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Late Svecofennian sedimentary basins in the crystalline
basement of NE Poland and adjacent area of Lithuania:
ages, major sources of detritus, and correlations
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The Precambrian basement of Lithuania and NE Poland, much of which is metasedimentary paragneiss, can be accessed only by cores
from deep boreholes. lon microprobe dating of detrital zircons from samples of these metasediments and the geochemical signatures of
the rocks provide new insights into their age and provenance. Detrital zircons from metasediments from Jastrzebna and Monki have Pb
isotopic ages in the ranges 3.14-1.83 and 3.53-1.82 Ga, respectively. Similar results have been obtained from the Lithuanian Lazdijai
and Bliudziai paragneisses. About 30% of the analysed Polish detrital zircon cores are of Late Archaean age (2.90-2.60 Ga) and about
70% are Palaeoproterozoic (2.10-1.90 Ga), similar to the age distributions of detrital zircon from Svecofennian metasediments exposed
in Central Sweden and Southern Finland. The youngest detrital zircon sub-groups indicate maximum deposition ages of about 1.86 Ga,
similar to the ages of exposed Svecofennian sedimentary basins. Possible source rocks of comparable ages and affinities can be found
within Fennoscandia, Greenland and Sarmatia.
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INTRODUCTION It appears that a major phase of crust formation in the Polish
and Lithuanian parts of the EEC was related to the
Svecofennian Orogeny (Claesson et al., 2001; Skridlaite and
Motuza, 2001; Krzeminska et al., 2005, 2007; Wiszniewska
et al., 2007; Krzeminska and Wiszniewska, 2007).

The host rocks to the 1.83-1.80 Ga igneous suites in the
basement of central NE Poland range from low-grade meta-
sediments to paragneisses (Krzeminska et al., 2005, 2007;

Wiszniewska et al., 2007). They have been intersected in sev-

Unlike the well-exposed Precambrian bedrock of Finland
and Sweden, the Fennoscandian basement rocks of the East
European Craton (EEC) in NE Poland, Lithuania and Belarus
are completely covered by Phanerozoic sediments that are up
to 5 km thick in the west. The main structures in the buried
basement have been delineated, however, primarily by geo-

physics (Bogdanova et al., 2006). Imaging based on the
EUROBRIDGE’ 95 seismic profile (Eurobridge’95 Working
Group, 2001) and magnetic and gravimetric mapping
(Wybraniec, 1999) shows clear structural continuities be-
tween the deep crustal domains of Lithuania and Poland.
Moreover, Nd depleted mantle model ages for basement
metasediments from NE Poland and Lithuania
(2.09-1.99 Ga) are similar to those obtained from Sveco-
fennian rocks in the Baltic Shield (Claesson and Ryka, 1999).

eral drill holes, for example at Monki, Jastrzebna, Wigry and
Czyze (Fig. 1A, B).

Sediments deposited in a basin preserve a record of tec-
tonic processes and the geological history of their source ter-
rains. Using a combination of petrographic and geochemical
studies, together with geochronological data, it is possible to
infer not only the nature of the source region of sediments, but
also the principal ages of the source rocks and of pre- and
post-depositional thermal events. Zircon is most widely used
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Fig. 1. General location map showing the crystalline basement of NE Poland and adjacent area of Lithuania

A — major tectonic subdivisions and age of the crust within the western part of the East European Craton (modified after Bogdanova et al., 2006) showing
the location of the key drill holes as well as previous detrital zircon studies of Svecofennian metasediments. Some structural units are marked by the letters:
KP — Korosten Pluton, MC — Mazury Complex, OMI — Osnitsk—Mikashevichi Igneous Belt, TESZ — Trans-European Suture Zone, VD — Volyn do-
main; B — magnetic anomaly map of the crystalline basement of NE Poland and adjoining areas of Lithuania and Belarus (Wybraniec, 1999), showing the
area of the Mazowsze domain (MD) and the location of the sampling sites: Morki and Jastrzebna and Bliudziai and Lazdijai boreholes. The locations of
the deep drill holes at Czyze, Wigry and Kaplonosy are also shown; major structural units are marked by: BPG — Belarus—Podlasie Granulite Belt, CB —
Central Belarus Belt, EL — East Lithuanian domain, WL — West Lithuanian Granulite domain, MC — Mazury Complex, MD — Mazowsze domain,
MLSZ — Middle Lithuanian Suture Zone
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for dating detritus, primarily because it crystallises from most
silica-saturated magmas, is very resistant both chemically and
physically to most crustal geological processes, and is isotopi-
cally robust. U-Pb dating of detrital zircon grains from a sedi-
ment is the best method for determining the ages of the sil-
ica-saturated igneous rocks and metamorphic events in its
source region, thus helping to identify terrains from which the
sediment might have been derived. This in turn can be used to
infer tectonic processes and to make regional palaeo-
geographic reconstructions. Such studies of sediment prove-
nance, however, require the accurate dating of a large number
of detrital zircon grains (Dodson et al., 1988; Vermeesh,
2004) and a careful distinction between gneous and metamor-
phic zircon growth.

The presence of detrital zircon has been noted in several
geochronological studies of the basement rocks in Latvia, Lith-
uania and Belarus (e.g., Mansfeld, 2001; Claesson et al., 2001),
but the basic characteristics of terrigenous sediments (e.g., the
age spectrum of the detrital material and the maximum age of
deposition) that can be obtained from a large number of zircon
age measurements have rarely been determined on the unex-
posed basement rocks of Fennoscandia. Metasediments from
only two drill holes, at Monki and Jastrzebna in NE Poland,
have been well documented by both whole-rock geochemistry
and detrital zircon geochronology (Williams et al., 2009).

Here we present the first regional review of all current re-
sults from detrital zircon U-Pb studies in NE Poland and adja-
cent areas of Lithuania, and compare these data with those from
Palaeoproterozoic structural units in the Fennoscandian, Lau-
rentian (Greenland) and Sarmatian megablocks.

GEOLOGICAL CONTEXT

The Fennoscandian crustal segment consists of several do-
mains: the Archaean, Svecofennian and south-west Scandina-
vian domains, and the Transscandinavian Igneous Belt (Fig.
1A). The age of these domains decreases from the north-east to
the south-west. Archaean (3.2-2.5 Ga) granitoid-gneiss com-
plexes are preserved in the Karelian Province (Sorjonen-Ward
and Lukkonnen, 2005). The oldest known Palaeoarchaean
rocks are the ca. 3.4 Ga gneisses (Sm-Nd isochron age) from
the Vodlozero Block, SE Karelian Province (Puchtel et al.,
1991) and trondhjemite gneisses up to ca. 3.5 Ga (U-Pb zircon)
from the Pudasjarvi Granulite Belt, NE Finland (Mutanen and
Huhma, 2003).

