
Geo log i cal Quar terly, 2009, 53 (3): 255–272

Late Svecofennian sed i men tary bas ins in the crys tal line
base ment of NE Po land and ad ja cent area of Lith u a nia: 

ages, ma jor sources of de tri tus, and cor re la tions

Ewa KRZEMIŃSKA, Janina WISZNIEWSKA, Grazina SKRIDLAITE and Ian S. WILLIAMS

Krzemińska E., Wiszniewska J., Skridlaite G. and Wil liams I. S. (2009) — Late Svecofennian sed i men tary bas ins in the crys tal line base -
ment of NE Po land and ad ja cent area of Lith u a nia: ages, ma jor sources of de tri tus, and cor re la tions. Geol. Quart., 53 (3): 255–272.
Warszawa.

The Pre cam brian base ment of Lith u a nia and NE Po land, much of which is metasedimentary paragneiss, can be ac cessed only by cores
from deep bore holes. Ion microprobe dat ing of de tri tal zir cons from sam ples of these meta sedi ments and the geo chem i cal sig na tures of
the rocks pro vide new in sights into their age and prov e nance. De tri tal zir cons from meta sedi ments from Jastrzębna and Mońki have Pb
iso to pic ages in the ranges 3.14–1.83 and 3.53–1.82 Ga, re spec tively. Sim i lar re sults have been ob tained from the Lith u a nian Lazdijai
and Bliudziai paragneisses. About 30% of the ana lysed Pol ish de tri tal zir con cores are of Late Archaean age (2.90–2.60 Ga) and about
70% are Palaeoproterozoic (2.10–1.90 Ga), sim i lar to the age dis tri bu tions of de tri tal zir con from Svecofennian meta sedi ments ex posed
in Cen tral Swe den and South ern Fin land. The youn gest de tri tal zir con sub-groups in di cate max i mum de po si tion ages of about 1.86 Ga,
sim i lar to the ages of ex posed Svecofennian sed i men tary bas ins. Pos si ble source rocks of com pa ra ble ages and af fin i ties can be found
within Fennoscandia, Green land and Sarmatia.
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INTRODUCTION

Un like the well-ex posed Pre cam brian bed rock of Fin land
and Swe den, the Fennoscandian base ment rocks of the East
Eu ro pean Craton (EEC) in NE Po land, Lith u a nia and Belarus
are com pletely cov ered by Phanerozoic sed i ments that are up
to 5 km thick in the west. The main struc tures in the bur ied
base ment have been de lin eated, how ever, pri mar ily by geo -
phys ics (Bogdanova et al., 2006). Im ag ing based on the
EUROBRIDGE’ 95 seis mic pro file (Eurobridge’95 Work ing
Group, 2001) and mag netic and gravimetric map ping
(Wybraniec, 1999) shows clear struc tural con ti nu i ties be -
tween the deep crustal do mains of Lith u a nia and Po land.
More over, Nd de pleted man tle model ages for base ment
meta sedi ments from NE Po land and Lith u a nia
(2.09–1.99 Ga) are sim i lar to those ob tained from Sveco -
fennian rocks in the Bal tic Shield (Claesson and Ryka, 1999).

It ap pears that a ma jor phase of crust for ma tion in the Pol ish
and Lith u a nian parts of the EEC was re lated to the
Svecofennian Orog eny (Claesson et al., 2001; Skridlaite and
Motuza, 2001; Krze mińska et al., 2005, 2007; Wiszniewska
et al., 2007; Krze mińska and Wiszniewska, 2007).

The host rocks to the 1.83–1.80 Ga ig ne ous suites in the
base ment of cen tral NE Po land range from low-grade meta -
sedi ments to paragneisses (Krzemińska et al., 2005, 2007;
Wiszniewska et al., 2007). They have been in ter sected in sev -
eral drill holes, for ex am ple at Mońki, Jastrzębna, Wigry and
Czyże (Fig. 1A, B). 

Sed i ments de pos ited in a ba sin pre serve a re cord of tec -
tonic pro cesses and the geo log i cal his tory of their source ter -
rains. Us ing a com bi na tion of petrographic and geo chem i cal
stud ies, to gether with geo chron ol ogi cal data, it is pos si ble to
in fer not only the na ture of the source re gion of sed i ments, but 
also the prin ci pal ages of the source rocks and of pre- and
post-depositional ther mal events. Zir con is most widely used
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Fig. 1. Gen eral lo ca tion map show ing the crys tal line base ment of NE Po land and ad ja cent area of Lith u a nia

A — ma jor tec tonic sub di vi sions and age of the crust within the west ern part of the East Eu ro pean Craton (mod i fied af ter Bogdanova et al., 2006) show ing
the lo ca tion of the key drill holes as well as pre vi ous de tri tal zir con stud ies of Svecofennian meta sedi ments. Some struc tural units are marked by the let ters: 
KP —  Korosten Pluton, MC — Mazury Com plex, OMI — Osnitsk–Mikashevichi Ig ne ous Belt, TESZ — Trans-Eu ro pean Su ture Zone, VD — Volyn do -
main; B — mag netic anom aly map of the crys tal line base ment of NE Po land and ad join ing ar eas of Lith u a nia and Belarus (Wybraniec, 1999), show ing the
area of the Mazowsze do main (MD) and the lo ca tion of the sam pling sites: Mońki and Jastrzębna and Bliudziai and Lazdijai bore holes. The lo ca tions of
the deep drill holes at Czyże, Wigry and Kaplonosy are also shown; ma jor struc tural units are marked by: BPG — Belarus–Podlasie Granulite Belt, CB —
Cen tral Belarus Belt, EL — East Lith u a nian domain, WL — West Lith u a nian Granulite domain, MC — Mazury Com plex, MD — Mazowsze do main,
MLSZ — Mid dle Lith u a nian Su ture Zone



for dat ing de tri tus, pri mar ily be cause it crystallises from most
sil ica-sat u rated mag mas, is very re sis tant both chem i cally and 
phys i cally to most crustal geo log i cal pro cesses, and is iso to pi -
cally ro bust. U-Pb dat ing of de tri tal zir con grains from a sed i -
ment is the best method for de ter min ing the ages of the sil -
ica-sat u rated ig ne ous rocks and meta mor phic events in its
source re gion, thus help ing to iden tify ter rains from which the 
sed i ment might have been de rived. This in turn can be used to
in fer tec tonic pro cesses and to make re gional palaeo -
geographic re con struc tions. Such stud ies of sed i ment prov e -
nance, how ever, re quire the ac cu rate dat ing of a large num ber
of de tri tal zir con grains (Dodson et al., 1988; Vermeesh,
2004) and a care ful dis tinc tion be tween gneous and meta mor -
phic zir con growth.

The pres ence of de tri tal zir con has been noted in sev eral
geo chron ol ogi cal stud ies of the base ment rocks in Lat via, Lith -
u a nia and Belarus (e.g., Mansfeld, 2001; Claesson et al., 2001), 
but the ba sic char ac ter is tics of terrigenous sed i ments (e.g., the
age spec trum of the de tri tal ma te rial and the max i mum age of
de po si tion) that can be ob tained from a large num ber of zir con
age mea sure ments have rarely been de ter mined on the un ex -
posed base ment rocks of Fennoscandia. Meta sedi ments from
only two drill holes, at Mońki and Jastrzębna in NE Po land,
have been well doc u mented by both whole-rock geo chem is try
and de tri tal zir con geo chron ol ogy (Wil liams et al., 2009). 

Here we pres ent the first re gional re view of all cur rent re -
sults from de tri tal zir con U-Pb stud ies in NE Po land and ad ja -
cent ar eas of Lith u a nia, and com pare these data with those from 
Palaeoproterozoic struc tural units in the Fennoscandian, Lau -
ren tian (Green land) and Sarmatian megablocks.

