslagen domain, C: Smdland domain.
Modified after Hermansson et al. (2008).

1.3.3 The Hame Belt

The bedrock of the E-W trending Hime Belt in SW Finland was primarily formed at 1.89
—1.87 Ga, during the ‘Fennian’ stage of the Svecofennian orogeny (Lahtinen et al., 2005).
It consists of various types of volcanic and sedimentary rocks (Nironen 1999, Kdhkonen
2005) that have undergone metamorphism under amphibolite facies conditions (Holttd &
Heilimo, 2017). The supracrustal rocks are intruded by syn-tectonic plutonic rocks of
gabbroic, dioritic, granodioritic and tonalitic composition (Nironen 1999, Kéhkonen

2005, Mékitie et al. 2016) and late- to post-tectonic (1.83 — 1.79 Ga) granites, migmatites
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and pegmatites (Nironen et al. 2016). Supracrustal and plutonic rocks are approximately
equally voluminous in the area (Mékitie et al., 2016). Volcanic rocks of the Hime Belt
were divided into three groups by Sipild & Kujala (2014): the Forssa, Loimaa and
Renkajdrvi suites. Rocks of the Forssa volcanic suite have a calc-alkaline affinity and
their composition ranges from basaltic to rhyolitic, with andesitic being the most
common. Rocks of the Loimaa suite also have a calc-alkaline affinity, but have undergone
metamorphism in a higher temperature than the Forssa suite rocks. They consist mostly
of amphibolites and hornblende-gneisses. Rocks of the Renkajérvi suite have an N-
MORB-affinity, and consist of mafic and intermediate volcanic rocks. Plutonic mafic
rocks are often associated with the volcanic rocks (Peltonen, 2005). The most common
plutonic rock in the Hime Belt is deformed granodiorite (Makitie et al., 2016). Epiclastic
sediments are less common than in other areas of the Svecofennides (Sipild & Kujala,

2014).
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Fig. 6. General geology of the Hime Belt, modified after Korsman et al. (1997). The study area in Figs.
19, 20 & 34 marked with a red rectangle. Locations of significant gold deposits and prospects after Tiainen
etal (2017).

The Hame Belt is situated between the Uusimaa Belt to the south and the Pirkanmaa Belts
to the north (Nironen et al. 2017). Major E-W trending shear zones, the Nuutajirvi SZ
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and the Somero SZ may act as dividing boundaries between the Belts (Nironen et al.
2017), but terrane boundaries are not sharp and are difficult to constrain (K&dhkonen 2005,
Sipild et al. 2011). According to Viisédnen (2002), the evolution of the Hime Belt took
place in three stages: pre-collisional, collisional, and post-collisional (Fig. 7). In the pre-
collisional phase at 1.89 Ga, the Hime Belt is interpreted as a rifted remnant arc. It is
separated from the northwards verging subduction zone by a back-arc basin, the Uusimaa
arc and the forearc basin. During the collisional phase as the subduction progressed, the
Hame Belt was sutured onto the Pirkanmaa belt to the north at 1.88-1.86 Ga. This has
caused the penetrative foliation in the Hdme Belt. Deformation continued in the post-
collisional stage, as convergence towards the north continued. Penetrative foliation and
folding overprinted some of the older structures, which were then overprinted by late
orogenic shear zones. The shear activity in the Hime Belt is interpreted to have occurred
after peak metamorphism (Lahtinen et al. 2005, Saalmann et al. 2010). The shearing is
characterized mostly by NE-SW and NW-SE trending shear zones throughout the Belt,

and N-S trending shear zones in the west.
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Fig. 7. Three-stages of development for the Central and Southern Svecofennian provinces. Not to scale,
emphasis on structures of the Hime Belt area. Pirkanmaa and Hdme Belts separated by suture zone. TB =
Tampere belt, PiB = Pirkanmaa belt, HB = Hdme Belt, UB = Uusimaa belt. Modified after Viisdnen
(2002).

The Hame Belt hosts different types of ore deposits (Tiainen et al., 2017). The most
significant ore mineralisations include a VMS-type Zn-Pb-Ag deposit, a porphyry Cu-Au
deposit, several orogenic gold deposits, Fe-Ti deposits in gabbro intrusions, and LCT-
type pegmatites. The orogenic gold mineralisations are attributed to be structurally

controlled by shear zones of various ages (Saalmann et al. 2009, Saalmann et al. 2010,
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Mertanen & Karell 2011, Mertanen & Karell 2012). Rasilainen & Eilu (2016)
mathematically estimated that 17.5 undiscovered Cu, Zn, Ni and Au mineralisations exist

within the Hime Belt. Ore prospecting is still ongoing.

1.3.4 The Uunimaiki area

Uunimaiki is located in the northwestern part of the Hdme Belt, in the village of Pikku-
Vampula in the municipality of Loimaa. The gold deposit was discovered by GTK in the
autumn of 2008, during mapping of gold potential in mafic intrusions intersected by fault
and shear zones (Kérkkiinen et al., 2016). During initial mapping, three shear zones with
quartz veins and arsenopyrite were discovered, indicating possible Au-mineralisation.
Till samples were collected for heavy mineral separation from a nearby depression,
yielding microscopic grains of native gold and scheelite (Kérkkdinen et al., 2015). Further
mapping was carried out in 2011 and 2012. Rock fragments were collected in 2012 and
2014 during percussion drilling for till geochemical surveys. A total of 36 diamond drill
holes have been drilled in the area in 2009-2014 (Fig. 8), with a total of 3425 m of drill
cores. The drill cores showed that ilmenite and pyrrhotite are the most common ore

minerals in the Uunimaéki area.

The bedrock of the area consists of mica gneisses, mafic volcanic rocks, granitoids and
mafic intrusions (Kérkkdinen et al., 2016). The gold itself is hosted by the Uuniméki
gabbro, which has undergone metamorphism in the amphibolite facies, indicated by the
replacement of pyroxenes by amphiboles. Mineralogy of the gabbro shows alteration
characterized by albitisation, sulfidisation, chloritisation, sericitisation and the formation

of epidote, quartz veins and carbonate veins (Kéarkkéinen & Tiainen, 2016).

Gold-rich (>1 ppm) sections (Table 1) were discovered in 27 of the 36 new holes drilled
during 2009-2014 (Fig. 8; Kédrkkédinen et al., 2016). The highest concentrations of gold/m
were found in holes R8 (15.0 ppm), R23 (35.2 ppm) and R25 (38.4 ppm). Most of the
drilling was done in NW Uuniméki, and drilled towards the SW with an azimuth of 225
and a dip of 45. Holes R315 and R13 were drilled towards NE; these holes did not contain
gold-rich sections. The gold was found to be in association with silicates and sulfides;
thin pyrrhotite vein networks and pure quartz veins with native gold have the highest gold
concentrations. Gold occurs as complex grains with Bi, Bi-sulfide, Bi-Te minerals and

arsenopyrite as well as individual grains (Kérkkéinen et al., 2015). Gold was found to be
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concentrated into the seemingly unaltered gabbro near sheared and fractured parts of the

gabbro.

273500

Fig. 8. Map of Uunimdiki with GTK drilling locations from 2009 to 2014 marked with red circles. Outline
of the Uunimdki gabbro drawn with a dashed black line. Drill holes with at least 1 m sections of gold-rich
rock (>1 ppm) labeled. Modified after Kdrkkdinen et al. (2016).
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Table 1. Gold-rich drilling sections (>1 ppm) at Uunimaéki. Listed is the total length of mineralized rock
along with the highest Au-concentration per meter from each drill hole (Kirkkéinen et al. 2016).

Hole Total length of the Grade of the highest I m
mineralized intersection (m) intersection (ppm)
R314 8 12.2
R316 1 33
R1 4.9 8.5
R2 10 2.9
R3 1 1.3
R4 1 2.9
RS 10 9.7
R6 10 8.1
R7 5 1.4
RS 14 15.0
R9 2 1.5
R10 1 1.0
R11 1 1.9
R20 1 8.6
R21 1 8.8
R22 1 1.2
R23 1 35.2
R24 1 1.3
R25 17 38.4
R26 1 34
R27 9 5.9
R28 1 33
R40 7 5.2
R41 4 10.1
R42 1 1.3
R46 1 10.8
R49 12 8.7

The gold mineralisation is interpreted to be related to a complex network of fracture and

shear zones, where NW-SE-trending fractures and shears have been the structures

controlling gold mineralisation (Kéarkkiinen et al., 2016). The 3D-model of the Uuniméki
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prospect based on the chemical analyses from the 32 drill holes in NW Uunimiki as
shown in Fig. 9 (Kérkkéinen et al., 2016). The total volume of mineralized rock based on

the model is 630 000 m?, totaling 1.88 Mt of mineralized rock with an average grade of
1.1 ppm Au.

Fig. 9. 3D-model of the Uunimdki gold mineralisation (Kdrkkdinen et al., 2016). Light green lines

represent drill holes, while turquoise polygons represent rock interpreted as mineralised. North is
upwards.
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2. Materials and methods

The materials for this study consist of bedrock observations and analyses made on
samples collected from the field. Bedrock maps and geophysical maps provided by GTK
were used during field mapping and structural analysis. The collected samples were

prepared for thin section study, geochemical analyses and an age determination.

2.1 Bedrock mapping

During the summer of 2017, 89 new bedrock observations from the Uunimaki region and
72 new observations from the ENE-WSW-trending shear zone, called the Kankaanranta
shear zone from now on, were made (Fig. 10). All observations were linked to the Kapalo-
database used by GTK, using the GIS-software ArcMap. Panasonic Toughbook field
laptops, which have built-in GPS receivers provided by GTK were used in the acquisition
of field data. The used coordinate system was EUREF-FIN-TM35FIN based on the
Universal Transverse Mercator projection which uses the GRS80 datum. All observed
outcrops had their rock type, grain size, colour of the erosion surface and structural
features recorded. 119 field photos were taken from the Uunimiki area and the
Kankaanranta shear zone, and several field sketches were drawn to help recollection of

outcrops at a later time.
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Fig. 10. Outlines of the study areas in the western Hdime Belt. Note that Uunimdki lies at least partially
within the Kankaanranta shear zone. Modified after Kallioperd-Bedrock of Finland 1:200 000.

Structural observations were measured with a geological compass. All measurements had
their magnetic declinations corrected later, with +7 degrees added to them. 110 of the
observations made in the Uuniméki area and Kankaanranta shear zone included tectonic
measurements, most of which were foliations and lineations. Fold axes, axial planes and
faults were also measured whenever possible. Additionally, 27 samples were collected
from the Uunimaiki region with a rock hammer, with 8 of the samples being oriented. 23
oriented samples were collected from the Kankaanranta shear zone for microscale
analysis of the kinematics of the shear zone. Oriented samples, which were collected
whenever rocks showed mylonitic or other types of sheared textures, had a north arrow

and horizontal lines drawn onto them to preserve information of their original position in
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the bedrock Some of the samples were collected not only for later analysis, but for also

determining the rock type and comparing them with other collected samples.