The younger part of the Baltic Shield, the Svecofennian do-
main, was formed during the multiphase Svecofennian Orog-
eny (1.92-1.79 Ga), probably by progressive accretion of sev-
eral island arcs (terranes) and continent—continent collision
(Lahtinen et al., 2005, 2008; Korja et al., 2006). It was pre-
ceded by rifting of the Archaean Karelian protocraton and for-
mation of oceanic crust (Korja et al., 2006) and large marginal
basins (Rutland et al., 2004; Williams et al., 2008). The
Svecofennian domain forms a large area of Palaeoproterozoic
crust within Fennoscandia (10° km?), and extends southwards
as far as the Trans European Suture Zone (TESZ) beneath the

Phanerozoic sedimentary cover in Lithuania and Poland (Wil-
liams et al., 2009; Fig. 1A).

The domain is dominated by granitoids and subordinate
volcanic rocks that were intruded over a relatively short period
of time (ca. 1.90-1.87 Ga: Huhma, 1986; Gaal and
Gorbatschev, 1987; Gorbatschev and Bogdanova, 1993) into
metasediments deposited only shortly beforehand (Lahtinen
1996; Claesson et al., 2001; Rutland et al., 2004; Williams et
al., 2008). The bulk of the detritus was derived from Palaeo-
proterozoic (2.1-1.9 Ga), and to a lesser extent Archaean
(3.0-2.6 Ga), sources (Claesson et al., 1993; Lahtinen et al.,
2002; Rutland et al., 2004; Sultan et al., 2005; Bergman et al.,
2008; Williams et al., 2008).

The Svecofennian domain consists of northern and south-
ern volcanic belts and a central marine basin, the Bothnian Ba-
sin (e.g., Gaal and Gorbatschev, 1987; Claesson et al., 1993).
These regions have been distinguished as the northern, central
and southern subprovinces (e.g., Lahtinen et al., 2002). The
northern subprovince is composed of 1.95-1.85 Ga volcanic
and plutonic rocks (Lahtinen et al., 2005; Korja et al., 2006),
plus metasedimentary rocks. The central subprovince consists
mainly of metagreywacke and metapelite of the Bothnian Basin
(ca. 10 km thick) with intercalations of mafic volcanic rocks
(e.g., Nironen, 1997). The southern subprovince is made up of
metapelite, quartzite, migmatite and S-type granite, associated
with quartz-feldspar gneisses, carbonate rocks and metavolcan-
ics (Lahtinen et al., 2002). The volcanic rocks of the Southern
Subprovince have ages of 1.90-1.88 Ga; the granitoids are
slightly younger (1.87-1.85 Ga; Lahtinen et al., 2005 and refer-
ences therein). Both the Central and Southern Subprovinces are
assumed to be the remnants of island arcs. The rocks of the
whole Svecofennian domain were subject to late low-P, high-T
metamorphism that peaked at ca. 1.88 Ga in Finland and
1.85-1.75 Ga in Sweden (Mouri et al., 1999; Lahtinen et al.,
2002; Rutland et al., 2004; Skiéld and Rutland, 2006; Hogdahl
et al., 2008).

The Svecofennian Orogeny (1.92-1.79 Ga) has been di-
vided into the Lapland-Savo, Fennian Svecobaltic and Nordic
crustal orogenic stages (Lahtinen et al., 2005; Korja el al.,
2006; Lahtinen et al., 2008). Well preserved and exposed
Svecofennian sequences such as in the Tampere Schist Belt
(TSB) and Vammala Migmatite Belt (VMB) in Finland, and in
the Bergslagen mining district (BMD), Skellefte district (SD)
and Vastervik Basin (VB) in Sweden, belong to the Bothnian
Basin. They are key areas for studying the evolution of the
Svecofennian Orogen (e.g., Kahkdnen and Leveinen, 1994;
Lahtinen, 2000; Lahtinen et al., 2002; Rutland et al., 2004; Sul-
tan et al., 2005; Bergman et al., 2008). During that protracted
orogeny, the Bothnian Basin or several similar basins extended
from the area of present-day Central Sweden south-east into
Southern Finland, and to the south into the Baltic—Belarus re-
gion (Lithuania, NE Poland and Belarus), where the Precam-
brian basement is now covered by a thick layer of Phanerozoic
sediments (Claesson et al., 1993).

The principal basement crustal domains in Lithuania, Po-
land and Belarus have all been defined using magnetic and
gravimetric mapping (Fig. 1A, B) and geophysics (e.g.,
Wybraniec, 1999; Eurobridge’95 Working Group, 2001;
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Bogdanova, 2005; Bogdanova et al., 2006). The southeastern
margin of Fennoscandia and a major lithospheric discontinuity
that separates Fennoscandia from Sarmatia (e.g., the Minsk
Fault) have been recognized in a few tectonically discrete com-
plexes. The oldest one, close to the Central Belarus Suture
Zone (CBsz), is the Okolovo subterrane, which contains
komatiitic and tholeiitic rocks of oceanic island-arc affinity. In-
tercalations of metasediments include black shales and
ferruginous volcanogenic deposits, including juvenile meta-
volcanics dated at ca. 1.98 Ga (Bibikova et al., 1995).

Strong linear NNE-trending magnetic and gravimetric
anomalies to the west of the Okolovo subterrane and CBsz de-
lineate the Belarus—Podlasie Granulite Belt (BPG; Taran and
Bogdanova, 2003). This belt consists mostly of Palaeo-
proterozoic (1.90-1.87 Ga) meta-igneous, mature-arc-related
granulites (Bibikova et al., 1995; Skridlaite and Motuza, 2001;
Bogdanova et al., 2006) and subordinate high grade metasedi-
ments (Bogdanova et al., 2001; Taran and Bogdanova, 2003).
Crust of similar age, but formed in a back-arc palaeo-
environment and metamorphosed to amphibolite facies, com-
prises the adjacent East Lithuanian (EL) domain. These two
domains form the Lithuanian—Belarus terrane (1.90-1.85 Ga).

Further west again, younger (1.85-1.80 Ga) crust with a
different gravity and magnetic signature and thickness forms
the Late Palaeoproterozoic Polish-Lithuanian terrane
(Bogdanova et al., 2006). The main component of this terrane
is the West Lithuanian Granulite domain (WL), consisting of
high-grade, mostly marine pelites and intermediate to felsic and
calc-alkaline island-arc igneous rocks (Skridlaite and Motuza,
2001; Motuza, 2005). Separating the Lithuanian-Belarus and
Polish-Lithuanian terranes is a transition border zone, the Mid-
dle Lithuanian Suture Zone, which has been interpreted as the
product of Late Palaeoproterozoic subduction processes and fi-
nal amalgamation of the two terranes. Mafic to felsic metavol-
canic rocks of arc affinity in the MLSZ have ages of
1.86-1.84 Ga (Motuza, 2005; Motuza et al., 2006).

At the southern extension of the WL and/or MLSZ lies the
Mazowsze domain (MD). This area in Poland was initially de-
fined as the Mazovian or Mazowsze Archaean massif
(Depciuch et al., 1975; Kubicki and Ryka, 1982; Ryka, 1984),
but following recognition that it consists predominantly of
rocks of metasedimentary origin intruded by 1.83-1.80 Ga
magmatic arc-related granitoids (Wiszniewska et al., 2006;
Krzeminska et al., 2007), the domain is now interpreted as rep-
resenting a Late Palaeoproterozoic arc palaeoenvironment
(Bogdanova, 2005; Bogdanova et al., 2006; Krzemiriska and
Wiszniewska, 2007).