GEOLOGICAL CONTEXT

The Fennoscandian crustal seg ment con sists of sev eral do -
mains: the Archaean, Svecofennian and south-west Scan di na -
vian do mains, and the Transscandinavian Ig ne ous Belt (Fig.
1A). The age of these do mains de creases from the north-east to
the south-west. Archaean (3.2–2.5 Ga) granitoid-gneiss com -
plexes are pre served in the Karelian Prov ince (Sorjonen-Ward
and Lukkonnen, 2005). The old est known Palaeoarchaean
rocks are the ca. 3.4 Ga gneiss es (Sm-Nd isochron age) from
the Vodlozero Block, SE Karelian Prov ince (Puchtel et al.,
1991) and trondhjemite gneiss es up to ca. 3.5 Ga (U-Pb zir con) 
from the Pudasjärvi Granulite Belt, NE Fin land (Mutanen and
Huhma, 2003).

The youn ger part of the Bal tic Shield, the Svecofennian do -
main, was formed dur ing the multiphase Svecofennian Orog -
eny (1.92–1.79 Ga), prob a bly by pro gres sive ac cre tion of sev -
eral is land arcs (ter ranes) and con ti nent–con ti nent col li sion
(Lahtinen et al., 2005, 2008; Korja et al., 2006). It was pre -
ceded by rift ing of the Archaean Karelian protocraton and for -
ma tion of oce anic crust (Korja et al., 2006) and large mar ginal
bas ins (Rutl and et al., 2004; Wil liams et al., 2008). The
Svecofennian do main forms a large area of Palaeoproterozoic
crust within Fennoscandia (106 km2), and ex tends south wards
as far as the Trans Eu ro pean Su ture Zone (TESZ) be neath the

Phanerozoic sed i men tary cover in Lith u a nia and Po land (Wil -
liams et al., 2009; Fig. 1A). 

The do main is dom i nated by granitoids and sub or di nate
vol ca nic rocks that were in truded over a rel a tively short pe riod
of time (ca. 1.90–1.87 Ga: Huhma, 1986; Gaal and
Gorbatschev, 1987; Gorbatschev and Bogdanova, 1993) into
meta sedi ments de pos ited only shortly be fore hand (Lahtinen
1996; Claesson et al., 2001; Rutl and et al., 2004; Wil liams et
al., 2008). The bulk of the de tri tus was de rived from Palaeo -
proterozoic (2.1–1.9 Ga), and to a lesser ex tent Archaean
(3.0–2.6 Ga), sources (Claesson et al., 1993; Lahtinen et al.,
2002; Rutl and et al., 2004; Sul tan et al., 2005; Berg man et al.,
2008; Wil liams et al., 2008).

The Svecofennian do main con sists of north ern and south -
ern vol ca nic belts and a cen tral ma rine ba sin, the Bothnian Ba -
sin (e.g., Gaal and Gorbatschev, 1987; Claesson et al., 1993).
These re gions have been dis tin guished as the north ern, cen tral
and south ern subprovinces (e.g., Lahtinen et al., 2002). The
north ern subprovince is com posed of 1.95–1.85 Ga vol ca nic
and plutonic rocks (Lahtinen et al., 2005; Korja et al., 2006),
plus metasedimentary rocks. The cen tral subprovince con sists
mainly of metagreywacke and metapelite of the Bothnian Ba sin 
(ca. 10 km thick) with in ter ca la tions of mafic vol ca nic rocks
(e.g., Nironen, 1997). The south ern subprovince is made up of
metapelite, quartz ite, migmatite and S-type gran ite, as so ci ated
with quartz-feld spar gneiss es, car bon ate rocks and meta vol can -
ics (Lahtinen et al., 2002). The vol ca nic rocks of the South ern
Subprovince have ages of 1.90–1.88 Ga; the granitoids are
slightly youn ger (1.87–1.85 Ga; Lahtinen et al., 2005 and ref er -
ences therein). Both the Cen tral and South ern Subprovinces are 
as sumed to be the rem nants of is land arcs. The rocks of the
whole Svecofennian do main were sub ject to late low-P, high-T
meta mor phism that peaked at ca. 1.88 Ga in Fin land and
1.85–1.75 Ga in Swe den (Mouri et al., 1999; Lahtinen et al.,
2002; Rutl and et al., 2004; Skiöld and Rutl and, 2006; Högdahl
et al., 2008).

The Svecofennian Orog eny (1.92–1.79 Ga) has been di -
vided into the Lapl and-Savo, Fennian Svecobaltic and Nordic
crustal orogenic stages (Lahtinen et al., 2005; Korja el al.,
2006; Lahtinen et al., 2008). Well pre served and ex posed
Svecofennian se quences such as in the Tampere Schist Belt
(TSB) and Vammala Migmatite Belt (VMB) in Fin land, and in
the Bergslagen min ing dis trict (BMD), Skellefte dis trict (SD)
and Västervik Ba sin (VB) in Swe den, be long to the Bothnian
Ba sin. They are key ar eas for study ing the evo lu tion of the
Svecofennian Orogen (e.g., Kähkönen and Leveinen, 1994;
Lahtinen, 2000; Lahtinen et al., 2002; Rutl and et al., 2004; Sul -
tan et al., 2005; Berg man et al., 2008). Dur ing that pro tracted
orog eny, the Bothnian Ba sin or sev eral sim i lar bas ins ex tended
from the area of pres ent-day Cen tral Swe den south-east into
South ern Fin land, and to the south into the Bal tic–Belarus re -
gion (Lith u a nia, NE Po land and Belarus), where the Pre cam -
brian base ment is now cov ered by a thick layer of Phanerozoic
sed i ments (Claesson et al., 1993).

The prin ci pal base ment crustal do mains in Lith u a nia, Po -
land and Belarus have all been de fined us ing mag netic and
gravimetric map ping (Fig. 1A, B) and geo phys ics (e.g.,
Wybraniec, 1999; Eurobridge’95 Work ing Group, 2001;
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Bogdanova, 2005; Bogdanova et al., 2006). The south east ern
mar gin of Fennoscandia and a ma jor lithospheric dis con ti nu ity
that sep a rates Fennoscandia from Sarmatia (e.g., the Mińsk
Fault) have been rec og nized in a few tec toni cally dis crete com -
plexes. The old est one, close to the Cen tral Belarus Su ture
Zone (CBsz), is the Okolovo subterrane, which con tains
komatiitic and tholeiitic rocks of oce anic is land-arc af fin ity. In -
ter ca la tions of meta sedi ments in clude black shales and
ferruginous volcanogenic de pos its, in clud ing ju ve nile meta -
vol can ics dated at ca. 1.98 Ga (Bibikova et al., 1995).

Strong lin ear NNE-trending mag netic and gravimetric
anom a lies to the west of the Okolovo subterrane and CBsz de -
lin eate the Belarus–Podlasie Granulite Belt (BPG; Taran and
Bogdanova, 2003). This belt con sists mostly of Palaeo -
proterozoic (1.90–1.87 Ga) meta-ig ne ous, ma ture-arc-re lated
granu lites (Bibikova et al., 1995; Skridlaite and Motuza, 2001;
Bogdanova et al., 2006) and sub or di nate high grade meta sedi -
ments (Bogdanova et al., 2001; Taran and Bogdanova, 2003).
Crust of sim i lar age, but formed in a back-arc palaeo -
environment and meta mor phosed to am phi bo lite fa cies, com -
prises the ad ja cent East Lith u a nian (EL) do main. These two
do mains form the Lith u a nian–Belarus terrane (1.90–1.85 Ga). 

Fur ther west again, youn ger (1.85–1.80 Ga) crust with a
dif fer ent grav ity and mag netic sig na ture and thick ness forms
the Late Palaeoproterozoic Pol ish-Lith u a nian terrane
(Bogdanova et al., 2006). The main com po nent of this terrane
is the West Lith u a nian Granulite do main (WL), con sist ing of
high-grade, mostly ma rine pelites and in ter me di ate to fel sic and 
calc-al ka line is land-arc ig ne ous rocks (Skridlaite and Motuza,
2001; Motuza, 2005). Sep a rat ing the Lith u a nian-Belarus and
Pol ish-Lith u a nian ter ranes is a tran si tion bor der zone, the Mid -
dle Lith u a nian Su ture Zone, which has been in ter preted as the
prod uct of Late Palaeoproterozoic subduction pro cesses and fi -
nal amal gam ation of the two ter ranes. Mafic to fel sic meta vol -
can ic rocks of arc af fin ity in the MLSZ have ages of
1.86–1.84 Ga (Motuza, 2005; Motuza et al., 2006). 