2.2 Thin sections

A total of 30 thin sections were prepared from the study area, 10 of which are from the
Uunimaiki gabbro, and 18 from the Kankaanranta trending shear zone immediately to the
north of Uuniméki. A thin section was also made from a paragneiss sample in order to
constrain the peak-metamorphic paragenesis of the Uuniméki area. Thin sections were
used to determine the mineralogy and textures of the rocks, as well as the shear senses of

oriented samples, to allow interpretation of the kinematics of the deformation.

2.3 Whole-rock analysis

20 rock samples were collected from the Uuniméki gabbro and its surrounding areas. The
samples were initially prepared in the laboratories of the University of Turku and sent to
Acme Analytical Laboratories Ltd. in Vancouver for geochemical analysis. Total whole
rock characterisation was performed by ICP-MS. Additionally, ICP-ES/MS analysis was
performed after samples were leached in hot modified aqua regia for Mo, Cu, Pb, Zn, Ni,

As, Cd, Sb, Bi, Ag, Au, Hg, Tl and Se.

2.4 Age determinations

A single rock sample (TALE-2017-17.1) from the Uuniméki gabbro was selected for
zircon U-Pb single grain age dating (Fig. 11). The sample was selected due to showing
no clear signs of deformation or hydrothermal alteration so that the zircons would be as

undisturbed as possible.

Zircons were separated from the gabbro in the laboratories of the University of Turku by
crushing, panning, hand magnet separation, heavy liquid separation, Franz magnetic
separation and hand picking. The hand-picked zircons were placed to an epoxy mount,
which was then polished so that the interiors of the zircons were exposed. A total of 158
zircon grains were BSE-imaged with a scanning electron microscope at the Top Analytica
laboratories in Turku. 32 zircon grains were selected for spot analysis based on the BSE-

images. Zircons with no substantial cracks or metamict domains were preferred.
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Fig. 11. Relatively undeformed Uunimdki gabbro from the age sampling site TALE-2017-17 (N: 6771790,
E:274010.)

A Nu Plasma AttoM single collector ICP-MS connected to a Photon Machine Excite laser
ablation system in the Finnish Geosciences Research Laboratory at the Geological Survey
of Finland in Espoo was used for U-Pb dating analysis of the Uuniméki gabbro. Ablation
conditions were as follows: beam diameter: 25 um, pulse frequency: 5 Hz, beam energy
density: 2.5 J/em?. Each U-Pb measurement was preceded by 5 pre-ablation pulses with
a diameter of 25 pm, followed by on-mass background measurement for 15 seconds, then
ablation with a stationary beam for 30 seconds. Three calibration standards were used:
GJ-1 (609+1 Ma; Belousova et al., 2005), an in-house Paleoproterozoic standard A382
(1876+2 Ma; Huhma et al., 2012), and an in-house Archean standard A1772 (2712+1 Ma;
Huhma et al., 2012). All of the three standards were run at the beginning and end of the
analyses, and at regular intervals during the sessions. Data was corrected for background,
laser-induced elemental fractionation, mass discrimination and drift in ion counter gains,
yielding U-PDb isotope ratios by calibration to the concordant reference zircons mentioned
above. The raw data reduction was executed with the program Glitter (Van Achterberg et
al., 2001). Further data reduction for common lead correction and error propagation was
performed using an in-house Excel spreadsheet. The Isoplot-extension in Microsoft Excel
(Ludwig, 2003) was used to plot concordia-diagrams, calculate concordia ages and

weighted average ages for the reduced U-Pb data.
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2.5 Geophysical maps

Aeromagnetic geophysical maps both in greyscale and pseudocolour were used to plan
the field work, and to help interpreting large scale structures of the study area. The shear
zones that are one of the primary interests of this project appear continuous linear
structures in the aeromagnetic maps. The abundance of mafic volcanics where the
magnetism has been preserved makes interpreting both large and small structures easier,
as they are easily identifiable in the pseudocolour map (Fig. 12). Some of the mafic
intrusions, such as the Uunimiki gabbro, are visible in the pseudocolour map, helping to

determine the extent and boundaries of the intrusions at the ground level.

6776000

6768000

Fig. 12. Pseudocoloured aeromagnetic anomaly map with shading towards NW. Uunimdki area outlined
with a dashed black line and shaded with yellow. The Kankaanranta shear zone can be seen in the middle
of the map as an ENE-WSW-trending zone with a negative magnetic anomaly. Map provided by GTK.
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3. Results

3.1 Petrography of the Uunimaiki area

There are four main rock types in the Uuniméki area: gabbro, quartz diorite, granodiorite
and paragneiss. The gabbro is surrounded most sides by granodiorite or quartz diorite.
The exception is its SE margin, where it has a contact with paragneiss. The paragneiss is
also common as enclosures within granodiorite or quartz diorite. The granodiorites and
quartz diorites are very similar, and geochemistry in chapter 3.2 suggests there is little

difference between them.

3.1.1 The Uunimiki gabbro

The Uuniméki gabbro is exposed as a 1000 x 700 m large oval-shaped intrusion and is
clearly distinguishable from aeromagnetic maps. The colour of the Uunimiki gabbro is
dark-gray, and it is most commonly medium-grained and equigranular (Fig. 13), though
in some outcrops finer grained gabbros could also be observed. The gabbro rarely shows
a strong mineral orientation but deformation has concentrated into shear bands and shear
zones of varying sizes. The colour near the sheared areas commonly shift to a paler shade
of gray. The Uuniméki gabbro is crosscut by quartz veins, hornblende-rich mafic veins,
quartz-feldspar veins, carbonate veins and (rarely) pegmatite dykes. Magmatic layering
is visible on some outcrops, and the gabbro contains cumulus-textured peridotitic

enclaves, visible in outcrops and drill cores (Kérkkédinen et al., 2016).

Fig. 13. Left: Deformed gabbro crosscut by rusted quartz veins. TALE-2017-203. N: 6771836, E: 274025.
Right: Fresh surface of the gabbro in hand specimen.
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Mineralogically, the Uuniméki gabbro is not a gabbro sensu stricto, but a hornblende-
gabbro where pyroxene has been replaced by hornblende (Fig. 14). The primary minerals
are therefore plagioclase, amphibole and biotite. Accessory minerals include ilmenite,
and in rare cases, pyrrhotite. Zircons are not common but are present as enclosures in
some biotite grains (Fig 14B). Using the Michel-Levy method, the maximum extinction
angles of suitable plagioclase grains determined from five thin sections ranged between
30-35°, giving an An content of Anss-Aneo: labradorite. This is most likely not the original
igneous composition of the plagioclase as the gabbro has undergone metamorphism. The
amphibole is mostly hornblende. Alteration in the Uuniméki gabbro can be seen in the
occurrence of sericite, chlorite, epidote and titanite. The sericitisation of plagioclase is
the most common form of alteration and is visible in every thin section made from the
gabbro (Fig. 14A) Biotite and amphibole have begun to alter to chlorite on the edges of

many mineral grains.

Fig. 14. Microphotographs of the Uunimdki gabbro. A) Plagioclase has been partially altered to sericite.
From an equigranular gabbro sample TALE-2017-117.1. B) Zircon enclosures with pleochroic halos in
biotite. From the age sample TALE-2017-17.1.
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3.1.2 Granodiorites and quartz diorites

Though the geochemical classification in Fig. 19 determines the rock types as
granodiorites and diorites, the rocks all have >5% of quartz. Therefore, two groups
separated by geochemical classification are from here on considered granodiorites and
quartz diorites. They are medium-grained, equigranular, and their colour ranges from
dark-gray and brownish-gray to gray. The quartz diorites usually have a slightly larger
percentage of mafic minerals, giving them a darker colour. Their primary minerals are
plagioclase, biotite and quartz. In the granodiorites K-feldspar is also a primary mineral.
Amphiboles are present as accessory minerals, with opaque minerals rarely being present.
The granodiorites and quartz diorites display a strong orientation, and commonly have
mafic enclaves elongated in that orientation. Quartz veins are sometimes present along
the main foliation orientation, with rare aplite and pegmatite veins crosscutting the
dominant structural features. Granodiorite and quartz diorite outcrops near the Uunimaéki

gabbro often have a heavily deformed look and are intruded by quartz veins (Fig. 15).

Aol

Fig. 15. Quartz diorite near the Uunimdki gabbro intruded by foliation-parallel quartz and quartz-
feldspar veins. TALE-2017-122. N: 6771915, E: 273995.
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The composition of the plagioclase in the quartz diorites and granodiorites was
determined using the Michel-Levy method. There was no systematic difference in
plagioclase composition between quartz diorites and granodiorites. The maximum
extinction angles of suitable plagioclase grains ranged between 20-30°, giving an An-
content of Anss-Anso: andesine. Biotites are elongated and have apatite and zircon
inclusions. K-feldspar grains, when present, are often clearly coarser than the rest of the

grains, making the rock locally porphyritic (Fig. 16).

Fig. 16. Microphotographs of granodiorite from the Uuniméki area. A) Equigranular granodiorite, from sample TALE-
2017-72.1. B) K-feldspar porphyritic granodiorite, from sample TALE-2017-79.1.

3.1.3 Paragneisses

The primary minerals of the paragneisses are biotite, quartz and plagioclase and the grain
size is ~2-5 mm. It is clear from field observations that the composition of the
paragneisses has varied quite a bit in the area, as the degree of migmatitisation varies
from none to >50%. A paragneiss observation immediately to the north of the shear zone
had two leucosome generations; one that was folded along with the paragneiss, and a later
one that has intruded into the axial plane of the folding (Fig. 17). The direction of the fold
axis in the folded paragneiss and leucosome is NE-dipping, and fits into the North fold

structural domain outlined in chapter 3.4.
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Fig. 17. A paragneiss with two generations of leucosomes near the Uunimdki gabbro. TALE-2017-7. N:
6773360, E: 275 570.

The sample TALE-2017-13.1 was taken from a partially migmatitic paragneiss inclusion
within a quartz diorite intrusion in order to determine the conditions of peak
metamorphism in the area. The metamorphic mineral paragenesis of the sample is biotite-
cordierite-garnet, indicating upper-amphibolite to lower-granulite facies conditions (Fig.
18).



30

Fig. 18. Microphotographs of the biotite-cordierite-garnet paragneiss from sample TALE-2017-13.1. A)
garnet with biotite under plane-polarized light, B) cordierite with biotite under cross-polarized light.

3.1.4 Revised lithological map

A revised version of the lithological map of the area was modified from Bedrock of
Finland-DigiKP 1:50 000 (Fig. 19), based on new bedrock observations and structural
measurements (Fig. 20). The boundaries of the Uuniméki gabbro were changed; the
outcropped extent of the gabbro is smaller than in the previously drawn maps. Gabbro
lenses to the SW of Uuniméki were removed, as only granodiorite was observed at the
outcrops. The tonalite to the NW of Uuniméki was merged with the granodiorite and
quartz diorite it was in contact with, as there were no apparent differences in the rocks.
The porphyry granodiorite to the SE of Uunimiki was merged with the granodiorite and
quartz diorite. While outcrops of porphyry granodiorite were found, they do not follow

the boundaries previously drawn on the map, and do not crop out systematically enough
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to separate as their own unit in this scale. Gabbro lenses to the SE of Uunimiki were
removed or changed to diorite. Those that were removed could not be observed in the
field at all, or were too small to consider their own units in this scale. Some gabbro lenses
in the eastern end of the study area were also changed to diorite. The contacts between
diorite and paragneiss were re-drawn in the western end of the area to fit field
observations better. Several lithological units were merged for the sake of simplicity and
lack of systematic differences: pegmatite-granite and granite units were merged to
granite, hornblende-gneiss and amphibolite were merged to amphibolite, while volcanic
conglomerate, uralite-porphyry, plagioclase-porphyry and mafic volcanics were merged

to mafic volcanics.
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Fig. 19. Original lithological map of the study area. Bedrock of Finland-DigiKP 1:50 000.
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Fig. 20. Revised lithological map of the study area. Modified from Bedrock of Finland-DigiKP 1:50 000.