METASEDIMENTS
IN THE LITHUANIAN BASEMENT

Metasedimentary and metaigneous rocks recovered from
several drill holes in the western, central and southern WL and
southern Middle Lithuanian Suture Zone (MLSZ) have been
described by Skridlaite and Motuza (2001). The predominant
supracrustal rocks in the WL are metapelitic and felsic

(metapsammitic) gneisses. The protoliths of the EL metasedi-
ments were mostly greywacke and arkose, in places with an ad-
mixture of volcaniclastic material. They have been metamor-
phosed to biotite—plagioclase—quartz gneiss, in places with gar-
net and sillimanite (Motuza, 2008).

Metasediments from the central WL (Bliudziai drill hole
BI-150, Fig. 1) contain large amounts of volcanic material and
alternate with metavolcanic and volcaniclastic rocks. The
BI-150 rocks include peraluminous gneiss (metapelite) with
lenses and veins of anatectic cordierite-bearing granite, alter-
nating with meta-andesitic porphyritic hypersthene and bio-
tite gneiss. The metapelite contains quartz, plagioclase,
K-feldspar, biotite, garnet, cordierite, sillimanite, zircon and
opaqgue minerals. Restitic (melanocratic) areas are surrounded
by lenses and irregularly shaped patches that are remnants of
cordierite- and K-feldspar-bearing granitic partial melts. The
hypersthene biotite gneiss consists of porphyritic plagioclase
in a fine-grained matrix of hypersthene, biotite and plagio-
clase, with minor quartz, opaque minerals and apatite. All
have been metamorphosed under upper amphibolite to lower
granulite facies conditions. Numerous P-T estimates from the
BI-150 metapelite provide evidence for a stepwise P-T path
from ca. 650°C at 600 MPa down to ca. 450°C at 300 MPa,
indicating tectonic exhumation.

Similar metasedimentary and metaigneous complexes have
been identified in Southern Lithuania, along the MLSZ at
Lazdijai (drill holes Lz-13 and 32, Fig. 1). The basement core
from Lz-13 consists of banded rocks ranging from marble and
chlorite- and biotite-schist (i.e. metasediment) to metavolcanic
biotite gneiss and clinopyroxene-bearing amphibolite. The
gneisse have a wide range of compositions from fine-grained
biotite gneiss to garnet-and-staurolite bearing gneiss. Minor
marble layers are former limestones, containing hornfels strips
at the boundaries with silicic rocks, mainly amphibolite. The
sediments have been metamorphosed at lower- to upper-am-
phibolite facies. Most have undergone ductile deformation,
transforming some rocks into mylonite and blastomylonite that
have later been reworked under more brittle conditions. The
schists consist of quartz and mica (commonly chlorite), with
fine garnet and biotite. They are enriched in opagque minerals,
occasionally magnetite, haematite and covellite intergrowths.
The last might originate from submarine hydrothermal vents
associated with volcanic activity. The complex has been in-
truded by a ca. 1.5 Ga anorthosite—mangerite—charno-
ckite—granite (AMCG) suite (Skridlaite et al., 2003a).

Basement rocks from the Lz-32 drill hole consist of fine- to
medium-grained anatectic granitoids and coarse-grained I-type
granites interspersed with melanocratic strips and lenses of gar-
net-biotite bearing gneisses or amphibolites. The gneisses,
which consist of biotite, garnet, plagioclase, quartz, K-feldspar,
opaque minerals and zircon, are metamorphosed sedimentary
rocks (Fig. 2A, B). The amphibolites, alternating with
pyroxene gneisses, are interpreted as metamorphosed dacites,
andesites and basalts (Skridlaite and Motuza, 2001). Veins and
lenses of homogeneous medium-grained garnet-bearing gran-
ite that formed as a result of anatectic melting of the gneisses
are also present.
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Fig. 2. Photomicrographs of paragneisses from drill holes at: A-B — Lazdijai 32, depth 437 and 451 m; C-D — Moniki, depth 819 m;
E-F — Jastrzebna depth 598 m

Qtz — quartz, Pl — plagioclase, K-fs — K-feldspar, Mus — muscovite, Bt — biotite, Ep — epidote, Sil — sillimanite, Crd — cordierite,
Grt — garnet, Zr — zircon, Mnz — monazite, Ilm — ilmenite, Mag — magnetite, Cal — calcite
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METASEDIMENTS FROM THE BASEMENT
OF CENTRAL NE POLAND

Metasedimentary rocks received a little attention in the
early documentation of drill core from the Polish basement.
The most important mentions were those of metasediment in
drill cores from Jastrzebna and Monki (Fig. 1B) in the
Mazowsze domain. According to Ryka (1976), the upper part
of the basement core from the Jastrzebna 1 drill hole (depth
512-570 m) was dominated by pegmatites and amphibolites,
but from 570 to 717 m the main rock types were intercalated
sillimanite-cordierite gneiss (ca. 70 m) and biotite gneiss (ca.
60 m). The biotite and sillimanite-cordierite gneisses have
low levels of Cr, Ni, V and Co, but high Ba and Sr, consistent
with a sedimentary protolith, possibly shale or mudstone
(Dziedzic, 1976).

Williams et al. (2009) included a sample from the
Jastrzebna drill hole in their study of the geochemistry and de-
trital zircon from Polish basement paragneisses. The selected
sample, J-598 (depth interval 589.0-598.7 m), was typical of
the main homogeneous, but partially migmatised sequence of
cordierite-sillimanite gneiss. The mineral assemblage included
plagioclase (An30-42), K-feldspar, quartz, biotite, cordierite
and sillimanite (Fig. 2C, D), and a high abundance of ilmen-
ite-magnetite, which probably accounts for the presence of a
local magnetic anomaly. The ratio of plagioclase to K-feldspar
was about 3:1. Biotite Fe-Mg-Ti geothermometry (Henry et al.,
2005) indicated metamorphic temperatures of 540 to 625°C,
reflecting metamorphism at amphibolite facies.

The upper part of Monki 1G 2 drill hole, (depth 626 to
745 m) traversed metasediments ranging from quartzite to
quartz-schist. From 745 to 1539 m it intersected monotonous
grey gneisse alternating with a few veins of pegmatite and
some intermediate mafic metavolcanic rocks. The age and
stratigraphic relationships of the Monki rocks have not been
closely investigated. The quartzite has been interpreted as
Jotnian metasediment (Kubicki and Ryka, 1996) and the gneiss
as an enigmatic terrigenous sequence (Wotkowicz, 1996).
Metamorphic temperatures estimated using biotite geothermo-
metry (Henry et al., 2005) ranged from greenschist facies at
475-520°C (819 m depth) to amphibolite facies at 595-620°C
at deeper levels (1240-1460 m).

The Monki sample analysed by Williams et al. (2009),
M-819, was been taken from the upper part (depth 819 m) of
the grey gneiss sequence. It was more quartz rich, and had less
biotite relative to muscovite than the lower gneiss sequence.
The main minerals in decreasing abundance were quartz,
K-feldspar, plagioclase, biotite, muscovite and epidote, with
accessory apatite, zircon, opaque oxides and chlorite (Fig.
2E, F). Laminae of biotite, muscovite and epidote were inter-
calated with laminae dominated by quartz and feldspars on a
thin-section scale. The rare plagioclase was almost com-
pletely sericitised.