At the south ern ex ten sion of the WL and/or MLSZ lies the
Mazowsze do main (MD). This area in Po land was ini tially de -
fined as the Mazovian or Mazowsze Archaean mas sif
(Depciuch et al., 1975; Kubicki and Ryka, 1982; Ryka, 1984),
but fol low ing rec og ni tion that it con sists pre dom i nantly of
rocks of metasedimentary or i gin in truded by 1.83–1.80 Ga
mag matic arc-re lated granitoids (Wiszniewska et al., 2006;
Krzemińska et al., 2007), the do main is now in ter preted as rep -
re sent ing a Late Palaeoproterozoic arc palaeoenvironment
(Bogdanova, 2005; Bogdanova et al., 2006; Krzemińska and
Wiszniewska, 2007).

METASEDIMENTS
IN THE LITHUANIAN BASEMENT

Metasedimentary and metaigneous rocks re cov ered from
sev eral drill holes in the west ern, cen tral and south ern WL and
south ern Mid dle Lith u a nian Su ture Zone (MLSZ) have been
de scribed by Skridlaite and Motuza (2001). The pre dom i nant
supracrustal rocks in the WL are metapelitic and fel sic

(metapsammitic) gneiss es. The protoliths of the EL meta sedi -
ments were mostly greywacke and ar kose, in places with an ad -
mix ture of volcaniclastic ma te rial. They have been meta mor -
phosed to bi o tite–plagioclase–quartz gneiss, in places with gar -
net and sillimanite (Motuza, 2008).

Meta sedi ments from the cen tral WL (Bliudziai drill hole
Bl-150, Fig. 1) con tain large amounts of vol ca nic ma te rial and 
al ter nate with meta vol can ic and volcaniclastic rocks. The
Bl-150 rocks in clude peraluminous gneiss (metapelite) with
lenses and veins of anatectic cor di er ite-bear ing gran ite, al ter -
nat ing with meta-andesitic por phy ritic hypersthene and bi o -
tite gneiss. The metapelite con tains quartz, plagioclase,
K-feld spar, bi o tite, gar net, cor di er ite, sillimanite, zir con and
opaque min er als. Restitic (melanocratic) ar eas are sur rounded 
by lenses and ir reg u larly shaped patches that are rem nants of
cor di er ite- and K-feld spar-bear ing gra nitic par tial melts. The
hypersthene bi o tite gneiss con sists of por phy ritic plagioclase
in a fine-grained ma trix of hypersthene, bi o tite and plagio -
clase, with mi nor quartz, opaque min er als and ap a tite. All
have been meta mor phosed un der up per am phi bo lite to lower
granulite fa cies con di tions. Nu mer ous P-T es ti mates from the
Bl-150 metapelite pro vide ev i dence for a stepwise P-T path
from ca. 650°C at 600 MPa down to ca. 450°C at 300 MPa,
in di cat ing tec tonic ex hu ma tion.

Sim i lar metasedimentary and metaigneous com plexes have 
been iden ti fied in South ern Lith u a nia, along the MLSZ at
Lazdijai (drill holes Lz-13 and 32, Fig. 1). The base ment core
from Lz-13 con sists of banded rocks rang ing from mar ble and
chlorite- and bi o tite-schist (i.e. meta sedi ment) to meta vol can ic
bi o tite gneiss and clinopyroxene-bear ing am phi bo lite. The
gneisse have a wide range of com po si tions from fine-grained
bi o tite gneiss to gar net-and-staurolite bear ing gneiss. Mi nor
mar ble lay ers are for mer lime stones, con tain ing hornfels strips
at the bound aries with silicic rocks, mainly am phi bo lite. The
sed i ments have been meta mor phosed at lower- to up per-am -
phi bo lite fa cies. Most have un der gone duc tile de for ma tion,
trans form ing some rocks into my lon ite and blastomylonite that
have later been re worked un der more brit tle con di tions. The
schists con sist of quartz and mica (com monly chlorite), with
fine gar net and bi o tite. They are en riched in opaque min er als,
oc ca sion ally mag ne tite, haematite and covel lite inter growths.
The last might orig i nate from sub ma rine hy dro ther mal vents
as so ci ated with vol ca nic ac tiv ity. The com plex has been in -
truded by a ca. 1.5 Ga an or tho site–mangerite–charno -
ckite–gran ite (AMCG) suite (Skridlaite et al., 2003a). 

Base ment rocks from the Lz-32 drill hole con sist of fine- to
me dium-grained anatectic granitoids and coarse-grained I-type
gran ites in ter spersed with melanocratic strips and lenses of gar -
net-bi o tite bear ing gneiss es or am phi bo lites. The gneiss es,
which con sist of bi o tite, gar net, plagioclase, quartz, K-feld spar, 
opaque min er als and zir con, are meta mor phosed sed i men tary
rocks (Fig. 2A, B). The am phi bo lites, al ter nat ing with
pyroxene gneiss es, are in ter preted as meta mor phosed dacites,
andesites and bas alts (Skridlaite and Motuza, 2001). Veins and
lenses of ho mo ge neous me dium-grained gar net-bear ing gran -
ite that formed as a re sult of anatectic melt ing of the gneiss es
are also pres ent.
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Fig. 2. Pho to mi cro graphs of paragneisses from drill holes at: A–B — Lazdijai 32, depth 437 and 451 m; C–D — Mońki, depth 819 m;
 E–F — Jastrzębna depth 598 m 

Qtz — quartz, Pl — plagioclase, K-fs — K-feld spar, Mus — mus co vite, Bt — bi o tite, Ep — epidote, Sil — sillimanite, Crd — cor di er ite,
Grt — gar net, Zr — zir con, Mnz — monazite, Ilm — il men ite, Mag — mag ne tite, Cal — cal cite



METASEDIMENTS FROM THE BASEMENT
OF CENTRAL NE POLAND

Metasedimentary rocks re ceived a lit tle at ten tion in the
early doc u men ta tion of drill core from the Pol ish base ment.
The most im por tant men tions were those of meta sedi ment in
drill cores from Jastrzębna and Mońki (Fig. 1B) in the
Mazowsze do main. Ac cord ing to Ryka (1976), the up per part
of the base ment core from the Jastrzębna 1 drill hole (depth
512–570 m) was dom i nated by pegmatites and am phi bo lites,
but from 570 to 717 m the main rock types were in ter ca lated
sillimanite-cor di er ite gneiss (ca. 70 m) and bi o tite gneiss (ca.
60 m). The bi o tite and sillimanite-cor di er ite gneiss es have
low lev els of Cr, Ni, V and Co, but high Ba and Sr, con sis tent
with a sed i men tary protolith, pos si bly shale or mudstone
(Dziedzic, 1976).

Wil liams et al. (2009) in cluded a sam ple from the
Jastrzębna drill hole in their study of the geo chem is try and de -
tri tal zir con from Pol ish base ment paragneisses. The se lected
sam ple, J-598 (depth in ter val 589.0–598.7 m), was typ i cal of
the main ho mo ge neous, but par tially migmatised se quence of
cor di er ite-sillimanite gneiss. The min eral as sem blage in cluded
plagioclase (An30-42), K-feld spar, quartz, bi o tite, cor di er ite
and sillimanite (Fig. 2C, D), and a high abun dance of il men -
ite-mag ne tite, which prob a bly ac counts for the pres ence of a
lo cal mag netic anom aly. The ra tio of plagioclase to K-feld spar
was about 3:1. Bi o tite Fe-Mg-Ti geothermometry (Henry et al., 
2005) in di cated meta mor phic tem per a tures of 540 to 625°C,
re flect ing meta mor phism at am phi bo lite fa cies.

The up per part of Mońki IG 2 drill hole, (depth 626 to
745 m) tra versed meta sedi ments rang ing from quartz ite to
quartz-schist. From 745 to 1539 m it in ter sected mo not o nous
grey gneisse al ter nat ing with a few veins of peg ma tite and
some in ter me di ate mafic meta vol can ic rocks. The age and
strati graphic re la tion ships of the Mońki rocks have not been
closely in ves ti gated. The quartz ite has been in ter preted as
Jotnian meta sedi ment (Kubicki and Ryka, 1996) and the gneiss 
as an enig matic terrigenous se quence (Wołkowicz, 1996).
Meta mor phic tem per a tures es ti mated us ing bi o tite geothermo -
metry (Henry et al., 2005) ranged from greenschist fa cies at

475–520°C (819 m depth) to am phi bo lite fa cies at 595–620°C
at deeper lev els (1240–1460 m).

