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SAMMANFATTNING

Denna rapport presenterar resultaten av en petrologisk, geokemisk och geofysisk undersokning
av cirka 1,8 miljarder ar gamla granitintrusioner som tillhér den regionala granit-pegmatitsviten
(GP-sviten) i Bergslagen. I vistra Bergslagen idr graniter i GP-sviten associerade med W-F £ Mo
* Cu- och intragranitisk Mo * F-mineralisering i skarn, medan det i hela distriktet finns en
genetisk koppling med pegmatiter som innehaller en del ovanliga metaller. Flera av dessa
grundimnen (t.ex. W, I, Ta, Li) anses vara kritiska” eller ”’strategiska” ravaror av Europeiska
unionen.

Intrusioner i GP-sviten sydost om vistra Bergslagens grinszon (WBBZ), en sammansatt
deformationszon i regional skala, omfattar huvudsakligen odeformerad, jimnkornig till
megakristforande biotit- + muskovit- = hornblindeférande syenogranit till alkalifiltspatgranit
som saknar mineralisering. Nordvist om WBBZ férekommer ocksa liknande odeformerade,
jamnkorniga till megakristférande biotitgraniter som lokalt innehaller sidobergsxenoliter eller
mafiska mikrogranulira enklaver (t.ex. Malingsbo- och Enkullengraniter). I nirheten av kinda
skarn-W-mineraliseringar férekommer rédrosa, massiv, jamnkornig alkalifiltspatgranit associerad
med aplit-pegmatitsegregationer och gangar. I sidana omraden uppvisar graniterna texturella
egenskaper som tyder pa héga grader av fraktionering, inklusive aplit-pegmatitvarianter utan
mafiska mineral, kvartsrika segregationer, och alkalimetasomatos.

Geokemiskt dr graniterna kisel- och alkalirika (KK + Na), peralumindsa och ferroiska intrusioner
med hoga halter av U, Th, Ta och Y, och laga halter av Ca, Mg, Ti, Nb, Zr och REE. Det finns
en tydlig regional geokemisk trend som visar 6kande fraktionering frin ofyndiga graniter i sydost
till skarnproximala ofyndiga och mineraliserade graniter 1 nordvist, vilket innebir att fraktionerad
kristallisation har en nyckelroll f6r grunddmnesanrikning 1 differentierade magmor associerade
med W £ Mo * F-mineralisering. Variationer i petrofysiska egenskaper (densitet, magnetisk
susceptibilitet) for granit Gverensstimmer med de observerade regionala geokemiska och
mineralogiska trenderna.

U-Pb-zirkon- och Re-Os-molybdenglansdatering av granit- och skarnprover avgrinsar tidsperioden
for granitintrusion och Mo- ( W-) mineralisering till ca 1,81-1,77 miljarder ar, och identifierar
alltsd en relativt kortlivad, senorogen magmatisk-metallogen epok. Huvud- och sparelement-
geokemi och Sm-Nd-isotopdata indikerar att graniterna huvudsakligen har éverlappande
fraktionerad I- och A2-typsaffinitet och bildades genom uppsmaltning av cirka 1,9 miljarder ar
gamla metamagmatiska * suprakrustala killbergarter som paverkats av tidigare subduktions-,
metamorfos- och vittringshindelser. En kombination av dekompressionssmiltning (vid netto-
extension av jordskorpan) och virmeadvektion fran likaldrig 6bagerelaterad magmatism kan ha
initierat uppsmaltning av undre till mellersta jordskorpan och migrering av felsiska smiltor vilket
ledde till bildning av granit i mellersta till 6vre jordskorpan.

Forutom ursprungsmagmans sammansittning, som huvudsakligen dterspeglar killbergartens
egenskaper, var lokala féreteelser vid enskilda mineraliseringar som t.ex. férekomsten av vird-
bergarter som marmorhorisonter, férekomsten av dldre strukturer i sidoberget och differentiella
héjnings- och erosionseffekter viktiga forutsittningar for bildning och bevarande av W-skarn-
mineraliseringar i vistra Bergslagen.
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ABSTRACT

This report presents the results of a petrological, geochemical, and geophysical investigation of c.
1.8 Ga granitic intrusions in Bergslagen assigned to the regional Granite-Pegmatite (GP) igneous
suite. In western Bergslagen, GP-suite granites are associated with skarn-hosted W-F = Mo * Cu
and intragranitic Mo * F mineralisation, while across the district, a genetic link with some rare
metal-bearing pegmatites is also envisaged. Several of these associated commodities (e.g., W, F,
Ta, Li) are considered “critical” or “strategic” raw materials by the European Union.

GP-suite intrusions southeast of the western Bergslagen boundary zone (WBBZ), a regional-scale
composite deformation zone, comprise mainly undeformed, equigranular to megacrystic biotite *
muscovite  hornblende-bearing syenogranite to alkali feldspar granite that lack mineralisation
(e.g., Fellingsbro granite). Northwest of the WBBZ, similar undeformed equigranular to
megacrystic biotite granites also occur that locally contain country rock xenoliths and/or mafic
microgranular enclaves (e.g., Malingsbo and Enkullen granites). Closer to known skarn W
prospects, reddish pink, massive, equigranular alkali feldspar granites associated with aplite-
pegmatite segregations and dykes occur. In these areas, the granites show textural features
consistent with high degrees of fractionation including aplite-pegmatite variants lacking mafic
minerals, quartz-rich segregations, and alkali metasomatism.

Geochemically, the granites are high-silica, peraluminous and ferroan intrusions enriched in SiO»,
total alkalis (KK + Na), U, Th, Ta and Y, and depleted in Ca, Mg, Ti, Nb, Zr and total REEs. A
regional geochemical trend of increasing bulk fractionation from barren granites in the SE to
skarn-proximal barren and mineralised granites in the NW is evident, suggesting fractional
crystallization represents a key control on element enrichment in late-stage differentiated magmas
associated with W = Mo * I mineralisation. Variations in granite petrophysical properties
(density, magnetic susceptibility) are consistent with the observed regional geochemical and
mineralogical trends.

Zircon U-Pb and molybdenite Re-Os dating of granite and skarn samples constrains the timing
of granite emplacement and Mo (+ W) mineralisation from c. 1.81-1.77 Ga, and thus identifies a
relatively short-lived, late-orogenic magmatic-metallogenic epoch. Major and trace element
geochemistry, and Sm-Nd isotopic data indicate the granites have mainly overlapping fractionated
I- and A2-type affinities and formed via infracrustal anatexis of Svecofennian (c. 1.9 Ga)
metaigneous * supracrustal source rocks affected by earlier subduction, metamorphic and
weathering events. A combination of decompression melting (via net crustal extension), mafic
magma underplating and/or heat advection from coeval arc-related magmatism at c. 1.8 Ga may
have initiated lower to mid-crustal anatexis and melt migration leading to granite formation in the
mid- to upper crust.

Aside from parental magma compositions that mainly reflect granite source rock characteristics,
local deposit-scale features including the availability of target/host marble horizons, the
prevalence of preexisting structural fabrics in country rocks, and differential uplift/erosion effects
were important controls on skarn W mineralisation development and preservation in western
Bergslagen.
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INTRODUCTION

The late Svecokarelian (c. 1.8 Ga) granite-pegmatite suite in Bergslagen (Stephens et al. 2009), in
this report called the GP-suite, is associated with three main types of mineralisation:

1. Pegmatite-hosted niobium-yttrium-fluorine and/or lithium-cesium-tantalum * tin +
beryllium mineralisation.

2. Granite-hosted molybdenum mineralisation.

3. Skarn-hosted tungsten-fluorine-molybdenum & copper mineralisation.

Of these commodities, Be, I, Li, Nb, Ta, W and Y are designated “critical raw materials” by the
EU based on economic and supply risk considerations, with W having the highest designation in
terms of economic importance (e.g., Blengini et al. 2020). Since January 2021, the importation
and use of Sn, Ta and W (along with Au) are also governed by an EU “Conflict Minerals”
regulation, meaning the sourcing of these metals from politically unstable regions should be
avoided by EU-based industries (e.g., Partzsch 2018). Although not deemed a critical material at
present, Mo is one of several strategic metals considered important for the European defense
industry (e.g., Pavel et al. 2020).

In the Bergslagen ore district, the ”Western Bergslagen W-Mo” metallogenic area includes more
than 100 known W £ Mo £ F £ Cu deposits or occurrences (Bergman 2012). Of these,
numerous skarn-hosted W prospects occur that show a spatial and/or genetic association with
GP-suite granitic intrusions. The southeastern boundary of the W-Mo metallogenic area
coincides in general with the ”Western Bergslagen Boundary Zone” (WBBZ, Beunk & Kuipers
2012), a composite regional-scale structure comprising discontinuous northwest-southeast shear
zones between Garpenberg and Alvlingen (Fig. 1). Thus, the WBBZ acts as a major structural-
deformational boundary separating mineralisation-related GP-suite intrusions to the NW from
equivalent, generally barren granites in the SE.

The aim of this project is to assess factors controlling the enrichment of W, Mo, IF and Cu in
western Bergslagen, with a particular focus on mineralisation types 2 and 3 mentioned above.
Geological field mapping, petrography, lithogeochemistry, geochronology (U-Pb, Re-Os) and
tracer isotope analysis (Sm-Nd) have been combined with geophysical investigations

(e.g., petrophysics, ground surveys, inversion modelling) to assess the character and
mineralisation potential of c. 1.8 Ga granitic intrusions to the SE and NW of the WBBZ. The
project was active during the period 2019-2021, and results from the first field season are

presented in Bergman et al. (2020). Coordinates for sample locations and outcrops are given in
the SWEREF99 TM grid system.

REGIONAL SETTING

The Bergslagen W-Mo metallogenic area is located in the western part of the Bergslagen
lithotectonic unit of the Paleoproterozoic Svecokarelian orogen (Fig. 1). To the immediate west,
mafic to felsic plutonic rocks of the Transscandinavian Igenous Belt (T1B) and the eastern limit
of the Sveconorwegian orogen occur. A more detailed account of these units is given by Stephens
et al. (2009), Stephens & Jansson (2020), Wahlgren & Stephens (2020), and references therein.

The oldest lithological unit in Bergslagen is a c. 1.9 Ga Svecofennian supracrustal sequence
mainly comprising intermediate to felsic metavolcanic rocks with lesser interbedded marble and
skarn layers. The supracrustal rocks host numerous metallic mineral deposits, with the most
economically important types being iron oxide and base metal sulfide deposits. The metavolcanic
rocks are both underlain and overlain by clastic metasedimentary units.
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o Tungsten mine

4 Tungsten trial pit or prospect

¢ Tungsten mineralisation
»=* Western Bergslagen boundary zone
- Deformation zone
I sedimentary rock (Cambrian-Ordovician)
77 Granite-syenitoid (1.81-1.78 Ga)
[ Gabbrodiorite (1.81-1.78 Ga)
[ Granite and pegmatite (1.85-1.75 Ga)
| Granite-syenitoid (1.87-1.84 Ga)
[ | Metagranitoid (1.91-1.87 Ga)
[ Metagabbro-metadiorite (1.91-1.87 Ga)
P marble (1.91-1.89 Ga)
|| Metarhyolite (1.91-1.89 Ga)
| Metasedimentary rock (1.96-1.87 Ga)

1.7-0.9 Ga magmatic and
sedimentary provinces
outside orogens

Svecokarelian orogen

Figure 1. Bedrock map of parts of western Bergslagen, modified from Bergman et al. (2012). The area with speckled pattern
in the southwestern part was affected by ductile deformation during the Sveconorwegian orogeny. The hatched area is the

metallogenic area “Western Bergslagen W-Mo” (Bergman 2012). The location in Sweden is shown in the small map with the
main lithotectonic units.
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Based on the scheme devised by Stephens et al. (2009), supracrustal rocks in Bergslagen are
intruded by six plutonic rock suites. These are (from oldest to youngest):

1. Abundant c. 1.91-1.88 Ga granitoid-dioritoid-gabbroid intrusions (older GDG suite).
Subordinate c. 1.87-1.85 Ga granitoid-dioritoid-gabbroid intrusions in SW Bergslagen
(younger GDG suite).

3. C. 1.87-1.84 Ga granite-syenitoid-dioritoid-gabbroid  monzonitoid intrusions in northern
and southern Bergslagen (older GSDG suite)

4. Minor c. 1.85-1.83 Ga granite-pegmatite intrusions in NE and central Bergslagen (older GP
suite).

5. A zone of c. 1.81-1.78 Ga granite-syenitoid-dioritoid-gabbroid + monzonitoid intrusions in
western Bergslagen that form part of the TIB (younger GSDG suite).

6. Abundant c. 1.81-1.75 Ga granite-pegmatite intrusions (younger GP suite).

The younger GP suite intrusions are associated with the granite- and skarn-hosted W-Mo-F-Cu
mineralisation in western Bergslagen and are the focus of this report.

Two main episodes of regional deformation and metamorphism affected Bergslagen supracrustal
and plutonic rocks at c. 1.87-1.86 Ga and c. 1.84-1.81 Ga (M1/D1 and M2/D2 event,
respectively) and separate the emplacement of the older and younger GSDG and GP intrusive
suites. A more localized deformation-metamorphic event also occurred at around 1.82—-1.80 Ga
(D3), although its timing and significance remains uncertain (cf. Stephens & Jansson 2020).
Svecokarelian-related regional deformation-metamorphism (M1 and M2, above) is characterized
by repeated ductile deformational episodes that formed structural fabrics, folding, and shearing in
pre- to syn-orogenic lithologies at variable temperatures and low to medium pressures.
Sveconorwegian-cycle orogenesis to the west of Bergslagen was active at c. 1.1-0.9 Ga. Remnants
of a Cambrian—Ordovician sedimentary cover partly bounded by faults is preserved near Orebro
in central Bergslagen.

PREVIOUS WORK

Two generations of GP-suite intrusions with crystallization ages of c¢. 1.85-1.83 Ga and 1.82-1.75
Ga have been recognized in Bergslagen (e.g., Stephens & Jansson 2020, and references therein).
In southern Finland, comparable late Svecofennian leucogranites were simultaneously emplaced
between c. 1.85 Ga and c. 1.79 Ga (Kurhila et al. 2011). Plan (2020) presented a zircon U-Pb LA-
ICP-MS age of c. 1.79 Ga for the Hogberget granite (Bergman et al. 1995) adjacent to the
Wigstréom skarn W deposit. This date is considered more accurate than a multigrain U-Pb zircon
TIMS age of c. 1.75 Ga previously acquired by Bergman et al. (1995). Overlapping c. 1.8 Ga ages
for both magmatic and hydrothermal zircons from the Wigstrom-Hogberget system suggests
coeval granite emplacement and skarn W-F-Mo mineralisation (Plan 2020). A Re-Os molybdenite
age of c. 1.8 Ga for the Wigstrém deposit was presented without details in a conference abstract
by Stein et al. (1996). The Hogberget granite adjacent to the Wigstrém W-F skarn deposit is a
high-silica, peraluminous intrusion and a fractionated character is indicated by its high Th and
Rb/Sr contents, and by flat REE patterns that show increases in light REEs and negative Eu
anomalies (Bergman et al. 1995).

The Mo-mineralised Pingstaberg granite (Billstrom et al. 1988) has a preliminary igneous age of
c. 1805 Ma (Lynch et al. 2019). The Fjillberget granite (Aberg & Bjurstedt 1988) has a .A-ICP-
MS U-Pb zircon age of c. 1.79 Ga and zircon engr=1.79 G values of +1.1 to +3.7 (Andersen et al.
2009). Patchett et al. (1987) presented Sm-Nd isotopic data for the Malingsbo and Fellingsbro
granites (the latter with a TIMS U-Pb zircon age of 1.78 Ga), giving exarr=1.79 6o values of +1.5
and +1.7, and -0.1, respectively. Valbracht et al. (1994) reported a wider range of initial &xq values
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between -0.3 and +7.7 for granites in the “Fellingsbro-Malingsbo suite”. In the Yxsjoberg-
Pingstaberg area, the Mo-mineralised Pingstaberg granite is more fractionated than comparable
barren GP-suite intrusions (Ripa & Antal Lundin 2020). During magma fractionation, both Y and
Yb behaved incompatibly, whereas Zr and Ba contents in parental magmas decreased.

Skarn and granite-related W and Mo mineralisation in western Bergslagen were considered by
most early researchers (Magnusson 1940, Hubner 1971, Ohlsson 1979) to be related to a younger
generation of granitic intrusions (variously referred to as “late Svecofennian”, “serorogenic”, or
“GP-suite” in the literature). Although this view was challenged by Hellingwerf & Baker (1985)
who suggested the mineralisation was genetically related to older c. 1.9 Ga intrusive rocks
(“urgranit”, “primorogenic”, or “GDG-suite”), subsequent work (e.g., Sundblad et al. 1993,
Romer & Ohlander 1994, Bergman et al. 1995, Lynch et al. 2019, Plan 2020, Ripa & Antal
Lundin 2020) has strengthened the original interpretation.

Tungsten occurrences in Bergslagen were described and interpreted regarding their mode of
formation by Ohlsson (1979). The W-mineralised skarn bodies at Elgfall and Laggarudden are
spatially related to granite or granitic pegmatite, and the mineralisation was interpreted to be of
contact metasomatic origin with some influence of thermal metamorphism (Ohlsson 1979).
Similarly, hydrothermal solutions exsolved from evolved felsic magma were suggested to have
formed the stratabound Yxsjéberg W-Cu-F skarn deposit. Romer & Ohlander (1994) obtained a
U-Pb titanite age of c. 1790 Ma from the Yxsjoberg deposit and concluded that post-kinematic
granites were the source of heat, metals and probably fluids responsible for the formation of the
skarn deposit. Sulfur isotopic data for molybdenite from the Pingstaberg, Horken and Wigstrom
deposits show 8'S values within the narrow range +1.8 %o to +3.1 %o, which is compatible with
a single igneous (granitic) source (Hellingwerf et al. 1987).

Geophysical modelling suggests that the contacts of the Pingstaberg and Yxsjoberg granites are
moderately outwards dipping (Ripa & Antal Lundin 2020). The Fellingsbro granite (Holmquist

1906) is shown by geophysical modelling to have a stock-shaped southern part reaching a depth
of 15-20 km, and considerably thinner, laccolithic central and northern parts (Zuber 1985).

Airborne geophysical data, including magnetic, electromagnetic, and radiometric measurements
that cover the project area have been made by SGU during several campaigns, with flight
directions from east-west or northwest-southeast (cf. Stephens et al. 2009). During the most
recent work (2007-2020), “Very low frequency” (VLF) electromagnetic data was acquired using
two radio transmitters, which allows calculation of the apparent resistivity of the bedrock.

SGU performs gravity measurements on the ground with a point separation of about 1 km on an
on-going basis. Geophysical ground surveys of selected exploration targets have been performed
by LKAB and SGAB using magnetometry and slingram methods in the study area. The surveyed
prospects include Finnstingselmossen near Pingstaberg (analogue slingram data by LKAB, year
unknown), Hérken (analogue magnetic data by LKAB, 1977), and Stilldalen near Wigstroms-
gruvan (analogue and digital data by LKAB and SGAB, 1985-1986). Krigstjirn, Kumlan,
Lortbromossen and Rundberget are other exploration areas near Wigstrom that were surveyed
during the years 1981-1988.

