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The Volyn-Orsha Rift (VOR) ex tends NE–SW, from the in te rior of the East Eu ro pean Craton (EEC) to its west ern mar gin. The 
ba sin is filled the old est non-meta mor phosed de pos its in the craton, mainly with con ti nen tal red dish to var ie gated sand stone
of the Paliessie Group. It con tains no strati graphic in dexes, there fore, its age re mains am big u ous. De tri tal zir con ages
(SHRIMP) were in ves ti gated for sand stone from the low er most part of the Pol ish Polesie for ma tion in Kaplonosy IG 1 bore -
hole to con strain the tim ing of its de po si tion and de tri tus prov e nance. Two dom i nant pop u la tions have been iden ti fied: yield -
ing 207Pb/206Pb ages of ~1850–1750 Myr, in ter preted as de rived from de nu da tion of the late Svecofennian prox i mal
base ment of the north ern flank of the ba sin, and in a range of 1560–1450 Myr, typ i cal of anorogenic within-plate granitoid
batholiths, wide spread in the Fennoscandia in the di rect vi cin ity of the NW mar gin of the VOR. The re main ing zir cons (ages
~1290–1050 Myr) are in ter preted as de rived from the com mon Sveconorwegian-Grenville orogenic belt, in the
Neoproterozoic riming the EEC from the west. The youn gest six de tri tal zir cons with 207Pb/206Pb age in the range of
~1082–1048 Myr, pro vide a new con straint on the pos si ble de po si tion time. The true depositional age of this unit is prob a bly
youn ger (at least ~100 Myr) in ter preted here as Neoproterozoic, due to an intracratonic po si tion of VOR ba sin within the as -
sem bled Rodinia.
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INTRODUCTION

The old est non-meta mor phosed sed i men tary cover of the
west ern slope of the East Eu ro pean Craton is the Paliessie
Group, com posed of con ti nen tal clastic red-beds and shal low
ma rine de pos its (Juskowiakowa, 1974; Makhnach et al., 1978,
2001; Wichrowska, 1992; Mikhnytska, 2013). This sed i ment is
a fill of a large sys tem of tec tonic grabens of the Volyn-Orsha
Rift (VOR), ex tend ing NE–SW, from the in te rior of the East Eu -
ro pean Craton (EEC) to the west ern mar gin of the EEC (Fig. 1;
Bogdanova et al., 1996; Poprawa and Paczeœna, 2002;
Mikhnytska, 2013).

The strati graphic age of this group is, there fore, of high sig -
nif i cance for un der stand ing the evo lu tion of the sed i men tary
cover of the EEC, palaeo ge ogra phy, and chro nol ogy of re -

gional-scale tec tonic pro cesses. How ever, the Paliessie
Group con tains no in dex fos sils, and its strati graphic age re -
mains am big u ous. It un con form ably cov ers the meta mor phic
com plexes and ig ne ous belts ad ja cent to the su ture of Fenno -
scandia and Sarmatia, gen er ally not youn ger than 1.8 Gyr, be -
ing pierced by the an or tho site-mangerite-charnockite-gran ite
(AMCG) suite at ~1.5 Ga (Fig. 2; Bibikova et al., 2009; Krze -
miñska et al., 2017).

In the Pol ish part of the VOR, the Paliessie Group is rep re -
sented by an in for mal lithostratigraphic unit tra di tion ally named
the Polesie for ma tion (Areñ, 1974, 1982; Juskowiakowa, 1974)
and is cov ered by the up per most Ediacaran clastic and vol ca nic 
com plex of the ¯uków, S³awatycze and Teremiski For ma tions,
from which it is di vided by a large hi a tus (Fig. 2; Paczeœna,
2014). The U-Pb dat ing of zir cons from tuffs within the
S³awatycze For ma tion, be ing the com po nent of the Volyn Large 
Ig ne ous Prov ince, al lowed de ter mi na tion of its age as no older
than ~580–570 Myr (Shumlyanskyy et al., 2016; Poprawa et al., 
2020; Krzemiñska et al., 2022).* Cor re spond ing au thor, e-mail: jpacz@pgi.gov.pl
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The above-men tioned data on the stra tig ra phy of the base -
ment of the Polesie for ma tion and the base of its over bur den
are highly un sat is fac tory as con straints on the age of the for ma -
tion’s de po si tion, in di cat ing that this pro cess oc curred over an
ex ten sive time span of nearly the en tire Meso- and Neopro -
terozoic, i.e., nearly 1 Gyr. To nar row it down, we in ves ti gated
Pb-Pb ages of de tri tal zir con for sand stone from two core sam -
ples, aim ing to as sess the max i mum de po si tion age of the for -
ma tion. This was sup ported by sim i lar data from the Belarusian
and Ukrai nian parts of the VOR (Paszkowski et al., 2019;
Shumlyanskyy et al., 2023; Zaitseva et al., 2023).