The Mońki sam ple ana lysed by Wil liams et al. (2009),
M-819, was been taken from the up per part (depth 819 m) of
the grey gneiss se quence. It was more quartz rich, and had less 
bi o tite rel a tive to mus co vite than the lower gneiss se quence.
The main min er als in de creas ing abun dance were quartz,
K-feld spar, plagioclase, bi o tite, mus co vite and epidote, with
ac ces sory ap a tite, zir con, opaque ox ides and chlorite (Fig.
2E, F). Laminae of bi o tite, mus co vite and epidote were in ter -
ca lated with laminae dom i nated by quartz and feld spars on a
thin-sec tion scale. The rare plagioclase was al most com -
pletely sericitised.

Sillimanite- and gar net-bi o tite-sillimanite gneiss se quences 
up to 300 m thick have also been in ter sected by drill holes at
Czyże, Wigry and Sokółka within the MD and at Kaplonosy,
within the BPG (Fig. 1). These gneiss es also have sed i men tary
protoliths. 

The meta sedi ments from all drill holes are rather sim i lar to
one an other in ma jor el e ment com po si tion. Plot ted on the clas -
si fi ca tion di a gram of Herron (1988), the com po si tions of the
Jastrzębna meta sedi ments ana lysed by Wil liams et al. (2009)
strad dle the bound ary be tween the shale and Fe-shale fields
(Fig. 3A). The Mońki gneiss com po si tions, with slightly lower
Fe, lie mostly within the shale field. The same SiO2/Al2O3 and
Fe2O3/K2O re la tion ships are char ac ter is tic of the Czyże, Wigry, 
and Kaplonosy paragneisses (Ryka, 1989, 1996; Jackowicz,
2000). They are prob a bly meta mor phosed Fe-shale, shale and
greywacke. Sim i larly, var i ous gneiss es in mostly the lower sed -
i men tary units from both the cen tral and south ern subprovinces 
of the Svecofennian do main in Swe den and Fin land (Lahtinen
et al., 2002) also have the ma jor el e ment com po si tions of shale
and greywacke.

The ma jor el e ment con tents of the meta sedi ments, when
used to cal cu late func tions F1–F2 (Roser and Korsch, 1988),
dis crim i nate four main prov e nance groups. The meta sedi -
ments from the Pol ish and Lith u a nian drill holes plot in the
fel sic P3 field (Fig. 3B), but they scat ter into the in ter me di ate
P2 and mafic P1 fields, in which nearly all the im ma ture and
more ma ture equiv a lents from the ex posed Svecofennian
(cen tral and south ern subprovinces) lie. The trend from P1
(Jastrzębna sam ples) to P3 (Mońki sam ples) sug gests a shift
to wards a more fel sic bulk com po si tion of the source ma te ri -
als. This trend con tin ues in the sam ples from the ex posed
Svecofennian, with in di vid ual sam ples fall ing within fields
P1, P2 and mostly P3 (Fig. 3B).

ANALYTICAL METHODS 
FOR DETRITAL ZIRCON GEOCHRONOLOGY

The zir con grains were stud ied in thin sec tion us ing an elec -
tron mi cro scope fit ted with back-scat tered elec tron (BSE) and
cathodoluminescence (CL) de tec tors be fore ion microprobe
anal y sis. All sam ples were also ex am ined by the LEO elec tron
microprobe and by CL VIS-View 900 in stru ment at the Pol ish
Geo log i cal In sti tute-Na tional Re search In sti tute. The BSE and
CL dig i tal im ages were used to help di ag nose the sed i men tary
or i gin of the zir con and, from the zon ing tex tures, the pos si ble
rock types in the re gion from which the protolith sed i ments
were de rived.

Stud ies of de tri tal zir con age pop u la tions re quire the dat ing
of large num bers of grains. If a suite of anal y ses is to have a
95% chance of sam pling all de tri tal com po nents with a rel a tive
abun dance of 5% or more, then it is nec es sary to date at least 60
(Dodson et al., 1988; Fedo et al., 2003) and pos si bly 120
(Vermeesh, 2004) ran domly se lected crys tals. Data sets with
less anal y ses risk miss ing mi nor com po nents and mis rep re sent -
ing the rel a tive abun dances of even the ma jor com po nents
(Andersen, 2005).

Zir cons from the two Pol ish paragneiss sam ples (Mońki
and Jastrzębna) were dated by U-Th-Pb us ing the SHRIMP II at 
the Aus tra lian Na tional Uni ver sity (Wil liams et al., 2009).
U-Pb com po si tions of de tri tal zir cons from the Lith u a nian
meta sedi ments (drill cores Bl-150 and Lz-32) were mea sured
us ing the NORDSIM Cameca ims1270 at the Swed ish Mu seum 
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of Nat u ral His tory, Stock holm. An a lyt i cal pro ce dures closely
fol lowed those de scribed by Whitehouse et al., (1999). Pb/U
ra tios were cal i brated against zir con stan dard 91500 (1065 Ma: 
Wiedenbeck et al., 1995). Com mon Pb was cor rected us ing the
pres ent day Pb com po si tion cal cu lated us ing the model of
Stacey and Kramers (1975), as sum ing that the Pb was lab o ra -
tory-de rived sur face con tam i na tion. Age cal cu la tion meth ods
fol lowed the rec om men da tions of Lud wig (1991) with un cer -
tain ties given at the 95% con fi dence level. 

ZIRCON TYPES
AND MORPHOLOGY

Zir con grains from Bl-150 were ei ther
in cluded in bi o tite or plagioclase. They
ranged in shape, but with two dom i nant

types. The first type was short (<150 mm
di am e ter) and pris matic, the sec ond was

elon gated (up to 250 mm di am e ter) with
rounded ter mi na tions (Fig. 4A). Both
types showed os cil la tory zon ing in CL im -
ages, in di cat ing mainly an ig ne ous or i gin.
Some grains had dis tinct cores and
overgrowths.

Zir con grains from Lz-32 oc curred
mainly as in clu sions in bi o tite. The elon -
gated, rounded, oval-shaped zir cons ran -

ged in size from 100 to 300 mm di am e ter.
In some grains, an os cil la tory zoned core
was sur rounded by a dis tinct broad rim
(Fig. 4B).

The zir con grains from the Mońki drill 
core were de scribed by Wil liams et al.

(2009) as mostly large (100–200 mm di -
am e ter), pale to dark brown, finely frac -
tured, clear to tur bid, subhedral pris matic
crys tals. Ev ery zir con grain con sisted of a
large core sur rounded by a very weakly
lu mi nes cent and rel a tively thin over -
growth (Fig. 4C). The zon ing in the cores
ranged from sim ple os cil la tory zon ing to
sec tor zon ing or banded zon ing. Some
cores showed ev i dence of ex ten sive re -
crysta llisation; in oth ers there was no zon -
ing at all.

Zir cons from the Jastrzębna sam ple
were de scribed as me dium to large

(80–200 mm di am e ter), pale grey-brown,
mostly stubby subhedral to euhedral grains 
with frac tured, in clu sion-rich cores and
clear, in clu sion-free overgrowths. The
cores ranged from euhedral crys tals to
crys tal frag ments and clearly rounded
grains (Fig. 4D). Zon ing in the cores was
not as var ied as in the Mońki sam ple, but
ranged from sim ple os cil la tory zon ing to
cha otic and un zoned. The overgrowths
were thick, prob a bly due to a higher grade
of meta mor phism.