Sillimanite- and garnet-biotite-sillimanite gneiss sequences
up to 300 m thick have also been intersected by drill holes at
Czyze, Wigry and Sokdtka within the MD and at Kaplonosy,
within the BPG (Fig. 1). These gneisses also have sedimentary
protoliths.

The metasediments from all drill holes are rather similar to
one another in major element composition. Plotted on the clas-
sification diagram of Herron (1988), the compositions of the
Jastrzebna metasediments analysed by Williams et al. (2009)
straddle the boundary between the shale and Fe-shale fields
(Fig. 3A). The Monki gneiss compositions, with slightly lower
Fe, lie mostly within the shale field. The same SiO,/Al,O3 and
Fe,04/K,0 relationships are characteristic of the Czyze, Wigry,
and Kaplonosy paragneisses (Ryka, 1989, 1996; Jackowicz,
2000). They are probably metamorphosed Fe-shale, shale and
greywacke. Similarly, various gneisses in mostly the lower sed-
imentary units from both the central and southern subprovinces
of the Svecofennian domain in Sweden and Finland (Lahtinen
etal., 2002) also have the major element compositions of shale
and greywacke.

The major element contents of the metasediments, when
used to calculate functions F1-F2 (Roser and Korsch, 1988),
discriminate four main provenance groups. The metasedi-
ments from the Polish and Lithuanian drill holes plot in the
felsic P3 field (Fig. 3B), but they scatter into the intermediate
P2 and mafic P1 fields, in which nearly all the immature and
more mature equivalents from the exposed Svecofennian
(central and southern subprovinces) lie. The trend from P1
(Jastrzebna samples) to P3 (Monki samples) suggests a shift
towards a more felsic bulk composition of the source materi-
als. This trend continues in the samples from the exposed
Svecofennian, with individual samples falling within fields
P1, P2 and mostly P3 (Fig. 3B).

ANALYTICAL METHODS
FOR DETRITAL ZIRCON GEOCHRONOLOGY

The zircon grains were studied in thin section using an elec-
tron microscope fitted with back-scattered electron (BSE) and
cathodoluminescence (CL) detectors before ion microprobe
analysis. All samples were also examined by the LEO electron
microprobe and by CL VIS-View 900 instrument at the Polish
Geological Institute-National Research Institute. The BSE and
CL digital images were used to help diagnose the sedimentary
origin of the zircon and, from the zoning textures, the possible
rock types in the region from which the protolith sediments
were derived.

Studies of detrital zircon age populations require the dating
of large numbers of grains. If a suite of analyses is to have a
95% chance of sampling all detrital components with a relative
abundance of 5% or more, then it is necessary to date at least 60
(Dodson et al., 1988; Fedo et al., 2003) and possibly 120
(Vermeesh, 2004) randomly selected crystals. Data sets with
less analyses risk missing minor components and misrepresent-
ing the relative abundances of even the major components
(Andersen, 2005).

Zircons from the two Polish paragneiss samples (Moriki
and Jastrzebna) were dated by U-Th-Pb using the SHRIMP 11 at
the Australian National University (Williams et al., 2009).
U-Pb compositions of detrital zircons from the Lithuanian
metasediments (drill cores BI-150 and Lz-32) were measured
using the NORDSIM Cameca ims1270 at the Swedish Museum
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Fig. 3. Comparisons of Polish and Lithuanian paragneisses by A — classification diagram
(Herron, 1988) and B — provenance discrimination diagram (Roser and Korsch, 1988)
for fields of rocks: P1 — mafic, P2 — intermediate, P3 — felsic, P4 — quartzose

Analytical data from drill holes: Jastrzebna, Monki (Williams et al., 2009),

2000), Czyze (Ryka, 1996), Kaplonosy (Ryka, 1989), Lazdijai and Bliudziai

Wigry (Jackowicz,
(Skridlaite, unpubl.

data) and for SS — south Svecofennian metasediments and CS — central Svecofennian metasedi-

ments after Lahtinen et al. (2002)

of Natural History, Stockholm. Analytical procedures closely
followed those described by Whitehouse et al., (1999). Pb/U
ratios were calibrated against zircon standard 91500 (1065 Ma:
Wiedenbeck et al., 1995). Common Pb was corrected using the
present day Pb composition calculated using the model of
Stacey and Kramers (1975), assuming that the Pb was labora-
tory-derived surface contamination. Age calculation methods
followed the recommendations of Ludwig (1991) with uncer-
tainties given at the 95% confidence level.

ZIRCON TYPES
AND MORPHOLOGY

Zircon grains from BI-150 were either
included in biotite or plagioclase. They
ranged in shape, but with two dominant
types. The first type was short (<150 um
diameter) and prismatic, the second was
elongated (up to 250 um diameter) with
rounded terminations (Fig. 4A). Both
types showed oscillatory zoning in CL im-
ages, indicating mainly an igneous origin.
Some grains had distinct cores and
overgrowths.

Zircon grains from Lz-32 occurred
mainly as inclusions in biotite. The elon-
gated, rounded, oval-shaped zircons ran-
ged in size from 100 to 300 um diameter.
In some grains, an oscillatory zoned core
was surrounded by a distinct broad rim
(Fig. 4B).

The zircon grains from the Monki drill
core were described by Williams et al.
(2009) as mostly large (100-200 um di-
ameter), pale to dark brown, finely frac-
tured, clear to turbid, subhedral prismatic
crystals. Every zircon grain consisted of a
large core surrounded by a very weakly
luminescent and relatively thin over-
growth (Fig. 4C). The zoning in the cores
ranged from simple oscillatory zoning to
sector zoning or banded zoning. Some
cores showed evidence of extensive re-
crystallisation; in others there was no zon-
ing at all.

Zircons from the Jastrzebna sample
were described as medium to large
(80-200 wm diameter), pale grey-brown,
mostly stubby subhedral to euhedral grains
with fractured, inclusion-rich cores and
clear, inclusion-free overgrowths. The
cores ranged from euhedral crystals to
crystal fragments and clearly rounded
grains (Fig. 4D). Zoning in the cores was
not as varied as in the Monki sample, but
ranged from simple oscillatory zoning to
chaotic and unzoned. The overgrowths
were thick, probably due to a higher grade
of metamorphism.

U-Pb DETRITAL ZIRCON GEOCHRONOLOGY

Fifteen zircon grains (14 cores and 5 overgrowths) were
analysed from Bliudziai (BI-150) depth 1510 m and six grains
(6 cores and 1 overgrowth) from Lazdijai (Lz-32) depth 475 m.
Several core age groups can be distinguished, ranging from
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Fig. 4. Cathodoluminescence images of zircon grains selected from paragneisses

A — Bliudziai 150 depth 1510 m; B — Lazdijai 32 depth 475 m; C — Monki depth 819 m; D — Jastrzebna depth 598 m;
circles show the approximate location and size of SHRIMP and NORDSIM analytical spots respectively;
ages in Ma and uncertainties 1o

ca. 3.0 to ca. 1.85 Ga (Figs. 5 and 6), consistent with the rocks
being of sedimentary origin.