Petrophysical data acquired by SGU are available from Hérken (13 samples up to 1991), the
Pingstaberg area (21 samples from 1990-1992 and 2017) and the Wigstrom-H6gberget area
(10 samples up to 1990).
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METHODS

Field work and sampling

After initial assessment of available geological and geophysical data, three field areas were
selected to compare GP-suite granites in different settings. These were:

1. The Lindesberg—@rebro area SE of the WBBZ and distal to the known skarn W
mineralisation.

2. The Malingsbo—Kloten area NW of the WBBZ also distal to known skarn W prospects to the
west.

3. The Kopparberg—Stilldalen area NW of the WBBZ where known skarn W mineralisation
including the Yxsjoberg, Sandudden, Hérken, Wigstrém-Hogberget and Elgfall prospects
occur, and the Mo-mineralised Pingstaberg granite (cf. Fig. 1).

For comparative purposes, the Mo-mineralised Bispbergs klack granite near Siter about 55 km to
the northeast was also included as part of area 3 (Fig. 1). An overview map of areas 2 and 3
showing magnetic and gravity field strengths can be seen in Figure 2.
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Figure 2A. An overview of the study area showing the gravity field. The rectangles called Hérken and Pingstaberg represent
areas studied in more detail. Bouguer Gravity Anomaly with black dots showing locations for survey. The gravity image has
been modified, and filtered, to enhance the surficial part of the bedrock.
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Figure 2B. An overview of the study area showing the magnetic field. The rectangles called Horken and Pingstaberg
represent areas studied in more detail. Airborne survey of the magnetic field where reduction to the magnetic pole (RTP)
has been applied, as well as filtering to suppress minor features. The grey box relates to the overview inversion of magnetic
susceptibility (Fig. 9).

Field work was performed during the summer in 2019 and 2020. Outcrops were visited where
rock type, structural orientations and field relations were documented. Fresh and altered rock
samples of texturally and mineralogically variable granitic rocks (e.g., equigranular, megacrystic,
biotite, biotite + muscovite) were hammered from outcrops for lithogeochemical, petrophysical,
and geochronology analysis. Representative samples of meta-igneous and metasedimentary
country rocks were also sampled for further analysis. In addition, the assessment and sampling of
historical drill core from several Bergslagen W and Mo prospects were undertaken during
September 2020 at the Swedish National Drill Core Archive in Mala, Visterbotten County.
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Ground geophysical measurements

Across the study area, magnetic susceptibility measurements of the main lithologies were made
using hand-held susceptibility meters (SM20, GF Instruments). Additionally, K, U, and Th
contents were estimated for some exposed rock surfaces using a Radiation solutions 230
spectrometer. Detailed ground geophysical profiles over the Horken, Hogberget and Pingstaberg
granites were surveyed using a combined magnetometer and Very Low Frequency (VLF)
electromagnetic instrument (GSMV-19). Electromagnetic VLF measurements were made using
three different frequencies (signals from three different radio transmitters). The 16.4 kHz signal
from Novika, Norway, was selected as the most favourable direction for the calculation of
bedrock apparent resistivities. Gravity field profiles were also surveyed in the Hoérken,
Pingstaberg, and Wigstrom—Ho6gberget areas using a Scintrex CG-5 autograv instrument with a
point separation of 10-100 m.

Petrophysical analysis

In total, 32 rock samples were analyzed for density, magnetic susceptibility, and natural remanent
magnetisation at the petrophysical laboratory at SGU, Uppsala. During sampling and if
conditions allowed, petrophysical samples were oriented relative to time and sun angle. The
orientation and strength of the remanent magnetisation was measured for oriented samples, but
analysis of the direction of remanent magnetisation was not possible because of the small number
of samples.

Processing and 3D-modelling of geophysical data

Geophysical modelling was made using both inversion and forward modelling. The software
Oasis Montaj, VOXI was used for inversion of the magnetic and gravity data. The results are 3D
models of the variation of density and magnetic susceptibility, respectively, corresponding to the
measured field strengths.

The apparent resistivity was calculated along the measured VLF-profiles using the 2D-code
Rebocc implemented in the Oasis Montaj software. The 2D apparent resistivity sections have
been used together with the 3D models from inversion of gravity and magnetic data to support
the forward modelling of the bedrock units in the area.

The forward modelling was done using the software Model Vision. The model building started by
using relatively big and simple rock-bodies, with petrophysical properties observed in the field, to
suit the main features of the geophysical response. The workflow was repeated successively to
arrive at more detailed models that fit the observed geophysical data.

Whole-rock geochemical and Sm-Nd isotopic analysis

Thin sections were examined with a petrographic microscope at SGU, Uppsala. In total,

48 representative rock samples were sent to ALS in Ojebyn, Sweden, for crushing, milling and
lithogeochemical analysis. Rock powders were analyzed for major, minor and trace elements by
ALS in Galway, Ireland, using LECO, ICP-MS and ICP-AES. In addition, whole-rock Sm-Nd
isotopic analysis of a subset of 24 granitoid and metamorphic samples was undertaken by ALS in
Luled, Sweden, using MC-ICP-MS. Geochemical data analysis and plotting was performed using
10GAS-64 and GCDKkit 6.0 software.
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Zircon U-Pb dating

Zircons were obtained from density separates of crushed rock samples using a Wilfley water table
at SGU. Magnetic minerals were removed using a hand magnet. Handpicked zircons were
mounted in transparent epoxy resin together with grains of the reference zircon 91500. The
zircon mounts were polished, gold coated and examined by backscattered electron imaging at the
Department of Earth Sciences, Uppsala University, Sweden. Secondary ion mass spectrometer
(SIMS) analysis was carried out using the Cameca IMS 1280 ion microprobe instrument at the
NORDSIM laboratory, Swedish Museum of Natural History, Stockholm. Detailed descriptions
of the analytical procedures are given in Whitehouse et al. (1999) and Whitehouse & Kamber
(2005). A c. 6 nA O’ primary ion beam was used during analysis, yielding spot sizes of c. 15 pm.
U/Pb isotopic ratios, U, Th and Pb concentrations, and Th/U ratios were calibrated relative to
the zircon 91500 standard which has an age of c. 1065 Ma (e.g., Wiedenbeck et al. 2004).
Common Pb-corrected isotope values were calculated using modern common Pb composition
(Stacey & Kramers 1975) and measured ***Pb, in cases where the ***Pb count rate was above the
detection limit. U-Pb decay constants follow the recommendations of Steiger & Jager (1977).
Isochron diagrams and age calculations of U-Pb isotopic data were made using Isoplot 4.15
(Ludwig 2012). All age uncertainties are presented at the 2o or 95% confidence level.

Molybdenite Re-Os dating

Sample preparation for molybdenite Re-Os dating was undertaken at SGU in Uppsala and the
Department of Earth Sciences, Uppsala University, while isotopic analysis was conducted at the
Department of Earth Sciences, Durham University, UK. Re-Os dating utilized the single
occurrence ‘whole-rock’ sampling and mineral separation approach advocated by Stein (2000).
Sample crushing, molybdenite separation (Frantz magnetic and LST heavy liquid methods), the
isolation of pure aliquots of Re and Os, and the measurement of "®'Re and *’Os concentrations
by N-TIMS followed the analytical procedure outlined by Selby & Creaser (2001). Model ages
were calculated using the "®'Re decay constant of Smoliar et al. (1996) and the results ate reported
at the 95% (20) uncertainty level.

RESULTS

Granite types and petrology

In this study, the investigated GP suite intrusions have been subdivided into four groups based
on geographical location relative to the WBBZ, their petrological characteristics, and proximity to
known skarn W-Mo-F mineralisation. The sub-types are summarized in Table 1 and a description
of each is given in the following sections, with an emphasis on field petrology and textures.
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Table 1. Classification used in this study for GP-suite granitoid rocks in western Bergslagen.

Name Location, Rock types? Host rocks Key field and petrological Example intrusions  Correlation with
setting features (this study) previously named
massifs & plutons?
Southeast of 1. Bt granite c.1.91-1.88 Ga Megacrystic; MME-bearing; massive Fellingsbro Fellingsbro-type
the WBBZ, metagranodiorite, Equigranular to megacrystic variants;
Southeast granitoids 2. Bt-ms granite metagreywacke, massive; late aplitic-pegmatitic Malingsbo-type
(SEG) 3. Granitic pegmatite metarhyolite, segregations, dykes Orebro-type
metadioritoid,
metacarbonate rocks
Skarn-distal granitoids Northwest of 1. Bt granite c. 1.90-1.88 Ga felsic Equigranular to megacrytic variants; Malingsbo Malingsbo-type
(SGD) the WBBZ, 2. Granitic pegmatite metarhyolite, xenolith-bearing; MME-bearing; Enkullen (Malingsbo  Enkullen-type

Skarn-proximal barren
granitoids (SPB)

Skarn-proximal
mineralised granitoids
(SPM)

Northwest of
the WBBZ

Northwest of
the WBBZ

. Bt granite
. Granitic pegmatite

. Bt granite

. Bt microgranite

. Aplite

. Granitic pegmatite

metagranodiorite

c. 1.90-1.88 Ga felsic
metarhyolite,
metagranodiorite,
metacarbonate rocks
c. 1.90-1.88 Ga felsic
metarhyolite,
metagranodiorite,
metacarbonate rocks

massive, but tectonic foliation locally
occurs; late pegmatite, typically

unzoned

Equigranular to megacrystic variants;
late aplitic-pegmatitic segregations,
dykes, vein dykes (unzoned); massive

Equigranular to aplitic-pegmatitic
variants with systematic biotite-
depletion; local IMT; disseminated
fluorite, molybdenite, rare
chalcopyrite; late aplitic-pegmatitic
segregations, dykes, vein dykes

(unzoned); massive

north)

Horken

Pingstaberg
(mineralised facies)
Bispbergs klack

Hogberget-type
Pingstaberg-type
(barren facies)
Stockholm-type
Pingstaberg-type
(mineralised facies)
Bispbergs klack-type
Skalhojden-type

Notes: 'Listed in general decreasing abundance, 2Based on names listed in Ahl et al. (2001) and earlier publications.

Abbreviations: Bt = biotite, ms = muscovite, IMT = interconnected miarolitic texture; MME = mafic microgranular enclave, WBBZ = western Bergslagen boundary zone
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Type 1: Barren granites in the southeast sector

These granites occur southeast of the WBBZ and lack known mineralisation or an association
with adjacent mineralised skarns. The largest intrusion in the southeast is the Fellingsbro granite
(c. 350 km?) which exhibits a partly rounded shape at the present erosional surface (Fig. 1). Other
granites are irregularly shaped and oriented roughly east—west. North of Orebro, three irregular
intrusions occur adjacent to several smaller granitic bodies and intrude older (c. 1.9 Ga)
Svecofennian metavolcanic rocks.

In the Lindesberg area, greyish red, leucocratic and equigranular biotite £ muscovite granite
belonging to the Fornaboda massif dominates (Fig. 3A). The rock is generally massive and only
locally has an obvious tectonic lineation. A gradation from equigranular to megacrystic texture
has also been noted (Lundstrom 1983). Dykes of aplite and muscovite pegmatite, and amphibolite
xenoliths are also present. A similar grey granite occurs further south, in the Frovi—-Hovsta area
(Fig. 3B). Locally, this granite contains quartzofeldspathic gneiss and metagranitoid xenoliths
(Fig. 3C), and biotite-rich schlieren, which marks a difference to the Lindesberg granite.

Coarse-grained granitic biotite = muscovite pegmatite occurs in large areas west of Frovi.
Xenoliths and schlieren are similar to those in the Lindesberg granite. Contacts between
pegmatite and medium-grained equigranular granite are gradational or sharp, and they may be
wavy (Fig. 3D) or straight. Contacts with quartzofeldspathic gneiss is also gradational or sharp
(Fig. 3E). Swarms of pegmatite dykes that are discordant to gneissic foliation in the country rock
are commonly observed (Fig. 3F). Pegmatite and granite grade into migmatite and gneiss with all
intermediate variations. In metatexitic migmatite, aplitic to pegmatitic veins are concordant to
discordant to a gneissic foliation. Early veins are isoclinally folded and may be strongly stretched
and boudinaged, while later granitic veins tend to be planar and discordant (Fig. 3E & G).

A megacrystic granite in the southeast (Fellingsbro granite, Holmquist 1906) is a medium-grained
biotite = hornblende granite with c. 1-3 cm K-feldspar megacrysts and lacking muscovite. The
megacrysts may be rectangular or rounded and are in places oriented to define a magmatic
foliation. Gradation into equigranular types has not been encountered. Only mafic xenoliths have
been observed. Common components are 5-10 cm large mafic magmatic enclaves (Fig. 3H),
indicating the presence of coeval mafic and felsic magmas, and distinguishing the Fellingsbro
granite from the other types described above.

» Figure 3. Examples of granitic rocks in the southeast sector. A. Biotite-muscovite
granite, Fornaboda massif (dating sample locality STB191003). B. Biotite-muscovite
granite (STB191045). C. Biotite leucogranite crosscutting foliated metagranodiorite
(dating sample locality STB191023). Contact highlighted. D. Biotite pegmatite with wavy
contact to medium-grained equigranular biotite granite. (STB191019). E. Pegmatite with
diffuse contact to gneiss and a cross-cutting, straight vein (STB191017). F. Irregular
network of pale grey, pegmatitic granite dykes crosscutting dark grey, intermediate
metavolcanic rock (STB191029). G. Sawed sample of metatexite (U-Pb dating sample
STB181050Aa and STB181050Ab). Pale red granitic leucosome occurs as stretched veins
and boudins in banded grey gneiss. H. Biotite granite with outlined mafic enclave
(dating sample locality STB191044).
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Type 2: Barren, skarn-distal granites in the northwest sector

These granites occur northwest of the WBBZ, lack significant lithophile element mineralisation
and are geographically distal (> 5 km) to the known skarn tungsten deposits and prospects to the
west. The main example is the Malingsbo granite (Magnusson & Lundquist 1932), a relatively
large granite batholith (c. 500 km?) occutring southeast of Gringesberg and east of Kopparberg
(Fig. 1). At the current erosion level, the Malingsbo granite has an irregular oblate shape and
intrudes c. 1.89 Ga intermediate to felsic metavolcanic rocks in the north, south and west, and

c. 1.89-1.88 Ga metagranitoids in the southeast and east. Along its margin in the NE and SW, the
granite extends laterally and is discordant to ductile structures and lithological contacts in host
rocks (Fig. 1). On the periphery of the intrusion, numerous smaller (c. 0.5-10 km?), irregular to
subrounded granite plutons and stocks also occur (Fig. 1).

The Malingsbo granite is a texturally composite batholith comprising grey to red, medium- to
coarse-grained (c. 3—10 mm), equigranular to seriate biotite granite and subordinate K-feldspar
megactystic biotite granite. Contacts between these internal units are mainly gradational/transitional
where encountered. At the type locality near Malingsbo village (Fig. 1), the main rock type is a
pale- to reddish-pink, massive, medium- to coarse-grained (c. 1-7 mm) equigranular biotite
granite (Fig. 4A-B). Here, the granite contains coarse (c. 515 mm) muscovite pegmatite
occurring as irregular, cm- to m-sized segregations, zones, dykes, and veins (e.g., Fig. 4A).
Granite-pegmatite contacts are narrow gradational or sharp/igneous (e.g., dykes and vein dykes),
while the pegmatite is typically unzoned and internally massive.

Locally, the Malingsbo granite contains xenoliths comprising irregular to oblate, melanocratic to
mesocratic, fine-grained (< 1 mm) biotite- or amphibole-rich rocks with internal tectonic
foliations (Fig. 4C—D). Xenolith contacts are generally sharp to narrow diffuse, with the latter
style suggesting a degree of resorption or assimilation (Fig. 4D). Overall, the xenolith petrology
suggests they represent fragments of Svecofennian rocks assimilated during magma ascent and
emplacement. On a larger scale, numerous country rock inlier domains or blocks of varying sizes
are included by the Malingsbo granite, particularly in the east. Structurally, the Malingsbo granite
is undeformed or may show a weakly developed alignment of biotite crystals that may represent a
syn-emplacement fabric. Along its SE margin, however, it contains an augen fabric defined by
preferentially aligned and partly lenticular feldspar phenocrysts, mantled by a fine-grained and
foliated biotite-rich matrix (Fig. 4E). This structural characteristic suggests late ductile
deformation affected the batholith locally.

» Figure 4. Examples of skarn-distal granitic rocks in the northwest sector. A. Equigranular
biotite granite with pegmatitic parts (U-Pb dating sample locality ELH190002). B. Detail of
equigranular biotite granite shown in A (ELH190002). C. Irregular xenolith (arrow) in biotite
granite (ELH190001). D. Oblate xenolith (outlined) in biotite granite (ELH190016). E. Foliated
biotite granite with augen texture (dating sample locality ELH190029). F. Biotite granite with
feldspar megacrysts, Enkullen area (ELH190050). G. Mafic enclave in feldspar-phyric biotite
granite, Enkullen area (ELH190050). H. Mafic enclave or xenolith with internal felsic banding
in biotite granite, Enkullen area (ELH200004).
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In the northern part of the Malingsbo batholith (Enkullen, Fig. 1), a grey to pale pink, massive,
medium- to coarse-grained (c. 3—15 mm) K-feldspar megacrystic biotite granite occurs (Fig. 4F),
the Enkullen granite (Magnusson & Lundquist 1932). Feldspar phenocrysts tend to be randomly
oriented and, locally, the rock is crosscut by narrow aplite-pegmatite vein dykes. Characteristically,
the granite contains oblate to lenticular, biotite-rich mafic microgranular enclaves (MMESs) or
clots ranging from c. 2-8 cm in length (Fig. 4G). Near Enkullberget, flattened enclaves have a
preferred ENE-WSW alignment on horizontal outcrop surfaces which parallels the trend of the
country rock contact to the north. Whether this structural relationship exists along other parts of
the intrusion contact is not known, however. Less flattened, polygonal xenoliths also occur in the
Enkullen granite and display an internal planar fabric (Fig. 4H). Overall, the petrology of the
Enkullen granite is similar to the megacrystic parts of the Malingsbo granite occurring to the
south and SE, although the latter granite type tends to lack MMEs.

Type 3: Skarn-proximal granites in the northwest sector

These granites occur northwest of the WBBZ and are closer (< 5 km) to known skarn tungsten
and intragranitic Mo mineralisation (Fig. 1). For this sub-type, the studied granites are either non-
mineralised individual intrusions (e.g., Horken granite) or the barren parts of an intrusion that
elsewhere contains localised lithophile element mineralisation and related hydrothermal alteration
(e.g., eastern part of the Pingstaberg granite).

Figure 5. Examples of skarn-proximal granitic rocks in the northwest sector. A. Equigranular biotite granite (ELH200020).