The other pur pose of our U-Pb dat ing of de tri tal zir cons
from the Polesie for ma tion sand stone is to de ter mine de tri tus
prov e nance. We re gard it as key data for re veal ing the Pro tero -
zoic palaeo ge ogra phy of the west ern EEC, de tri tus rout ing sys -
tems, and con fig u ra tion of plates and orogenic belts in the di -
rect vi cin ity of the EEC, thus, pos si bly hav ing sig nif i cance
broader than re gional.

GEOLOGICAL SETTING

REGIONAL PERSPECTIVE

The Volyn-Orsha ba sin is a Pre cam brian aban doned rift ex -
tend ing through the west ern and cen tral EEC from the NW to
SE (Fig. 1).

It is re ferred to as the Volyn-Orsha Rift (this study), the
Volyn-Orsha Aulacogen (e.g., Bogdanowa et al., 2008), the
Volyn-Orsha ba sin or de pres sion (Shumlyanskyy et al., 2015,
2023), or the Volyn-Orsha Palaeotrough (Zaitseva et al., 2023).
The sed i men tary fill of its west ern part is com posed mainly of
con ti nen tal red dish to var ie gated sand stone, mudstone, and
nearshore claystone and mudstone of the Paliessie Group, the
thick ness of which reaches ~800–900 m in the depocentre in
cen tral part of the Volyn-Polesie De pres sion (Mikhnytska,
2013). It de vel oped along the for mer su ture of Fennoscandia
and Sarmatia and Volgo-Uralia, be ing three once au ton o mous
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Fig. 1. Lo ca tion of the Volyn-Orsha Rift and its re la tion to (A) the East Eu ro pean Craton (EEC) and (B) Lublin-Podlasie Ba sin
(af ter Poprawa, 2019, 2020; Krzemiñska et al., 2024), to gether with the lo ca tion of the stud ied Kaplonosy IG 1 bore hole

(N51°37’13,42’’, E23°21’24,47’’)

B – the thick ness map of the Polesie for ma tion (Po land), in Belarus, in clud ing the Pinsk, Orsha, and Lapici for ma tions, is com piled from the
data of Gareckij et al. (1987) and Wichrowska (1992). The lo ca tion of bore holes for which sim i lar U-Pb dat ing on de tri tal zir con from the
Polissia Group were con ducted (Paszkowski et al., 2019; Shumlyanskyy et al., 2023; Zaitseva et al., 2023) and Neoproterozoic Visingsö
Group of south ern Swe den (Moczyd³owska et al., 2017; Ahrenstedt, 2018) are also in di cated
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crustal seg ments to gether com pos ing the EEC (Bogdanova et
al., 1996, 2008). The crys tal line base ment of the west ern VOR
is mainly the Osnitsk-Mikashevichi ig ne ous belt (2.0–1.95 Ga),
as well as the sur round ing Okolovo terrane (2.0–1.9 Ga) and
the Belarus-Podlasie granulite belt (1.9–1.85 Ga; Bibikova et
al., 2009; Shumlyanskyy et al., 2015; Krzemiñska et al., 2017).