3.2 Geochemistry

Eighteen samples that were collected from the study area were analysed and are used for
geochemical comparison (Table 2). The samples include eight samples of the Uunimaki
gabbro, granodiorites and quartz diorites from near Uunimédki and five samples of the
Jokisivu diorite. The samples were mostly selected for analysis for looking as
homogenous as possible, and with no veins crosscutting the sample. Some of the samples
were, however, collected from near contacts with other rock types or close to shear zones,

and two of the diorite samples from Jokisivu were visibly altered.
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Table 2. List of rock types and samples collected for geochemical analysis.

Rock type Number of samples Sample #

Uunimiki gabbro 8 TALE-2017-16.1
TALE-2017-17.1
TALE-2017-107.1
TALE-2017-108.1
TALE-2017-117.1
TALE-2017-129.1
TALE-2017-182.2
1JPI-2017-159.2

Uunimiki area quartz diorite 5 TALE-2017-12.1
.. TALE-2017-14.1
or granodiorite TALE-2017-72.1

TALE-2017-79.1
[JPI-2017-159.1

Jokisivu diorite 5 JKKA-2017-26.1
JKKA-2017-26.2
JKKA-2017-26.3
JKKA-2017-27.1
JKKA-2017-27.2

Previously published geochemical analyses from twelve drill core samples from the
nearby Palokallio gold prospect are also used for comparison (Voipio, 2008). Both the
Jokisivu and Palokallio deposits are hosted by mafic intrusive rocks with similar
structural control. The sampled sites are concentrated on the NW part of the studied area

(Fig. 21). The full list of results from the geochemical analyses can be seen in Appendix

1.
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Fig. 21. Map of the western Hime Belt with sampled gold occurrences noted. Greyscale aeromagnetic
anomaly map provided by the Geological Survey of Finland used as background.

3.2.1 Major elements

The mafic plutonic rocks of the Uuniméki are classified as gabbros in the Total Alkali vs.
Silica (TAS)-diagram (Middlemost, 1994) due to their low SiO> content, and relatively
low concentrations of Na;O and K>O (Fig. 22). Two of the samples show slightly elevated
SiO2-contents in comparison to the rest; these samples are the collected north of the main

Uunimiki gabbro but interpreted to be a part of the same intrusion.

Four of the granitoid samples that were collected from outcrops near the Uuniméki gabbro

are classified as diorites in TAS-diagram. However, as the samples contain >5% quartz,
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they are considered quartz diorites. Additionally, two of the samples contain enough k-
feldspar to be considered granodiorites. One sample is classified as a monzonite (TALE-
2017-12.1), but it is also considered a quartz diorite as 1) its SiO2-content of 56.99-wt%
is within the limits of what is classified as a diorite, ii) the high Na,O+K,O-content which
causes the sample to plot into the monzonite-field instead of the diorite-field is due to
alteration rather than original magmatic composition and iii) aside from signs of
alteration, the rock looks similar to the other two quartz diorites that were sampled. The
geochemistry of the granodiorite and quartz diorite samples will be detailed as a single
group, unless there is a significant systematic difference between geochemical contents

between the samples of the two rock types.

The samples from Jokisivu plot neatly into the gabbroic diorite field, while the Palokallio
samples plot into the gabbroic diorite, diorite, monzodiorite and monzonite fields. The
four groups form a fairly continuous series with alkali content slightly increasing along

with increasing silica.
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Fig. 22. Geochemcial classification of the collected samples in the Total Alkali vs. Silica -diagram for
plutonic rocks according to Middlemost (1994). Samples from Jokisivu and Palokallio are shown for
comparison.
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The SiO»-content of the Uunimédki gabbro varies between 48.03-51.57 wt-% (Fig. 23).
The Uunimiki gabbros contain high contents of CaO (8.40-9.93 wt-%). The sample with
the highest CaO is crosscut by amphibole veins. The MgO content of the Uuniméki
gabbros varies between 4.16-5.29 wt-% and Fe>O3 is abundant at 11.59-13.97 wt-%. The
ALOj3 content is standard (16.86-18.68 wt-%) and does not significantly vary from
Jokisivu or Palokallio. K2O-content of the samples is very low at 0.49-1.35 wt-%; the two
samples (TALE-2017-182.2 and 1JPI-2017-159.2) with the highest contents have most
likely undergone alteration as they are collected near the contact of a shear zone.
Regardless of alteration, the gabbro samples belong in the calc-alkaline series according
to the Si0; vs K»O diagram (Peccerillo & Taylor, 1976). The Na,O-content is standard at
2.64-3.16 wt-% with little variance between samples. P>Os content is low at 0.19-0.29
wt-%, and consequently no apatite grains are visible in thin sections. TiOz is high at 1.30-

1.92 wt-%, causing crystallisation of ilmenite.

The SiO2-content of the quartz diorite and granodiorite samples vary between 56.99-
60.14 wt-%. In four of the samples Al>O3 content is between 15.35-17.84 wt-%, but one
sample (TALE-2017-12.1) has an AbO3 content as high as 19.67 wt-%. Fe.Os-content
ranges between 6.15-8.62 wt-%. The MgO content varies between 1.67-4.40 wt-%. CaO-
content ranges between 4.60-6.21 wt-%. NaxO-content for four of the samples varies
between 3.03-3.97 wt-%, but one sample (IJPI-159.1) has only 1.32 wt-% NaO. K>O-
contents of the samples are between 1.67-2.48 wt-%. TiO> contents are between 0.64-
1.12 wt-%. P>Os contents of the samples are predictably low, ranging between 0.12-0.29

wt-%.
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Fig. 23. Major element vs. Silica diagrams from the rocks of the Uunimdki area. Palokallio and Jokisivu

samples shown for comparison. Symbols as in Fig. 21.

3.2.2 Minor elements

In the Uuniméki gabbro, Rb contents are between 7.0-16.1 ppm, except for the two altered

samples that have contents of 36.8 and 42.5 ppm respectively (Fig. 24). Ba-content is

between 173-291 ppm, also slightly elevated in the altered samples. Sr-content is between

302.7-445.2 ppm. Ni-content of the Uunimiki gabbro is low (7.1-15.5 ppm), as is the Cr-

content (5-14 ppm). Nb-content is between 8.9-11.7 ppm. There is some variation in the

Zr-content, which varies between 59.3-124.5 ppm. Y-content is 19.2-26.2. F-content

ranges between 257-432, except for the altered sample 1JPI-2017-159.2, which has a F-

content of 627.
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The Rb-content of the granodiorite and quartz diorite samples is between 48.7-127.4 ppm
Ba-contents are between 390-532 ppm. Sr-contents are between 315.9-421.3 ppm. There
is considerable variation in Ni-content, as it ranges between 3.4-41.4 ppm, just as there is
in Cr-content (6-106 ppm). Two samples have anomalously low Ni- and Cr-contents
(TALE-2017-12.1 and IJPI-2017-159.1), and one sample has anomalously high contents
in Niand Cr (TALE-2017-14.1). Nb-content is between 10.9-17.4 ppm, except in sample
TALE-2017-14.1, which has 42.9 ppm of Nb. Zr-content varies between 167.4-240.9
ppm. Y-content is between 15.3 -31.9 ppm. F-content is between 442-485 ppm., except
in sample TALE-2017-14.1, where it is 820 ppm.
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3.2.3 Trace elements

The REE-pattern of the Uuniméki gabbro is relatively gently sloping (Fig. 25) (Boynton,
1984). The LREE are only slightly enriched (Lan/Ybn = 3.41-4,".77), (Lan/Smn = 1.62-
2.41), (Gdn/Ybn = 1.47-1.94). There is no clear Eu-anomaly in the samples (Euw/Eu* =
0.89-1.14). There is some variation in the total REE-content of the samples (REE:=71.4
— 103.4). Geochemical alteration has not affected the abundances of the REE in the
gabbro.

The REE-slope of the quartz diorites and granodiorites is steeper than in the gabbro. One
sample, TALE-2017-12.1 is clearly anomalous as it is enriched in the HREE, so it is not
included in the REE-calculations. The granodiorites and quartz diorites are clearly
enriched in LREE, and not enriched in HREE (Lan/Ybn =4.78-12.61) (Lan/Smn = 1.83-
4.03), (Gdn/Ybn = 1.44-2.04). There is no Eu-anomaly in either the quartz diorite (Eu/Eu*
=0.90-1.00) or granodiorite samples (Eu/Eu* = 1.07-1.10).
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Fig. 25. Spider-diagram of the REE-contents of the collected and reference samples based on Boynton
(1984). Symbols otherwise as in Fig. 21, except the Jokisivu sample range in a light blue shade, and the
Palokallio samples in a pink shade.



40

The Uuniméki gabbro is not enriched in fluid-mobile elements (Rb, K, Sr, Ba) and Th-
content is low, apart from two samples (TALE-2017-182.2 and 1JPI-2017-159.2) that
show clear enrichment in these elements (Fig. 26). The two samples are the altered
samples previously mentioned in this chapter. The negative Ta-Nb anomaly, which is
common in subduction zone rocks, is not present. There is a slight negative Zr-Hf in

relation to Sm. The gabbro is slightly enriched in Ti and Yb.

The granodiorites and quartz diorites are slightly enriched in fluid-mobile elements (Sr,
K, Rb, Ba). There is a slightly negative Ta-Nb-anomaly in the samples, and a significant
negative Ti-anomaly, which is indicative of subduction-related rocks. On the other hand,
there is a very slight positive Zr-Hf-anomaly in the samples, which is atypical for

subduction-related rocks.
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Fig. 26. MORB-normalized Spider-diagram of the collected and reference samples based on Pearce
(1983). The Jokisivu sample range is in a light blue shade, while the Palokallio sample range is in a pink
shade.

Most of the gabbro samples fall into the MORB-OIB array in the diagram by Pearce
(2008) (Fig. 27). This contrasts with the diorites from Jokisivu and Palokallio, with the

quartz diorites and granodiorites surrounding the Uuniméki gabbro, which plot into the
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volcanic arc array. Two altered samples are clear outliers in these ratios, sample TALE-
2017-182.2, where Th-content is eightfold to the rest of the gabbro samples, and TALE-
2017-12.1, the altered quartz diorite containing garnet and where Th has been depleted.
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Fig. 27. Collected and reference samples in the geotectonic Nb/Yb vs. Th/Yb -diagram according to Pearce
(2008). Symbols as in Fig. 21.