B. Narrow, gradational contact between biotite granite and pegmatite (ELH190039). C. Megacrystic biotite granite, Elgfall
(ELH200108). Drill core is 4 cm in diameter. D. Biotite granite, Grantorpsgruvan (ELH200105). E. Equigranular biotite granite
with pale biotite-depleted zone containing fluorite (fluor), Wigstrom—Hogberget (ELH180050). D. Pegmatite dyke with
molybdenite (mol) crosscutting equigranular biotite granite, Wigstrom—Hogberget (ELH180051).
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In general, the skarn-proximal intrusions comprise grey to red, medium- to coarse-grained (c. 1—
10 mm), equigranular to megacrystic biotite granite (Fig. 5A—C). Examples include the Horken
granite adjacent to the several Mo = W prospects, and the SW margin of the Malingsbo granite
close to the Kolheden and Elgfall skarn W prospects (Fig. 1). Although the granites are
undeformed/massive, several show a preferential alignment of biotite crystals that is typically
steeply dipping (c. 80—90°) on vertical outcrop surfaces. Mineralogically, the granites are
dominated by intergranular quartz and alkali feldspar (e.g., orthoclase), minor plagioclase feldspar,
and biotite. Accessory zircon, magnetite and rare fluorite also occurs. Biotite modal abundances
typically range from c. 5-15 vol. % (Fig. 5A-D). Late-stage pegmatite veins, dykes and
leucocratic segregations with lesser biotite occur in the granites and show narrow gradational
contacts (e.g., Fig. 5B & E). The pegmatites are internally homogenous, unzoned and massive,
but may show a preferred crystal growth direction near their margins (Fig. 5B). Locally, these
late-stage features may contain rare, disseminated fluorite and molybdenite (Fig. 5E-F).

Type 4: Mineralised and/or altered skarn-proximal granites in the northwest

These granites also occur northwest of the WBBZ and represent volumetrically minor intrusions
or parts of intrusions associated with variable granite-hosted Mo and/or adjacent skarn-hosted
W £ Mo * F mineralisation and related hydrothermal alteration. Examples include the Bispbergs
klack granite near Siter and minor granitic intrusions in the Wigstrém and Yxsjoby areas (Fig. 1).
The latter example is located c. 1.5 km north of the Yxsjéberg W-Cu-F deposit and presently
represents the closest known granite to the Yxsjoberg mineral system.

Opverall, mineralised skarn-proximal granites comprise a range of texturally diverse granitic rocks
that includes medium- to coarse-grained (c. 2—-8 mm) equigranular biotite granite, coarser

(> 10 mm) pegmatitic biotite granite, leucocratic ‘saccharoidal’ microgranite, and biotite-poor
aplite and pegmatite (Fig. 6). At Bispbergs klack (Fig. 1), a c. 2 X 3 km, NE-aligned biotite granite
intrudes c. 1.9 Ga meta-igneous rocks and locally contains intragranitic-style Mo * F mineralisation.
The area is historically significant, being the discovery location for tungsten (W) and molyb-
denum (Mo) and their respective ore minerals scheelite and molybdenite (e.g., Lassner &
Schubert 2005). In the eastern part of the intrusion, medium-grained, feldspar-phyric biotite
granite and coarser pegmatitic segregations contain disseminated, medium- to coarse-grained

(c. 3-10 mm) molybdenite that is locally associated with chalcopyrite, pyrite and fluorite

(Fig. 6A). Scheelite, bismuthinite, bornite and galena have also been reported from this area
(Sundblad & Bergman 1997).

In the SW part of the Pingstaberg granite (Fig. 1), disseminated molybdenite and minor fluorite
occur within a medium- to coarse-grained (c. 2—8 mm), grey to reddish pink, massive,
equigranular biotite granite and in aplite-pegmatite (Fig. 6B; cf. Billstrém et al. 1988). Comparable
biotite granite and microgranite with accessory molybdenite occur at Yxsjobyn and at the
Wigstrom tungsten deposit (Fig. 6C-D). Granitic dykes at Wigstrém are inferred to represent
apophyses of the adjacent c. 1.79 Ga Hogberget granite to the east (cf. Plan 2020). Additionally,
at Wigstrém, an irregular greenish-grey, feldspar-rich rock containing disseminated molybdenite
and lacking mafic minerals crosscuts hanging wall metavolcanic rocks close to the mineralised
skarn zone (Fig. 6E). This rock is similar to pegmatitic vein dykes crosscutting pyroxene skarn at
the Yxsjoberg deposit c. 12 km to the NW (Fig. 6F). The occurrence of disseminated scheelite in
the Yxsjoberg vein dykes (Fig. 6F), molybdenite and fluorite in nearby comparable granitic rocks
(e.g., Yxsjobyn, Wigstrém), and scheelite, molybdenite and fluorite in calc-silicate skarn zones
close to the granites provides evidence for a magmatic-hydrothermal origin for the skarn W-F-
Mo systems.
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Figure 6. Examples of mineralised and altered skarn-proximal granitic rocks in the northwest sector. Where shown, drill
core diameter is c. 4 cm. A. Biotite granite with disseminated molybdenite (mol) and chalcopyrite (cp), Bispbergs klack
(ELH190052). B. Biotite granite with disseminated molybdenite (mol), SW Pingstaberg granite (ELH190073). C. Biotite
granite with disseminated molybdenite (mol), Yxsjoby (dating sample locality ELH200106). D. Aplite dyke with molybdenite
(mol) crosscutting intermediate metavolcanic rock, Wigstrom (ELH180054). E. Pale greenish-grey and irregular feldspar-
quartz zone and veins with molybdenite cross-cutting medium grey metavolcanic rock, Wigstrom (ELH180015). F. Sericite-
altered quartz-feldspar vein dyke crosscutting pyroxene-rich skarn rock associated with scheelite (sch), chalcopyrite (cp),
muscovite (ms) and pyroxene (pyx), Yxsjoberg (ELH200097). Note scheelite crystal in the pegmatite vein dyke. The photo
was taken under partial illumination with short-wavelength UV light. G. Coarse (pegmatitic) biotite granite showing
moderate sericite alteration of feldspar, Sandudden (ELH200109). H. Biotite-depleted aplite dyke, Pingstaberg, with
interconnected miarolitic texture and moderate potassic alteration (ELH200103). I. Quartz-rich pegmatitic segregation or
vein in potassic-altered biotite granite, SW Pingstaberg granite (ELH200104).
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Hydrothermal alteration associated with the skarn-proximal and mineralised granites in the NW
mainly comprises moderate to intense sericite and K-feldspar * hematite alteration overprinting
teldspar, and chlorite replacing primary biotite (e.g., Fig. 6G—I). A relatively consistent depletion
in biotite abundances when comparing granite with late-stage residual phases (aplite, pegmatite)

affected by hydrothermal alteration is also evident.

Older (c. 1.9 Ga) Svecofennian rocks

Several Svecofennian (c. 1.9 Ga) country rock samples have been included in this study for the
purpose of acquiring comparative geochemical, U-Pb dating and Sm-Nd isotopic results (see
sections “Geochemical characteristics”, “Zircon U-Pb Geochronology” and “Molybdenite Re-Os
Geochronology”, respectively). These include metagabbro, metavolcanic, migmatitic gneiss and
metagranitoid samples from the SE sector, and samples of metavolcanic rock and amphibolite
hosted by the Malingsbo granite in the NW sector (Appendix Table Al).

Geophysical results

Petrophysics

The petrophysical data used in this study, as presented below, are samples taken during this
project combined with samples from earlier work (SGU petrophysical database). Figure 7 shows
the distribution of density and magnetic susceptibility for various rock types from the
mineralisation-proximal areas of Horken, Pingstaberg and Wigstrom, as well as for the larger
granite intrusive bodies Malingsbo, and in the Lindesberg—Fr&vi area.
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Figure 7. Distribution of density and magnetic susceptibility in various rock samples from the Hoérken, Pingstaberg and
Wigstrom areas located NW of the WBBZ. Five samples fall out of the range of visibility in this diagram because of having
either density above 3600 kg/m3 or magnetic susceptibility above 1. Diagram ranges have been selected to prioritize
visibility of the sample population. Data from the Malingsbo granite and for granitic intrusions in the Lindesberg—Frovi area
to the south-east are also included.
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The average petrophysical properties of granitic rock samples (Table 2) from the mineralisation
proximal Hoérken, Pingstaberg and Hogberget granites and the larger Malingsbo granite intrusion
can be seen in Table 2.

Figure 8 shows a plot of the density and magnetic susceptibility of individual granite samples.

The Hogberget granite has slightly lower density (mean value 2601 kg/m®) compared to the
Malingsbo granite (mean value 2634 kg/m’). A statistical comparison (T-test using 95% level of
confidence) between the Hogberget and Malingsbo granite also indicate that their average densities
differ significantly. The Hérken and Pingstaberg granite also show low densities (mean value 2606
and 2619 kg/m’, respectively) but the samples are too few to make any statistical analysis.

The magnetic susceptibility for all sampled granites is generally low but show large variations
(Table 2, Figure 8). A comparison of the magnetic susceptibility of the Malingsbo granite to the
three smaller, occurrence related, granites shows that the mean values of magnetic susceptibility
does not differ significantly in the granites.

Natural Remanent Magnetisation (NRM) has been measured in the petrophysics laboratory for all
the collected rock samples. The NRM has been used to compare the granites from the three
mineralised areas, and the Malingsbo granite. Based on the NRM of samples of the three
mineralisation-proximal granites they cannot be said to differ significantly from each other.
However, the mean of NRM in samples collected from the Malingsbo granite differ at a 95 %
confidence level from the NRM means of samples from the mineralisation-proximal granites.
The statistical result for this significant difference is based on 51 measured samples (Table 3). As
seen in Table 3, the sample variance of the three mineralisation-proximal granites differs, and the
statistical calculation has been done assuming unequal variance. Regardless, the results show
NRM to differ between the two groups of samples and the result likely reflects petrographic and
compositional variations between the Malingsbo granite, and the three mineralisation-proximal
granites.

Table 2. Statistical values for the Horken, Pingstaberg and Hogberget granites, and for comparison also from the Malingsbo
intrusion. One of the 5 samples measured from Horken has negative magnetic susceptibility and thus it cannot be plotted
on the logarithmic scale of Figure 8.

Granite Number of Mean of magnetic Mean of density Mean of natural remanent
samples susceptibility (SI) (kg/m3) magnetisation (mA/m)

Horken 5 0.00014 + 0.00073 2606 + 29 16.03 +21.2

Pingstaberg 4 0.000098 + 0.00004 2619 + 22 9.76 £3.9

Hogberget 15 0.00023 £ 0.00136 2601 +17 24.06 £53.4

Malingsbo 18 0.00035 +0.00076 2634+ 14 5.22+8.9
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Figure 8. Magnetic
susceptibility and
density data for the
skarn-proximal Horken,
Pingstaberg and Hog-
berget granites, the
skarn-distal and barren
Malingsbo granite in
the NW sector, and for
barren granitic
intrusions in the

Lindesberg-Frévi area in
the SE. One sample
from the Horken
granite showed
diamagnetic properties
and negative magnetic

susceptibility and could
not be added due to
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Table 3. Statistical properties of the NRM (mA/m) measurements on samples collected from the Malingsbo, and the
Horken, Pingstaberg, and Hogberget granites.

Malingsbo granite

Horken, Pingstaberg,
Hogberget granites

Mean (mA/m)

Standard Error (mA/m)
Median (mA/m)

Mode (mA/m)

Standard Deviation (mA/m)
Sample Variance (mA/m)
Kurtosis

Skewness

Range

Minimum (mA/m)
Maximum (mA/m)

Sum

Count

Confidence level (95%)

7.52
2.17
4.53
#N/A
9.20
84.70
9.83
3.04
38.37
1.64
40.01
135.38
18
4.58

29.21
9.43
17.37
5.18
45.23
2045.45
18.09
4.09
221.49
4.70
226.19
671.93
23
19.56
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Overview inversion model

An overview model of magnetic susceptibility of an area including the Horken, Pingstaberg and
Hoégberget granites was determined using 3D inversion of airborne magnetic field data (Fig. 2B).
The model (Fig. 9) shows a northeast to north-northeast trend for the rocks with higher magnetic
susceptibility than 0.002 SI. The petrophysical overview (Fig. 7) shows that granite rock generally
has lower magnetic susceptibility than that which means that the magnetic structural trend of
Figure 9 can be expected to come from amphibolite and calcsilicate rocks. Granite situated close
to the deposits Pingstaberg, and Wigstrém does not seem to be a part of the strongly magnetic
trend, and instead occur related to low magnetic field strength.

B

Phe TS

) 01 ng OHII\ Wig Susceptibility

235 - ‘ . - - Anoma:)ym l
0.004

: 0.003

] 0.001
-0.0001
i -0.0006
,! -0.0010

-0.002
-0.0025

-0.004

-2790 -0.005
6656685 6646960 20011

492530 500920

Figure 9. A. Inversion model (voxel size 10m) showing the highest magnetic susceptibilities of the surrounding area to the
three mineralisation-proximal granites. The location of the mineral deposits Horken (Hrk), Pingstaberg (Png), and Wigstrom
(Wig), are displayed as green cones. The colour scale (yellow to pink) relates to magnetic susceptibilities from 2000 to
450000 (pSI). The grey envelope is the section of B. B. Apparent susceptibility section cut from the inversion model in A. The
green arrows show the projection of each occurrence on this profile.
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Geophysical modelling of the Horken area

The area of the Horken deposit (Fig. 10) has been investigated with geophysical survey of the
magnetic field and gravity field. The bedrock map (from the SGU map database Bedrock
1:50 000—1:250 000) shows an elongate granite body with a north-northeast strike, and the
Horken deposit is situated at its western flank.

A magnetic susceptibility inversion model was calculated from airborne magnetic field data.
However, the model does not provide any significant information and is not shown here.
Likewise, the result of a Very low Frequency (VLF) electromagnetic survey is not shown since it
does not seem to hold information helpful to decide the geometry of the granite body.

A forward model (Fig. 11) along the line shown in Figure 10 was made using magnetic and
gravity data. The susceptibility means can clearly differ between the rock types, but large variance
of magnetic susceptibility have been observed within each group. Hence, the gravity data was
supporting the interpretation of rock type and geometry.
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Figure 10. Bedrock map (from the SGU map database Bedrock 1:50 000-1:250 000) of the Horken area. The black line
shows the geophysical ground survey of the gravity-, and magnetic field as well as a survey of electromagnetic response,
using VLF-sensor. Outcrop of the granite have been sampled and the results act as a base for the forward model (Fig. 11).
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Figure 11. Forward model of the magnetic- and gravity profile of the Horken deposit area. The modelling and interpretation
of geologic bodies is based on gravity and magnetic data. The areas not coloured are represented by density 2600 kg/m?3
and magnetic susceptibility of 200 pSI.

The forward model (Fig. 11) suggests granite (pink) to be placed on top of a rock with higher
density (yellow), c. 2700 kg/m’, and a magnetic susceptibility of 6000 uSI inferred to be a
volcanic rock, which complements some field observation. Furthermore, the gravity survey
suggests greater masses to be present toward the west, which in the forward model has been
satisfied by adding greater depth to the volcanic rock.

The northwestern contact of the granite is interpreted to have a steep, but southeastwardly dip
(c. 80—85 degrees, which is an apparent dip considering the direction of the modelled profile).
Such a dip has been concluded for the granite body’s contacts with surrounding rocks, as well as
for the internal changes that give contrast in density and magnetism.

The forward model suggests the granite to be about 1000 m wide along the section, having a
depth of 250 m thinning towards the east, and having internal magnetic contrasts with steep dips
towards east-southeast. The geophysical results do not suggest the granite to continue quite as far
eastward as shown on the geological map (Stromberg 1983).
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Geophysical modelling of the Pingstaberg area

The area chosen for examination during this investigation is located within the area from which
geophysical results and models were presented by Ripa & Antal Lundin (2020). Figure 12 shows
the surrounding area to the Pingstaberg deposit where the deposit is located on the western flank
of an east-northeast elongated granite body.

A magnetic susceptibility inversion model was calculated from airborne magnetic field data. The
inversion model was analysed by using iso-surfaces (Fig. 13) designed to match the magnetisation
of sampled rock types. A north-northeast band of high magnetisation can be seen on the western
side of a body of low magnetisation, corresponding to the Kalkdsen skarn iron body. The inversion
model shows a body of low magnetisation and westerly dip that underlies what Figure 12
presents as a granite. Four samples of the granite show homogenous, low magnetic susceptibility.

The granite body is suggested to have an eastward dip of approximately 45 degrees. It seems
present down to about 1000 m from the surface level. Likewise, the gravity data has been used to
calculate a 3D inversion model (Fig. 14) and a prominent feature is a low-density volume in the
center, which is interpreted to be a granite body. It has inward-dipping contacts and appears to
have the shape of a bowl. The body is about 1000 m wide and seems present down to a depth of
800 m.
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Figure 12. Bedrock map of the Pingstaberg area (from the SGU map database Bedrock 1:50 000—1:250 000). Symbols show
petrophysical samples as well as gravity survey stations. The black line shows the WNW-ESE direction of the forward model

(presented in Figure 15).
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Figure 13. Iso-surfaces from inversion (voxel size 25 m) of magnetic susceptibility based on airborne magnetic field data
from the surrounding area to the Pingstaberg deposit. The extent of the inversion can be seen in Figure 2B and the bedrock
map from Figure 12 is shown as a semi-transparent surface at 290 m level. The models grey, and light blue surfaces
represent the lowest-, and the low anomaly of magnetic susceptibilities, respectively, while the orange, and red surfaces
represent the high and the highest anomaly of magnetic susceptibilities, respectively. The deposit is marked with a magenta

cone and the black line shows a part of the path of the geophysical forward model (Fig. 15).
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Figure 14. Iso-surfaces from inversion (voxel size 25 m) of bouguer anomaly based on the gravity field surveyed in the
surroundings of the Pingstaberg deposit, see Figure 2. The inversion model shows a body of low mass (<2620 kg/m3) in the
central part. The orange surfaces are modelled as rock volume of densities of at least 2720 kg/m3, and the red surface
shows rock volumes of more than 2920 kg/m3 which is commonly seen in amphibolite and skarn. The deposit is marked
with a magenta cone and the black line shows the geophysical ground gravity survey. The arrows and the blue line show the
interpretation of width of the body interpreted to be granite. The bedrock map from Figure 12 is shown as a semi-

transparent surface at 280 m of elevation.
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The gravity data from ground survey has been used, along with magnetic field data from the
airborne survey, to create a forward model (Fig. 15). The ground gravity survey is presented as a
black line in the inversion figures and in the overview (Fig. 12). The magnetic data was the year
2016 airborne survey with identification ‘FECA’ that used flight direction 130 degrees, elevation
60 m, and line separation 200 m.

In the eastern part (east dipping bodies) there is a unit with high density and high magnetic
susceptibility that has been interpreted by Ripa & Antal Lundin (2020) as a metamorphosed
mafic rock located at a shallow depth.