The two oldest oscillatory-zoned cores gave *’Pb/*°Pb
ages of ca. 3.08 and ca. 2.88 Ga (Fig. 5). Several zircon grains
gave ages of ca. 2.00, 1.94 and 1.90-1.89 Ga. One grain had a
2.00 Ga core and 1.89 Ga overgrowth, another a 1.94 Ga core
and 1.85 Ga overgrowth.

The six rounded zircons from the Lz-32 anatectite yielded
ages in the range ca. 2.90-1.50 Ga. One grain with pronounced
oscillatory zoning gave 2.91 Ga, and a group of weakly zoned
grains gave ages of ca. 2.00 and 1.94 Ga. One 1.94 Ga core was
surrounded by a wide, weakly luminescent ca. 1.50 Ga over-
growth. Discordance in the BI-150 and Lz-32 zircons (Fig. 5)
reflects radiogenic Pb loss.

Many more zircon grains were dated from the Monki and
Jastrzebna samples (Williams et al., 2009). Consistent with the
diverse sources of the Monki rocks, the 54 zircon cores ana-
lysed had a wide range of U-Th-Pb isotopic compositions.
Most analyses were concordant or nearly so, but the Pb isotopic

ages ranged from 3.53 to 1.82 Ga (Fig. 5). However, the distri-
bution of ages was not uniform, with most ages in the range
2.1-1.9 Ga, and minor clusters at 2.7 and ca. 1.85 Ga.

Similarly, 49 zircon cores analysed from Jastrzebna 598
also had a wide range of isotopic compositions (Williams et al.,
2009). With a few exceptions, the U-Pb ages were concordant
or nearly so, but the 2"Pb/*®Pb apparent ages ranged from ca.
3.14 to 1.83 Ga (Fig. 5). Most of the analyses (60%) had
2’Ph/?®pp ages in the range 2.1-1.9 Ga. There was a much
smaller cluster of ages in the range 2.8-2.6 Ga.

When the ®'Pb/*®Pb ages of the Polish and Lithuanian
samples are plotted as relative probability histograms (Fig. 6), it
is evident that the large cluster at 2.1-1.9 Ga is composed of
several subgroups. The most objective way to estimate the ages
of those subgroups is by mixture modelling (Sambridge and
Compston, 1994), a procedure whereby groups of zircons with
similar ages can be recognized within a mixed zircon popula-
tion, and the mean age of, and fraction of the population in,
each group estimated.
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The U/Pb isotopic data from Monki and Jastrzebna are given in the table published by Williams et al. (2009);
the isotopic ratios are plotted with 16 uncertainties

Three main age groups accounted for about 85% of the anal-
yses in the 2.1-1.9 Ga cluster from the Morki sample; 2050 +15,
1990 £25 and 1965 +15 Ma. There was a minor group at 1915
+25. A cluster of 8 analyses at ca. 1.85 Ga possibly consisted of
two age groups, 1870 +20 and 1830 £25 Ma. Of the 8 analyses in
the ca. 2.7 Ga group, only 4 gave the same age within analytical
uncertainty 2715 £20 Ma (Williams et al., 2009).

Mixture modelling of the Jastrzebna zircon analyses identi-
fied three possible age groups; 2035 +12, 1986 +6 and 1927
+15 Ma. There was a minor group at ca. 1.86 Ga. Of 10 analy-
ses in the older group, five had a similar *’Pb/**®Pb age within
analytical uncertainty, 2690 £12 Ma. There were no detrital
grains aged between 2.2 and 2.4 Ga (Williams et al., 2009).

There are insufficient analyses from the Lithuanian sam-
ples to apply mixture modelling, but many of the zircon grains
have apparent ages similar to those from the Polish samples.

MAXIMUM AGE OF DEPOSITION

The deposition ages of sedimentary rocks can be con-
strained using the ages of interlayered volcanic or crosscutting
igneous rocks. Maximum deposition ages can also be con-

strained using the ages of the youngest detrital zircon. Sedi-
ments from active orogens commonly contain a zircon popula-
tion contributed by contemporaneous volcanism, the age of
which is effectively the deposition age. Care must be taken,
however, zircon is well known to be susceptible to radiogenic
Pb loss, reducing its Pb/U apparent age, and in metamorphic
rocks it is vital to distinguish between detrital and post-
depositional metamorphic overgrowths (Mezger and Krogstad,
1997; Whitehouse et al., 1999; Rutland et al., 2004; Williams
et al., 2008).

Records of widespread Late Palaeoproterozoic igneous ac-
tivity in Eastern Europe are preserved both in basement drill
cores from Lithuania and Poland, and in igneous rocks exposed
at the surface. For example, igneous rocks from KurSiai-65,
within the WL, and GrauZai-105 (1844 +5 and 1837 +6 Ma, re-
spectively: Motuza et al., 2006), granodiorite from
Zeimiai-347, MLSZ (ca. 1.84 Ga: Rimsaet al., 2001), meta-an-
desite from Virbaliskis (1842 +6 Ma: Motuza et al., 2006), the
Moriki metavolcanics (1836 +8 Ma: our unpubl. data), the
Jastrzebna pegmatite and Bargtow metavolcanics (1826 +12
and 1835 +£28 Ma, respectively: Krzeminska et al., 2006), plus
arc-related granites from Rajsk and Pietkowo (1826 +6 and
1818 +15 Ma, respectively: Krzeminska et al., 2007).
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Two of the youngest Jastrzebna detrital cores have a mean
age of ca. 1.86 Ga, only slightly higher than the ages of the
metamorphic zircon overgrowths and monazite, 1841 +14 and
1827 £20 Ma, respectively. Using the same criterion, the more
mature Monki sample has a maximum deposition age of 1830
+35 Ma (Williams et al., 2009). The ages of the youngest detri-
tal zircon cores from the Jastrzebna and Morki samples are
nearly coincident with that of nearby igneous activity, therefore
the protolith sediments must have been deposited at or soon af-
ter ca. 1.86 Ga.

The maximum deposition ages measured on metasediments
from the northern part of the Svecofennian domain are mostly
similar. For example, mature quartzites from upper strati-
graphic levels (southern Svecofennian) have maximum deposi-
tion ages of ca. 1.87-1.86 Ga (Lahtinen et al., 2002). Clastic
sediments in the Véstervik Basin, SE Sweden, were deposited
after 1.85 Ga (Sultan et al., 2005). The maximum age of sedi-
mentation from four localities: Luukkola (1842 +10 Ma),
Pyhéntaka (1865 +11 Ma), Tiirsimaa (1848 *13 Ma),
Hamrange (1855 +10 Ma), as given by the youngest detrital
zircon cores, has been constrained to time interval
1.88-1.83 Ga (Bergman et al., 2008). These data suggest that
during the time interval 1.87-1.83 Ga there were several con-
temporaneous sedimentary basins in southern Fennoscandia.
This period corresponds to an hiatus between two major phases
of the Svecofennian Orogeny in Sweden and Finland,
1.89-1.86 Ga and 1.83-1.79 Ga, the Fennian and Svecobaltic
episodes, respectively (Korja et al., 2006; Lahtinen et al.,
2008), a period referred to as the intra-orogenic phase in the
Fennoscandian Shield (Bergman et al., 2008).