U-Pb DETRITAL ZIRCON GEOCHRONOLOGY

Fif teen zir con grains (14 cores and 5 overgrowths) were
ana lysed from Bliudziai (Bl-150) depth 1510 m and six grains
(6 cores and 1 over growth) from Lazdijai (Lz-32) depth 475 m.
Sev eral core age groups can be dis tin guished, rang ing from
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Fig. 3. Com par i sons of Pol ish and Lith u a nian paragneisses by A — clas si fi ca tion di a gram
(Herron, 1988) and B — prov e nance dis crim i na tion di a gram (Roser and Korsch, 1988)

for fields of rocks: P1 — mafic, P2 — in ter me di ate, P3 — fel sic, P4 — quartzose

An a lyt i cal data from drill holes: Jastrzębna, Mońki (Wil liams et al., 2009), Wigry (Jackowicz,
2000), Czyże (Ryka, 1996), Kaplonosy (Ryka, 1989), Lazdijai and Bliudziai (Skridlaite, unpubl.
data) and for SS — south Svecofennian meta sedi ments and CS — cen tral Svecofennian meta sedi -
ments af ter Lahtinen et al. (2002)



ca. 3.0 to ca. 1.85 Ga (Figs. 5 and 6), con sis tent with the rocks
be ing of sed i men tary or i gin. 

The two old est os cil la tory-zoned cores gave 207Pb/206Pb
ages of ca. 3.08 and ca. 2.88 Ga (Fig. 5). Sev eral zir con 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 over growth, an other a 1.94 Ga core
and 1.85 Ga over growth.

The six rounded zir cons from the Lz-32 anatectite yielded
ages in the range ca. 2.90–1.50 Ga. One grain with pro nounced 
os cil la tory zon ing 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 
sur rounded by a wide, weakly lu mi nes cent ca. 1.50 Ga over -
growth. Dis cor dance in the Bl-150 and Lz-32 zir cons (Fig. 5)
re flects ra dio genic Pb loss. 

Many more zir con grains were dated from the Mońki and
Jastrzębna sam ples (Wil liams et al., 2009). Con sis tent with the
di verse sources of the Mońki rocks, the 54 zir con cores ana -
lysed had a wide range of U-Th-Pb iso to pic com po si tions.
Most anal y ses were con cor dant or nearly so, but the Pb iso to pic 

ages ranged from 3.53 to 1.82 Ga (Fig. 5). How ever, the dis tri -
bu tion of ages was not uni form, with most ages in the range
2.1–1.9 Ga, and mi nor clus ters at 2.7 and ca. 1.85 Ga.

Sim i larly, 49 zir con cores ana lysed from Jastrzębna 598
also had a wide range of iso to pic com po si tions (Wil liams et al., 
2009). With a few ex cep tions, the U-Pb ages were con cor dant
or nearly so, but the 207Pb/206Pb ap par ent ages ranged from ca.
3.14 to 1.83 Ga (Fig. 5). Most of the anal y ses (60%) had
207Pb/206Pb ages in the range 2.1–1.9 Ga. There was a much
smaller clus ter of ages in the range 2.8–2.6 Ga.

When the 207Pb/206Pb ages of the Pol ish and Lith u a nian
sam ples are plot ted as rel a tive prob a bil ity his to grams (Fig. 6), it 
is ev i dent that the large clus ter at 2.1–1.9 Ga is com posed of
sev eral sub groups. The most ob jec tive way to es ti mate the ages
of those sub groups is by mix ture mod el ling (Sambridge and
Compston, 1994), a pro ce dure whereby groups of zir cons with
sim i lar ages can be rec og nized within a mixed zir con pop u la -
tion, and the mean age of, and frac tion of the pop u la tion in,
each group es ti mated.
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Fig. 4. Cathodoluminescence im ages of zir con grains se lected from paragneisses

 A — Bliudziai 150 depth 1510 m; B — Lazdijai 32 depth 475 m; C — Mońki depth 819 m; D — Jastrzębna depth 598 m;
cir cles show the ap prox i mate lo ca tion and size of  SHRIMP and NORDSIM an a lyt i cal spots re spec tively; 

ages in Ma and un cer tain ties 1s



Three main age groups ac counted for about 85% of the anal -
y ses in the 2.1–1.9 Ga clus ter from the Mońki sam ple; 2050 ±15, 
1990 ±25 and 1965 ±15 Ma. There was a mi nor group at 1915
±25. A clus ter of 8 anal y ses at ca. 1.85 Ga pos si bly con sisted of
two age groups, 1870 ±20 and 1830 ±25 Ma. Of the 8 anal y ses in 
the ca. 2.7 Ga group, only 4 gave the same age within an a lyt i cal
un cer tainty 2715 ±20 Ma (Wil liams et al., 2009).

Mix ture mod el ling of the Jastrzębna zir con anal y ses iden ti -
fied three pos si ble age groups; 2035 ±12, 1986 ±6 and 1927
±15 Ma. There was a mi nor group at ca. 1.86 Ga. Of 10 anal y -
ses in the older group, five had a sim i lar 207Pb/206Pb age within
an a lyt i cal un cer tainty, 2690 ±12 Ma. There were no de tri tal
grains aged be tween 2.2 and 2.4 Ga (Wil liams et al., 2009).

There are in suf fi cient anal y ses from the Lith u a nian sam -
ples to ap ply mix ture mod el ling, but many of the zir con grains
have ap par ent ages sim i lar to those from the Pol ish sam ples.

MAXIMUM AGE OF DEPOSITION

The de po si tion ages of sed i men tary rocks can be con -
strained us ing the ages of interlayered vol ca nic or cross cut ting
ig ne ous rocks. Max i mum de po si tion ages can also be con -

strained us ing the ages of the youn gest de tri tal zir con. Sed i -
ments from ac tive orogens com monly con tain a zir con pop u la -
tion con trib uted by con tem po ra ne ous vol ca nism, the age of
which is ef fec tively the de po si tion age. Care must be taken,
how ever, zir con is well known to be sus cep ti ble to ra dio genic
Pb loss, re duc ing its Pb/U ap par ent age, and in meta mor phic
rocks it is vi tal to dis tin guish be tween de tri tal and post-
 depositional meta mor phic overgrowths (Mezger and Krogstad, 
1997; Whitehouse et al., 1999; Rutl and et al., 2004; Wil liams
et al., 2008). 

Re cords of wide spread Late Palaeoproterozoic ig ne ous ac -
tiv ity in East ern Eu rope are pre served both in base ment drill
cores from Lith u a nia and Po land, and in ig ne ous rocks ex posed 
at the sur face. For ex am ple, ig ne ous rocks from Kuršiai-65,
within the WL, and Graužai-105 (1844 ±5 and 1837 ±6 Ma, re -
spec tively: Motuza et al., 2006), granodiorite from
Žeimiai-347, MLSZ (ca. 1.84 Ga: Rimsa et al., 2001), meta-an -
de site from Virbaliskis (1842 ±6 Ma: Motuza et al., 2006), the
Mońki meta vol can ics (1836 ±8 Ma: our unpubl. data), the
Jastrzębna peg ma tite and Bargłów meta vol can ics (1826 ±12
and 1835 ±28 Ma, re spec tively: Krzemińska et al., 2006), plus
arc-re lated gran ites from Rajsk and Pietkowo (1826 ±6 and
1818 ±15 Ma, re spec tively: Krzemińska et al., 2007).
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Fig. 5. Con cordia di a grams for de tri tal zir cons from sam ples: A — Lazdijai 32, B — Bliudziai 150, C — Mońki 819, D — Jastrzębna 598

The U/Pb iso to pic data from Mońki and Jastrzębna are given in the ta ble pub lished by Wil liams et al. (2009);

the iso to pic ra tios are plot ted with 1s  un cer tain ties
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Fig. 6. Rel a tive prob a bil ity plots of 207Pb/ 206Pb de tri tal zir con ages for: A — Mońki sam ple 819; B — Jastrzębna sam ple 598, 
C — Bliudziai and Lazdijai sam ples (jointly) and se lected Svecofennian meta sedi ments

Data from: Berg man et al., 2008 (Tiirismaa and Hamrange); Sul tan et al., 2005 (Västevik); Lahtinen et al., 2002 (South and Cen tral Svecofennian); 
Wil liams et al., 2009 (Mońki and Jastrzębna)



Two of the youn gest Jastrzębna de tri tal cores have a mean
age of ca. 1.86 Ga, only slightly higher than the ages of the
meta mor phic zir con overgrowths and monazite, 1841 ±14 and
1827 ±20 Ma, re spec tively. Us ing the same cri te rion, the more
ma ture Mońki sam ple has a max i mum de po si tion age of 1830
±35 Ma (Wil liams et al., 2009). The ages of the youn gest de tri -
tal zir con cores from the Jastrzębna and Mońki sam ples are
nearly co in ci dent with that of nearby ig ne ous ac tiv ity, there fore 
the protolith sed i ments must have been de pos ited at or soon af -
ter ca. 1.86 Ga.