The forward model has not been completely perpendicular to the strike, hence naturally giving a
longer measure for the granite width (1300 m). The model proposes the depth of the granite
body to be more than 400 m, and with a westerly dip along the profile direction.
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Figure 15. Forward model of geophysical data in the Pingstaberg deposit area. Focus of the profile was to investigate the
mapped granite body which is represented as a pink body. The location of this section can be seen as a black line in the
overview map (Fig. 12). The profile is also visible in the inversion figures (Fig. 13 & 14). The areas not coloured are of density
2600 kg/m3 and magnetic susceptibility of 1000 uSI. The pink lines in the ‘field strength’” windows of the model act as
subtracted reference fields, that is used to account for regional variation.
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A summary of the analysis and modelling is that the Pingstaberg granite seem to be nearly

1000 m wide, and over 800 m deep. The dips of the granite contacts could not be established but
in the forward model a westerly dip has been chosen since it matches the interpretation of the
skarn iron body (at c. 2300 m), of great influence on the magnetic field.

Geophysical modelling of the Wigstrom-Hdogberget area

The geological map of the Wigstrom deposit area (Fig. 16) shows the position of the Wigstrém
deposit, surrounded by volcanic rock, and with a granite rock on its eastern side. A geophysical
survey was planned to cross the granite body, the mineralisation, and the volcanic rock, ending in
the sedimentary rock. However, the wetland condition of the area restricted the survey in both
the western and eastern parts. The results of the magnetic field ground survey showed contrasts
in magnetisation of about 100 nT in the western part, while the magnetisation in the granite and
metavolcanic rock in the east is less than 50 nT. The weak contrasts in magnetisation made
modelling of the data insignificant.

The result of the electromagnetic Very Low Frequency (VLF) ground survey has been used to
calculate an inversion model of resistivity (Fig. 17), which shows a resistivity contrast and a
significant conductive zone around the Wigstrom deposit. The resistive body between 750 and
1100 m represents the Hogberget granite. The rock type in the eastern part of the model (1100—
1500 m) is interpreted to be a volcanic rock, which is principally in accord with the geological
map (Fig. 16) even though the position of the contact differs somewhat. A significantly more
conductive unit is found between 0 and about 300 m in Figure 17. It is interpreted to represent a
lithological change within the metavolcanic unit. Steep linear features of increased resistivity at c.
900 and 1200 m may be due to thinner intrusive bodies.
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Figure 16. Bedrock map (from the SGU map database Bedrock 1:50 000—1:250 000) of the Wigstrom—Hdgberget area. The
gravity measurements, the petrophysical samples, as well as the location of the resistivity inversion (Fig.17) is shown in the
map.
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Figure 17. 2D inversion model of the apparent resistivity along a section across the Wigstrom deposit and its surroundings.
The profile is displayed from northwest (0 m) toward southeast (1500 m). The Wigstrom deposit (arrow) is clearly marked
as an anomaly of low resistivity.

Geochemical characteristics

Major and trace elements

The results of whole-rock geochemical analysis are summarized in Figures 18 to 22. In terms of
major element oxides, the analysed samples have high silica (810, = 64.0-77.6 wt. %), high total
alkali Na,O + K,O = 6.00-14.46 wt. %) and low CaO (0.29—4.44 wt.%), MgO (0.02-1.69 wt. %),
Fe;OsT (0.34-7.16 wt. %) and TiO2 (0.01-0.99 wt.%) contents. In general, GP suite granitic
samples are more geochemically evolved compared to the older (c. 1.9 Ga) metagranitoid samples.
Several skarn-proximal and mineralised aplite-microgranite samples of the former group, however
have relatively low SiO» (c. 65—68 wt. %) and elevated total alkali contents (c. 11.8-14.5 wt. %),
reflecting lower modal abundances of quartz and higher alkali feldspar, respectively. In part, the
petrological and geochemical character of some of these late-stage, alkali feldspar-rich bodies
(e.g., SW Pingstaberg granite; Fig. 6H) are reminiscent of quartz-depleted episyenite (microclinite)
rocks locally associated with late- to post-orogenic granitoids (e.g., Suikkanen & Rimo 2019).

b

On a total alkali-silica plot, the analysed samples mostly fall within the ‘granite’ field and have
mainly subalkaline affinities (Fig. 18A). On a QAP plot, they classify as ‘syenogranite’ to ‘alkali
feldspar granite’ sensu stricto based on calculated normative mineralogy values (Fig. 18B). The latter
‘alkali feldspar granite’ classification is consistent with relatively high modal abundances of K-
feldspar and albite (c. 45-70 vol. % combined), particularly for granitic rocks in the NW sector
which generally contain low modal abundances of plagioclase (c. 1-5 vol. %). On a modified
Shand plot (Fig. 18C; Frost et al. 2001), the granitoids are mainly peraluminous and show a
diagonal compositional trend consistent with feldspar and/or mica fractionation (cf. Abdel-
Rahman 2001), and fertile granites associated with LCT pegmatites (cf. Cerny 1991). On the
ferroan-magnesian classification plot of Frost et al. (2001), the granitoids have mainly ferroan
compositions indicative of granitoids formed in anorogenic, infracrustal settings (Fig. 18D), and
have mainly calc-alkalic to alkali-calcic series affinities.
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Figure 18. Classification of GP suite and older granitic intrusions. A. Total alkali vs silica plot of Middlemost (1994). Dashed
line denoting alkaline/subalkaline series is from Wilson (1989). QM = quartz monzonite. B. QAP (quartz-alkali feldspar-
plagioclase) ternary plot for granitoid classification (after Le Bas & Streckeisen 1991). Data points based on calculated
granite mesonorm values (Mielke & Winkler 1979). Abbreviations: AFG = Alkali feldspar granite, SG = syenogranite, MG =
monzogranite, GD = granodiorite, T = tonalite. C. Modified Shand plot for relative aluminium saturation (Frost et al. 2001).
The vertical dashed line at ASI = 1.1 and dividing I-type and S-type granites is from Chappell & White (2001). Dashed red line
corresponds to fertile granite/LCT pegmatite field from Cerny (1991). D. Ferroan-magnesian classification plot of Frost et al.
(2001). E. Relative oxidation (Fe,0s/FeO) versus fractionation (Rb/Sr) plot of Blevin and Chappell (1995). Horizontal dashed
line dividing magnetite-ilmenite series granitoids is from Baker et al. (2005). Skarn-proximal granitic samples depleted in
biotite and other mafic minerals are highlighted.
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On a relative oxidation versus fractionation plot (Fig. 18E), the analysed samples straddle the
ilmenite-magnetite series boundary (Fe,O3/FeO = 0.5; cf. Baker et al. 2005) and show a weak
covariation trend controlled by relative fractionation, with the more evolved skarn-proximal
intrusions in the NW (Rb/St = 5-24) mainly falling in the magnetite seties field. A wide scatter
of Fe;O3/FeO values for the skarn-proximal and mineralised rocks likely reflects variable biotite
and/or sericite abundances, and the effects of ‘red rock’-style hematite exsolution/oxidation
associated with K-feldspar metasomatism (e.g., Pirajno 2013, p. 211). For the GP-related samples
in general, the redox signatures reflect the predominance of magnetite as the main accessory Fe-
Ti oxide mineral and are consistent with parental magmas derived from mixed igneous and
sedimentary source rocks (cf. Sato 2012; see Discussion). Their main compositional traits are also
consistent with their main petrological characteristics and the evolved and generally restricted
geochemistry of other GP-suite granitic intrusions in Bergslagen (e.g., Stephens et al. 2009).

Bivariate plots for several element pairs further highlight comparative compositional variations and
trends for the different granites (Fig. 19). For example, decreasing TiO, values are linearly
cotrelative with decreasing FeOt and MgO concentrations (R* = 0.90 and 0.92, respectively), and
highlight decreasing compositional trends from barren skarn-distal granites in the SE and NW to
skarn-proximal barren and mineralised granitic rocks in the NW (Fig. 19A-B). These trends
generally reflect variations in mafic minerals abundances (e.g., biotite) for the different granite
subgroups, with skarn-proximal mineralised granitic rocks in the NW (e.g., leucocratic aplite,
pegmatite variants) generally having lower amounts of mafic minerals. This compositional variation
is also evident on a Ta/Nb vs Ti plot which shows increasing Ta/Nb ratios relative to decreasing
Ti contents (Fig. 19C) — a trend consistent with biotite fractionation (e.g., Halley 2020).

Compositional variations partly controlled by mafic mineral fractionation is further illustrated on
a V/Sc vs Sc plot, with the analysed samples clustering within a compositional range expected for
low Fe-, V- and Sc-bearing rocks lacking normative amphibole, pyroxene and/or ilmenite and
associated with magnetite fractionation (Fig. 19D). Although an overall positive linear correlation
is evident on a Hf vs Zr plot (Fig. 19E), skarn-proximal granitic rocks in the NW delineate a
steeper Hf/Zr trend compared to skarn-distal granites in the NW and SE, reflecting an increased
degree of zircon fractionation (cf. Halley 2020). On a P.Os vs Rb/St plot (Fig. 19F), skarn-
proximal barren and mineralised granitic rocks in the NW mainly have lower P,Os contents
compared to less fractionated (Rb/St = 0.5-7) skarn-distal granites in the SE and NW. These
characteristics suggest compositional variations controlled by the fractionation of apatite and
other P-bearing accessory minerals (e.g., xenotime). They also suggest a general petrogenetic
affinity between the GP suite granitic intrusions and highly fractionated ‘peraluminous low
phosphorous granites” associated with Nb-Ta-Sn mineralisation (cf. Cerny et al. 2005).

On a spider plot comprising lithophile and high field strength trace elements, normalized to an
average upper continental crust (UCC) composition, the analysed samples show variable relative
enrichment/depletion patterns that reflect varying degrees of fractionation and/or the effects of
deuteric alteration (Fig. 20). Older metagranitoid samples from the NW and SE show relatively
weak enrichments in U, La, Nd, Y, Tm and Yb, and weak to moderate depletions in Nb, St, P, Zr
and Ti (Fig. 20A). GP-related biotite granites in the SE have similar patterns, while two-mica
granites in the SE show more pronounced enrichments in Rb, Th and U, and larger depletions in
most other elements compared to the SE biotite granites (Fig. 20B). Skarn-proximal barren and
mineralised granitic rocks in the NW show the largest enrichments and depletions, with the latter
intrusions having moderate to strong enrichments in Rb, Th, U, Y, Tm and Yb (median range of
c. 2.5-7 > UCC = 1), and relatively large depletions in Ba, La, Ce, Sr, P and Ti (median range of
c. 0.03-0.6 < UCC = 1; Fig. 20C). In general, skarn-distal barren granitic rocks in the NW

(e.g., Malingsbo granite) have less pronounced element enrichments and depletions compared to
those for the skarn-proximal barren and mineralised intrusions, and have broadly comparable
patterns to the skarn-distal granites in the SE (Fig. 20B-C).

SGU-RAPPORT 2023:13 35



TiO2 (Wt.%)

Ta/Nb

Hf (ppm)

. B
- ) =
Si02>67%
o |
o
R?=0.90
o ~_~
5 <
-
=3
N
3 : o)
=
0e° *e
o~ &°
2 8
o o
S
& é’m% o
= T T T T T T
1 2 3 4 5 6 7
FeOt (wt.%)
2 D
SiO2>67%
v
o
<
o =]
°
2 O
(3]
po >
o
o~ e
S o © £
o o L
[+) o
o
g ° goo ovo 2
& 2.8 oo o
v % o
o o
o T T T
2000 4000 6000 8000
Ti (ppm)
14 F
Si02 > 67% o
12
o
o
’ o
4 %
8 é o I
$5° =
o OO j o
6
- g%,v" Q
o o
i (=]
o
o %“"cg
2
a0
0 . . :
100 200 300 400 500 600
Zr (ppm)

0.6 0.8 1.0

0.2 04

15 20 0.0

10

0.010 0.100 1.000 10.000

0.001

Si02>67% °
R2=0.92
] g )
L

-4 Q v

&
. N : :
0.0 05 10 15 20

MgO (wt.%)
SiOz2>67%
»
; nite .

1S ¥ magnetite

ogti’s  °

895

B
T T T T T T
0 10 15 20 25 30 35
Sc (ppm)
SiO2 > 67%
o g g o
o . o Z Oo
- oo o dmo
oo o ¢
R2=0.22
T T T T T
0.1 05 10 50 100 50.0 100.0
Rb/Sr

Figure 19. Geochemical compositional trends for the c. 1.81-1.78 Ga granitic intrusions (excludes older country rocks).
Symbols are the same as those shown in Fig. 18. A. TiO, vs FeOt. B. TiO, vs MgO. C. Ta/Nb vs Ti. Arrow indicates biotite
fractionation trend from an andesitic precursor magma (after Halley 2020). D. V/Sc vs Sc. Arrows indicate named mineral
fraction trends from a basaltic-andesitic precursor magma (after Halley 2020). E. Hf vs Zr, with dashed ratio lines for granitic
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NW (red). F. P,Os vs Rb/Sr. Dashed line and R2 value is derived from a linear regression.
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Figure 20. Spidergrams showing granitoid lithophile element compositional patterns normalized to an average upper
continental crust (UCC) reference composition from Taylor & MclLennan (1981). Dashed lines show median values for
granitoid samples broadly classified by geographical location, proximity to skarn mineralisation and age (see Table 1).
Background symbols for rock types (faded) are the same as those shown in Fig. 18. A. Older (c. 1.89 Ga) metagranitoid
intrusions in the NW and SE. B. Younger (c. 1.81-1.78 Ga) granitic intrusions in the SE. C. Younger (c. 1.81-1.78 Ga) granitic
intrusions in the NW.

Rare earth elements

Figure 21 shows chondrite-normalized rare earth element (REE) plots for the grouped granitic
rock, with dashed lines representing median patterns. Older (c. 1.89 Ga) metagranitoid rocks in
the NW and SE sectors have similarly fractionated, light (L)REE-enriched, negatively sloping
patterns ((La/Yb)x = 5.84-25.00) with variable weak to moderate negative Eu anomalies
(Eu/Eu* = 0.24-0.68; Fig. 21A). Barren c. 1.80 Ga granites in the SE sector have fractionated,
LREE-enriched, negatively sloping patterns ((La/Yb)n = 5.62-18.73) with weak to moderate
negative Eu anomalies (Eu/Eu* = 0.16-0.55; Fig. 21B). Skarn-distal barren granites in the NW
also have LREE-enriched patterns ((La/Yb)x = 5.91-18.01) with weak to moderate negative Eu
anomalies (Eu/Eu* = 0.19-0.29; Fig. 21C). In contrast, skarn-proximal batren and mineralised
granitic rocks in the NW have more horizontal (i.e., less fractionated) LREE-depleted patterns
(La/Yb)x = 0.08-4.50) and mote pronounced negative Eu anomalies (Eu/Eu* = 0.04-0.56;
Fig. 21C). A systematic steepening or enrichment of heavy (H)REEs (Gd-Lu) relative to LREEs
(La—Sm) is also evident for the skarn-distal to -proximal barren and skarn-proximal mineralised
granitic rocks in the NW sector (Fig. 21C). The latter group also shows a weakly developed REE
‘tetrad effect’, especially for the Gd—Ho (tetrad 3) and Er—Lu (tetrad 4) pattern segments (e.g.,
Irber 1999).
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Figure 21. Spidergrams showing granitoid rare earth element (REE) compositional patterns normalized to the average
chondrite composition of Boynton (1984). Dashed lines show median values for granitoid samples broadly classified by
geographical location, proximity to skarn mineralisation, and age (see Table 1). Background symbols for rock types (faded
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(B) Younger (c. 1.81-1.78 Ga) granitic intrusions in the SE. (C) Younger (c. 1.81-1.78 Ga) granitic intrusions in the NW.

Bivariate plots for several REE parameters further highlight variations in the REE systematics of
the c. 1.80 Ga granitic rocks (Fig. 22). Overall, total REE contents range from 38—550 ppm, with
skarn-proximal barren and mineralised granites in the NW having lower total REE abundances
compared to skarn-distal barren granites in both the NW and SE (combined means of 147 and
307 ppm, respectively; Fig. 22A-B). Total REE contents also show moderate, negative linear
correlations with Zr/Hf and FeO (R* = 0.60 and 0.66, respectively), reflecting overall
compositional variations controlled by increasing feldspar fractionation and decreasing mafic and
accessory mineral abundances (e.g., biotite; Fig. 22A-B). Values for the Lax/Ybx parameter that
reflects light (L-) vs heavy (H)REE fractionation range from 0.08—18.7, with skarn-proximal
barren and mineralised granitic rocks in the NW having lower values compared to the skarn-
distal barren granites in both the NW and SE (combined mean Lax/Yby values of 1.63 and
11.30, respectively). Lan/Ybx values also show a relatively strong, negative linear correlation with
Gdx/Ybx ratios (HREE fractionation; R* = 0.93) reflecting an increase in HREE abundances
relative to LREEs when going from the skarn-distal to skarn-proximal samples (Fig. 22C).
Finally, all of the granitic rocks show moderate to strong negative Eu anomalies (Eu/Eu* =
0.04-0.68; cf. Fig. 21), with skarn-proximal granites in the NW having the most negative Eu/Eu*
values reflecting an overall trend of increasing plagioclase fractionation (Fig. 22D).
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Figure 22. Rare earth and trace element bivariate plots for c. 1.9 Ga and 1.8 Ga granitic intrusion. Abbreviations shown in
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Ore element associations and metallogeny

Geochemical compositional features that constrain magma redox state, degree of fractionation,
and/or mineralisation-related element associations provide insights into the broader metallogenic
potential of the analysed granitic rocks (Fig. 23). On the Fe;Os/ (Fe,O3+FeO) versus SiO; plot of
Meinert (1995), barren granites in the SE and NW sectors show a general trend towards more
oxidized and fractionated compositions (Fig. 23A), with skarn-proximal barren granites in the
NW (e.g., Horken granite) having redox-fractionation characteristics consistent with an average
value for productive granites linked to skarn Mo mineralisation (Fig. 23A). In contrast, skarn-
distal and barren granites in the NW and SE sectors, while comparatively evolved (SiO, = 71—

75 wt. %), have a relatively reduced signature (Fe2Os/ (Fe;Os+FeO) < 0.4) more consistent with
granites associated with skarn W and Sn mineralisation (Fig. 23A).
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On the Nb/Ta versus Zr/Hf plot of Ballouard et al. (2016), the samples define a general
decreasing compositional trend from the batren to mineralised granite fields (Nb/Ta < 5;

Fig. 23B). This pattern reflects increasing degrees of fractionation, concomitant with preferential
Nb and Zr depletions (cf. Fig. 19C & E). In general, the skarn-proximal barren and mineralised
granitic rocks in the NW have lower Nb/Ta and Zr/Hf ratios that overlap with those expected
for peraluminous granites associated with rare metal and lithophile element mineralisation (cf.
Ballouard et al. 20106). In contrast, skarn-distal granites in the NW (e.g., Malingsbo granite) and
batren granites in the SE sector have elevated Nb/Ta and Zr/Hf signatures that reflect their less
evolved petrographic and geochemical characteristics (Fig. 23B).