Sedimentation in the Jastrzebna, Monki, Lazdijai and
Bliudziai areas was probably initiated at a late stage in the
Svecofennian Orogeny, possibly reflecting deposition of detri-
tus in advance of a continent-continent collision (Korja et al.,
2006; Lahtinen et al., 2008).

COMPARISON OF DETRITAL ZIRCON AGES
WITHIN THE SVECOFENNIAN DOMAIN

Several studies in the last decade have confirmed that the
pattern of detrital zircon ages first found by Huhma et al.
(1991) is a feature of the Svecofennian metasediments
throughout Finland and Sweden (e.g., Claesson et al., 1993;
Lahtinen et al., 2002; Rutland et al., 2004; Sultan et al., 2005;
Bergman et al., 2008; Williams et al., 2008). The relative abun-
dance of the various components differs from place to place
(Fig. 6), but all analysed metasediments, either immature and
mature, or from the upper or lower Svecofennian, are charac-
terized by a major population of 2.1-1.9 Ga zircon, a scarcity of
zircon with ages of 2.6-2.1 Ga, and a cluster of ages at about
2.9-2.7 Ga. Some have rare grains up to 3.5 Ga (e.g., up to
3.44 Ga at TSB, Southern Finland, and 3.32 Ga at Vastervik,
Central Sweden). Claesson et al. (1993) concluded that most of
the Archaean zircon ages were consistent with sediment deri-
vation from the Archaean craton in the northeastern part of the
Baltic Shield, but that some of detritus must have been derived
from unidentified Archaean sources elsewhere.

Common applications of detrital zircon geochronology in-
clude the comparison or/and correlation of detrital ages be-
tween sedimentary basins, or between a basin and its potential
source regions. In many cases, however, such comparisons are
compromised because insufficient grains from any one sample
have been dated and there is a high probability that either some
age components have been missed or their relative abundances
are not accurately represented. Ideally, the characterization of a
detrital zircon population should be based on the dating of at
least 60 grains (Dodson et al., 1988; Fedo et al., 2003). Recent
detrital zircon studies of metasediments from Central Sweden
and Southern Finland (e.g., Sultan et al., 2005; Bergman et al.,
2008) have been based on a large number of age measurements,
sufficient to quantify the relative abundances of the major detri-
tal components.

The detrital zircon age measurements from the Jastrzebna
(n = 49) and Monki (n = 54) metasediments (Fig. 6A, B) are
sufficient in combination for quantitative comparisons (Wil-
liams et al., 2009). In contrast, the smaller data sets from
Lazdijai and Bliudziai reported here (n = 6 and 20, respec-
tively) are indicative only and risk missing minor components
and misrepresenting the relative abundances of the major age
groups. In summarizing the data from the Lithuanian metasedi-
ments (Fig. 6C), therefore, we have been able to document only
a major Palaeoproterozoic population at 2.1-1.9 Ga, and a
common Archaean group at 3.1-2.9 Ga.

The Pb isotopic ages measured by Bergman et al. (2008) on
detrital zircon from quartz-rich metasandstones from the upper
parts of Svecofennian sequences in southeastern Finland
(Luukkola, Pyhéntaka and Tiirismaa) and east-central Sweden

(Hamréange) had a multimodal distribution very similar to that
previously reported from that part of Fennoscandia, namely a
high abundance of 2.1-1.9 Ga Palaeoproterozoic grains and a
subsidiary population at 2.9-2.7 Ga. A sample from Tiirismaa
(Arc Complex of Southern Finland), for example, had two
main age groups, 2.1-1.85 and 2.95-2.60 Ga. The oldest grain
was 3.3 Ga (Fig. 6D).

On the other hand, the detritus from Hamréange in Central
Sweden (Berslagen area) was somewhat different. The typical
Palaeoproterozoic group at 2.1-1.85 Ga was dominant in those
quartz-rich metasediments, but Archaean zircon was very rare.
It was proposed that the youngest detritus from Hamrange was
derived from the nearby, extensive 1.86-1.84 Ga Ljusdal
Batholith in Sweden (Bergman et al., 2008).

The southernmost outcrops of late Svecofennian meta-
sedimentary rocks in Sweden are near Vastervik, close to the
Baltic Sea coast. Detrital zircons from three samples from a va-
riety of sedimentary environments and lithofacies towards the
bottom of the Vastervik Basin have been dated by Sultan et al.
(2005). The metasediments contained a mixture of Palaeopro-
terozoic (75%) and Archaean (25%) zircon. The main Palaeo-
proterozoic group ranged in age from 2.12 to 1.87 Ga, there
were two Archaean groups (2.72—-2.69 Ga and 3.03-2.95 Ga),
and the oldest detrital grain was 3.64 Ga (Fig. 6F).

The detrital zircon age spectra from the central and southern
Svecofennian sequences are all rather similar (Fig. 6G, H). Al-
though the number of grains analysed per sample is relatively
low, the combined results (about 158 analyses from 9 samples)
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show the typical mix of about 70% Palaeoproterozoic and 30%
Archaean grains (Lahtinen et al., 2002).

The Mornki, Jastrzebna and combined Lazdijai and
Bliudziai zircon age spectra (Fig. 6) are generally consistent
with those from metasediments from different structural seg-
ments of the Svecofennian domain. The predominance of
Palaeoproterozoic zircon with ages between ca. 2.10 and
190 Ga, plus small amounts of Archaean zircon
(2.90-2.60 Ga) is evident on all diagrams, as well as the gap in
the spectra between ca. 2.6 and 2.1 Ga.

The small number of detrital zircon ages reported from
other units in the Baltic—Belarus region show a similar time
span. Five dated grains from a metapelitic granulite from the
BPG had ages of ca. 1.93 to 1.84 Ga (Claesson et al., 2001).
Mansfeld (2001) measured ages of 2.24-2.11 Ga on a few de-
trital zircons from a metagreywacke within the East Lithuanian
domain (EL).

Thus, all reported ages of detrital zircon from metasedi-
ments in the Polish-Lithuanian (e.g., WL and MD) terrane
(sensu Bogdanova et al., 2006) are very similar to those of zir-
con from metasediments in the conventionally-defined
Svecofennian domain.