According to the magma series discrimination for different tectonic environments based
on trace element geochemistry by Wood et al. (1979), the Uuniméki gabbro has an E-
MORB or within-plate tholeiitic signature based on its Zr/Hf-Nb/Ta-Th-content (Fig. 28).
The sample with an anomalously high Th-content (TALE-2017-182.2) predictably plots
closer to Th, and shows a calc-alkaline basalt signature. The quartz diorites and
granodiorites do not plot neatly into the diagram, with one of the samples having a within-
plate alkaline signature, while two of the samples have an E-MORB or within-plate
tholeiitic signature, and the remaining two have a calc-alkaline basalt signature. The
Jokisivu and Palokallio diorites have a calc-alkaline basalt nature based on this

discrimination.
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Fig. 28. Geotectonic discrimination diagram for igneous rocks based on Zr-Nb-Th composition (Wood,
1979). The Palokallio samples do not have Hf and Ta measurements, so Zr and Nb were used in their place.

None of the samples collected are enriched in Au or Ag. Three of the gabbro samples,
TALE-2017-107.1, TALE-2017-129.1 and IJPI-159.2, are enriched in As. Two samples,
TALE-107.1 and TALE-108.1, show enrichment in Cu. None of the samples are
particularly enriched in B, Bi, Hg, S, Sb, Te or W; other common pathfinder elements for
gold.

3.3 U-Pb zircon analyses

The zircons separated from the Uuniméki gabbro are most commonly prismatic grains
(Fig. 29), typical for zircon crystals in gabbros (Corfu et al., 2003). Their colour ranges
from completely transparent to light brown. As most of the grains are prismatic and
elongated, their length is mostly 50-200um, but only 15-50um in width. Only a few of
the zircons are wider than 50um. The inner structures of the zircon grains are very
homogenous; very few crystals show oscillatory zoning or cores and there are no visible
inclusions. Cracks are common; it was the most common reason for some zircons not to

be suitable for spot analysis.
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Fig. 29. Close-up BSE-image of zircon grains separated from the Uunimdki gabbro. Dashed red lines
represent sites selected for spot analysis.

34 analyses were performed from 32 grains. Four different age populations were found
from the analyses (Fig 30A). 1) An older population containing two zircons yielded
207pb/2%Pb ages of 1920 and 1917 Ma and most likely represent inherited crystals (Fig.
31A). 2) The largest population contains 24 zircons and yielded a concordia age of 1891
+ 5 Ma (Fig 30B). The *’Pb/?%Pb age of the largest population is 1894 + 5 Ma (Fig.
31B). 3) A younger population that contains 6 zircons yielded a condordia age of 1864 +
10 Ma (Fig. 30C). 4) The youngest population consists of two zircons and yielded
207pb/2%Ph ages of 1845 and 1835 Ma (Fig. 31A). No textural differences can be
recognized between the zircon populations (Fig. 32). The full list of results from the U-

Pb analyses can be seen in Appendix 2.
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Fig. 32. BSE-image of the zircons separated from the Uunimdki gabbro. Zircons representing the magmatic
population marked with red, zircons from the older population marked with blue, zircons from younger
populations marked with purple, and zircons not analysed are white. Reference numbers of analysed
zircons marked above or below the respective grain.

3.4 Structural geology

The structural domains of the western Hime Belt were delinated based on aeromagnetic
signatures of the crust, previously existing observations and structural data, as well as
new field observations and the acquired structural data. Six subareas were identified based
on dominant structures: the Alastaro shear zone (N-S trending), the Kankaanranta shear
zone (ENE-WSW trending), the North fold, the Alastaro fold, the Oripédé fold and the
Uuniméki area (Fig. 33). The western termination of the structurally mapped area is
roughly bound by the Alastaro shear zone, which is likely linked to other major shear
zones in SW Finland; the NE-SW-trending Kolinummi shear zone in the south (Viisidnen
& Skyttd, 2007), and the NW-SE-trending Kynsikangas shear zone in the north (e.g.

Pietikdinen, 1994; Reimers et al., 2018). The Alastaro shear zone is characterized by

penetrative ductile dip-slip type shearing, steeply-dipping planar and linear structures,
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and W-block up kinematics (Pitkéld, in prep.). The Kankaanranta shear zone is also
characterized by dominantly dip-slip type shearing and steeply dipping planar structures.
However, the ductile shearing is not as penetrative as in the Alastaro shear zone, and the
associated stretching lineations show a wider range of trends and plunges indicating the
setting is not just dip-slip dominated in the same way as the Alastaro shear zone is. There
is also a pronounced dextral strike-slip component present as indicated by gently-
plunging lineations associated with dextral kinematic indicators observed from the
western part of the shear zone. Regional folding dominates the structural environment
outside the shear zones. The folded domains occur within a loosely defined NW-SE
trending zone, where the orientation of the fold axes exhibits a gradual shift from NNE-
plunging in the North fold to E-dipping in the Oripdd fold, with the Alastaro fold in
between having an incoherent orientation. The interpreted structural evolution of the

western Hime Belt is discussed in more detail in the MSc thesis of liro Pitkéla (Pitkéla,

in prep.).

The target of this investigation, the Uunimaéki area, is spatially located near the junction
of the Alastaro and Kankaanranta shear zones, and showcases a complex environment
with three distinct structural orientations. To explain how these orientations have formed,
we must first examine the Kankaanranta shear zone and its splays as the Uunimiki gabbro

is located immediately to the south of the western termination of the shear zone.
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Fig. 33. Subdivision of the structural domains within the western Hime Belt, with a greyscale aeromagnetic
anomaly map provided by GTK serving as the background. Stereographic projections of the structures of
each subarea on the sides of the map: planar structures marked by great circles, linear structures marked
by red dots. The blue dot marks the statistical fold axis for folded domains, calculated from foliation
measurements. A: North fold, B: Uunimdki, C: Kankaanranta shear zone, D1-4: Alastaro shear zone, E:
Alastaro fold, F: Oripdé fold. Note that Uunimdki lies within the damage zone of the Kankaanranta shear
zone. From Pitkdld (2019).
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3.4.1 The Kankaanranta shear zone

The ENE-WSW-trending Kankaanranta shear zone has an outcropping length of ~20 km,
with an approximately 20 m thick core surrounded by a zone of several hundreds of
metres of influence characterized by shear-zone parallel foliation on both sides of the core
(Fig. 34). In the east, it is possibly linked to the E-W trending Nuutajéarvi shear zone,
whereas in the west, the shear zone terminates abruptly into a structural domain
characterized by NE-plunging lineations and folds with no clear evidence for distinct
shear zones. Direct age relationships between folding and shearing could not be
determined on any outcrop in the field. However, the westernmost outcrop of the
Kankaanranta shear zone crosscuts the folded domain in such a way the regional folding-
related NE-dipping foliations can be observed on of either side of its influence zone.
Additionally, the secondary structures attributed to the Kankaanranta shear zone crosscut
the folded areas. Therefore, the Kankaanranta shear zone is interpreted as younger than
the folded domains surrounding it at its western termination. The Kankaanranta shear
zone being late-orogenic fits previous models of E-W trending shear activity in the

western Hime Belt by Viisidnen (2002), Lahtinen et al. (2005) and Saalmann et al. (2010).

The shear zone is clearly visible in aeromagnetic geophysical maps (Fig. 10). Sheared
fabrics and mylonitic rocks were observed in the field along a ~20 km long and ~200 m
wide area, though the structural trends of the bedrock are parallel to the shear zone in a
much wider area. Shear zone-parallel foliations were measured as far as 2 km from the
shear zone core. Foliation measurements in the shear zone have dip directions of 140-
170° and 330-350° and have steep-to-vertical (70-90°) dips. Measured dip directions in
the shear zone mostly dip to the SE, but sometimes towards NW when the dip is sub-
vertical. The dips become steeper with proximity to the interpreted shear zone core. The
steepest dips (>85°) were measured from near the western and eastern terminations of the
shear zone, with gentler dips in the middle. This may be due to the shear zone core only
being exposed at few outcrops; the dip of the foliations in the shear zone core is likely
sub-vertical throughout the zone. Lineations in the area are dominantly steep, ranging
between 60-80° in plunge, indicating that the shear zone has more of dip-slip than strike-
slip character. An exception to this is the Tirmanmaki area (Fig. 33), where a slickenside
lineation was measured with a plunge of 18°. Plunge directions of the lineations in the
shear zone are variable and can be divided into three groups: ENE-plunging (50-80°), SE-
plunging (115-150°) and SW-plunging (210-240°). The ENE-plunging lineations occur
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within and near the core of the shear zone, and are thus interpreted to represent the relative
movement between the two sides of the shear zone. In contrast, the SE-plunging and
WSW-plunging lineations become more common as distance from the shear zone core
increases (Fig. 33). All fold axis measurements made from the shear zone plunge to the

ENE.
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provided by GTK with structural formlines and field photograph locations noted. M = Metsdsiankallio, T = Tirmanmdiki,
P = Palokangas, K = Kankaanranta. C) Stereographic projections of tectonic measurements from the shear zone divided
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3.4.1.1 Mesoscale kinematics of the Kankaanranta shear zone

Outcrops with exposed mylonites are not common, and the presence of sheared rocks
appears to be dependent on rock type. Large sections of the shear zone as inferred from
the aeromagnetic geophysical map are located in areas interpreted as biotite-paragneiss
or metavolcanics, which are practically not cropping out. Though some paragneisses are
present in areas just outside the most intensely sheared rocks, the only areas where the
shear zone core itself can be mapped in the field are the areas where younger intrusives

(gabbro, quartz diorite or granodiorite) are the dominant rock type.

Overall, the mylonites in the shear zone show a predominantly dextral sense of shear on
horizontal outcrop surfaces in mesoscale. Shear sense indicators that were determined in
the field were asymmetric folding, shear bands, and feldspar porphyroclasts (Fig. 35). As
the lineations are mostly subvertical, thin section studies are required to reliably
determine the true sense of the shear from the mylonites. The best mylonite outcrops are
at Metsdsiankallio (N: 6772845, E: 274195), Tirmanmiki (N: 6773370, E: 275570),
Palokangas (N: 6776050, E: 284400) and Kankaanranta (N: 67766580, E: 285670).

Metsdsiankallio (M in Fig. 34) is the westernmost outcrop where the Kankaanranta shear
zone can be observed. The mylonite can be observed along a contact between fine-grained
gabbro and migmatitic garnet-biotite-paragneiss (Fig 35C). Dextral shear bands were
observed in all parts of the mylonite. Leucosomes have formed sigma-clasts within the
mylonite and display clear dextral senses of shear. The mylonite is cut by quartz veins
ranging from 1 to 5 cm in thickness, and some have a rusty hue. Quartz veins within the
paragneiss have asymmetric dextral folds. The measured shear foliation is 348/86, and

the lineation is 073/73. There are small garnet grains within the gabbro near the contact.

At Tirmanmaéki (T in Fig. 34), several outcrops of sheared rock can be observed. A
sheared contact between amphibolite and garnet-biotite-paragneiss has quartz-feldspar
veins that have formed sigma-clasts showcasing a dextral sense of shear, as well as
asymmetric folding (Fig 35A). Dextral tension gashes have formed in the amphibolite.
The biotite-paragneiss north of this contact is heavily sheared and characterized by
chloritisized dextral and sinistral shear bands. Foliations and lineations vary heavily in
the Tirmanmaiki area. Foliations are sub-vertical with dips towards NNW and SSE.