In the west ern EEC, the VOR is bur ied be neath a suc ces -
sion of youn ger sed i men tary bas ins, in clud ing the up per Edia -
caran-lower Pa leo zoic, the De vo nian-Car bon if er ous, and the
Perm ian-Me so zoic ones (e.g., Modliñski et al., 2010; Poprawa,
2019). There fore, the de pos its of Polesie for ma tion is avail able
for re search only as core sam ples from the deep bore holes.
Prior to the late Ediacaran, the VOR was a sub ject for long-last -
ing de nu da tion, there fore, the youn gest part of its sed i men tary
fill is not pre served.

The VOR is di rectly cov ered by the sed i men tary suc ces sion 
of the Lublin-Podlasie Ba sin (Poprawa and Paczeœna, 2002),
part of an ex ten sive sys tem of the Ediacaran and/or lower Pa -
leo zoic bas ins of the SW slope of the EEC (Gareckij et al.,
1987; Sliaupa et al., 2006; Poprawa et al., 2018; Poprawa,
2020). The de vel op ment of the Lublin-Podlasie Ba sin was ini ti -
ated with mag matic ac tiv ity of the Volyn Large Ig ne ous Prov -
ince (Shumlyanskyy and Andréasson, 2004; Nosova et al.,
2008; Œrodoñ et al., 2019), in ter preted as a synrift magmatism
re lated to the break-up of the Rodinia/Pannotia supercontinent
(Poprawa et al., 1999, 2020; Krzemiñska et al., 2022).

Up-sec tion, the Volyn flood bas alts, ag glom er ates, and
pyroclastics are re placed by con ti nen tal to shal low ma rine
clastic sed i ments of the up per most Ediacaran to mid dle Cam -
brian (Fig. 2; Moczyd³owska, 1991; Paczeœna, 1996, 2006,

Jolanta Paczeœna et al. / Geo log i cal Quar terly, 2025, 69, 71 3

Fig. 2. Lithostratigraphic sec tion of the Lublin-Lviv Ba sin with po si tion of the Polesie for ma tion (af ter Moczyd³owska, 1991;
Paczeœna, 2010, 2014; Poprawa, 2019; Poprawa et al., 2020; Krzemiñska et al., 2022; sup ple mented and mod i fied)

Age of the over ly ing and un der ly ing rocks gives broad con straints on the Polesie for ma tion strati graphic age
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2010; Jaworowski, 1997), de pos ited dur ing a transgressive to
re gres sive cy cle in the post-rift ba sin at the pas sive con ti nen tal
mar gin (Paczeœna and Poprawa, 2005). The Lower and Mid dle
Or do vi cian over lie the Cam brian with a hi a tus and are com -
posed of sand stone, shale, and lime stone (Modliñski, 1982;
Modliñski and Szymañski, 2008). The Up per Or do vi cian and
Si lu rian are rep re sented by a fa cially mo not o nous com plex of
ma rine mudstone, claystone, and marl, partly bi tu mi nous, char -
ac ter ised by high thick ness reach ing sev eral hun dred metres
(Fig. 2; Modliñski and Szymañski, 2008; Porêbski and Podha -
lañska, 2019; Poprawa, 2020), de pos ited in the Cal edo nian
foredeep ba sin re lated to the Avalonia-Baltica col li sion (Popra -
wa et al., 1999, 2018; Poprawa and Paczeœna, 2002).

Age of the over ly ing and un der ly ing rocks makes broad
con straints on the Polesie for ma tion strati graphic age.

The Lower De vo nian is a ma rine shelf, fine-grained, clastic
sed i ment, pass ing up-sec tion into al lu vial clastic de pos its, while 
the Mid dle and Up per De vo nian are dom i nated by car bon ates,
lo cally with evaporite and clastic interbeds (Fig. 2; Mi³aczewski
and Radlicz, 1974; Mi³aczewski, 1981; Narkiewicz et al., 1998).
Dur ing the Mis sis sip pian time, the de vel op ment of the ba sin
was in ter rupted by tec tonic de for ma tion, up lift, and de nu da tion,
ter mi nated with in ten sive al ka line magmatism cov er ing the
area be tween the Lublin and Bal tic re gions (Poprawa et al.,
2024; Krzemiñska et al., 2025). The sub se quent Car bon if er ous 
ba sin ac cu mu lated shal low shelf, deltaic, and flu vial sed i ments
(Waksmundzka, 1998), in the lower part mostly car bon ate and
fine-grained clastics, while in the up per part mostly sand stone
and mudstone, with a char ac ter is tic con tri bu tion of hard coal
(Fig. 2; ¯elichowski, 1972; Porzycki and Zdanowski, 1995).