In western Bergslagen, skarn W + Mo mineralisation is typically associated with increased fluorite
and I abundances (e.g., Ohlsson 1979). Likewise, c. 1.8 Ga granites proximal to Bergslagen skarn
W *+ Mo deposits typically have F contents > 1000 ppm (e.g., Sundblad et al. 1993, Bergman et
al. 1995). Moreover, F is considered an important volatile element and complexing ligand (along
with Cl, B, CO», and S) in residual magmas and hydrothermal fluids associated with granite-
related lithophile element mineralisation (e.g., Webster et al. 1997, Cerny et al. 2005, Kesler 2005,
Wang et al. 2021).

Taken together, the analysed samples show moderate positive linear correlations between F and
the skarn-related elements S, Mo and Cu (R* = 0.51, 0.38 and 0.30, respectively), with skarn-
proximal mineralised samples having the highest I contents (mean = 1882 ppm, n = 17,

Fig. 23C-E). A comparable cotrelation for F and W is less evident (R* = 0.23; not shown in

Fig. 23), although four skarn-proximal and mineralised granitic samples with elevated I contents
(c. 4300 to 8000 ppm) also have relatively high W values (c. 34 to 39 ppm). In general, barren
granites in the NW have low to moderate I contents (mean = 443 ppm; n = 20), and variable S,
Mo and Cu concentrations that partly overlap with the mineralised granitic samples (Fig. 23C-E).
Barren granites from the SE sector have comparable F contents (mean = 835 ppm; n = 10)
consistent with average values for granitic rocks and the upper continental crust (c. 810 and

570 ppm, respectively; Rudnick & Gao 2014, Hayes et al. 2017). They also exhibit lower S, Mo
and Cu contents compared to the granitic rocks in the NW (Fig. 23C-E).

A positive linear cortelation between F and K;O (R* = 0.71) is also evident from the analysed
samples (Fig. 23F), although this trend is strongly influenced by skarn-proximal mineralised
granites in the NW which are enriched in both F and K,O (Fig. 23F). The K,O compositions of
five of these samples (7.61-11.85 wt. % Ky0O) are greater than average K>O values typical for
orogenic granites (c. 3.0-4.5 wt. %; Artemieva et al. 2017) and reflect rock modal compositions
dominated by primary K-feldspar £ biotite, and/or the effects of overprinting sericite + K-
feldspar alteration. Overall, the barren granites in the NW and SE sectors have KyO contents

(c. 4-6 wt. %) more typical for late-orogenic and high-K shoshonitic granites (cf. Eby 1992,
Chappell et al. 2012), and lack correlations with their F contents (Fig. 23F).

Although the lower oxidation state of skarn-distal granites in the SE and NW suggests a
proclivity for Sn mineralisation (e.g. Figs. 18E & 23A), their relatively low Sn contents (< 5 ppm)
and the lack of correlations between Sn and other ore elements for both the skarn-proximal and
skarn-distal granites (not shown here) suggest Sn behaved more compatibly with increasing
magma fractionation or was susceptible to redistribution by late- to post-magmatic hydrothermal
fluids (e.g. Lehmann 2021). Alternatively, differential uplift and erosion effects may have affected
the preservation of Sn-bearing granite apical zones or vein systems, especially for the more
geochemically reduced skarn-distal intrusions in the SE sector and adjacent to the WBBZ.
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Zircon U-Pb Geochronology

The results of zircon U-Pb SIMS geochronology are summarized in Figures 24 to 26 and Table 4.
The following sections briefly describe the dating results for each of the analysed samples.

Barren granites and older metamorphic rocks in the SE sector

STB181050Ab — Mesosome part of gneissic metatexite

This sample represents the mesosome part of a gneissic metatexite that is characteristic of higher-
grade metasupracrustal rocks hosting GP-suite granites in the SE sector (cf. Fig. 3G). Zircon
crystals from this sample are c. 50-250 um long, subhedral to euhedral, short to elongate
prismatic, and are pale yellow to brown in appearance. In BSE images, they commonly show
medium grey central domains and narrow dark grey margins. Of 10 analysed spots, six produced
a discordant array on a U-Pb (Wetherill) plot that yields an imprecise upper intercept (UI) date of
1896 + 42 Ma (Fig. 24A). From this array, two concordant analyses have apparent *’Pb/**Pb
dates of c. 1894 and c. 1862 Ma. The c. 1896 Ma UI date is interpreted as the approximate
crystallisation or depositional age of the protolith.

STB181050Aa — Leucosome part of gneissic metatexite

This sample represents the felsic, leucosome part of the gneissic metatexite described above

(cf. Fig. 3G). The zircons are c. 70—250 um long, subhedral to euhedral, short to elongate
prismatic, and are pale yellow to brown with several having cloudy central domains surrounded
by clearer rims. In BSE images, the zircons show medium grey central domains and narrow dark
grey margins. Several crystals show internal fractures, pits and/or mineral inclusions. Of a total of
eight analysed spots, six produced a discordant array that gives a relatively precise upper intercept
(UI) date of 1853 * 8 Ma (Fig. 24B). The UI date overlaps with a weighted average apparent
*Pb/**Pb date of c. 1848 Ma for two concordant analyses from the same array (inset, Fig. 24B),
and the c. 1862 Ma concordant *"Pb/?*Pb date obtained for the mesosome part of the sample
(Fig. 24A). The c. 1853 Ma UI date is interpreted to constrain the timing of leucosome
segregation and protolith migmatization.

STB191023A — Metagranodiorite in the SE sector

This sample is a foliated metagranodiorite that is crosscut and included by massive biotite
leucogranite (sample STB191044A; cf. Fig. 3C). The contained zircons are c. 40-270 um long,
subhedral to euhedral, short to elongate prismatic, are cloudy brown-orange, or are relatively clear
(coloutless). In transmitted light, several grains contain opaque mineral inclusions. In BSE
images, the zircons display alternating medium grey-dark grey patterns indicative of oscillatory
zoning, or more rarely have a uniform, medium grey appearance. Of 10 analysed spots, nine
produced a discordant array that gives a relatively precise upper intercept (UI) date of

1896 £ 6 Ma (Fig. 24C). This date is identical to the c. 1896 Ma date determined for the gneissic
metatexite (sample STB181050Ab above) and is interpreted as the crystallisation age of the
metagranodiorite protolith.

STB191045A — Biotite-muscovite granite

This sample is a massive (undeformed), equigranular biotite-muscovite granite with occasional
feldspar phenocrysts that intrudes foliated metasedimentary rocks. Zircon crystals are c. 40—

250 um long, subhedral to euhedral, short to elongate prismatic, are pale brown-orange or are
relatively clear (coloutless). Several crystals have cloudy central domains surrounded by narrower
transparent rims. In BSE images, the zircons display alternating medium grey-dark grey patterns
indicative of oscillatory zoning, or have a central medium grey domain mantled by darker rims.
Of 11 analysed spots, seven plot on Concordia (Tera-Wasserburg) and define three distinct age
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populations with corresponding weighted average *"Pb/**Pb dates of c. 1896 * 9 Ma,

1852 * 7 Ma, and 1817 * 14 Ma (Fig. 24D). We interpret the younger of the three dates

(c. 1817 Ma) as the approximate crystallisation age of the granite, with the other dates
representing older geological events recorded by inherited zircons. Of these, the c. 1852 Ma date
is similar to the c. 1853 Ma migmatization age recorded by metatexite sample STB181050Ab
(Fig. 24B), while the c. 1896 Ma date is identical to the crystallisation age of metagranodiorite
sample STB191023A (Fig. 24C).

STB191044A — Biotite granite

This sample is a massive, megacrystic, MME-bearing, biotite granite representing the Fellingsbro
granite that intrudes foliated metasedimentary and metaigneous rocks. Zircon crystals are c. 60—
350 um long, subhedral to euhedral, short to elongate prismatic, and are generally colourless.
Under transmitted light, several grains contain opaque mineral inclusions. In BSE images, the
zircons have a relatively homogenous medium grey appearance, though several show internal
fractures, pits and/or inclusions. A total of 10 analysed spots yields a relatively precise Concordia
date of 1796 £ 10 Ma (Fig. 24E) which is interpreted as the crystallisation age of the granite.

STB191003A — Biotite-muscovite granite

This sample is a massive, equigranular biotite-muscovite granite with pegmatitic domains that
includes an amphibolitic xenolith. Zircon crystals are c. 50-300 um long, subhedral to euhedral,
short to elongate prismatic, and are coloutless or pale brown-orange and cloudy. Several grains
contain opaque mineral inclusions. In BSE images, the zircons show oscillatory zoning patterns
and commonly contain pits or inclusions. Of 10 analysed spots, eight form a discordant array
giving an imprecise upper intercept (UI) date of 1784 £ 75 Ma (Fig. 24F). A concordant analysis
(spot 1) with an apparent *’Pb/**Pb date of c. 1816 Ma has a large error (* 1166 Ma; 20) and
was not used in the UT calculation, while another (spot 8) has an apparent *’Pb/**Pb date of
1903 £ 12 Ma suggesting inheritance of older crustal material. The c. 1784 Ma Ul date, although
based on a poorly constrained Discordia array (Fig. 24F), is interpreted as the approximate
crystallisation age of the granite.

STB181051A — Biotite-muscovite granite

This sample is a massive, equigranular biotite-muscovite granite that crosscuts and includes a
foliated metagranodiorite (sample STB191023A; cf. Fig. 3C). Zircon crystals are c. 30-60 um
long, subhedral to euhedral, generally short prismatic, and coloutless to pale yellow. Several
crystals show oscillatory zoning patterns in reflected light images, while BSE images show
medium grey central domains and darker grey rims. From 33 analysed spots, seven form a
discordant array that gives an imprecise upper intercept (UI) date of 1772 £ 27 Ma (Fig. 24G).
A subset population of eight concordant analyses yields a Concordia date of 1905 £ 9 Ma (inset,
Fig. 24G). The c. 1772 Ma Ul date is interpreted as the approximate crystallisation age of the
granite, while the c. 1905 Ma date represents an older magmatic event recorded by inherited
zircons. The older date also overlaps with inherited age signatures in granite samples
STB191045A and STB191003A, and the protolith emplacement age for metagranodiorite sample
STB191023A.
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Skarn-distal barren granites in the NW sector

ELH190017A — Biotite granite (Malingsbo central)

This sample is a massive (undeformed), pale pink, seriate to megacrystic biotite granite
representing the central part of the Malingsbo massif (cf. Fig. 4). Zircons from this sample are c.
40-250 um long, subhedral to euhedral with occasional rounded edges, short to elongate
prismatic, and are cloudy pale yellow to brown. In BSE and CL images, the zircons are oscillatory
zoned or show medium to dark grey core domains overgrown by banded rims. Of 15 analysed
spots, 13 concordant analyses yield a relatively precise Concordia date of 1860 = 6 Ma (Fig. 25A).
Based on the setting and petrological character of the granite and considering the dating results
for other Malingsbo granite samples (below), the c. 1860 Ma date represents either the
crystallisation age of the granite or a population of inherited zircons formed during a previous
tectonothermal event (see Discussion).

ELH190051A — Biotite granite (Enkullen-Malingsbo north)

This sample is a massive, grey to pale pink, seriate to megacrystic biotite granite representing the
Enkullen granite on the northwest margin of the Malingsbo massif (cf. Fig. 4). Zircons from this
sample are c. 45-350 um long, subhedral to euhedral, short to elongate prismatic, and are cloudy
pale brown to orange or coloutrless. Of 12 analysed spots, seven concordant analyses yield a
Concordia date of 1804 £ 8 Ma (Fig. 25B). This date is interpreted as the crystallisation age of the
Enkullen granite.

ELH190002A - Biotite granite (Malingsbo east)

This sample is a massive, pale pink, equigranular biotite granite with late pegmatitic zones that
forms part of the eastern Malingsbo massif. The zircons are c. 70-250 um long, subhedral to
euhedral, generally short prismatic, and mainly have a cloudy, pale brown to orange appearance.
In BSE images, the zircons are internally fractured with pits and/or mineral inclusions and show
heterogeneous medium to dark grey domains or are oscillatory zoned. Of 11 analysed spots, six
plot on Concordia (Tera-Wasserburg) and define three distinct age populations with
corresponding weighted average apparent *’Pb/**Pb dates of c. 1898 + 7 Ma, 1851 + 6 Ma, and
1804 £ 6 Ma (Fig. 25C). We interpret the younger of these dates (c. 1804 Ma) as the
crystallisation age of the granite and the older dates as magmatic events recorded by inherited
zircons. All three dates overlap with the c. 1817 Ma, c. 1852 Ma and c. 1896 Ma age signatures
recorded in granite sample STB191045A from the SE sector (Fig. 24D).

ELH190029A - Biotite granite (Malingsbo south)

This sample is a weak to moderately foliated, reddish grey, biotite granite with augen texture and
forms part of the southern Malingsbo massif (cf. Fig. 4E). The contained zircons are c. 70—

350 um long, subhedral to euhedral with occasional rounded edges, short to elongate prismatic,
are commonly fractured and pitted with occasional opaque mineral inclusions and are cloudy pale
brown to orange. In BSE images, the zircons show medium grey central domains and dark grey
overgrowth margins or have irregular internal textures. Of 10 analysed spots, three concordant
analyses yield a Concordia date of 1800 = 14 Ma (Fig. 25D). A fourth concordant analysis (spot
10) with an appatrent *’Pb/**Pb date of 1791 + 300 Ma (20) was not included in the Concordia
age calculation due to its large error. Despite the small number of concordant spots, we interpret
the c. 1800 Ma Concordia date as the approximate crystallisation age of the granite. This date also
provides a maximum (older) age limit for post-crystallisation ductile deformation in the area.
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ELH190018A — Biotite granite (Malingsbo west)
This sample is a massive, pink to red, megacrystic biotite granite that forms part of the western
Malingsbo massif. Zircons are c¢. 50-300 pm long, subhedral to euhedral, short to elongate
ptismatic, coloutless to pale yellow/brown, and may contain opaque mineral inclusions. In BSE
images, the zircons are uniform medium grey, show oscillatory zoning patterns, or have dark grey
core domains surrounded by medium grey rims, or vice versa. Of 11 analysed spots, five
concordant analyses give a Concordia date of 1795 = 7 Ma (Fig. 25E), which is interpreted as the
crystallisation age of the granite. An additional concordant analysis (spot 9) has an imprecise
apparent *'Pb/**Pb date (1240 * 236 Ma; 20) and was thus excluded from the age calculation.
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Figure 25. Zircon U-Pb Concordia diagrams
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Skarn-proximal granites in the NW sector

ELH200081A — Megacrystic biotite granite (Sandudden)

This sample was taken from a massive (undeformed), pale pink, seriate to megacrystic biotite
granite located to the immediate west of the Sandudden skarn W = Mo prospect (ctf. Fig. 1). The
contained zircons are c¢. 60—200 um long, subhedral to euhedral and commonly show embayed
and partly rounded edges. Zircon crystals are generally short prismatic and are cloudy pale brown
to orange in appearance. In BSE images, several crystals are oscillatory zoned, while many display
an internal pitted or ‘spongey’ texture and are fractured. Of 10 analysed spots, six produced a
strongly discordant array that gives an imprecise upper intercept (UI) age of 1847 = 39 Ma, with
the least discordant analysis (spot 3) having an apparent *"Pb/**Pb date of 1820 + 15 Ma (2c;
Fig. 26A\). Based on the setting and petrological character of the granite, we interpret the single c.
1820 Ma *"Pb/*“Pb date to best represent the approximate timing of granite crystallisation. We
place little geological significance on the imprecise c. 1847 Ma UI date, although it overlaps with
c. 1.85 Ga inherited age signatures recorded in other granite samples, and the timing of
migmatization to the southeast (sample STB181050Aa). Two concordant analyses (spots 1 and 5)
have apparent *"Pb/**Pb dates of c. 1897 Ma and c. 1887 Ma and likely reflect the inheritance of
older crustal material.

ELH200020A — Equigranular biotite granite (Horken)

This sample is a massive, pale pink to red, equigranular biotite granite located adjacent to several
skarn W-Mo * Cu prospects in the Horken area (e.g., Grantorpsgruvan). The zircons are c. 50—
250 um long, subhedral to euhedral, have embayed, pitted and partly rounded edges, are short to
elongate prismatic, and are colourless or cloudy pale brown to orange. In BSE images, the
zircons are oscillatory zoned or show heterogeneous, medium grey central domains and dark grey
rims. Mineral inclusions and/or pits ate relatively common. Of 14 analysed spots, seven
produced a discordant array that gives an imprecise upper intercept (UI) date of 1817 £ 23 Ma
(Fig. 26B). This date is interpreted to be the approximate crystallisation age of the granite. A
single concordant analysis (spot 7) has an apparent *"Pb/**Pb date of 1898 + 11 Ma and reflects
the inheritance of older crustal material.

ELH200096A — Megacrystic biotite granite (Elgfall)

This sample is a massive, pale pink to red, equigranular to pegmatitic biotite granite adjacent to
the Elgfall/ Algfall skarn W prospect (cf. Fig. 1). Zircon crystals are c. 60-300 um long, subhedral
to euhedral, short to elongate prismatic, have embayed or irregular edges, and are coloutrless or
cloudy pale brown to orange. Several crystals contain opaque mineral inclusions and are
fractured. In BSE images, the zircons show medium grey central domains mantled by dark grey
rims with rarer oscillatory patterns, with some examples internally heterogeneous, or showing a
pitted or ‘spongey’ alteration texture. Of 11 analysed spots, six produced a discordant array that
gives an imprecise upper intercept (UI) date of 1806 £ 46 Ma (Fig. 26C). We interpret this date as
the approximate crystallisation age of the granite. Two concordant analyses (spots 10 and 11)
have apparent *"Pb/**Pb dates of c. 1902 and 1894 Ma and indicate the inheritance of older
crustal material.

ELH200067A — Biotite microgranite dyke (Wigstrém)

This sample is a massive, grey, biotite microgranite dyke that crosscuts metavolcanic rocks in the
hanging wall of the Wigstrom skarn W-F deposit (cf. Fig. 1). Zircons from this sample are c. 40—
170 um long, subhedral to euhedral, short to elongate prismatic, and are coloutrless or cloudy pale
yellow to brown. Several crystals contain opaque mineral inclusions. In BSE images, the zircons
are oscillatory zoned with growth zones, and commonly show internal pits, inclusions, or
fractures. Of 10 analysed spots, seven produced a discordant array that yields an imprecise upper
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intercept (UI) date of 1798 + 93 Ma (Fig. 26D). Of these seven, the least discordant analysis
(spot 6) has an apparent *’Pb/**Pb date of 1809 * 14 Ma (20). Although the dating results for
this sample lack statistical robustness, the c. 1.80 Ga UI date is interpreted as the approximate
emplacement age of the granite dyke. The new date is also consistent with an igneous age of c.
1778 Ma for the adjacent Hogberget granite determined by zircon U-Pb LA-ICP-MS analysis

(Plan 2020).
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Figure 26. Zircon U-Pb Concordia diagrams for dated granites close to skarn mineralisation in western Bergslagen (see
Table 1). A. Biotite granite, Sandudden. B. Biotite granite, Horken. C. Biotite granite, Elgfall. D. Biotite microgranite,
Wigstrém. E. Biotite microgranite, Yxsjoby. F. Biotite-molybdenite granite, Bispbergs klack. Date in bold shown on plot A is

an apparent 297Ph/206pp value.
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ELH200106A - Biotite microgranite (Yxsjéby)
This sample is a massive, pale pink to red, biotite microgranite that crosscuts dacitic-rhyolitic
metavolcanic rocks in the Yxsjoby area, about 1.5 km north of the Yxsjoberg skarn W-Cu-F
deposit (cf. Fig. 1). The zircons are c. 50—180 um long, subhedral to euhedral, generally short
prismatic, and are cloudy yellow to brown, with several grains containing opaque mineral
inclusions. In BSE images, the zircons show irregular and pitted edges and are internally hetero-
geneous. Of 10 analysed spots, four concordant analyses give a relatively precise Concordia date
of 1790 * 13 Ma which is interpreted as the emplacement age of the granitic dyke (Fig. 20E). The
c. 1790 Ma age is similar to a titanite U-Pb date of 1789 * 2 Ma obtained from the Yxsjoberg

skarn deposit reported by Romer & Ohlander (1994).