Lineations are mostly steep, with nearly down-dip geometries. However, lineations near
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the contact of the paragneiss and amphibolite are subhorizontal, suggesting that the strike-
slip component of the strain has been partitioned into thin zones along lithological

boundaries.

The shear zone core is visible in the granodiorite at Palokangas (P in Fig. 34). Penetrative
dextral shear bands and seams as well as tension gashes run through the outcrop (Fig.
35B). In the middle of the outcrop, the brownish, less deformed granodiorite shows a
gradual transition into a pale greenish sheared mylonite. A pegmatite vein that otherwise
crosscuts the granodiorite is deflected in the direction of the shear. The measured foliation

is 161/74. A reliable lineation measurement could not be made.

The fault zone core is best exposed at the Kankaanranta (K in Fig. 34) outcrop which
gives the name to the shear zone. The outcrop consists of quartz diorite with a high-strain
texture and foliation-parallel mylonite seams, as well as a cracked and deformed
pegmatite vein (Fig. 36). The orientation of the foliation is 343/85 with a down-dip
geometry of the lineation. As the lineation in the outcrop is the steepest measured in the
entire Kankaanranta shear zone, it is likely that the quartz diorite here has accommodated
more of the dip-slip component of the shear zone than at other locations. Determining the
sense of shear with any certainty was impossible in the field, as the outcrop did not have

a proper vertical surface.
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Fig. 35. Shear sense indicators from the Kankaanranta shear zone. A) Asymmetric dextral folding in the
sheared contact of amphibolite and paragneiss at Tirmanmdki. TALE-2017-11. N: 6773370, E: 275570. B)
Dextral shear bands in heavily deformed granodiorite at Palokangas. TALE-2017-28. N: 6776050, E:
284400. C) Dextral sigma-clast framed by a leucosome aggregate within the mylonitic contact between
gabbro and garnet-biotite-paragneiss at Metsdsiankallio. TALE-2017-182. N: 6772845, E: 274195.



56

Fig. 36. The exposed shear zone core at Kankaanranta. TALE-2017-33. N: 6776585, E: 285675. A)
Overview of the shear zone core with foliation-parallel mylonite seams and a pegmatite vein that has broken
off into smaller segments. B) Close-up of the sheared contact of the quartz diorite and pegmatite vein.
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3.4.1.2 Microscale kinematics of the Kankaanranta shear zone

The sampled rocks from the Kankaanranta shear zone display evidence of the
development of asymmetric microstructures, such as delta- and sigma-clasts, shear bands
and oblique foliation of quartz grains (Fig. 37). Two outcrops, Kankaanranta and
Metsésiankallio (for locations, see Fig. 34), yielded the best thin sections for kinematic
determination. The kinematic evidence, which displays a predominantly dextral sense of
shear, is in line with the mesoscale indicators observed at their respective outcrops. The
orientation of the samples at outcrops compared with the kinematic indicators from thin

sections suggests S-block up tectonics in the shear zone.

Fig. 37. Microphotographs of kinematic indicators from the Kankaanranta shear zone. A) Dextral feldspar
delta-shaped porphyroclast. From Kankaanranta, TALE-2017-33.1. B) Dextral delta-shaped
poprhyroclast. From Kankaanranta, TALE-2017-33.1. C) Oblique foliation of quartz veins between two
shear planes. From Kankaanranta, TALE-2017-33.1. D) Dextral shear bands visible in micas and ribbon-
quartz. From Kankaanranta, TALE-2017-33.4. E) Dextral shear bands cutting through feldspar and quartz
clasts. From Metsdsiankallio, TALE-2017-182.3.
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Dynamic recrystallization of quartz has taken place at variable temperatures in the shear
zone. Recrystallized quartz behaves differently in Kankaanranta and Metsédsiankallio,
despite their deformation appearing nearly identical in mesoscale. The differences in the
behaviour of the quartz can be used to constrain the differences in their thermal conditions

during dynamic quartz recrystallization.

Kankaanranta is located in the eastern part of the shear zone (for location, see Fig. 34). In
the thin sections from the outcrop, the quartz appears as ribbon-quartz, which indicates a
recrystallization type of SGR (subgrain rotation) (Fig. 38). The minimum temperature for
SGR is 400°c (Stipp et al., 2002). The quartz grains outside the main zone of deformation
have a uniform oblique foliation with respect to the main orientation of the ribbon-quartz
(Fig. 37C). The quartz also exhibits some polygonisation due to progressive SGR
recrystallization (Fig. 37D), though the degree of polygonisation differs in different parts
of the thin sections. Both the polygonisation and formation of an oblique foliation
suggests the thermal conditions have been on the higher end of the SGR spectrum. The
lack of characteristic GBM (grain boundary migration) features, such as sutured grain
boundaries, suggests that the SGR/GBM transition temperatures (480-530°¢c) have not
been reached, however. The thermal conditions for the dynamic recrystallisation of quartz

at Kankaanranta is therefore between 420 and 480°c.
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Fig. 38. Dynamic recrystallization of quartz at Kankaanranta. A) Quartz as elongated ribbon-grains.
TALE-2017-33.1. B) Subgrain rotation fabric with polygonisation of quartz grains. TALE-2017-33.3.

Metsidsiankallio is located near the western tip of the shear zone as could be constrained
in the field (for location, see Fig. 34). The behaviour of the quartz in the thin sections
from the site suggests BLG (bulging recrystallization) as the dominant recrystallization
type (Fig. 39). The transition from cataclastic flow to BLG recrystallization takes place
at 300°c (Stipp et al., 2002). Quartz grains in the thin sections showcase serrated grain
boundaries with recrystallized bulges, as well undulose and patchy extinction. The quartz

grains have not been polygonised or formed ribbon-quartz, so it can be said that elements
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of SGR recrystallization has not taken place in the quartz. The BLG-SGR transition is at
380-420°c. We can therefore constrain the recrystallization temperature of quartz at

Metsésiankallio at 300-380°c.

Fig. 39. Dynamic recrystallisation of quartz at Metsdsiankallio. A) Recrystallised bulges in the quartz grain
boundaries. TALE-2017-182.3. B) Recrystallized bulges, serrated grain boundaries and undulose
extinction of quartz grains. TALE-2017-182.3.



61
3.4.1.3 Splays of the main shear zone

NW-SE trending splays from the Kankaanranta shear zone create smaller areas of oblique
deformation with respect to the main orientation of the shear zone (Fig. 34). The
westernmost of these splays is named the Helmeld splay which bounds the Uunimaiki
gabbro from the NE side can be followed for a length of 1.5 km to the southeast from the
shear zone (Figs. 34 & 43). Though the high-strain core of the Helmeld splay is not
outcropped, a fairly continous zone of rock deformed with moderate intensity can be
constrained on both of its sides. Foliations along the Helmela splay dip towards NE (030-
060°) with steep (70-85°) dips. Lineations plunge towards NNE (010-030°) with steep
plunges (70-75°) indicating that the movement in the splay are mostly dip-slip as well.
Small shear bands in the rocks with the highest deformation intensities indicate that the
strike-slip component in the splay could have relative dextral movement. The relative
motion of the dip-slip component is unclear. Rocks along any of the splays were not

sampled, so there was no opportunity for study in the microscale.

3.4.2 The Uunimaki area

The Uuniméki gabbro crops out 800 m south of the western termination of the
Kankaanranta shear zone (Fig. 34). The Helmeld splay of the Kankaanranta shear zone
bounds the Uuniméki gabbro from the NE side, while structures on the western and
southern sides of Uunimiki follow the regional folding trends. Uunimaki is thus situated
within in the intersection of several different structural domains, which is reflected in the
structural orientations present in area (Fig. 40). Although the Uuniméki gabbro has
undergone several stages of deformation, most of the outcrops in the area contain only
homogenous equigranular gabbro. Structural orientations at Uuniméki can be divided into
three groups: NW-SE, ENE-WSW, and N-S. Overall the different structural trends of the
Uuniméki area give the gabbro a mosaic-like structure, where the most intense
deformation has been concentrated into a series of spaced shear zones located in the
topographic depressions between major outcrops (Fig. 40). This can be seen in
increasingly sheared textures and enhanced foliation intensity near the edges of outcrops
(Fig. 42). The most intensely sheared gabbro in Uunimaiki is located near the NE margin

of the intrusion.
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Fig. 40. All structural measurements collected from the Uunimdki area. Measurements include those taken
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Fig. 41. Structural interpretation of the Uunimdki area. Background map by National Land Survey of
Finland.

The predominant structural orientation is NW-SE trending. It can be seen in the oval
shaped topography and boundaries of the intrusion itself: NW-SE is the longest axis,
while the NE-SW axis is the shortest. The NW-SE orientation is parallel to the orientation
of the Helmeld splay that bounds the Uuniméki gabbro from the NE. The dip directions
of foliations in this orientation range from 020-050° with dips of 60-75° with the
exception of an intensely deformed area in the middle of Uuniméki where the dip
direction is flipped to 210-245° with steep dips of 80-85°. Lineations can be divided into
two sets. The first is a set of weak lineations that plunge towards NE (20-55°) with angles

of 50-60°. Almost all of the lineation measurements from the Uuniméki gabbro belong to
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this set. The second set has intense lineations with plunges towards NNW (325-350°) at
subhorizontal angles of ~30°. This indicates that the NW-SE oriented deformation in the
Uunimiki area is strike-slip partitioned, where weak subvertical movement has
accommodated the dip-slip component, and intense subhorizontal movement has
accommodated the strike-slip component. Two shear zones with a NW-SE trend were
observed within the Uuniméki gabbro, and there are likely more in the NW-SE oriented
valleys that dominate the topography of Uunimaiki. Though this is the dominant structural
orientation of the gabbro, it is not present in most outcrops. The deformation has been
concentrated into a series of spaced intensely sheared zones that separate outcrops of

weakly foliated or wholly undeformed gabbro.

The second dominant structural trend, ENE-WSW orientation is parallel to the
Kankaanranta shear zone located immediately to the north of the Uuniméki gabbro. This
orientation is characterized by sub-vertical dips (80-90°) with dip directions either to N-
NE (340-360°) or S-SE (140-180°). No lineation measurements were made from the
ENE-WSW orientations within the gabbro. These structural orientations are found along
the northern margin of the intrusion, as well as a within continuous zone that runs through
the middle of the intrusion where one sheared gabbro outcrop was observed. This

structural orientation seems to be concentrated into spaced zones.

A N-S trending structural zone can observed in the western part of the Uuniméki gabbro.
Foliations from the margin of an individual long, continuous N-S oriented topographic
depression have dip directions to the E (80-100°) with dips between 60-85°. Outcrops

with this structural orientation are heavily intruded by quartz veins.
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3.4.2.1 Mesoscale structures of the Uunimdki gabbro

In some outcrops, the gradual shift from undeformed to heavily deformed gabbro can be
seen: the color shifts from dark-gray to pale-gray or greenish, grain size breaks down
from medium-grained and equigranular to fine-grained and plagioclase-porphyritic (Fig.
43A). In the N-S trending structures, quartz veins have the same trend as the foliation,

though the dip is not always the same (Fig. 43B).