Fol low ing the late Variscan tec tonic de for ma tion, up lift, and
de nu da tion, an early Perm ian ep i sode of mag matic ac tiv ity took 
place in the study area (Krzemiñska et al., 2021). In the Late
Perm ian and through out the Me so zoic, this area be came the
east ern flank of the Pol ish Ba sin, char ac ter ised by the pres ence 
of com mon hi a tuses, cov er ing a sig nif i cant part of late Perm ian
and Me so zoic time span (Dadlez and Marek, 1997). The Ce no -
zoic is an un con sol i dated, clastic sed i men tary cover of low
thick ness (Piwocki and Kramarska, 2004).

THE POLESIE FORMATION

The old est, unmetamorphosed sed i ments were de pos ited
on eroded Paleoproterozoic crys tal line base ment rocks as the
siliciclastic Polesie for ma tion (Areñ, 1982; Juskowiakowa,
1974). They were ac cu mu lated mainly within a nar row, NE-SW
elon gated tec tonic graben, thus they were rec og nized lo cally in
SE Po land, e.g. in the Kaplonosy IG 1, at depths rang ing from
1811 m to 1877 m and Busówno IG 1 bore holes, from a depth
of 4082.0 m to the bore hole end at 4154.5 m (Fig. 3A, B). The
sed i men tary rocks rest on a thin zone of weath ered rock, the
na ture of which in di cates me chan i cal weath er ing and base -
ment dis in te gra tion, with the for ma tion of a small layer of weath -
ered clays. In Busówno IG 1, it is a red-col oured, fine-grained,
quartz sand stone, with interbeds of fine-grained grey sand -
stone. Al though mac ro scop i cally rather mo not o nous (Fig. 4A,
B), they some times con tain thin clay lay ers. They are con sid -
ered to be epicontinental or con ti nen tal and mar ginal-ma rine
de pos its (Wichrowska, 1992; Paczeœna, 2007) dom i nated by
quartz arenites with mi nor con stit u ents of mud and coarser sed -
i ments. These rocks are char ac ter ized by a weak to sub-an gu -
lar round ing of grains and a vari able de gree of sort ing. They are 
com posed mainly of sand-sized (0.0625 to 2 mm) sil i cate
grains (quartz: 50 to 60%), ac com pa nied by al kali feld spar
(orthoclase and microcline) and plagioclase feld spar (al bite).
Mica grains oc cur as ran dom tiny frag ments or elon gated flakes 
(rang ing be tween 1–3%). The heavy min er als, like zir con, rutile, 

and/or tour ma line, oc cur only in traces (Fig. 4A, B), but their
con cen tra tion in creases to wards the top. The sand stones of the 
Polesie for ma tion are ce mented with sil ica, car bon ate, or he -
ma tite.

The Polesie for ma tion is the wes tern most part of a sig nif i -
cant lithological com plex the Paliessie Group which has broad
re gional lithostratigraphical sig nif i cance in the VOR. In the
chronostratigraphical frame work this lithostratigraphical unit is
an equiv a lent of the Paliessie re gional stage or ho ri zon
(Makhnach et al., 2001; Zaitseva et al., 2023). De pos its of
Paliessie Group filled of most tec tonic grabens of the VOR. The
thick ness of Paliessie Group reaches 170 m in north ern Byela -
rus in the Orsha sub-ba sin of VOR (Makhnach et al., 2001) and
max i mum 900 m in the Volyn-Polesie sub-ba sin of VOR in a
cen tre of the Volyn-Polesie De pres sion in the Ukraine
(Mikhnytska, 2013). At the most area of the VOR the Paliessie
Group cov ers crys tal line rocks of lower Pro tero zoic base ment
of EEC rep re sented by 1.2 Gyr gneiss es and granitoids and
1–1.1 Gyr gab bro in tru sions (Makhnach et al., 2001;
Mikhnytska, 2013). Lo cally, in the Orsha De pres sion it lies on
the de pos its of older Sherovici Group. The sed i men tary cover
of Paliessie Group is com posed of red-beds mainly of fine-,
rarely coarse-grained sand stone with he ma tite in ter ca lated with 
grey to brown siltstone or clay and thin beds of con glom er ate.
Sed i ments of Paliessie Group orig i nated in the broad spec trum
of sed i men tary en vi ron ments mainly in the very shal low
epicontinental bas ins with re duced sa lin ity. Part of these sed i -
ments were de pos ited on the wide al lu vial plain with de po si tion
in the braided river chan nels and streams pe ri od i cally flooded
by a short du ra tion ma rine ingression (Makhnach et al., 2001).