POSSIBLE SOURCE AREAS

Accurate reconstructions of the locations of continents dur-
ing the Early Palaeoproterozoic are essential in the quest to
identify potential source areas for the Svecofennian sediments.
The latitudes of several microcontinents established using
palaeomagnetism suggest that, during the Palaeoproterozoic,
there was a large landmass assembled along global scale
2.1-1.8 Ga collisional orogens (Zhao et al., 2002). The config-
uration of that supercontinent (Hudsonland: Pesonen et al.,
2003, or Columbia: Rogers and Santosh, 2002; Zhao et al.,
2004) remains controversial. However, in most plate tectonic
reconstructions, the NW part of Baltica (sensu Fennoscandia)
was attached to Greenland (part of Laurentia) and Western
Amazonia. The former position of Amazonia remains prob-
lematic — only one reconstruction has placed that continent in
close proximity to Baltica (at 1.65 Ga: Pesonen et al., 2003 and
references therein). The major Palaeoproterozoic crust-form-
ing event in Amazonia, the Trans-Amazonian Orogeny, oc-
curred at 2.2-2.0 Ga (Tassinari and Macambira, 1999). On cur-
rent geological evidence from the Amazonian craton, it appears
that the continent was not assembled before 1.65 Ga (Pesonen
et al., 2003).

Other possible microcontinents, namely Baltica and Green-
land, drifted independently between 2.15 and 1.93 Ga, until
collision in the period 1.9-1.8 Ga (Pesonen et al., 2003), form-
ing coeval orogens in Baltica and Laurentia (the
Nagssugtogidian Orogen). The most important crust forming
events from Greenland are illustrated in Figure T7A.
Palaeoproterozoic zircon ages of ca. 1.97-1.80 Ga have been
measured on several igneous suites from Eastern Greenland,
for example the Ammasslik arc-related Intrusive Complex
(Nutman et al., 2008). Gneisses in Eastern Greenland have an
Archaean (3.04-2.73 Ga) igneous protolith. Palaeo/Eoar-

chaean rocks (3.85-3.57 Ga) are found in the Itsaq Gneiss
Complex. They are cut by ca. 3.50 Ga Ameralik dykes. The
Amitsoq Gneisses in Western Greenland have ages of ca.
3.85-3.50 Ga (Nutman et al., 2000; Cates and Mojzsis, 2006;
Holtta et al., 2008). Zircon geochronology on both orthogneiss
complexes confirms a minimum age for the igneous protoliths
of ca. 3.75 Ga (Fig. 7A).

The zircon ages from Greenland bear some resemblance to
the detrital zircon age spectra characteristic of the
Svecofennian metasediments. For example, the oldest zircon
found in sediments from the Véstervik Basin has ages in the
range 3.65-3.63 Ga (Sultan et al., 2005). It has been proposed,
however, that such zircon, which is not well represented in the
rocks of the Baltic Shield, is derived from the Sarmatia
megablock (op cit.).

The reconstructions of Palaeoproterozoic Fennoscandia
have not considered amalgamation with the Sarmatia Block at
2.0-1.8 Ga because of palaeomagnetic data (Pesonen et al.,
2003 and references therein) that imply that Baltica (sensu
Fennoscandia) and Ukraine (sensu Sarmatia) remained sepa-
rated until sometime between 1.77 and 1.70 Ga (Elming et al.,
2001; Bogdanova et al., 2001; Lubnina et al., 2009) when
Ukraine docked with Baltica from the south. There are, how-
ever, no reliable palacomagnetic data from Baltica at 2.0 Ga or
Ukraine at 1.88 Ga (Pesonen et al., 2003) that would indicate
the configuration and drift history of those microcontinents
while the Svecofennian sediments were being deposited. The
palaeopoles for Ukraine at 2.0 Ga indicate moderate northerly
latitudes in the same hemisphere as Laurentia. At 1.88 Ga,
Baltica was positioned at low to intermediate latitudes, so the
two microcontinents in all likelihood were some distance apart
at the time.

Disregarding the configuration of the continents at the time
of sediment deposition (ca. 1.86 Ga), several previous workers
(e.g., Lahtinen et al., 2002; Sultan et al., 2005) have speculated
on the provenance of the Svecofennian detritus, preferring the
Sarmatian megablock as the source area for the oldest zircon
grains. However, magmatism as early as 3.5 Ga has also been
documented in Central Finland (Mutanen and Huhma, 2003),
and trondhjemite gneisses from the Pudasjarvi Granulite Belt,
at up to ca. 3.4 Ga, are the oldest rocks so far identified in
Fennoscandia (Fig.7A) (Slabunov et al., 2006).

Sarmatia contrasts with Fennoscandia in terms of the timing
of early crustal formation, for example in the higher relative
abundance of Eo/Palaecoarchaean (3.65-3.00 Ga) crust. The
Sarmatian megablock is composed of Archaean continental
crust formed between 3.7 and 2.7 Ga, with intervening
Palaeoproterozoic belts accreted to the Archaean cores be-
tween 2.2-2.1 and 2.0-1.9 Ga (Claesson et al., 2006). Igneous
rocks formed at 2.10-1.90 Ga are therefore common within
several continental blocks: Fennoscandia, Sarmatia and
Laurentia (Greenland).

The 2.10-1.90 Ga detrius in Fennoscandia was derived
mainly from mafic and felsic volcanic rocks. The southern
Svecofennian metasediments, however, are characterized by a
predominance of 2.1-2.0 Ga zircon thought to be derived
from sources with alkaline affinity (Lahtinen et al., 2002).
Considering the age span and observed compositional rela-
tionships, (op. cit.) the Sarmatia Block has been similarly
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Fig. 7. The major source — detritus correlations

A — combined detrital zircons 2°’Ph/ ?*Pb ages of metasedimentary rocks from Moriki, Jastrzebna, Lazdijai 32, Bliudziai 150 drill hole and from the
Vastervik Basin with igneous events of the Fennoscandian Okolovo Terrane and Greenland (a) and Sarmatia (b) discussed in the text. Data from: (1)
Shcherbak et al., 1990; (2) Shcherbak et al., 2008, (3) Shcherbak et al., 2005; (4) Bogdanova et al., 2006; (5) Claesson et al., 2006; (6) Nutman et al., 2008;
(7) Cates and Mojzsis, 2006; (8) Mutanen and Huhma, 2003; the major stages of Svecofennian Orogeny: 1.92-1.77 Ga (Korja et al., 2006) are marked by
grey shading; B — possible configuration of continents of Palaeo-Mezoproterozoic Columbia supercontinent redrawn from Zhao et al., 2002; CA — Cen-
tral Australia, EA — East Antarctica, G — Greenland, IND — India, M — Madagascar, NA — North America, NC — North China, S — Siberia, SAF —

South Africa, SC — South China, T — Tarim, WA — West Australia, WAF — West Africa
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nominated as the possible source area for the southern
Svecofennian metasediments. The metasediments from the
Polish and Lithuanian boreholes have chemical compositions
indicative of mostly felsic, but ranging to intermediate and
mafic sources (Fig. 3B).

The chemical evidence for the provenance of the Monki
and Jastrzebna paragneisses has been discussed in detail by
Williams et al. (2009). Trace element signatures of the meta-
sediments (La-Th-Sc, Th-Sc-Zr/10) suggested that the source
of their protolith was an active continental margin or continen-
tal (mature) island arc. The REE and Y contents of the
Jastrzebna paragneiss indicated a relatively high proportion of
source rocks of tonalite-trondhjemite—granodiorite (TTG) af-
finity and unweathered components with oceanic arc signa-
tures (Williams et al., 2009). The nearest known occurrence of
TTG rocks is the Okolovo—Rudma Fennoscandian subterrane
(Taran, 2001; Bogdanova et al., 2006). That area is dominated
by ca. 2.0 Ga metavolcanic rocks, including 1982 +26 Ma
metadacites (Bogdanovaet al., 1994). A range of juvenile TTG
magmas was emplaced in the northwestern part of the CBsz
(including the Okolovo terrane) at ca. 1.9 Ga (Claesson et al.,
2001; Taran and Bogdanova, 2003).