The max i mum de po si tion ages mea sured on meta sedi ments 
from the north ern part of the Svecofennian do main are mostly
sim i lar. For ex am ple, ma ture quartzites from up per strati -
graphic lev els (south ern Svecofennian) have max i mum de po si -
tion ages of ca. 1.87–1.86 Ga (Lahtinen et al., 2002). Clastic
sed i ments in the Västervik Ba sin, SE Swe den, were de pos ited
af ter 1.85 Ga (Sul tan et al., 2005). The max i mum age of sed i -
men ta tion from four lo cal i ties: Luukkola (1842 ±10 Ma),
Pyhäntaka (1865 ±11 Ma), Tiirsimaa (1848 ±13 Ma),

Hamr¯nge (1855 ±10 Ma), as given by the youn gest de tri tal
zir con cores, has been con strained to time in ter val
1.88–1.83 Ga (Berg man et al., 2008). These data sug gest that
dur ing the time in ter val 1.87–1.83 Ga there were sev eral con -
tem po ra ne ous sed i men tary bas ins in south ern Fennoscandia.
This pe riod cor re sponds to an hi a tus be tween two ma jor phases 
of the Svecofennian Orog eny in Swe den and Fin land,
1.89–1.86 Ga and 1.83–1.79 Ga, the Fennian and Svecobaltic
ep i sodes, re spec tively (Korja et al., 2006; Lahtinen et al.,
2008), a pe riod re ferred to as the intra-orogenic phase in the
Fennoscandian Shield (Berg man et al., 2008).

Sed i men ta tion in the Jastrzębna, Mońki, Lazdijai and
Bliudziai ar eas was prob a bly ini ti ated at a late stage in the
Svecofennian Orog eny, pos si bly re flect ing de po si tion of de tri -
tus in ad vance of a con ti nent-con ti nent col li sion (Korja et al.,
2006; Lahtinen et al., 2008). 

COMPARISON OF DETRITAL ZIRCON AGES
WITHIN THE SVECOFENNIAN DOMAIN

Sev eral stud ies in the last de cade have con firmed that the
pat tern of de tri tal zir con ages first found by Huhma et al.
(1991) is a fea ture of the Svecofennian meta sedi ments
through out Fin land and Swe den (e.g., Claesson et al., 1993;
Lahtinen et al., 2002; Rutl and et al., 2004; Sul tan et al., 2005;
Berg man et al., 2008; Wil liams et al., 2008). The rel a tive abun -
dance of the var i ous com po nents dif fers from place to place
(Fig. 6), but all ana lysed meta sedi ments, ei ther im ma ture and
ma ture, or from the up per or lower Svecofennian, are char ac -
ter ized by a ma jor pop u la tion of 2.1–1.9 Ga zir con, a scar city of 
zir con with ages of 2.6–2.1 Ga, and a clus ter 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, South ern Fin land, and 3.32 Ga at Västervik,
Cen tral Swe den). Claesson et al. (1993) con cluded that most of 
the Archaean zir con ages were con sis tent with sed i ment der i -
va tion from the Archaean craton in the north east ern part of the
Bal tic Shield, but that some of de tri tus must have been de rived
from un iden ti fied Archaean sources else where. 

Com mon ap pli ca tions of de tri tal zir con geo chron ol ogy in -
clude the com par i son or/and cor re la tion of de tri tal ages be -
tween sed i men tary bas ins, or be tween a ba sin and its po ten tial
source re gions. In many cases, how ever, such com par i sons are
com pro mised be cause in suf fi cient grains from any one sam ple
have been dated and there is a high prob a bil ity that ei ther some
age com po nents have been missed or their rel a tive abun dances
are not ac cu rately rep re sented. Ide ally, the char ac ter iza tion of a
de tri tal zir con pop u la tion should be based on the dat ing of at
least 60 grains (Dodson et al., 1988; Fedo et al., 2003). Re cent
de tri tal zir con stud ies of meta sedi ments from Cen tral Swe den
and South ern Fin land (e.g., Sul tan et al., 2005; Berg man et al.,
2008) have been based on a large num ber of age mea sure ments, 
suf fi cient to quan tify the rel a tive abun dances of the ma jor de tri -
tal com po nents.

The de tri tal zir con age mea sure ments from the Jastrzębna
(n = 49) and Mońki (n = 54) meta sedi ments (Fig. 6A, B) are
suf fi cient in com bi na tion for quan ti ta tive com par i sons (Wil -
liams et al., 2009). In con trast, the smaller data sets from
Lazdijai and Bliudziai re ported here (n = 6 and 20, re spec -
tively) are in dic a tive only and risk miss ing mi nor com po nents
and mis rep re sent ing the rel a tive abun dances of the ma jor age
groups. In sum ma riz ing the data from the Lith u a nian meta sedi -
ments (Fig. 6C), there fore, we have been able to doc u ment only 
a ma jor Palaeoproterozoic pop u la tion at 2.1–1.9 Ga, and a
com mon Archaean group at 3.1–2.9 Ga.

The Pb iso to pic ages mea sured by Berg man et al. (2008) on 
de tri tal zir con from quartz-rich metasandstones from the up per
parts of Svecofennian se quences in south east ern Fin land
(Luukkola, Pyhäntaka and Tiirismaa) and east-cen tral Swe den

(Hamr¯nge) had a multimodal dis tri bu tion very sim i lar to that
pre vi ously re ported from that part of Fennoscandia, namely a
high abun dance of 2.1–1.9 Ga Palaeoproterozoic grains and a
sub sid iary pop u la tion at 2.9–2.7 Ga. A sam ple from Tiirismaa
(Arc Com plex of South ern Fin land), for ex am ple, had two
main age groups, 2.1–1.85 and 2.95–2.60 Ga. The old est grain
was 3.3 Ga (Fig. 6D). 

On the other hand, the de tri tus from Hamr¯nge in Cen tral
Swe den (Berslagen area) was some what dif fer ent. The typ i cal
Palaeoproterozoic group at 2.1–1.85 Ga was dom i nant in those
quartz-rich meta sedi ments, but Archaean zir con was very rare.
It was pro posed that the youn gest de tri tus from Hamr¯nge was
de rived from the nearby, ex ten sive 1.86–1.84 Ga Ljusdal
Batholith in Swe den (Berg man et al., 2008).

The south ern most out crops of late Svecofennian meta -
sedimentary rocks in Swe den are near Västervik, close to the
Bal tic Sea coast. De tri tal zir cons from three sam ples from a va -
ri ety of sed i men tary en vi ron ments and lithofacies to wards the
bot tom of the Västervik Ba sin have been dated by Sul tan et al.
(2005). The meta sedi ments con tained a mix ture of Palaeo pro -
terozoic (75%) and Archaean (25%) zir con. 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 old est de tri tal grain was 3.64 Ga (Fig. 6F). 

The de tri tal zir con age spec tra from the cen tral and south ern 
Svecofennian se quences are all rather sim i lar (Fig. 6G, H). Al -
though the num ber of grains ana lysed per sam ple is rel a tively
low, the com bined re sults (about 158 anal y ses from 9 sam ples)
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show the typ i cal mix of about 70% Palaeoproterozoic and 30%
Archaean grains (Lahtinen et al., 2002). 

The Mońki, Jastrzębna and com bined Lazdijai and
Bliudziai zir con age spec tra (Fig. 6) are gen er ally con sis tent
with those from meta sedi ments from dif fer ent struc tural seg -
ments of the Svecofennian do main. The pre dom i nance of
Palaeoproterozoic zir con with ages be tween ca. 2.10 and
1.90 Ga, plus small amounts of Archaean zir con
(2.90–2.60 Ga) is ev i dent on all di a grams, as well as the gap in
the spec tra be tween ca. 2.6 and 2.1 Ga.