Fig. 42. Undeformed and sheared gabbro from the same outcrop. The distance between the two
observations is 50 m (see Fig. 39). The structural orientation is NE-SW. A) Relatively underformed
equigranular gabbro with some quartz-feldspar veins. Handle of the hammer points to N. TALE-2017-129.
N: 6771630, E: 273720. B) Intensely sheared gabbro with reduced grain size and alteration of amphibole
to chlorite. TALE-2017-138. N: 6771650, E: 273680
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Fig. 43. A) Increase in the strain in a gabbro as a shear is approached is noticeable. Dark and undeformed
equigranular gabbro breaks down into pale-green altered gabbro. The orientation of the shear is ENE-
WSW (SZ-parallel). TALE-2017-130. N: 6771560, E: 273860. B) Quartz-veins intruded into the same trend
as the foliation. The orientation of the structures in the outcrop is N-S. TALE-2017-107. N: 6771445, E:
273605.

Near the NE margin of the Uuniméki intrusion, the color of the gabbro changes from
dark-gray to light-gray. Rusty and sometimes dark-red quartz veins occur as a dense
network and have been precipitated into dextral tension gashes within the gabbro (Fig.
44). The quartz veins have broken off into short segments separated by dextral faults in
the horizontal plane. Quartz and pegmatite veins outside the most intensely sheared
gabbro bend into the direction of the shear. Strain progressively increases towards a valley

that separates the outcrop from the next.
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Fig. 44. A) Undeformed equigranular gabbro from near the NE margin of the intrusion. TALE-2017-17.
N: 6771785, E: 274010. B) Heavily deformed gabbro where quartz has precipitated into dextral tension
gashes, and is broken off into shorter segments by dextral faults (marked by a red half-arrow) that form a
network with antithetic sinistral faults. TALE-2017-203. N: 6771840, E: 274025. The distance between the
two observations is 60 m (see Fig. 39).

3.4.2.2 Microscale structures of the Uunimdki area

Despite several collected samples, kinematic interpretation of the shearing in Uuniméki
is based on only one thin section: TALE-2017-18.1 (Fig. 45), as it is the only sample from
which kinematic indicators could reliably be interpreted. The sample is taken from a
nearly horizontal wall at the edge of a NW-SE oriented valley where shearing is
interpreted to have concentrated. The dip of the foliation in the sample site was towards
NE (023/80), with lineation towards the NW (324/60). The section has kinematic
indicators showing both dextral and sinistral senses of shear. Shear bands follow a general
dextral trend through the thin section, though that may vary depending on where in the

rock the thin section was prepared from.
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Fig. 45. Intensely sheared network cutting through deformed plagioclase grains in the sheared Uunimdki
gabbro. TALE-2017-18.1.

4. Discussion

4.1 Age of the Uunimiki gabbro

The main zircon population yielded an age of 1891 + 5 Ma which is the best estimate for
the age of the Uunimiki gabbro. It can be considered the age of crystallisation of the
magma for several reasons. It is unlikely that this age could have been inherited from
older rocks, as even the paragneisses have been dated to an age of ~1.92 Ga at the
youngest (Lahtinen et al., 2017). Secondly, for it to represent a later, metamorphic event,
it would require that the metamorphism in the Hime Belt reached its peak at the time, but
the metamorphism in the Hdme Belt has been constrained to a later time by several
authors (e.g., Nironen 1999; Saalmann et al. 2010). Furthermore, the zircons from the
gabbro are mostly acicular grains with no metamorphic rims. The origin of the inherited
zircons is unclear, but inherited zircons with similar ages have been described previously
in the Svecofennian domain (Claesson et al., 1993; Lahtinen & Huhma, 1997). The two
younger populations of zircons, ~1.86 and ~1.84, could be interpreted to represent later
metamorphic or Pb-loss events. Amphibolite facies metamorphism at 1.87-1.86 Ga and
E-W compressional events coinciding with high-T metamorphism between 1.85 and 1.80

Ga have been previously described in southern Finland (Nironen, 1999; Viisidnen, 2002).
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They are plausible as explanations for the younger metamorphic ages. Pb-loss caused by
the shear activity in Uunimiki is another possible explanation for the younger zircon ages.
Even though the age sample was taken from a seemingly undeformed gabbro, observed
and inferred shear zones are close enough to the sampling site to have caused Pb-loss in
some zircons. It must be noted however, that the different populations of zircons did not
show any clear textural differences, and there were no metamorphic rims in the younger

populations, making interpretations of their origins speculative.

The 1891 + 5 age of the Uunimiki gabbro makes it one of the oldest dated rocks in the
Héame Belt. The emplacement of plutonic rocks in the Hime Belt is commonly thought
to have begun at 1.89 (Lahtinen et al., 2005; Hermansson et al., 2008). Age
determinations made for the plutonic rocks of the Hime Belt imply that the time period
of synorogenic magmatism at ca. 1886 Ma (Makitie et al., 2016) has formed most of the
intrusive rocks in the area. One of the other gold deposits hosted by a mafic intrusive, the

Jokisivu diorite, yielded a considerably younger age of 1882 + 4 (Saalmann et al., 2009).

4.2 Geochemistry of the Uunimiki gabbro

It has been established that the Uuniméki gabbro has clear differences in geochemistry
compared to the Jokisivu and Palokallio diorites. However, the question arises whether
these differences can be explained simply by different levels of differentiation. Looking
at the major element diagrams, it seems like a clear explanation, as most major elements
form a continuous series when plotted against silica. This is clearest in MgO, Fe>O3, CaO,
K>0 and TiO; contents, though it must be said that the other major elements Al,O3, NayO,
P>0s and minor elements do not imply the same compositional difference by fractionation
(Fig. 23). When looking at the trace elements however, major differences between the
rocks start to arise (Figs. 25, 26, 27, 28). The Uuniméki gabbro does not have the negative
Nb-Ta-anomaly that is often considered a subduction component (Pearce, 1996).
Furthermore, Ti and Yb are slightly enriched in the gabbro, elements that are usually not
mobile in subduction zone environments. Plotting the Uuniméki gabbro into geotectonic
discrimination diagrams, it does not matter which subduction-mobile or subduction-
immobile elements we use; the gabbro is clearly separate from the rest of the samples
regardless of the diagram chosen. However, it should still be noted that Zr and Hf are
slightly depleted in the Uunimiki gabbro (Fig. 26), which is generally considered typical

for subduction zone basalts (e.g., Wyman et al., 2002). The multielement-pattern of the



70

gabbro bears the most resemblance to the pattern of transitional basalts (VAB/WPB) as
outlined by Pearce (1996) (Fig. 26).

One possible explanation for the geochemical differences is that the Uuniméiki gabbro
represents the primitive arc. Primitive arc rocks are rare and appear to occur in areas
where the tectonic regime has previously been extensional, allowing the magma to ascend
more rapidly (e.g., Smith et al., 1997). This would certainly fit in the tectonic setting of
the Svecofennian orogeny at 1.89 Ga. Before 1.89 Ga, the southern margin of the
Svecofennian orogeny has been interpreted as extensional, followed by a change to
compressional tectonics at ~1.89-1.80 Ga. This would also explain the lack of negative
Nb-Ta and Ti anomalies, as the elements have not been repeatedly depleted from the
rocks by consecutive ascent through the mantle, and recycling of the sediments into the
subducting slab after erosion. Primitive arc rocks should, however, have high magnesium
number, and high concentrations of Ni and Cr, as they represent a less evolved mantle-
source, but the Uuniméki gabbro does not have abundant Ni or Cr, and has a relatively
low magnesium number. In fact, on average, the Uunimiki gabbro has smaller
concentrations of Ni and Cr than the Jokisivu and Palokallio diorites, and even the quartz

diorites and granodiorites surrounding it.

The lack of Nb-Ta depletion in relation to LREE or Th could be an indicator that the
Uuniméki gabbro could have formed in an environment other than a subduction zone.
There are, however, alternate explanations for the lack of this depletion. Crustal
contamination is a possible, though unlikely, explanation for this. Borisova et al. (2001)
discuss a case where crustal contamination with granulites led to depletion of U-Th and
Nb-Ta. As Th and U precede Nb and Ta in the MORB-normalized and primitive mantle
spider-diagrams respectively, this would create the illusion that there is no negative Nb-
Ta-anomaly if all the aforementioned elements are depleted. Compared to the Jokisivu
diorite, the Uuniméki gabbro is clearly depleted in U and Th, though the Nb-Ta contents

are similar. This explanation seems implausible, however.

If considered in the larger context of the Svecofennian orogeny, the age of the gabbro
could represent the latest period of hinge retreat before hinge migration as modeled by
Hermansson et al. (2008). The Uuniméki gabbro clearly gives a differing geochemical
signature to other mafic intrusives of the area, implying that they have formed in different

geotectonic environments. If we consider that the Jokisivu diorite yielded a U-Pb age of
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1882 + 4 (Saalmann et al., 2009) and the geochemical signature is a calc-alkaline arc-type
rock, and that the Uuniméki yielded an age of 1891 + 5 and a geochemical signature more
in line of an E-MORB or a within-plate basalt, one could draw the conclusion that the
Uuniméki gabbro was formed in an extensional environment, followed by a switch in the
sense of the hinge migration, leading to the formation of the Jokisivu diorite in a
convergent environment. In the model by Lahtinen et al. (2005), a short-lived period of
extension took place due to subduction switchover and reversal between the Lapland-
Savo and Fennian orogenies. It is possible that the Uunimiki gabbro was emplaced in this
period of extension, as rocks formed during the 1.89-1.88 Fennian orogeny in the Hame
Belt are described as volcanic arc-type, a signature that the Uuniméki gabbro clearly does

not have.

The most likely possibility seems to be that the Uuniméki gabbro represents the primitive
arc. The age of the gabbro compared to its surroundings, as well as the clear geochemical
are certainly in support of it. The low Mg# and relatively small concentrations of Ni and
Cr are, however, perplexing. It is possible that intensive fractional crystallisation that led

to the removal of olivine from the gabbro has caused the low Mg#, Ni and Cr.

4.3 Comparison of the Uunimiéki gabbro to mafic volcanics in
SW Finland

Since the Uunimédki gabbro differs significantly from the surrounding intrusives,
comparison to volcanic rocks in SW Finland is in order. The E-MORB affinity in the
Uunimaéki gabbro is interestingly only shown in one volcanic suite in the Hime Belt. The
Renkajirvi volcanic suite, composed mainly of mafic volcanics, is located in the NE part
of the Hame Belt (Sipild & Kujala, 2014). Intermediate volcanics are sometimes present
when moving up the stratigraphy, and felsic volcanics are present only as thin layers
among the mafic volcanics. They overlay turbiditic sedimentary sequences that contain
layers of volcanic ash, indicating simultaneous extrusive activity and sedimentation. The
eruptions of the Renkajérvi suite volcanics are interpreted to have started under water,
but gradually developing into subaerial eruptions. Additionally, mafic metavolcanics in
the Turku area belonging into the Turku and Pargas groups (Véiisdnen & Westerlund,
2007) bear geochemical resemblance to the Uuniméki gabbro. The metavolcanics of the
Pargas group are a ~500 m thick volcanic layer overlain by marbles and paragneisses with

no remaining primary structures, while the Turku group mafic metavolcanics mostly
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occur as intercalations of varying sizes within the paragneisses that dominate the bedrock

of the Turku area.