ELH190054A — Equigranular biotite granite with molybdenite (Bispbergs klack)

This sample from Bispbergs klack is a massive, pale grey-pink to red, equigranular to seriate biotite
granite containing disseminated molybdenite (cf. Fig. 6A). Zircons from this sample are c. 60—
200 um long, subhedral to euhedral, short to elongate prismatic, are coloutless to cloudy pale
yellow to brown, with several grains containing opaque mineral inclusions. In BSE images, the
zircons are oscillatory zoned or have a more heterogeneous internal texture, and commonly contain
fractures, pits and inclusions. Of 10 analysed samples, eight plot along a discordant array that gives
an imprecise upper intercept (UI) date of 1787 £ 24 Ma, with the least discordant analysis (spot 9)
having an appatent *"Pb/**Pb date of 1780 * 10 Ma (20). Despite the U-Pb data discordance and
considering a molybdenite Re-Os date of c. 1792 Ma obtained from the same sample (Table 5; see
below), we interpret the c. 1787 Ma UI date to best represent the crystallisation age of the
Bispbergs klack granite. The new date also overlaps with a previously determined zircon U-Pb age
of 1794 = 7 Ma for the same granite as reported by Woodward et al. (2009).

Table 4. Summary of zircon U-Pb dating results

Index! Sample ID Location Rock type Age t 202 Comment?
SE regional samples
1 STB181050Ab Frovi Metatexite 1894 + 28 Ma Single concordant 297Pb/206Ph date.
(mesosome part) Discordia Ul date = 1896 + 42 Ma
(Fig. 24A).
2 STB181050Aa Frovi Metatexite 1853 + 8 Ma Discordia Ul date (Fig. 24B).
(leucosome part)
3 STB191023A Frovi Metagranodiorite 1896 + 6 Ma Discordia Ul date (Fig. 24C).
4 STB191045A Rinkaby Biotite-muscovite 1817 + 14 Ma Wt. avg. 207Pb/206Ph date (n = 2).
granite (Fig. 24D).
5 STB191044A Frovi Biotite granite 1796 + 10 Ma Concordia date (Fig. 24E)
6 STB191003A Lindesberg Biotite-muscovite 1784 + 75 Ma Discordia Ul date (Fig. 24F)
granite
7 STB181051A Frovi Biotite-muscovite 1772 +27 Ma Discordia Ul date (Fig. 24G).
granite
NW skarn-distal granites
8 ELH190017A Malingsbo Biotite granite 1860 + 6 Ma Concordia date (Fig. 25A); Possible
central inherited population?
9 ELH190051A Enkullen Biotite granite 1804 + 8 Ma Concordia date (Fig. 25B)
(Malingsbo
north)
10 ELH190002A Malingsbo Biotite granite 1804 + 6 Ma Wt. avg. 207Pb/206Ph date (n = 2).
east (Fig. 25C).
11 ELH190029A Malingsbo Biotite granite 1800 * 14 Ma Concordia date (Fig. 25D)
south
12 ELH200018A Malingsbo Biotite granite 1795+ 7 Ma Concordia date (Fig. 25E)
west
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Indext Sample ID Location Rock type Age t 202 Comment?

NW skarn-proximal granites

13 ELH200081A Sandudden Biotite granite 1820+ 15 Ma Single concordant 207Ph/206pp
date. Discordia Ul date = 1847 + 39
Ma (Fig. 26A).
14 ELH200020A Horken Biotite granite 1817 £ 23 Ma Discordia Ul date (Fig. 26B).
15 ELH200096A Elgfall Biotite granite 1806 + 46 Ma Discordia Ul date (Fig. 26C).
16 CMR180008A Pingstaberg  Biotite granite 1805 £ 9 Ma Concordia date, reported in Lynch
etal. 2019
18 ELH200067A Wigstrom Biotite 1798 £ 93 Ma Discordia Ul date (Fig. 26D).
microgranite
19 ELH200106A Yxsjoby Biotite 1790 + 13 Ma Concordia date (Fig. 26E)
microgranite
23 ELH190054A Bispbergs Biotite granite 1787 £ 24 Ma Discordia Ul date (Fig. 26F).
klack

Notes: lIndex number corresponds to those shown in Fig. 27. 2Age represents best interpreted crystallisation age. 3Abbreviations: wt. avg. =
weighted average, Ul = upper intercept.

Molybdenite Re-Os Geochronology

The results of molybdenite Re-Os N-TIMS dating are summarized in Table 5 and Figure 27. The
following sections provide a brief description of the dated samples and the results.

Mineralised granitoid and skarn rocks in the NE sector

ELH200033A — Pyroxene skarn with molybdenite (Hoérken-Silvergruvan)

This sample is a pyroxene skarn rock with minor disseminated molybdenite, scheelite and pyrite
from the Silvergruvan Mo-W prospect near Horken (cf. Fig. 1). The skarn zone occurs within
foliated, intermediate to felsic metavolcanic rocks, and is located c. 250 m from the western
contact of the Horken granite. Locally, the skarn is cut by quartz-calcite veinlets and segregations.
In general, the molybdenite comprises anhedral platy to elongate prismatic or flaky crystals, is
fine-grained (0.25—5 mm), has a metallic blue-grey appearance, and occurs as disseminated
individual crystals, or stringer aggregates and rosettes ranging from c. 4-12 mm in size. The
analysed sample gave a Re-Os model age of 1802 * 10 Ma (20; Table 5 and Fig. 27) which
constrains the timing of Mo-W mineralisation and associated skarn alteration at Silvergruvan. The
c. 1802 Ma Re-Os age overlaps at the 2o-level with the imprecise 1817 + 23 Ma U-Pb age
determined for the adjacent Horken granite (Table 4 and Fig. 27), although it is older than the

c. 1770 Ma Re-Os date obtained for the nearby Grantorp skarn Mo-W prospect to the east
(sample ELH20002A; see below).

ELH200085A — Pyroxene-garnet-fluorite skarn with molybdenite (Wigstrém)

This sample is a pyroxene-garnet-fluorite skarn rock with minor disseminated molybdenite

(c. 1-2 vol. %) and scheelite that is representative of high-grade skarn ore at the Wigstrom W-Mo
deposit (cf. Fig. 1). Molybdenite is anhedral to subhedral, has a metallic blue-grey appearance, is
fine-grained (c. 0.25-3 mm), and occurs as disseminated flaky and tabular crystals or aggregated
clumps and rosettes associated with fluorite and minor scheelite. The analysed sample gave a Re-
Os model age of 1799 + 10 Ma (20; Table 5 and Fig. 27) which constrains the timing of W-Mo-F
mineralisation and associated skarn alteration at Wigstrom. The new Re-Os age is consistent with
the new c. 1798 Ma zircon U-Pb age determined for a microgranite dyke intruding the hanging
wall rocks at Wigstrom (sample ELH200067A; Table 4), although the latter date is based on a
highly discordant isochron (cf. Fig. 26D). The c. 1799 Ma Re-Os date is older than a

c. 1778 £ 22 Ma zircon U-Pb age reported for the adjacent Hogberget granite (Plan 2020),
although both dates overlap within error.
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ELH200087A — Pegmatoid dyke rock with molybdenite (Wigstrom)

This sample is a white to pale green feldspar-sericite-fluorite-quartz-epidote rock with minor
molybdenite (c. 0.5-1 vol. %) and scheelite. Overall, the rock displays an aplitic-pegmatitic
texture, is undeformed, and crosscuts hanging wall metavolcanic rocks with relatively sharp
contacts adjacent to the skarn zone at the Wigstrom deposit (e.g., Fig. 6E). Molybdenite
comprises anhedral platy to elongate prismatic or flaky crystals, is fine-grained (0.25—-5 mm), has a
metallic blue-grey appearance, and occurs as disseminated crystals, or clumped aggregates and
rosettes ranging from c. 5—~11 mm in size. The analysed sample produced a Re-Os model age of
1798 £ 10 Ma (20; Table 5) which is identical to the c. 1799 Ma determined for the skarn ore
sample described above (ELH200085A).

ELH190054A — Biotite granite with molybdenite (Bispbergs klack)

This sample is the same reddish-pink biotite granite with molybdenite from Bispbergs klack that
was used for the zircon U-Pb dating (described above). Molybdenite occurs as disseminated

(c. 0.5-2 vol. %), interstitial crystals in the granite and is associated with minor fluorite and rare
chalcopyrite (e.g., Fig. 6A). Molybdenite crystals range from c. 0.5-4 mm in size, are anhedral to
subhedral, and occur as irregular flakes and tabular crystals, or platy aggregates typically c. 5—

8 mm in size. A determined Re-Os model age for this sample is 1792 = 10 Ma (20; Table 5 and
Fig. 27). The new Re-Os age is marginally older than the discordant and imprecise 1787 + 24 Ma
zircon U-Pb age determined for the same sample (Table 4, Fig. 20F), although both dates overlap
at the 2o-level. The new Re-Os date, however, is identical to a c. 1794 Ma zircon U-Pb age
previously reported for the Bispbergs klack granite (Woodward et al. 2009), suggesting the former
date more accurately constrains the emplacement of the Bispbergs klack granite if compared to
the c. 1787 Ma zircon U-Pb age determined as part of this study.

Table 5. Summary of molybdenite Re-Os dating results.

Index! Sample ID Weight Location Description Re Age +202 Comment
(8) (ppm)
17 ELH170002A 0.101 Pingstaberg Intragranitic 2.30 1801+ 10 Reportedin
molybdenite Ma Lynch et al.
2019
20 ELH200033A 0.040 Silvergruvan Skarn-hosted 3.64 1802 + 10
molybdenite Ma
21 ELH190085A 0.041 Wigstrom Skarn-hosted 1.45 1799 £ 10
molybdenite Ma
22 ELH190087A 0.040 Wigstrom Pegmatoid- 2.24 1798 + 10
hosted Ma
molybdenite
24 ELH190054A 0.040 Bispbergs Disseminated 4.15 1792 £ 10
klack molybdenite in Ma
granite
25 ELH200026A 0.042 Grantorp Skarn-hosted 1.39 1770+ 11
molybdenite Ma

Notes: lIndex number corresponds to those shown in Fig. 27. 2Re-Os model age with 20 error that includes propagated analytical and decay
constant uncertainties.
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ELH200026A — Pyroxene-garnet skarn with molybdenite (Horken-Grantorp)

This sample is a garnet-pyroxene-quartz skarn rock with rare disseminated scheelite and
molybdenite (c. 0.5-1 vol. %) from the Grantorp Mo-W prospect near Hérken. In general, the
molybdenite is anhedral to subhedral, has a metallic blue-grey appearance, is fine-grained

(c. 0.25-3.5 mm), and occurs as disseminated, flaky prismatic and tabular crystals, or aggregated
clumps and rosettes (up to c. 8 mm) that are interstitial with garnet and pyroxene. Molybdenite
also occurs at the margins of quartz-garnet veinlets and quartz-rich segregations within the skarn.
The analysed sample gave a Re-Os model age of 1770 £ 11 Ma (20; Table 5 and Fig. 27) which
constrains the timing of Mo-W mineralisation and associated skarn alteration at Grantorp. The
new Re-Os age at Grantorp is younger than the c. 1802 Ma molybdenite Re-Os date determined
for the Silvergruvan Mo-W prospect to the west (sample ELH200033A; Table 5) and the

c. 1817 Ma igneous age determined for the Horken granite to the south (sample ELH200020A;
Table 4). The dating result suggests a temporally distinct magmatic-hydrothermal event occurred
in this area at c¢. 1770 Ma.

Notwithstanding the large analytical uncertainties associate with several of the dated zircon
samples, the combined U-Pb and Re-Os geochronology results constrain four main magmatic-
hydrothermal episodes at c. 1.90—1.89 Ga, c. 1.86-1.85 Ga, c. 1.81-1.79 Ga and c. 1.77 Ga
(Fig. 27). A tentative fifth event at c. 1.82 Ga is also evident based on the age of the granite at
Sandudden, although the overlap with the c. 1.81-1.79 Ga granite emplacement event within
analytical uncertainty. Overall, the dating results reflect and granite emplacement episodes that
span the c. 1.9-1.8 Ga time frame for the Svecofennian-cycle orogenesis in Bergslagen in an
accretionary tectonic environment (cf. Stephens et al. 2009; see below).
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listed in Tables 4 and 5. Thin black lines link cogenetic or related samples.
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Sm-Nd isotopic analysis

The results of whole-rock Sm-Nd isotopic analysis are listed in Table 6. Barren granites in the SE
sector (e.g., Fellingsbro granite) have initial ENd values ranging from -0.2 to +4.0 (n = 4). One of
these samples (STB191044A) is MME-bearing and exhibits the most isotopically juvenile
signature of all the granites (ENdi7sma = +4.0) which overlaps with the éNd signature of the
depleted mantle at c. 1800 Ma. Older c. 1.9 Ga metagranitoid, metarhyolite and metagabbro
samples in the SE have initial ENd values of +1.1, -2.0 and -0.2, respectively.

Skarn-distal barren granites in the NW (e.g., Malingsbo granite) have initial eNd values that fall
within a relatively narrow range from -0.1 to +1.6 (n = 4). Skarn-proximal barren granites in the
NW (e.g., Horken) have comparable, although marginally more positive (juvenile), initial eENd
values ranging from +0.5 to +3.1 (n = 6). Skarn-proximal and mineralised granitic rocks in the
NW (e.g., Yxsjoby, Wigstrém) show the largest range of initial ENd values from -0.8 to +2.9

(n = 4) and overlap with the initial éENd signatures from the other NW granites. Finally, a
metarhyolite and amphibolite sample from the NW have initial ENdi9 . values of +1.3 and +0.8,
respectively.

Calculated two-stage depleted mantle model ages (Tba) for the c. 1.8 Ga granitic rocks range
from 1.86 to 2.25 Ga and have a median age of 2.09 * 0.11 Ga (£1c; n = 18; Table 6). Older

c. 1.9 Ga metamorphic rocks have T ages ranging from 2.08-2.41 Ga and have a slightly older
median age of = 2.16 = 0.12 Ga (n = 6). Notwithstanding certain caveats regarding the
interpretation of Nd model ages (e.g., Arndt & Goldstein 1987), the Tpmz dates suggest GP suite
granites are mainly the products of magma derived from the melting of pre-existing continental
crust that, in turn, formed either directly or indirectly from mafic magmas extracted from a light
REE-depleted lithospheric mantle at c. 2.0-2.3 Ga (see Discussion).

Table 6. Results of whole-rock Sm-Nd isotopic analysis (n = 24)

Sample ID Rock Sm Nd Sm/N  147Sm/14Nd 1  143Nd/144Nd 2 Age eNd(i)? Tom2®
type d (Ma)? (Ga)

Barren c. 1.8 Ga granites in the SE sector

STB191003A Bt-ms 8.95 51.77 0.17 0.1040 0.511564 (14) 1784 +0.3 2.15
granite

STB191044A Bt 14.30 80.28 0.18 0.1072 0.511786 (18) 1796 +4.0 1.86
granite

STB191045A Bt-ms 5.62 27.05 0.21 0.1250 0.511757 (6) 1817 -0.5 2.23
granite

STB181051A Bt-ms 6.83 29.80 0.23 0.1380 0.511937 (16) 1772 -0.3 2.18
granite

Older c. 1.9 Ga metamorphic rocks in the SE sector

STB191005A Metarh 5.34 27.56 0.19 0.1167 0.511937 (18) 1900* -2.0 2.41
yolite

STB191043A Metaga 3.24 14.82 0.22 0.1316 0.511815 (22) 1900* -0.2 2.27
bbro

STB191023A Metagr 4.21 20.94 0.20 0.1211 0.511748 (27) 1896 +1.1 2.08
anitoid

STB191023A Metagr 4.71 23.20 0.20 0.1222 0.511778 (20) 1896 +1.4 2.15

(repeat) anitoid

Barren, skarn-distal granites in the NW sector

ELH190002A Bt 4,77 21.48 0.22 0.1337 0.511887 (2) 1804 -0.1 2.19
granite

ELH190017A Bt 14.22 77.84 0.18 0.1100 0.511691 (4) 1800" +1.6 2.06
granite

ELH190051A Bt 9.79 46.87 0.21 0.1258 0.511872 (16) 1804 +1.5 2.07
granite
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Sample ID Rock Sm Nd Sm/N  47Sm/14Nd !  14Nd/%Nd2  Age eNd(i)* Tom2®

type d (Ma)3 (Ga)

ELH200018A Bt 7.77 3890 0.20 0.1202 0.511784 (24) 1795 +1.0 2.10
granite

Barren, skarn-proximal granites in the NW sector

ELH190078A Bt 8.80 37.62 0.23 0.1408 0.512000 (8) 1805 +0.5 2.14
granite

ELH200081A Bt 7.11 27.61 0.26 0.1551 0.512219(19) 1820 +1.5 2.07
granite

ELH200020A Bt 6.75 28.64 0.24 0.1418 0.512102 (21) 1810 +2.3 2.01
granite

ELH200105A Bt 9.30 23.84 0.39 0.2350 0.513123 (18) 1810 +0.6 2.14
granite

ELH200109A Bt 2.16 6.27 0.34 0.2075 0.512804 (21) 1806 +0.7 2.13
granite

ELH200109B Bt 3.33 13.10 0.25 0.1530 0.512278 (22) 1806 +3.1 1.94
granite

Mineralised, skarn-proximal granites in the NW sector

ELH190073A Bt 5.33 17.78 0.30 0.1804 0.512403 (12) 1805 -0.8 2.25
granite

ELH190054A Bt 11.04 45.11 0.24 0.1474 0.512202 (20) 1792 +2.9 1.95
granite

ELH200096A Bt 2.42 5.43 0.45 0.2686 0.513632 (20) 1810 +2.7 1.98
granite

ELH200106A Aplite- 5.13 14.15 0.36 0.2182 0.512978 (26) 1790 +1.7 2.04
microg
ranite

Older c. 1.9 Ga metamorphic rocks in the NW sector

ELH190026A Metarh  4.90 22.69 0.22 0.1299 0.511867 (32) 1900* +1.3 2.16
yolite

ELH190003A Amphi 3.47 15.22 0.23 0.1373 0.511938 (8) 1900* +0.8 2.19
bolite

Notes: *Calculated *’Sm/*4Nd value based on relative isotopic abundance method described in Faure & Mensing (2005).2Values in
parentheses are + 20 error at the last one or two digit level. 3Ages based on U-Pb dating results (Table 4) or regional geology constraints for
those marked with *. %Initial eNd values using present-day CHUR isotopic values of 4*Nd/***Nd = 0.512638 and #’Sm/**Nd = 0.1967, and
147Sm decay constant A = 6.54 x 1012 a* (Lugmair & Marti 1978). Uncertainty associated with eNd(i) values = + 0.4 e-units (+20). >Tomz =
Calculated two-stage depleted mantle model age (after Liew & Hofmann 1988) using the following values; ***Nd/***Nd present-day
depleted mantle = 0.513151, *’Sm/***Nd present-day depleted mantle = 0.219, *4’Sm/**Nd present-day bulk continental crust = 0.12.