The small num ber of de tri tal zir con ages re ported from
other units in the Bal tic–Belarus re gion show a sim i lar 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) mea sured ages of 2.24–2.11 Ga on a few de -
tri tal zir cons from a metagreywacke within the East Lith u a nian
do main (EL). 

Thus, all re ported ages of de tri tal zir con from meta sedi -
ments in the Pol ish–Lith u a nian (e.g., WL and MD) terrane
(sensu Bogdanova et al., 2006) are very sim i lar to those of zir -
con from meta sedi ments in the con ven tion ally-de fined
Svecofennian do main.

POSSIBLE SOURCE AREAS

Ac cu rate re con struc tions of the lo ca tions of con ti nents dur -
ing the Early Palaeoproterozoic are es sen tial in the quest to
iden tify po ten tial source ar eas for the Svecofennian sed i ments.
The lat i tudes of sev eral microcontinents es tab lished us ing
palaeomagnetism sug gest that, dur ing the Palaeoproterozoic,
there was a large land mass as sem bled along global scale
2.1–1.8 Ga collisional orogens (Zhao et al., 2002). The con fig -
u ra tion of that supercontinent (Hudsonland: Pesonen et al.,
2003, or Co lum bia: Rog ers and Santosh, 2002; Zhao et al.,
2004) re mains con tro ver sial. How ever, in most plate tec tonic
re con struc tions, the NW part of Baltica (sensu Fennoscandia)
was at tached to Green land (part of Laurentia) and West ern
Amazonia. The for mer po si tion of Amazonia re mains prob -
lem atic — only one re con struc tion has placed that con ti nent in
close prox im ity to Baltica (at 1.65 Ga: Pesonen et al., 2003 and
ref er ences therein). The ma jor Palaeoproterozoic crust-form -
ing event in Amazonia, the Trans-Am a zo nian Orog eny, oc -
curred at 2.2–2.0 Ga (Tassinari and Macambira, 1999). On cur -
rent geo log i cal ev i dence from the Am a zo nian craton, it ap pears 
that the con ti nent was not as sem bled be fore 1.65 Ga (Pesonen
et al., 2003).

Other pos si ble microcontinents, namely Baltica and Green -
land, drifted in de pend ently be tween 2.15 and 1.93 Ga, un til
col li sion in the pe riod 1.9–1.8 Ga (Pesonen et al., 2003), form -
ing co eval orogens in Baltica and Laurentia (the
Nagssugtoqidian Orogen). The most im por tant crust form ing
events from Green land are il lus trated in Fig ure 7A.
Palaeoproterozoic zir con ages of ca. 1.97–1.80 Ga have been
mea sured on sev eral ig ne ous suites from East ern Green land,
for ex am ple the Ammasslik arc-re lated In tru sive Com plex
(Nutman et al., 2008). Gneiss es in East ern Green land have an
Archaean (3.04–2.73 Ga) ig ne ous protolith. Palaeo/Eoar -

chaean rocks (3.85–3.57 Ga) are found in the Itsaq Gneiss
Com plex. They are cut by ca. 3.50 Ga Ameralik dykes. The
Amitsoq Gneiss es in West ern Green land have ages of ca.
3.85–3.50 Ga (Nutman et al., 2000; Cates and Mojzsis, 2006;
Hölttä et al., 2008). Zir con geo chron ol ogy on both orthogneiss
com plexes con firms a min i mum age for the ig ne ous protoliths
of ca. 3.75 Ga (Fig. 7A). 

The zir con ages from Green land bear some re sem blance to
the de tri tal zir con age spec tra char ac ter is tic of the
Svecofennian meta sedi ments. For ex am ple, the old est zir con
found in sed i ments from the Västervik Ba sin has ages in the
range 3.65–3.63 Ga (Sul tan et al., 2005). It has been pro posed,
how ever, that such zir con, which is not well rep re sented in the
rocks of the Bal tic Shield, is de rived from the Sarmatia
megablock (op cit.).

The re con struc tions of Palaeoproterozoic Fennoscandia
have not con sid ered amal gam ation with the Sarmatia Block at
2.0–1.8 Ga be cause of palaeomagnetic data (Pesonen et al.,
2003 and ref er ences therein) that im ply that Baltica (sensu
Fennoscandia) and Ukraine (sensu Sarmatia) re mained sep a -
rated un til some time be tween 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 re li able palaeomagnetic data from Baltica at 2.0 Ga or
Ukraine at 1.88 Ga (Pesonen et al., 2003) that would in di cate
the con fig u ra tion and drift his tory of those microcontinents
while the Svecofennian sed i ments were be ing de pos ited. The
palaeopoles for Ukraine at 2.0 Ga in di cate mod er ate north erly
lat i tudes in the same hemi sphere as Laurentia. At 1.88 Ga,
Baltica was po si tioned at low to in ter me di ate lat i tudes, so the
two microcontinents in all like li hood were some dis tance apart
at the time.

Dis re gard ing the con fig u ra tion of the con ti nents at the time
of sed i ment de po si tion (ca. 1.86 Ga), sev eral pre vi ous work ers
(e.g., Lahtinen et al., 2002; Sul tan et al., 2005) have spec u lated
on the prov e nance of the Svecofennian de tri tus, pre fer ring the
Sarmatian megablock as the source area for the old est zir con
grains. How ever, magmatism as early as 3.5 Ga has also been
doc u mented in Cen tral Fin land (Mutanen and Huhma, 2003),
and trondhjemite gneiss es from the Pudasjärvi Granulite Belt,
at up to ca. 3.4 Ga, are the old est rocks so far iden ti fied in
Fennoscandia (Fig.7A) (Slabunov et al., 2006).

Sarmatia con trasts with Fennoscandia in terms of the tim ing 
of early crustal for ma tion, for ex am ple in the higher rel a tive
abun dance of Eo/Palaeoarchaean (3.65–3.00 Ga) crust. The
Sarmatian megablock is com posed of Archaean con ti nen tal
crust formed be tween 3.7 and 2.7 Ga, with in ter ven ing
Palaeoproterozoic belts accreted to the Archaean cores be -
tween 2.2–2.1 and 2.0–1.9 Ga (Claesson et al., 2006). Ig ne ous
rocks formed at 2.10–1.90 Ga are there fore com mon within
sev eral con ti nen tal blocks: Fennoscandia, Sarmatia and
Laurentia (Green land).

The 2.10–1.90 Ga detrius in Fennoscandia was de rived
mainly from mafic and fel sic vol ca nic rocks. The south ern
Svecofennian meta sedi ments, how ever, are char ac ter ized by a 
pre dom i nance of 2.1–2.0 Ga zir con thought to be de rived
from sources with al ka line af fin ity (Lahtinen et al., 2002).
Con sid er ing the age span and ob served compositional re la -
tion ships, (op. cit.) the Sarmatia Block has been sim i larly
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Fig. 7. The ma jor source — de tri tus cor re la tions

A — com bined de tri tal zir cons 207Pb/ 206Pb ages of metasedimentary rocks from Mońki, Jastrzębna, Lazdijai 32, Bliudziai 150 drill hole and from the
Västervik Ba sin with ig ne ous events of the Fennoscandian Okolovo Terrane and Green land (a) and Sarmatia (b) dis cussed 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 ma jor stages of Svecofennian Orog eny: 1.92–1.77 Ga (Korja et al., 2006) are marked by
grey shad ing; B — pos si ble con fig u ra tion of con ti nents of Palaeo-Mezoproterozoic Co lum bia supercontinent re drawn from Zhao et al., 2002; CA — Cen -
tral Aus tra lia, EA — East Antarctica, G — Green land, IND — In dia, M — Mad a gas car, NA — North Amer ica, NC — North China, S — Si be ria, SAF —
South Af rica, SC — South China, T — Tarim, WA — West Aus tra lia, WAF — West Af rica



nom i nated as the pos si ble source area for the south ern
Svecofennian meta sedi ments. The meta sedi ments from the
Pol ish and Lith u a nian bore holes have chem i cal com po si tions
in dic a tive of mostly fel sic, but rang ing to in ter me di ate and
mafic sources (Fig. 3B). 