The Uuniméki gabbro has some geochemical similarities with the mafic volcanic suites.
Not only do they have nearly identical major element concentrations (Fig. 46A), but their
trace element geochemistry is similar as well. There is no negative Nb-Ta-anomaly in the
Renkajarvi suite volcanics, and only a very minor negative anomaly in the Turku and
Pargas group volcanics (Fig. 46C). All of the groups have a moderate LILE-enrichment,
a slight negative Zr-Hf anomaly, as well as a very gentle Zr-Y trend in the N-MORB
normalized multielement-diagram (Fig. 46C). REE-slopes of all groups are gentle as well,
however the REE-slope of the Uuniméki gabbro is a bit steeper than the REE-slope of the
Renkajérvi volcanics, while the Turku and Pargas group volcanics have either a flat or
only very slightly negative slope (Fig. 46D). In the Nb/Yb vs. Th/Yb -diagram, the
samples have significant overlap, and plot close to E-MORB-type rocks (Fig. 46E). There
is a slight difference in the rocks in the Zr-Hf-Nb geotectonic diagram (Fig. 46F), as the
gabbro has a clear E-MORB/WPT-affinity, while the Renkajérvi volcanics are
somewhere between that and a calc-alkaline basalt (CAB)-affinity. Most of the Turku and
Pargas group volcanic have a CAB-affinity, though a some of them plot into the N-MORB
field.

The geochemical features described above are uncharacteristic traits for subduction zone
rocks; Sipild & Kujala (2014) noted that the Renkajérvi suite volcanics were most likely
formed during rifting, as opposed to other suites of volcanics in the Hime Belt that have
more arc-type geochemical affinity. Vidisdnen & Westerlund (2007) interpreted the
metavolcanics of the Turku and Pargas groups to have formed in an extensional setting,
most likely in a back-arc or intra-arc basin. These comparisons support the idea that the

Uuniméki gabbro could have formed in an extensional setting.

It should also be noted, however, that though they are both part of the Hime Belt, the
Uunimaéki gabbro and the Renkajérvi volcanics are not in spatial vicinity with each other
and have different structural features, so they are not directly related. But their
geochemical similarity imply that they were both formed before the arc-type volcanism
began in the Hime Belt. The Turku and Pargas group volcanics have no spatial connection
with the Uunimiki gabbro whatsoever, especially as the Pargas volcanics are associated

with marbles and thus connected to the Uusimaa Belt.
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4.4 Structural evolution

The studies of the thin sections from the Kankaanranta shear zone indicate that the relative
movement in the shear zone is south-block up which makes the zone a reverse fault.
Oblique lineations and outcrops where strike-slip partitioning can be observed indicate
that the shear zone has a significant dextral strike-slip component as well. The tectonic
regime in the Kankaanranta shear zone has therefore been transpressional, compatible

with previously demonstrated NW-SE transpression (e.g. Ehlers et al., 1993).

As previously mentioned, the Uunimiki gabbro is located within the intersection of
several regional features with distinct structural orientations. The dominant NW-SE
structures are parallel to the Helmeld splay from the the Kankaanranta shear zone.
Considering the geometry of the structures between the Kankaanranta shear zone and the
Uuniméki area, it is possible that the NW-SE structures were initially formed as fractures
caused by the dextral shearing in the Kankaanranta shear zone. The fractures would then
have acted as weakness zones where gold-precipitating fluids could move and re-
activated as shear zones. Direct age relations that support this can be seen in an outcrop
of the Uuniméki gabbro. The ENE-WSW sheared gabbro is located in an outcrop
otherwise having a NW-SE orientation (location in Fig. 40, field photo in Fig. 42A). This
implies that the NW-SE structures have overprinted older ENE-WSW —trending
structures. The sheared gabbro is spatially located within the area where the Kankaanranta
shear zone parallel foliations dominate the structural trends outside of the gabbro. Since
the gabbro exhibits clear tendency to partition the strain into zones of intense deformation
separating undeformed areas, it is possible that the strain placed on the gabbro by the
movement in the Kankaanranta shear zone partitioned into thin zone seen in Fig. 42A.
The Uuniméki gabbro lies within the influence zone of the Kankaanranta shear zone,
when looking at areas where contrasting shear activity (splays) have not deformed the

bedrock.

The cause for the relatively thin zone of N-S trending structures is unclear. The Uunimaéki
gabbro is likely too far away from the influence zone of the Alastaro shear zone to have
been deformed in the same event. It is interesting to note that no NW-SE, or any other
kinds of structures are present in the Uunimiki gabbro west of the thin zone of N-S
structures. It could be that NW-SE trending shears curve from the N-S structures as

horsetail splays, but since the N-S shearing is not a dominant feature in the bedrock either
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inside or immediately around the Uuniméki gabbro, this is also an unlikely explanation.
It is possible for the N-S structures to have formed as secondary structures between zones

of dextral NW-SE shearing.

4.5 The gold mineralisation in Uunimaki

The gold has precipitated into areas controlled by the NW-SE-trending shear activity
within the Uuniméiki gabbro. Considering the age of gold-precipitating fluid movement
in the western Hame Belt as constrained by Saalmann et al. (2009), and the spatial vicinity
of the Uunimaéki area to the Kankaanranta shear zone, the most likely scenario is that the
controlling structures of the Uuniméki gold mineralisation are linked to the ENE-WSW-
trending shearing in some way. The E-W trending structures that were formed during
transpression in 1.83-1.80 Ga have the highest potential to deliver the fluids from which
gold precipitated into the Uuniméki gabbro. The most likely timeframe for the
mineralisation of gold in the Uuniméki gabbro is the same as interpreted by Saalmann et

al. (2010) for the nearby Jokisivu deposit: between 1.82 — 1.79 Ga.

Drawing parallels between the gold mineralisations in Uunimaéki, Jokisivu and Palokallio
is difficult. The hosting rocks have different geochemical signatures and different ages.
It can therefore be said that the chemical attributes and the age of the gold-hosting rocks
does not directly determine where gold has been precipitated in the western Hame Belt.
It must be noted however, that the mineralisation type in Joksivu (as well as Palokallio)
is quite different to that in Uuniméki, as the gold in Jokisivu is enriched in the quartz
veins in the shear zones, and in Uunimaki, the gold is not in the shear zone itself, but in
small pyrrhotite and quartz veins in the wallrock next to the intensely sheared zones. The
difference in mineralisation could be due to different host rock types. Uunimiki is more
basic in composition, which likely affects the wallrock interaction during fluid
movement. What the deposits have in common is the association with shear activity,
though that does not explain why gold does not precipitate into structures inside

granodiorites or quartz diorites.

The depth of emplacement for the gold in Uunimaéki is most likely hypozonal, meaning a
depth of >12 km. Hypozonal orogenic gold deposits have several characteristic features,
including enrichment in As, amphibolite facies metamorphism, and deformation in

conditions near the brittle-ductile-boundary (Fig. 2). All three of the features are present
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in the Uuniméki gabbro, though the timing of the development of these features cannot
be perfectly lined up with the actual emplacement of the gold. The amphibolite facies
metamorphism is unquestionable, but it is possible that the metamorphic conditions had
changed after the peak metamorphism had taken place, but before gold emplacement. The
Uunimdki gabbro is deformed by both brittle and ductile features, and the gold
concentrations are highest in the ‘healthy’ wallrocks near the highly deformed zones in
the rock. But, it is possible that these features were formed earlier than the gold was
precipitated and simply acted as weakness zones through which the gold-forming fluids
could move. That leaves local As-enrichment in the gabbro as the last remaining
distinguishing feature. As-enrichment is also present in mesozonal (6-12 km) deposits,
but at that depth, Te and W are also present. In the Uunimiki gabbro, there is no Te or W
enrichment. So, even considering the possibility that metamorphism and deformation
took place earlier or later than the gold precipitation, the As-enrichment gives us a good

indicator that the formation depth was hypozonal.

4.6 Hydrothermal alteration

Hydrothermal activity concentrated within the Uuniméki area is noticeable in thin
sections and geochemistry. Sample TALE-2017-12.1 is a quartz diorite containing garnet
from the spatial vicinity of the Uuniméki gabbro. This was already observed in the field,
but can be seen in the geochemistry as well, where the quartz diorite has comparatively
elevated contents of Al2Os, Ta and HREEs, all elements that have high partition
coefficients into garnet, while being depleted in MgO, V, Ni and Cr. The thin sections of
the Uuniméki gabbro display chloritisation where biotite, and to a lesser extent,
amphibole, has altered into chlorite. As a result, the chlorite that has formed is often
present as a pseudomorph of biotite or amphibole. Plagioclase has also undergone
sericitisation in almost every sample collected. Sulfidisation and garnets are not present
in the gabbro samples collected from the surface but have been noted in drill cores
(Kérkkainen et al., 2015). It is clear that alteration related to ore formation has not been

significant in outcropped rocks but is only present in drill cores.
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5. Conclusions

e The 1891 + 5 Ma age of the Uunimiki gabbro makes it one of the oldest rocks in
the Hdme Belt.

e Trace element geochemistry of the Uuniméki gabbro reveals that it does not
represent typical arc-magmas. The geochemical signatures are closer to those of
rift-related volcanic rocks in SW Finland. The Uuniméki gabbro most likely
represents the primitive arc in the early stage of the 1.90-1.88 magmatic phase of
the Svecofennian orogeny.

e The ENE-WSW-trending Kankaanranta shear zone is an oblique transpressional
reverse fault showcasing south-block up and dextral kinematics.

e The structural orientations of the Uunimaiki area have formed in the following
order: ENE-WSW, NW-SE, N-S. The ENE-WSW are parallel to the
Kankaanranta shear zone and have probably formed in the same event. The NW-
SE structures are younger than the ENE-WSW structures, and could represent
reactivated weakness zones formed during the ENE-WSW shearing. The N-S
structures cannot be directly related to events in a wider tectonic context, but they
are likely secondary structures related to NW-SE shearing.

e The Jokisivu and Palokallio diorites have vastly different ages and geochemical
signatures than the Uunimdki gabbro. The geochemical attributes and age of
emplacement have therefore not played a decisive role in the mineralisation of Au
in the western Hame Belt.

e The depth of formation for the Uuniméki Au was hypozonal, and the age of the
gold mineralisation is likely related to transpressional events at 1.83-1.80 Ga.

e The hydrothermal alteration present in Au-mineralised parts of the Uuniméki

gabbro is not widely visible in outcropped rocks.
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Appendix 1. Geochemical analysis results.