DISCUSSION

3D geometry of granite bodies

The granite bodies close to the various tungsten prospects have all been confirmed by the
inversion and modelling to be oriented NNE to NE. The Horken granite has been resolute to
have a steep dip towards the ESE. Ripa & Antal Lundin (2020) present inversion modelling of
gravity and magnetic data where they show the mineralisation at Pingstaberg to be dipping
westward. In the forward model presented here (Fig. 15) a westward dip of the western granite
contact is preferred, but the data also allow other dips.

The Horken granite is interpreted to have a width of 1000 m and the Hogberget granite to have a
width of about 350 m. The granite at Horken seems to be neatly 250 m deep. The granite close to
the Pingstaberg occurrence has been more difficult to interpret but is determined to be 1000 m as
well as deeper (800—1000 m).
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Petrophysical properties of mineralisation proximal vs. distal granites

Mean values for density, magnetic susceptibility, and magnetic remanence for each of the
investigated granites can be seen in Table 2. Rock densities for the granites associated with
W-F-Mo mineralisation, combined as a group, differ significantly from that for the barren
Malingsbo granite. In contrast, mean magnetic susceptibility values cannot significantly
distinguish the granites from one another. This is found in harmony with the fact that the
variance of magnetic susceptibility does not differ much in the granites. For the mineralisation-
related granites, the Pingstaberg granite shows the biggest difference of magnetic susceptibility
from the Malingsbo granite. Overall, factors such as a higher degree of fractionation and the
lower abundance of mafic minerals likely influenced the lower density and magnetic susceptibility
values recorded by the mineralisation-related granites in the NW. Overprinting hydrothermal
alteration or retrograde weathering may also have played a role.

Timing and duration of GP suite granite emplacement in Bergslagen

The new zircon U-Pb geochronology results constrain the timing of granite emplacement in the
study area from c. 1820 to 1770 Ma, with most intrusions having crystallisation ages between

c. 1810 and 1780 Ma (ct. Fig. 27). Several samples, however, produced discordant U-Pb dates
with relatively large errors (> + 20 Ma) or statistically poor age solutions due to the prevalence of
metamict zircons with high U, Th contents and Th/U ratios (cf. Figs. 24-26 and Table 4). Such
‘disturbed’, poor quality zircons tend to suffer radiogenic Pb loss and/or common Pb enrichment
(e.g., Schoene 2014) and are well documented for GP-type granites and other Paleoproterozoic
rock units in Bergslagen and elsewhere in Sweden (e.g., Billstrém et al. 1988, Hogdahl et al. 2001,
Woodward et al. 2009, Herrmann et al. 2021). The systematic presence of mainly U-enriched

(> ¢. 2000 ppm) metamict zircons in Late Svecofennian granites is likely a characteristic feature
of these intrusions in general and correlates with their elevated bulk U and Th contents, and
anomalous U-Th-K signatures seen in airborne radiometric data (cf. Stephens et al. 2009).

While most of the dated granites yield comparable ‘Late Svecofennian’ crystallisation ages, the
skarn-distal Malingsbo batholith produced four U-Pb dates ranging from c. 1795-1804 Ma and
an older age of c. 1860 Ma (sample ELH190017A; Fig. 25, Table 4). The latter date overlaps with
the 1853 £ 8 Ma crystallisation age obtained for the leucosome part of the dated metatexite in the
SE sector (sample STB181050Aa; Fig. 24B) and tentatively suggests an earlier c. 1.86—1.85 Ga
emplacement event for that part of the batholith, possibly associated with a phase of regional
high-grade metamorphism. The c. 1.86 Ga Malingsbo sample, however, is a weakly foliated to
massive, K-feldspar-phyric biotite granite that is petrologically and geochemically similar to other
parts of the intrusion, and the Malingsbo-Enkullen samples dated to c. 1.80 Ga. Thus, an
alternative interpretation is the older age reflects a population of inherited c. 1.86 Ga zircons
incorporated during granite emplacement at c. 1.80-1.79 Ga. Assimilated country rock xenoliths
occur throughout the Malingsbo batholith (cf. Fig. 4C-D & H) and highlight interactions
between parental felsic magmas and Svecofennian country rocks during granite emplacement.

A younger emplacement age for the ‘older’ c. 1.86 Ga Malingsbo unit is indirectly supported by
whole-rock Sm-Nd isotopic data also (Table 6). On a ""Nd/"*Nd versus “’Sm/"**Nd plot
constructed for all GP-related granite samples (n = 16), the c. 1.86 Ga Malingsbo sample lies on a
best-fit linear regression (isochron) with a slope equivalent to c. 1824 Ma and a '*Nd/'*Nd
intercept of 0.510357 (equating to ENdus26. = +1.5). Although the isochron has a large standard
error (c. £ 0.001 or 8%) and we attach little geological meaning to the 1.82 Ga Sm-Nd ‘age’, the
overlap between the Sm-Nd isotopic properties of the ‘older’ Malingsbo unit with those for the
younger c. 1.81-1.78 Ga granites indicates that a c. 1.8 Ga emplacement age for the ‘older’
Malingsbo body may be relevant. Likewise, the initial ENdqs2 6. values of +1.8 for the Malingsbo
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sample and +1.5 for the combined granites (derived from the Sm-Nd isochron) further highlights

a likely GP suite petrogenetic affiliation for the ‘older” Malingsbo unit.

The assimilation of Svecofennian crustal material by GP suite parental magmas is further
supported by age signatures recorded by both magmatic and inherited zircons in the dated
samples (Fig. 28). On a combined probability density and histogram plot showing the temporal
distributions of concordant single zircon appatent *’Pb/**Pb dates, three major age peaks at

c. 1.90 Ga, 1.85 Ga and 1.80 Ga are evident for all dated samples (P1-P3, respectively, on

Fig. 28A). These peaks incorporate formational and inheritance ages of the dated igneous and
metamorphic rocks and overlap with the timing of major crustal forming events in Bergslagen
and adjacent terranes during Paleoproterozoic orogenesis (cf. Stephens & Jansson 2020). For the
dated granites, apparent *"Pb/***Pb dates recorded by predominantly turbid and fractured
metamict zircons produce a major inheritance peak at c. 1.90 Ga, a lesser inheritance peak at

c. 1.85 Ga, and a main igneous peak at c. 1.80 Ga (P1-P3, respectively, Fig 28B). The inheritance
peaks correlate with typical ages for Svecofennian meta-igneous source rocks, while the peak
sizes may reflect the relative abundances of c¢. 1.90 and 1.85 Ga rocks in western Bergslagen and
thus the availability of potential source material during anatexis. The identified age spectra also
mimic age distributions for magmatism during lithospheric-scale crustal reworking and granitoid
emplacement, particularly at c. 1.9 and 1.8 Ga (e.g., Condie et al. 2009).
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From a regional perspective, the new U-Pb dates are consistent with previously reported c. 1.82—
1.77 Ga igneous ages for Late Svecofennian granitic rocks both in western Bergslagen and
elsewhere across the district (e.g., Patchett et al. 1987, Romer & Smeds 1994, Ohlander & Romer
1996, Persson & Persson 1997, Romer & Smeds 1997, Andersen et al. 2009, Johansson 2019,
Johansson 2020). The new ages are also coeval with continental arc-type magmatism associated
with the adjacent Transscandinavian Igneous Belt (T1B); namely c. 1.81-1.79 Ga TIB-1a mafic-
felsic plutonic rocks occurring in the Ostergétland-North Oland areas to the south of Bergslagen
(e.g., Kleinhanns et al. 2015, Salin et al. 2019) and c. 1.79-1.77 Ga TIB-1b mafic-felsic plutonic
rocks occurring along the western and north-western margins of Bergslagen (e.g., Rutanen &
Andersson 2009), and in the Smaland-South Oland areas in southern Sweden (Johansson 2016,
Salin et al. 2019). This temporal overlap at c. 1.81-1.77 Ga suggests the prevailing subduction
regime produced different petrogenetic outcomes depending on relative position within the arc
system, with the dated GP-suite granites marking infracrustal felsic magmatism within an upper
plate retro-arc setting. Alternatively, spatially decoupled tectonic processes could have been active
at the same time producing compositionally distinct magmatism in separate lithotectonic terranes
(see below).

Although the geochronology samples in this study are from a limited geographical area and the
U-Pb results partly reflect the analysis of metamict zircons, the c. 30-to-40-million-year age range
for the dated granitic rocks is shorter than previous estimates for the duration of GP-related
magmatism in Bergslagen based on regional geochronology assessments. For example, in the
compilation of Stephens et al. (2009), zircon and monazite U-Pb ages indicate GP suite granitic
rocks formed during a protracted (c. 110 million year) episode from c. 1.86—1.75 Ga, with two
successive events occurring from c. 1.86—1.83 Ga and c. 1.83-1.75 Ga. In the review of Stephens
& Jansson (2020), igneous ages of GP suite granitic rocks mark two temporally discrete magmatic
events. The first is an older c. 1.86-1.83 Ga event forming volumetrically minor leucogranite in
castern Bergslagen that post-dates regional high-strain deformation and migmatization

(i.e., syn- to late-“Tectonic cycle 2’ event described in Stephens & Jansson 2020). The second is a
younger c. 1.82—1.75 Ga event representing a major granite-forming episode that may have
ovetlapped with or directly followed late-orogenic (Ms/D3?) metamorphism and crustal
shortening (cf. Stephens & Andersson 2015). In contrast to the above assessments, Ahall &
Larsson (2000) identified a shorter c. 1.82—1.77 Ga emplacement episode for ‘post-kinematic’
granitic rocks within the Swedish Svecofennian domain and noted their contemporaneity with
TIB-1 arc magmatism occurring to the west at that time.

Given the U-Pb dating results obtained from this study (Fig. 27, Table 4) and the large number of
similar c. 1.82—1.78 Ga igneous ages for GP-type granites elsewhere in Bergslagen (cf. Ahill &
Larsson 2000), the emplacement of most GP-suite intrusions was likely confined to a relatively
short tectonothermal epoch at c. 1.82—1.78 Ga. Recent redating of GP suite granites with
previously determined younger (c. 1.75 Ga) and/or imprecise (> = 20 Ma) U-Pb dates has
yielded more robust c. 1.80-1.79 Ga crystallisation ages (e.g., Johansson 2019, Lynch et al. 2019)
thus reenforcing the idea of a more temporally focused emplacement event for GP-suite granites.

In contrast to the above, the general paucity of ‘GP-like’ leucogranites with c. 1.85-1.84 Ga
igneous ages (cf. Stephens & Jansson 2020) and the confinement of known examples to eastern
Bergslagen (e.g., Forsmark area) suggests older GP-suite granites, although texturally and
compositionally similar, lack consanguinity with the younger c. 1.82—1.78 Ga granites and
probably mark an earlier phase of crustal anatexis in response to regional M,/Ds tectonothermal
events at c. 1.85-1.83 Ga. Moreover, the absence of a clear spatial or genetic association between
older c. 1.85 Ga granitic rocks assigned to the GP suite (e.g., Stephens et al. 2009) and known
skarn- or pegmatite-hosted lithophile element mineralisation supports the idea that younger

c. 1.82—1.78 Ga granites represent a temporally, compositionally, and genetically distinct plutonic
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suite. Reassignment of older c. 1.85-1.83 Ga ‘GP-type’ leucogranites in Bergslagen to an
alternative or new igneous suite is warranted to minimise the conflation of separate granite-
forming episodes that developed in response to regional tectonothermal events occurring at
different times.

Granite petrogenesis

The petrological and geochemical character of the investigated c. 1.8 Ga granitic rocks affirms
the compositionally evolved and restricted nature of Late Svecofennian (GP-type) granites in
western Bergslagen (cf. Sundblad et al. 1993, Bergman et al. 1995, Ahl et al. 2001, Stephens et al.
2009). The predominance of syenogranite to alkali feldspar granite types, their common association
with late-stage aplite-pegmatite bodies, the relatively low abundance of mafic minerals (mainly
biotite), and their high-silica and lithophile element contents (particularly for the skarn-proximal
intrusions) attests to their highly differentiated nature. Moreover, the occurrence of intragranitic
Mo * F mineralisation within some intrusions (e.g., Pingstaberg, Bispbergs klack) and the
spatiotemporal association between others and skarn W £ Mo * F * Cu mineralisation

(e.g., Wigstrom-Hogberget) further supports the idea that c. 1.8 Ga granitic rocks derived from
‘specialised’ felsic magmas with the potential to produce magmatic-hydrothermal Mo-W-Cu-F £
Sn mineralisation.

The comparable petrological, petrophysical and geochemical features of the investigated granitic
rocks and their overlapping c. 1.82—1.78 Ga emplacement ages justifies their assessment as a
grouped, cogenetic igneous suite. Overall, the main geochemical trends indicate variable degrees
of fractionation for the GP-suite samples, with skarn-proximal intrusions in the NW having
compositions that indicate the highest degree of differentiation (e.g., Figs. 19-22). Decreasing
FeOt and MgO values relative to TiO», and covariation trends evident for certain high field
strength elements (e.g., Ta, Zr, V, Sc) are consistent with plagioclase, biotite, magnetite, and
zircon fractionation (Fig. 19). Relative to an average upper continental crust composition (Taylor
& McLennan 1981), the c. 1.8 Ga granitic rocks have elevated Rb, Th, U, K, and heavy (H)REE
contents, and show depletions in Ba, St, P, Ti and light (L)REE values which further emphasises
compositional traits mainly controlled by variable K-feldspar, plagioclase, and mafic mineral
abundances (cf. Fig. 20B-C).

Chondrite-normalized REE signatures corroborate a regional ‘fractionation trend’ for the

c. 1.8 Ga granitic rocks and show a systematic flattening of REE patterns when comparing the
SE intrusions to those in the NW (Fig. 21B—C). In particular, the REE patterns for skarn-
proximal barren and mineralised granites reflect lower Lax/Ybx values, have more pronounced
negative Eu anomalies, show progressive HREE enrichments, and have lower total REE
abundances compared to the skarn-distal intrusions that straddle the WBBZ (e.g., Fig. 21 &
22A-B). Although the REE patterns for skarn-proximal and mineralised samples may partly
reflect fluid-rock interactions that cause the preferential leaching of LREEs (cf. Samson & Wood
2005), collinearity trends for total REE and Lax/Ybx versus FeO, Zr/Hf and Gdx/Ybx values
(Fig. 22A—C) suggests fractionation of plagioclase and REE-bearing accessory minerals (e.g.,
apatite, monazite, and fluorite) likely influenced the observed REE patterns.

Overall, the trace element data indicate parental magmas associated with the skarn-proximal
granites in the NW underwent more pronounced degtees of differentiation during ascent and/or
emplacement compared to granites in the SE and other comparable GP-suite intrusions in
western Bergslagen. Additionally, local variability in the composition and relative oxidation state
of melt soutce rocks and/or the degree of pre-melting element enrichment (via eatlier
weathering, metasomatism or anatexis) may have influenced granite compositional variations and
mineralisation potential either side of the WBBZ (cf. Sato 2012, Romer & Kroner 2010).
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Alternatively, local variations in the exposed erosion level may have resulted in the selective
preservation of high crustal level, late-stage differentiated granites in the NW compared to
marginally more deeper-seated bodies preserved SE of the WBBZ.

Tectonic discrimination diagrams provide additional insights into the petrogenesis of the c. 1.8 Ga
granitic rocks (Fig. 29). On the classification plot of Sylvester (1989) for post-collisional granites
(Fig. 29A), the analysed samples cluster mainly within the overlapping ‘calc-alkaline-highly-
fractionated” and ‘alkaline’ granitoid field reflecting their elevated silica and total alkali contents
(cf. Ahl et al. 2001). On the discrimination plots for alkaline/anorogenic (A-type) granites of
Whalen et al. (1987), the samples show a weak linear spread between the ‘A-type’” and ‘highly
fractionated felsic granite’ fields (Fig. 29B—C) reflecting major and trace element compositional
variations with increasing degree of fractionation (cf. Fig. 20C). These plots also highlight
compositional overlaps for highly evolved I-, S- and A-type granites which tend to converge
toward the ‘highly fractionated felsic granite’ field with increasing magmatic differentiation

(cf. Whalen et al. 1987). On a Ce versus Ga/Al plot (Fig. 29D), the granitic rocks fall within the
A-type granite field with a trend toward lower Ce values for the skarn-proximal mineralised
granitic rocks reflecting LREE depletion that may be partly controlled by subsolidus alkali
metasomatism (cf. Fig. 21C). On the ternary plots for A-type granites from Eby (1992), the
samples mainly fall within the A2 field for A-type granites formed by the remelting of continental
crust that previously underwent an eatlier tectonic/weathering cycle (Fig. 29E). This classification
is consistent with the setting and emplacement ages of the granites which mark the waning stages
of regional c. 1.9-1.8 Ga orogenesis in Bergslagen.

On trace element diagrams that discriminate between continental arc, slab failure and A-type
granitoids (Fig. 30), a subset of 27 samples filtered for ASI values < 1.1 were plotted to further
assess the origins of the granitic rocks. Although these diagrams are not recommended for
granitoid samples with SiO; contents > 70 wt. % (and ASI values > 1.1 also), high-silica samples
with Nb +Y > 60 ppm and Ta + Yb > 6 ppm may be used to assess A-type granite affinities

(cf. Whalen & Hildebrand 2019). For the plots that utilise REE ratios (Fig. 30A—B; Hildebrand &
Whalen 2017; Hildebrand et al. 2018), the samples form a negative linear array from the slab
failure to arc fields, with skarn-distal barren granites in the SE and NW mainly plotting within the
former field. Given their low St/Y contents (< 10), moderately sloping to flat normalized REE
signatures (e.g., Fig. 21), and their restricted unimodal (granitic) character, these data trends likely
reflect granite parental magma fractionation rather than petrogenetic setting. This interpretation,
particulatly for the skarn-distal barren granites, is supported by compositional dissimilarities
between GP-suite granitic rocks and ‘adakite-like’ slab failure magmas which typically show high
St/Y (> 20) and La/Yb (> 10) ratios, and lack pronounced negative Eu anomalies (i.e., Eu/Eu*
> 0.9).