The relatively immaturity of the metasediments recovered
from the Polish boreholes suggests that the source of the detri-
tus was not far distant from the depositional basin. Most of the
crust in the adjacent orogenic belts (e.g., the Lithuanian
terrane) formed at ca. 1.85 Ga, however, so is too young to be a
potential source. There is no doubt that in the Palaeo-
proterozoic, at 2.0-1.8 Ga, the distance between the
Jastrzebna—Monki area and the 1.9 Ga TTG bodies within the
Central Belarus domain (sensu Bogdanova et al., 2001) and the
Okolovo terrane (sensu Bogdanova et al., 2006) was different
from that at the present day, but it is unlikely to have exceeded
300-400 km (Skridlaite et al., 2003b). Further, the BPG (and
other units of the Lithuanian—Belarus terrane) and the Fenno-
scandian affinity Okolovo subterrane had a close relationship
and shared a similar geodynamic evolution at that time
(Bogdanova et al., 2006), so might well have been the proximal
source areas.

The global-scale network of Palaeoproterozoic (ca.
2.1-1.8 Ga) collisional orogens led to the formation of a
supercontinent Columbia/Hudsonia/Nuna at ca. 1.8 Ga
(Fig. 7B). Fennoscandia, in the middle, was bounded by
Laurentia in the NE, Volgo-Uralia in the E, Sarmatia in the
SE, an unknown microcontinent in the SW, and possibly
Amazonia in the W (e.g., Rodgers and Santosh, 2002; Zhao et
al., 2002, 2004).

There are some marked similarities between the
Svecofennian detrital zircon age spectra and the ages of im-
portant zircon-forming events in the more distal area of west-
ern Sarmatia (Fig. 7B). The Osnitsk—Mikashevichi Igneous
Belt (OMI: 2.00-1.95 Ga), the youngest orogenic belt at the
northwestern margin of Sarmatia (Bogdanova et al., 2006),
contains granitoid massifs of Palaeoproterozoic age, for ex-
ample the Mikashevichi, Zhukhovichskiy (1970 +15 and
1900 +45 Ma, respectively: Shcherbak et al., 1990) and
Osnytsya complexes (2.02-1.97 Ga: Shcherbak et al., 2002).
Furthermore, the Volyn domain on the western edge of
Sarmatia is dominated by 2.1-2.0 Ga mafic and felsic meta-

volcanic and hypabyssal rocks, for example the Berdychiv
enderbites with ages of ca. 2140, ca. 2166 and 2058 +6 Ma
(Shcherbak et al., 2005) and the Zhitomir Complex
(2.08-2.0 Ga: Shcherbak et al., 2002, 2008).

Late Archaean granites with ages in the range 2.7-2.6 Ga,
and slightly older high-grade metamorphic rocks, are present in
the western Ukrainian Shield (Claesson et al., 2006).
Eo/Palaeoarchaean rocks up to 3.6 Ga have also been found in
the same region. There are ca. 3.75-3.65 Ga high-grade
enderbites (Shcherbak et al., 2005; Claesson et al., 2006) and
3.4-3.1 Ga mafic enderbites (Lesnaya et al., 1995) in the
Dniestr—Bug region of western Sarmatia and early Archaean
two-pyroxene mafic granulites in the Tivriv Block (Bibikova et
al., 2000).

The similarities between the Svecofennian detrital zircon
age spectra and the zircon ages from the western edge of the
Sarmatian Block are significant. They might suggest a closer
spatial relationship between Baltica and Sarmatia, before final
docking at 1.77-1.70 Ga, than has previously been considered.
Further testing of that concept awaits the availability of
palaecomagnetic data that reliably indicate the location of the
two microcontinents at the time the Svecofennian sediments
were being deposited (ca. 2.00-1.86 Ga).

As illustrated in Figures 7A and B, the ages of potential
source rocks from proximal Svecofennian terranes of
Fennoscandia, as well as igneous suites from distal Greenland
(eastern Laurentia) and probably more distal western Sarmatia,
are closely consistent with the detrital zircon age spectra mea-
sured on the Svecofennian metasediments throughout Finland,
Sweden, Lithuania, and Poland.

CONCLUSIONS

There is now convincing evidence for the widespread pres-
ence of Palaeoproterozoic metasedimentary rocks in the base-
ment of the Polish-Lithuanian and Lithuanian-Belarus terranes
(sensu Bogdanova et al., 2006), and that these terranes are the
buried southernmost part of the Svecofennian domain. Detrital
zircon geochronology provides proof of a direct genetic link
between those buried basement metasediments and the
Svecofennian metasediments exposed in Sweden and Finland.
The combined patterns of detrital zircon ages from Moriki,
Jastrzebna, Lazdijai and Bliudziai show the same clusters of
ages as commonly observed at different locations within the
classical Svecofennian domain:

1. A predominance of Palaeoproterozoic ages between ca.
2.10 and 1.90 Ga;

2. Small numbers of Archaean ages between 2.90 and
2.60 Ga;

3. A marked scarcity of ages between ca. 2.4 and 2.2 Ga.

The youngest detrital zircon groups from the Jastrzebna and
Monki metasediments indicate significantly differenta maxi-
mum deposition ages of 1856 £6 and 1829 +9 Ma respectively .

These data from deep boreholes in Southern Lithuania and
northeastern Poland, located very close to the present day
boundary between the Fennoscandian and Sarmatian
megablocks, suggest that at ca. 1.86 Ga (Late Svecofennian), in
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the southern part of Fennoscandia, several continental margin
sedimentary basins existed more or less coevally.

The detrital zircon ages compiled here demonstrate the
widespread occurrence of early Archaean (>3.2 Ga) detritus
within the Svecofennian metasediments that is not a typical age
of the Fennoscandian crust. On the other hand, detrital zircon
populations with ages of ca. 2.1-1.9 and 2.8-2.6 Ga, as well as
3.1 and 3.5 Ga from the Jastrzebna, Monki, Lazdijai and
Bliudziai boreholes closely match the ages of most episodes of
crust formation in the Fennoscandian Block, as well as in
Greenland (eastern Laurentia): 3.75-3.06, 2.85-2.64 and
1.96-1.88 Ga, and the Sarmatia microcontinent: 3.69-3.24,
3.15-3.03, 2.79-2.59, 2.1-2.0 and 1.97-1.88 Ga.

The relative immaturity of the basement metasediments
discovered by drilling in Poland and Lithuania suggests that
their source area was quite close to the depositional basins. The
close similarity between the detrital zircon age spectra and the
crust formation ages in eastern Laurentia and Sarmatia is con-
sistent with these microcontinents having been in close prox-

imity to Fennoscandia for at least 100 m.y. before they finally
docked at 1.77-1.70 Ga.
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