Sample Si02  Al203 Fe203 MgO CaO Na20 K20 TiO2 P205 MnO Cr203 Ba Sc LOI Be Co Cs Ga Hf Nb Rb Sn Sr Ta Th U \ w Zr Y As Au (ppk
1JPI-2017-159.1 59.61 17.25 9.47 1.67 59 132 178 071 0.29 0.22 <0.002 390 8 1.6 <1 11.2 51 20.1 52 156 65.4<1 402.6 0.9 2.2 1.9 31 <0.5 195.8 231 123 9.7
1JPI-2017-159.2 50.77 17.39 1215 454 844 264 135 136 021 0.2 0.005 266 25 0.8 <1 29.6 25 185 3 89 425 2 3027 0.7 1.4 1.2 233 1.8 1141 213 658 4.2
JKKA-2017-26.1 51.95 18.19 10.69 4.02 8.5 2.76 1.25 132 0.23 0.16 0.004 209 25 0.8<1 26.7 1.7 19.1 2.8 84 386 1 258.6 0.6 2.2 15 235 2.2 88.3 20.3 24 582
JKKA-2017-26.2 54.8 16.86 10.79 3.53 6.87 3.19 1.65 1.2 0.22 0.17 0.004 317 24 0.5<1 23.6 2 20.7 5.6 20 4938 2 2618 1.2 4.6 2.4 187 1.4 217.8 30.2 25 9
JKKA-2017-26.3 56.45 17.16 9.74 3.1 6.4 3.44 1.5 097 022 0.15 0.003 339 17 0.7 6 228 1.8 191 6.7 204 452 1 2915 13 3.6 1.8 123 1.1 2583 309 419 4.2
JKKA-2017-27.1 52.7 17.89 11.43 4.04 835 3.23 0.49 1.1 0.18 0.19 0.004 112 26 0.2 2 26.3 0.5 18.6 2.7 15.6 9.6 <1 298.1 11 1.3 1.2 219 1 1188 17.2 6.9 13.7
JKKA-2017-27.2 56.25 18.61 9.62 2.69 7.05 3.32 0.71 0.94 0.3 0.23 0.002 177 14 0.1<1 16.2 1.2 18.9 4.8 26.7 19.8 <1 321.8 1.7 3.8 1.8 70 <0.5 207.6 17.4 2.4 33
TALE-2017-107.1  48.33 18.68 11.59 4.67 9.93 316 049 178 0.22 0.17 0.003 268 31 0.7 <1 27.4 0.7 212 2 9.7 9.6 <1 435.3 0.6 0.2 0.4 319 <0.5 733 217 818 5.4
TALE-2017-108.1 4833 17.23 1359 491 9.65 2.85 0.62 192 0.23 0.2 0.002 241 32 0.2<1 38.6 0.9 213 3.2 11.2 8.9 <1 358.3 0.7 0.5 0.4 360 <0.5 113.2 27.7 0.9 5.5
TALE-2017-117.1 48.75 17.89 12.73 4.7 9.39 3.08 0.56 1.68 0.25 0.22 <0.002 173 31 0.5<1 324 1.9 20.8 2.9 11.7 7 1 4239 0.5 0.3 0.3 294 0.7 1121 25.4 2.1 8.5
TALE-2017-12.1 56.99 19.67 849 214 464 386 245 072 0.27 0.16 <0.002 484 12 0.4 5 155 7.6 248 6.2 17.4 115.6 3 3159 2.1 1.6 2.2 77 0.9 2409 319 1.6 8.8
TALE-2017-129.1  48.03 16.86 13.97 524 941 264 078 1.88 0.29 0.22 0.004 212 34 0.4 <1 37.3 21 223 2 106 152<1 362.5 0.7 0.6 0.6 333 0.6 593 248 136 5.6
TALE-2017-14.1 58.84 15.35 8.62 4.4 5.17 3.03 248 098 0.22 0.14 0.018 424 20 0.5 2 24.5 9.3 19.3 4 429 1274 3 370.7 0.9 5 1.9 139 0.6 167.4 15.3 1.5 0.9
TALE-2017-16.1 48.04 1693 13.76 529 9.67 264 0.63 185 022 0.21 0.004 192 37 0.5 <1 35 4 223 3.2 9.7 15.7 5 3453 0.5 0.5 0.6 370 1 1224 262 2 <0.5
TALE-2017-17.1 50.02 17.63 1236 452 948 285 058 145 0.28 0.21 0.004 173 25 0.4 <1 30.6 69 213 2.9 9.4 161 1 4552 0.5 0.9 0.5 257 <0.5 1245 19.2 11 13
TALE-2017-18.1 63.68 16.12 7.77 3.66 1.49 2.05 1.85 0.78 0.08 0.06 0.022 405 18 22<1 15.9 2.6 20 4.6 6.3 64.1 <1 253.8 0.5 12.3 2.2 179 1.6 165.7 10.4 1.2 1.2
TALE-2017-182.1  62.56 15.3 7.1 3.44 46 281 214 0.73 018 0.09 0.019 574 14 0.8 <1 15.8 3.8 20 4.8 9.6 783 1 5359 0.7 3.4 1.7 114 <0.5 182.7 133 1.9 <0.5
TALE-2017-182.2  51.57 17.73 11.65 4.16 84 297 1.2 1.3 019 0.19 0.003 291 26 0.4 <1 26.6 24 214 36 108 36.8 2 3451 1.2 8.7 1.5 256 <0.5 115.7 239 1.9 <0.5
TALE-2017-72.1 59.16 16.28 8.28 3.43 5.09 3.06 2.42 112  0.23 0.12 0.012 532 18 0.6 3 17.8 4.3 19.5 4.7 13.6 85.3<1 326.5 0.8 4.5 2.1 134 0.8 188.4 18 1.7 0.9
TALE-2017-79.1 60.14 17.84 6.15 243 621 397 167 064 012 0.09 0.006 460 14 0.5 <1 16.8 1.6 192 48 109 48.7<1 421.3 0.5 6.1 1.5 105 <0.5 1929 16.2 2.61<0.5
Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu F Mo Cu Pb Zn Ag Cd Sb Cr B Na Hg S Se Te
1JPI-2017-159.1 23.6 544 6.7 272 569 162 471 073 4.08 0.82 23 032 217 034 485 1.1 645 4.1 109 0.2 34<01 <0.1 0.1 6 <20 0.66 <0.01 0.2 0.79 1.1<0.2
1JPI-2017-159.2 131 293 375 175 391 131 394 069 392 082 226 029 216 033 627 0.6 283 9.2 55 <0.1 15.5<0.1 <0.1 <0.1 14 <20 2070 <0.01 0.2 0.06<0.5 <0.2
JKKA-2017-26.1 13.8 295 3.62 16.3 3.77 1.08 3.8 0.62 3.6 078 2.09 031 1.9 0.29 273 0.9 64.6 3.1 37 0.1 11.2 <0.1 <0.1 0.1 10 <20 0.267 <0.01 0.1 0.1<0.5 <0.2
JKKA-2017-26.2 26.8 56.5 6.8 27.6 5.73 1.58 5.63 09 542 1.12 3.14 043 3.01 0.48 459 1.3 20.6 50.9 66 <0.1 13 0.1<0.1 <0.1 16 <20 0.148 <0.01 0.3<0.05 <0.5 <0.2
JKKA-2017-26.3 259 557 6.9 29 621 159 612 096 569 119 344 046 3.08 049 359 1.6 9.1 25 71<0.1 13.1<0.1 <0.1 <0.1 12 <20 0.17 <0.01 0.2<0.05 <05 <0.2
JKKA-2017-27.1 12.5 26.9 3.28 139 2.87 1.37 3.15 048 3 0.67 2.02 026 1.88 0.29 260 0.9 1146 51.1 34 <0.1 13 <0.1 0.1<0.1 12 <20 0.22<0.01 <0.1 0.21<0.5 <0.2
JKKA-2017-27.2 233 43.8 4.7 18.2 3.53 1.33 3.58 0.54 3.2 0.65 2.17  0.29 2 0.34 236 0.8 25.2 2.5 43 <0.1 5.5<0.1 <0.1 <0.1 8 <20 0.217 <0.01 <0.1 <0.05 <0.5 <0.2
TALE-2017-107.1 102 231 33 152 376 1.5 43  0.67 3.8 0.8 23 029 1.9 0.28 307 0.4 278.4 1.5 33 0.1 8.6 <0.1 0.1 0.1 10 <20 4370 <0.01 0.1<0.05 <0.5 <0.2
TALE-2017-108.1 139 342 468 215 5.24 1.66 586 091 542 111 3.02 042 2.64 0.4 432 0.5 125.1 6.8 41 <0.1 7.1<0.1 <0.1 <0.1 9 <20 4670 <0.01 <0.1 <0.05 <0.5 <0.2
TALE-2017-117.1 14.5 333 457 21.8 5.41 1.75 5,57 0.86 5.17 1.02 276 036 235 0.36 345 0.2 95.2 1 76 <0.1 5 0.2 <0.1 <0.1 5 <20 3740 <0.01 <0.1 <0.05 <0.5 <0.2
TALE-2017-12.1 152 297 373 153 374 1.3 453 078 498 113 4.09 0.6 4.66 0.8 442 0.6 196 10.4 104 <0.1 9.3<0.1 <0.1 0.1 11 <20 0.131 <0.01 0.7 <0.05 <0.5 <0.2
TALE-2017-129.1 128 279 408 188 495 182 536 083 475 098 269 034 223 034 257 03 718 6.5 43 <0.1 8<0.1 0.1<0.1 9 <20 3310<0.01 <0.1 <0.05 <0.5 <0.2
TALE-2017-14.1 24.3 50.2 5.88 236 413 1.17 3.84 0.51 2.84 0.54 1.64 0.23 1.52 0.22 820 1.2 20.1 31 99 <0.1 41.4 <0.1 <0.1 0.4 106 <20 0.157 <0.01 0.8<0.05 <0.5 <0.2
TALE-2017-16.1 131 314 435 211 508 156 567 087 515 102 2091 04 259 0.38 316 0.6 79.9 9.1 34 <0.1 9.2 <0.1 0.1<0.1 11 <20 3760 <0.01 <0.1 <0.05 <0.5 <0.2
TALE-2017-17.1 135 297 409 192 422 154 428 063 385 076 206 03 192 0.29 330 0.5 19.6 1.4 39 <0.1 89<0.1 <0.1 <0.1 13 <20 3780 <0.01 0.1<0.05 <0.5 <0.2
TALE-2017-18.1 18.7 385 435 15.5 2.92 0.95 24 036 2 0.39 1.11  0.16 1 0.16 539 0.8 134.1 9.9 47 <0.1 20.3 <0.1 <0.1 <0.1 58 38 0.058 <0.01 0.1<0.05 <0.5 <0.2
TALE-2017-182.1 9 21 278 122 31 106 297 043 253 049 1.4 017 127 017 554 1.7 333 4 81 <0.1 423<0.1 <01 <0.1 118 <20 0.347 <0.01 0.5<0.05 <0.5 <0.2
TALE-2017-182.2 174 391 458 193 454 139 479 077 474 098 261 037 246 0.38 293 0.4 326 2.8 60 <0.1 9.2<0.1 <0.1 0.1 14 <20 3570 <0.01 0.2<0.05 <0.5 <0.2
TALE-2017-72.1 17.1 37.8 473 19.8 4.11 1.31 3.92 0.56 3.47 0.7 195 0.28 1.86 0.27 466 1.4 285 33 85 <0.1 17.2 <0.1 <0.1 <0.1 73 <20 0.192 <0.01 0.5<0.05 <0.5 <0.2
TALE-2017-79.1 227 424 489 187 332 1.06 34 049 294 057 183 023 161 0.25 456 08 124 8.9 40 <0.1 11.7<0.1 <01 <0.1 25 <20 0.145 <0.1 0.2<0.05 <0.5 <0.2
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Appendix 2. U-Pb dating analysis results.
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