On plots that incorporate immobile high field strength elements (e.g., Ta, Nb, Y; cf. Whalen and
Hildebrand 2019), the samples straddle the slab failure and A-type boundary, with most falling
within the A-type granite field (Fig. 30C-F). On the Nb/Y vs Nb + Y and Nb vs Y plots

(Fig. 30D & F, respectively), the samples fall within the A2 field for A-type granites suggesting
anatexis of pre-existing (c. 1.85—1.90 Ga) continental source rocks, likely geochemically modified
by earlier subduction-related processes, was a major control on granite melt formation (cf. Fig. 29E).
Opverall, these signatures indicate parental magmas formed via anatexis of a feldspar-rich, mafic to
intermediate granulitic source at lower to mid crustal levels. The melts underwent a degree of
compositional modification during ascent and emplacement in a late-orogenic setting, producing
a suite of A-type granites with a meta-igneous source heritage.
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Based on the Sm-Nd isotopic results from this work (Table 6) and published data, potential
source components for GP granite parental magmas are c. 1.90 - 1.89 Ga meta-igneous and/or
metasedimentary rocks, with a possible subordinate input of reworked c. 1.86—1.84 Ga meta-
igneous rocks (Fig. 31). The mainly positive initial ENd values suggest a juvenile crustal source
without input of older, more isotopically mature (i.e., negative) crustal material, as envisaged by
the Nd isotopic evolution of the Archean Norrbotten craton. The remelting of pre-existing
Bergslagen continental crust likely resulted in felsic magma production and granite formation at
c. 1.80 Ga. Possible tectonic mechanisms that drove anatexis are the upwelling of lithospheric
mantle melts into the base of the crust and/or decompression melting associated with a phase of
tectonic relaxation and extension during regional transpressive deformation. Coeval TIB-1
magmatism at c. 1.8 Ga also suggests that ongoing subduction processes could have contributed
to the generation of granite parental melts in the overriding plate through the input of mafic
melts or advective heat supply to lower to middle crustal levels.
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Figure 31. Initial eNd versus time plot for Svecofennian c. 1.8 Ga granite and c. 1.9 Ga intrusive and metasupracrustal rocks
in western Bergslagen. Age distributions based on U-Pb dating results listed in Table 4, without errors depicted. Data points
for sample ELH190017A (Malingsbo granite) connected by dashed green line represent initial eNd values calculated at 1.86
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A petrogenetic association between the GP suite granites and a regional metamorphic event is
presently unclear. Since localised migmatization and deformation is envisaged at c. 1.84—1.81 Ga
in Bergslagen (Stephens & Andersson 2015, Stephens & Jansson 2020), GP suite granites may
represent a delayed, indirect anatectic response to focused episodes of deformation and tectonic
activity at c. 1.8 Ga, although the present data suggests deformation mainly predates GP granite
emplacement. Overall, the spatial distribution of GP suite granites suggests these rocks
predominantly record a magmatic ‘flare-up’ at c. 1.82—1.78 Ga in Bergslagen. Such focused felsic,
and alkaline magmatic episodes typically mark a waning orogenic stage during a switch from net
compressive to extensional tectonics. A younger example is the emplacement of Late Devonian
granites associated with Mo = W £ F £ Sn mineralisation in the Appalachian orogen of eastern
Canada (e.g., Van Staal 2007).

Metallogenic implications

In general, GP suite granitic rocks in western Bergslagen have compositional features consistent
with evolved granites associated with lithophile and/or critical element mineralisation typically
found in late-orogenic, post-subduction settings (cf. Cern;’r et al. 2005, Pirajno 2009, Ludington &
Plumlee 2009, Richards 2011, Lehmann 2021). Specifically, their high-silica, total alkali and
lithophile element contents (e.g., Th, U, Rb), and the association of some intrusions with
intragranitic or skarn Mo = W = F + Cu mineralisation (e.g., Pingstaberg and Wigstrom-
Hogberget, respectively) attests to the evolved or ‘specialised’ nature of the intrusions. The
occurrence of rare metal-bearing pegmatites (Li, Ta, Nb, Yb) within or adjacent to c. 1.8 Ga
granitic rocks elsewhere in Bergslagen (e.g., Smeds 1994, Romer & Smeds 1997) further
highlights the proclivity of GP suite parental magmas to develop highly fractionated,
incompatible element-enriched granitic intrusions with mineralisation potential.

Both a temporal and genetic link between c. 1.8 Ga granitic rocks in the NW sector and known
skarn W = F = Cu * Mo deposits and prospects is supported by the molybdenite Re-Os dating
results (Table 5). In summary, granite- and skarn-hosted molybdenite samples gave Re-Os ages
between 1802 and 1770 Ma (n = 5) and thus identify a mineralisation epoch that overlaps with
the zircon U-Pb ages obtained for the dated granitic intrusions (cf. Fig. 27). At the Wigstrom
deposit, skarn-hosted molybdenite dated to c. 1800 Ma overlaps with an imprecise zircon U-Pb
date of c. 1.79 Ga for a microgranite dyke in the deposit hanging wall (Fig. 26D, Table 4) and an
imprecise igneous age of c. 1.79 Ga for the adjacent Hogberget granite as reported by Plan
(2020). Likewise, disseminated molybdenite from the Bispbergs klack granite yielded a Re-Os age
of 1792 + 10 Ma which overlaps with the zircon U-Pb age of 1787 * 24 Ma acquired for the
same intrusion (cf. Fig. 26F & Table 4). Overall, these correlations highlight contemporaneity
between leucogranite emplacement at c. 1.8 Ga and regional W = Mo T F mineralisation, while
the elemental and mineralogical tenor of the proximal skarn systems and the generally evolved
character of the leucogranites indirectly affirms a genetic relationship.

A trend toward more evolved, metalliferous granites in NW Bergslagen is shown by granite redox
signatures (e.g., Fe2O3/FeO ratios, Fig. 23A) and covatiation trends between F and other
mineralisation-related elements such as S, Mo, Cu, K,O (Fig. 23C-F). For the skarn-proximal
granites, Fe;O3/FeO ratios suggest an intermediate (mildly oxidized) redox state which could
have supressed early sulfide precipitation in the melt, leading to the retention of Mo, Cu and U in
parental magmas (e.g., Blevin 2004, Richards 2015). Elevated F contents for the skarn-proximal
granites, although partly reflecting subsolidus metasomatic effects, also suggests volatile elements
(e.g.,, F, Cl, B, S) could have helped lower the melt solidus thus prolonging magma fractionation
and increasing the potential for parental magmas to evolve and develop late-stage, fluid- and
lithophile element-enriched residual melts (e.g., Pirajno 2009, Bartels et al. 2011).
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Although granite parental magma composition likely represents a key controlling factor for the
development of 1.8 Ga skarn and intragranitic mineralisation in Bergslagen, other local factors at
the site of deposition may also have been important. For example, bulk fluid composition, syn-
emplacement brittle deformation (e.g., hydrofracturing and faulting), and the availability of
lithological trap rocks (e.g., marble horizons) are other key factors that likely contributed to the
development of the skarn W deposits in the study area.

From an exploration perspective, the assessment or ‘screening’ of leucogranites favourable for
lithophile and/or critical element (W-F £ Mo * Cu) mineralisation in Bergslagen or other parts
of the Paleoproterozoic bedrock in Sweden should focus on identifying evolved intrusions with
‘Late Svecofennian’ ages (i.e., c. 1.81-1.78 Ga). Such granites should exhibit petrological and/or
geochemical evidence of high degrees of magma fractionation and lithophile element enrichment
including internal aplite-pegmatite variants, potassic * greisen alteration, and elevated SiO», total
alkali, Rb, Ta, Th, U, and Y contents (cf. Candela 1993, Cernjf et al. 2005). Lithogeochemical
analysis of FeO, B and F contents should also be undertaken to aid the identification of
potentially metalliferous intrusions and assess favourable geochemical trends. A close spatial
proximity (< 1 km) between potentially productive granites and supracrustal marble horizons is
considered a favourable condition for exocontact skarn W-F + Mo * Cu mineralisation (cf.
Pirajno 2009). Additionally, since elevated volatile element contents (e.g., Li, F, Be, H,O) in late-
stage magmas can aid residual melt migration and pegmatite zonation (e.g., Cerny 1992), more
distal environs (> 1-8 km) adjacent to suitable granites may be prospective for rare metal-bearing
pegmatite discovery.

CONCLUSIONS

The following main conclusions can be taken from this study:

1. Late Orosirian (c. 1.8 Ga) granitic rocks in western Bergslagen assigned to the Granite-
Pegmatite (GP) intrusive rock suite (e.g., Stephens et al. 2009) predominantly comprise locally
deformed to more commonly massive syenogranite to alkali feldspar granite (sexsu stricto).

2. The granites are medium- to coarse-grained, equigranular to K-feldspar megacrystic intrusions
containing biotite as the main mafic mineral. Country rock xenoliths and larger inlier blocks are
relatively common (e.g., Malingsbo batholith), while mafic microgranular enclaves also occur in
some granites (e.g., Enkullen granite). Late-stage pegmatite-aplite segregations, dykes and vein
dykes are relatively common feature also and are typically unzoned.

3. Geochemically, the granites are high-silica, peraluminous, ferroan intrusions with elevated total
alkali, Th, U, and Rb contents, and depleted CaO, MgO, TiO,, P,Os, Ba, Sr, Zr and total REE
concentrations. Based on major and trace element contents, they exhibit fractionated I-type to
A2-type signatures reflecting a late-orogenic, within plate tectonic setting. Major and trace
element geochemical trends indicate an increasing degree of differentiation from SE to NW
across the Western Bergslagen boundary zone (WBBZ), with intrusions proximal to skarn
tungsten mineralisation or containing disseminated Mo * F mineralisation in the NW
representing the most compositionally evolved bodies.

4. Granite samples from Hoérken, Pingstaberg, and Wigstrom have similar density, magnetic
susceptibility, and magnetic remanence properties. The granite at the Wigstrém deposit has a
lower density and a higher magnetic remanence than the Malingsbo granite, but the two granites
cannot be separated based on magnetic susceptibility. On a regional scale, a trend toward lower
magnetic susceptibility and density values is evident for barren to mineralisation-proximal
granites.

64 SGU-RAPPORT 2023:13



5. Zircon U-Pb SIMS dating constrains the timing of granite emplacement to c. 1.82—1.78 Ga,
with older tectonothermal events also identified at c. 1.85 G and 1.89 Ga. Inherited zircons in the
c. 1.8 Ga granitic rocks mark two source component events at c. 1.90 and 1.85 Ga which overlap
with major periods of Orosirian continental growth in the Swedish Svecofennian domain. The
inherited age peaks and the occurrence of xenoliths in GP suite granitic rocks support the idea of
parental magmas mainly derived from reworked Svecofennian continental crust.

6. The combined geochemical and Sm-Nd isotopic data suggest granite parental magmas formed
by anatexis of existing Svecofennian juvenile continental crust. Input of sub-continental
lithospheric material as a potential heat source that drove crustal melting events may also have
occurred.

7. Re-Os ages for intragranitic and skarn-hosted molybdenite overlap with the zircon U-Pb dating
results and identify a relatively short, c. 1.80—1.77 Ga granite-related metallogenic epoch in
western Bergslagen.

8. Multiple factors operating at different scales likely contributed to granite- and skarn-related W
+ F + Mo * Cu mineralisation in western Bergslagen. These include the overall late-orogenic’
tectonic setting, parental magma composition and degree of fractionation, and local deposit-scale
controls such as the availability of wall rock carbonate horizons susceptible to skarn metasomatism
by magmatic fluids, and syn-emplacement brittle deformation that would have promoted focused
fluid exsolution.

9. From an exploration perspective, the identification or ‘screening’ of granitic rocks with
potential for critical element (W £ Mo * F) mineralisation either in Bergslagen or other parts of
the Paleoproterozoic bedrock of Sweden should focus on leucogranites with ‘Late Svecofennian’
ages (c. 1.81-1.78 Ga) and comparable petrological, geochemical and petrophysical properties to
those outlined in points 2, 3 and 4 above.
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APPENDIX 1: DESCRIPTIONS OF GEOCHEMISTRY SAMPLES

L] Geochemistry sample location
«=® Western Bergslagen boundary zone
—— Deformation zone
- Sedimentary rock (Cambrian-Ordovician)
[ Granite-syenitoid (1.81-1.78 Ga)
| Gabbro-diorite (1.81-1.78 Ga)
[ Granite and pegmatite (1.85-1.75 Ga)
| Granite-syenitoid (1.87-1.84 Ga)
|| Metagranitoid (1.91-1.87 Ga)
[ Metagabbro-metadiorite (1.91-1.87 Ga)
I warble (1.91-1.89 Ga)
| Metarhyolite (1.91-1.89 Ga)
| Metasedimentary rock (1.96-1.87 Ga)

65" ]
- Neoproterozoic and

Phanerozoic sedimentary
rocks outside orogens

\ - Caledonian orogen
oo Ny - Sveconorwegian orogen
" - Blekinge-Bomnholm orogen|
r 1.7-0.9 Ga magmatic and
sedimentary provinces
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Svecokarelian orogen

470000 550000

Figure Al. Geological map of the study area, western Bergslagen, showing the locations of geochemistry samples
corresponding to those listed in Table Al below.
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Table A1l. List of samples used in this study (n = 48).

Sample ID Easting? Northing? Location or Sample Type Brief description
name
Granitic rocks in the SE sector
STB181047A 517613 6575164 Orebro Outcrop Biotite granite
(Krénglan)
STB191008A 509211 6606027 Andsjobdcken Outcrop Metagranitoid, foliated
STB191022A 516954 6592605 NO Ersboda Outcrop Metagranitoid, foliated
STB191023A 514977 6590932 NO Ersboda Outcrop Metagranitoid, foliated, cut by
leucogranite
STB181051A 514750 6590987 Frovi (Ervalla) Outcrop Biotite-muscovite granite,
equigranular, massive
STB191003A 509125 6610879 Fornaboda Outcrop Biotite-muscovite granite,
equigranular, massive;
amphibolite xenolith/contact
STB191044A 523570 6595826 NO Hagaberg Outcrop Biotite granite, megacrystic,
massive, mafic enclaves
STB191052A 515838 6589292 Frovi (Ervalla) Outcrop Biotite granite, megacrystic,
massive
STB191045A 520332 6576815 Angsberget Outcrop Biotite-muscovite granite,
equigranular to megacrystic,
massive
STB191020A 514297 6592006 N Sundby Outcrop Biotite-muscovite granite,
equigranular, massive
STB191027A 519016 6586052 Varingberget Outcrop Biotite granite, equigranular,
massive, xenolith
STB191031A 512884 6584206 Varingberget Outcrop Biotite granite, equigranular,
massive, xenolith
STB191036A 515806 6612348 S Stora Outcrop Biotite granite, equigranular,
Aspasjon massive, partly weathered
Other rock samples in the SE sector
STB181050A 512680 6588338 Frovi (Ervalla) Outcrop Metatexite: quartzofeldspathic
gneiss with pink granitic veins and
segregations.
STB191005A 508418 6606561 Lindesberg Outcrop Meta-rhyolite to -dacite, foliated
(Hidingen)
STB191043A 521293 6594922 Frovi Outcrop Metagabbro
(Pikaboda)
Barren, skarn-distal granitic rocks in the NW sector
ELH190002A 524300 6644418 Malingsbo Outcrop Biotite granite, equigranular,
east weakly foliated to massive
ELH190016A 516876 6645179 Malingsbo Qutcrop Biotite granite, equigranular,
central weakly foliation to massive
ELH190017A 517062 6645214 Malingsbo Outcrop Biotite granite, seriate to
central megacrystic, weak foliation to
massive
ELH190029A 517204 6633271 Malingsbo Qutcrop Biotite granite, megacrystic, weak
south foliation with augen texture
ELH190049A 506285 6654963 Enkullen Outcrop Biotite granite, equigranular,
massive, mafic enclaves and rare
xenoliths
ELH190051A 504934 6657263 Enkullen Qutcrop Biotite granite, equigranular,
massive, mafic enclaves
ELH200018A 510247 6640657 Malingsbo Outcrop Biotite granite, megacrystic, weak
west foliation to massive
Barren, skarn-proximal granites in the NW sector
ELH190039A 506988 6631558 Malingsbo SW  Outcrop Biotite granite, equigranular,
weakly foliated to massive, local
pegmatite
ELH190039B 506988 6631558 Malingsbo SW  Outcrop Granitic pegmatite, massive
ELH190042B 503493 6634931 Malingsbo SW  Outcrop Biotite granite, equigranular,
(Gruvberget) massive
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Sample ID Easting? Northing? Location or Sample Type Brief description

name

ELH190063A 493978 6655535 Pingstaberg Outcrop Biotite granite, equigranular,
massive

ELH190067A 499437 6648018 Wigstrom Outcrop Biotite granite, equigranular,
massive

ELH190072A 493454 6654385 Pingstaberg Outcrop Metagranitoid, foliated

ELH190077A 493149 6655373 Pingstaberg Outcrop Biotite granite, equigranular,
massive

ELH190078A 493138 6655310 Pingstaberg Outcrop Biotite granite, equigranular,
massive

ELH200019A 497306 6653364 Horken Outcrop Biotite granite, equigranular,
massive

ELH200020A 497676 6653649 Horken Outcrop Biotite granite, equigranular,
massive

ELH200081A 491664 6662316 Sandudden Outcrop Biotite granite, equigranular,
massive

ELH200105A 497607 6654102 Horken Drill core Biotite granite, equigranular,
massive

ELH200109A 502488 6638889 Elgfall Drill core Biotite granite, equigranular,
massive

ELH200109B 502488 6638889 Elgfall Drill core Biotite microgranite,

equigranular, massive

Mineralised * altered skarn-proximal granitic rocks in the NW sector

ELH170002A 492894 6655258 Pingstaberg Outcrop Biotite granite, equigranular,
massive, disseminated sulfides
and fluorite, sericite-altered

ELH190054A 545140 6691617 Bispbergs Outcrop Biotite granite, equigranular,
klack massive, disseminated sulfides,
sericite-altered
ELH190060A 493696 6656073 Pingstaberg Outcrop Aplite-microgranite, equigranular,
massive, sericite-altered
ELH190073A 492888 6655252 Pingstaberg Outcrop Biotite granite, equigranular,

massive, disseminated sulfides,
sericite-altered

ELH190073B 492888 6655252 Pingstaberg Outcrop Biotite granite, equigranular,
massive, disseminated sulfides,
sericite-altered

ELH190073C 492888 6655252 Pingstaberg Outcrop Granitic pegmatite, equigranular,
massive, disseminated sulfides,
altered

ELH200096A 502591 6638897 Elgfall Outcrop Biotite granite, pegmatitic,
massive, sericite-altered

ELH200106A 487901 6658733 Yxsjobyn Drill core Aplite-microgranite, sericite-
altered, massive, disseminated
sulfides

ELH200107A 488006 6658328 Yxsjobyn Drill core Aplite-microgranite, sericite-
altered, massive, disseminated
sulfides

Other rock samples in the NW sector

ELH190003A 523697 6643640 Malingsbo Qutcrop Amphibolite, foliated
east

ELH190026A 526116 6646272 Malingsbo Outcrop Meta-rhyolite, foliated, banded
east

Notes: 1 = Sweref99 TM coordinates; drill core samples show drill hole collar coordinates at surface.
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