The chem i cal ev i dence for the prov e nance of the Mońki
and Jastrzębna paragneisses has been dis cussed in de tail by
Wil liams et al. (2009). Trace el e ment sig na tures of the meta -
sedi ments (La-Th-Sc, Th-Sc-Zr/10) sug gested that the source
of their protolith was an ac tive con ti nen tal mar gin or con ti nen -
tal (ma ture) is land arc. The REE and Y con tents of the
Jastrzębna paragneiss in di cated a rel a tively high pro por tion of
source rocks of tonalite–trondhjemite–granodiorite (TTG) af -
fin ity and unweathered com po nents with oce anic arc sig na -
tures (Wil liams et al., 2009). The near est known oc cur rence of
TTG rocks is the Okolovo–Rudma Fennoscandian subterrane
(Taran, 2001; Bogdanova et al., 2006). That area is dom i nated
by ca. 2.0 Ga meta vol can ic rocks, in clud ing 1982 ±26 Ma
metadacites (Bogdanova et al., 1994). A range of ju ve nile TTG 
mag mas was emplaced in the north west ern part of the CBsz
(in clud ing the Okolovo terrane) at ca. 1.9 Ga (Claesson et al.,
2001; Taran and Bogdanova, 2003).

The rel a tively im ma tu rity of the meta sedi ments re cov ered
from the Pol ish boreholes sug gests that the source of the de tri -
tus was not far dis tant from the depositional ba sin. Most of the
crust in the ad ja cent orogenic belts (e.g., the Lith u a nian
terrane) formed at ca. 1.85 Ga, how ever, so is too young to be a
po ten tial source. There is no doubt that in the Palaeo -
proterozoic, at 2.0–1.8 Ga, the dis tance be tween the
Jastrzębna–Mońki area and the 1.9 Ga TTG bod ies within the
Cen tral Belarus do main (sensu Bogdanova et al., 2001) and the 
Okolovo terrane (sensu Bogdanova et al., 2006) was dif fer ent
from that at the pres ent day, but it is un likely to have ex ceeded
300–400 km (Skridlaite et al., 2003b). Fur ther, the BPG (and
other units of the Lith u a nian–Belarus terrane) and the Fenno -
scandian af fin ity Okolovo subterrane had a close re la tion ship
and shared a sim i lar geodynamic evo lu tion at that time
(Bogdanova et al., 2006), so might well have been the prox i mal 
source ar eas. 

The global-scale net work of Palaeoproterozoic (ca.
2.1–1.8 Ga) collisional orogens led to the for ma tion of a
supercontinent Co lum bia/Hudsonia/Nuna at ca. 1.8 Ga
(Fig. 7B). Fennoscandia, in the mid dle, was bounded by
Laurentia in the NE, Volgo–Uralia in the E, Sarmatia in the
SE, an un known microcontinent in the SW, and pos si bly
Amazonia in the W (e.g., Rodgers and Santosh, 2002; Zhao et
al., 2002, 2004).

There are some marked sim i lar i ties be tween the
Svecofennian de tri tal zir con age spec tra and the ages of im -
por tant zir con-form ing events in the more dis tal area of west -
ern Sarmatia (Fig. 7B). The Osnitsk–Mikashevichi Ig ne ous
Belt (OMI: 2.00–1.95 Ga), the youn gest orogenic belt at the
north west ern mar gin of Sarmatia (Bogdanova et al., 2006),
con tains granitoid mas sifs of Palaeoproterozoic age, for ex -
am ple the Mikashevichi, Zhukhovichskiy (1970 ±15 and
1900 ±45 Ma, re spec tively: Shcherbak et al., 1990) and
Osnytsya com plexes (2.02–1.97 Ga: Shcherbak et al., 2002).
Fur ther more, the Volyn do main on the west ern edge of
Sarmatia is dom i nated by 2.1–2.0 Ga mafic and fel sic meta -

vol can ic and hypa bys sal rocks, for ex am ple the Berdychiv
enderbites with ages of ca. 2140, ca. 2166 and 2058 ±6 Ma
(Shcherbak et al., 2005) and the Zhitomir Com plex
(2.08–2.0 Ga: Shcherbak et al., 2002, 2008). 

Late Archaean gran ites with ages in the range 2.7–2.6 Ga,
and slightly older high-grade meta mor phic rocks, are pres ent in 
the west ern Ukrai nian Shield (Claesson et al., 2006).
Eo/Palaeoarchaean rocks up to 3.6 Ga have also been found in
the same re gion. 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 re gion of west ern Sarmatia and early Archaean
two-pyroxene mafic granu lites in the Tivriv Block (Bibikova et 
al., 2000). 

The sim i lar i ties be tween the Svecofennian de tri tal zir con
age spec tra and the zir con ages from the west ern edge of the
Sarmatian Block are sig nif i cant. They might sug gest a closer
spa tial re la tion ship be tween Baltica and Sarmatia, be fore fi nal
dock ing at 1.77–1.70 Ga, than has pre vi ously been con sid ered.
Fur ther test ing of that con cept awaits the avail abil ity of
palaeomagnetic data that re li ably in di cate the lo ca tion of the
two microcontinents at the time the Svecofennian sed i ments
were be ing de pos ited (ca. 2.00–1.86 Ga).

As il lus trated in Fig ures 7A and B, the ages of po ten tial
source rocks from prox i mal Svecofennian ter ranes of
Fennoscandia, as well as ig ne ous suites from dis tal Green land
(east ern Laurentia) and prob a bly more dis tal west ern Sarmatia,
are closely con sis tent with the de tri tal zir con age spec tra mea -
sured on the Svecofennian meta sedi ments through out Fin land,
Swe den, Lith u a nia, and Po land. 

CONCLUSIONS

There is now con vinc ing ev i dence for the wide spread pres -
ence of Palaeoproterozoic metasedimentary rocks in the base -
ment of the Pol ish-Lith u a nian and Lith u a nian-Belarus ter ranes
(sensu Bogdanova et al., 2006), and that these ter ranes are the
bur ied south ern most part of the Svecofennian do main. De tri tal
zir con geo chron ol ogy pro vides proof of a di rect ge netic link
be tween those bur ied base ment meta sedi ments and the
Svecofennian meta sedi ments ex posed in Swe den and Fin land.
The com bined pat terns of de tri tal zir con ages from Mońki,
Jastrzębna, Lazdijai and Bliudziai show the same clus ters of
ages as com monly ob served at dif fer ent lo ca tions within the
clas si cal Svecofennian do main:

1. A pre dom i nance of Palaeoproterozoic ages be tween ca.
2.10 and 1.90 Ga; 

2. Small num bers of Archaean ages be tween 2.90 and
2.60 Ga;

3. A marked scar city of ages be tween ca. 2.4 and 2.2 Ga. 
The youn gest de tri tal zir con groups from the Jastrzębna and 

Mońki meta sedi ments in di cate sig nif i cantly differenta max i -
mum de po si tion ages of 1856 ±6 and 1829 ±9 Ma re spec tively .

These data from deep bore holes in South ern Lith u a nia and
north east ern Po land, lo cated very close to the pres ent day
bound ary be tween the Fennoscandian and Sarmatian
megablocks, sug gest that at ca. 1.86 Ga (Late Svecofennian), in 
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the south ern part of Fennoscandia, sev eral con ti nen tal mar gin
sed i men tary bas ins ex isted more or less co evally.

The de tri tal zir con ages com piled here dem on strate the
wide spread oc cur rence of early Archaean (>3.2 Ga) de tri tus
within the Svecofennian meta sedi ments that is not a typ i cal age 
of the Fennoscandian crust. On the other hand, de tri tal zir con
pop u la tions 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 Jastrzębna, Mońki, Lazdijai and
Bliudziai bore holes closely match the ages of most ep i sodes of
crust for ma tion in the Fennoscandian Block, as well as in
Green land (east ern 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 rel a tive im ma tu rity of the base ment meta sedi ments
dis cov ered by drill ing in Po land and Lith u a nia sug gests that
their source area was quite close to the depositional bas ins. The
close sim i lar ity be tween the de tri tal zir con age spec tra and the
crust for ma tion ages in east ern Laurentia and Sarmatia is con -
sis tent with these microcontinents hav ing been in close prox -

im ity to Fennoscandia for at least 100 m.y. be fore they finally
docked at 1.77–1.70 Ga.
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