ANALYTICAL METHODS

ZIRCON SEPARATION AND SAMPLE PREPARATION

In the sand stone col lected from the low er most part of the
Polesie for ma tion, depth of 1875.0 m, a change in the col our of
the sed i ment was ob served from dom i nant red to grey (Fig. 3A). 
For this rea son, this frag ment of the drill core was cut into two
sep a rate pieces (Fig. 4B, C). The zir con sep a ra tion pro ce dure
for each of them was car ried out sep a rately. This re sulted in two 
in di vid ual sam ples des ig nated as Kap-1875j, a grey part, and
Kap-1875c, a red dish part.

For the sep a ra tion of de tri tal zir cons, the cut pieces of the
drill core were crushed us ing a jaw crusher. The sam ples were
fur ther pul ver ized us ing a ring mill and then fil tered through a
few sieves up to 63 µm. Heavy min er als were ob tained from the
par ti cles sep a rated us ing wa ter pan ning and heavy liq uids. The
mag netic min er als were re moved us ing a hand mag net. The re -
main der un der went a se ries of mag netic sep a ra tions by Frantz
bar rier sep a ra tor. All de tri tal zir cons were in di vid u ally iso lated
man u ally us ing a bin oc u lar mi cro scope. An ep oxy resin mega -
mount of 35 mm di am e ter disc for U-Pb anal y sis was pre pared
to gether with the sep a rated de tri tal zir cons and the ref er ence
zir con grains.

The grain-rows of each sam ple were pho to graphed in trans -
mit ted light and re flected light us ing the op ti cal NIKON mi cro -
scope with ECLIPSE LV100POL sys tem. To iden tify the in ter -
nal struc tures of the de tri tal zir cons, back-scat tered elec tron
(BSE) and cathodoluminescence (CL) im ages were ob tained
us ing a scan ning elec tron mi cro scope (Hitachi Su 3500) in -
stalled at the Pol ish Geo log i cal In sti tute – Na tional Re search In -
sti tute. An a lyt i cal points were mainly se lected as rims of de tri tal
zir cons, while frac tures, min eral in clu sions, in her ited cores, and 
meta mor phic over growth parts were elim i nated af ter the CL
and BSE im age ob ser va tion.
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U-Pb ANALYSIS

All de tri tal zir con U-Pb age de ter mi na tions were per formed
us ing a Sen si tive High-Res o lu tion Ion Microprobe (SHRIMP
IIe/MC) at PGI-NRI. The di am e ter and cur rent of the O2

– pri -
mary ion beam were ~20–23 µm and 3.0–4.0 nA, re spec tively.
The ref er ence zir con 91500 was used for quan ti ta tive cal i bra -
tion of U con cen tra tion (78 ppm; Wiedenbeck et al., 1995; Wil -
liams, 1998). U-Th-Pb ra tios were de ter mined rel a tive to the
TEMORA2 (416.8 Myr, 206Pb*/238U = 0.06683) ref er ence zir con
(Black et al., 2003) an a lyzed re peat edly dur ing the an a lyt i cal
ses sion. Data ac qui si tion for zir con dur ing each ses sion in -
volves anal y sis of the TEMORA2 ref er ence zir con, per formed
af ter ev ery three sam ple anal y ses. A Sup ple men tary Ta ble 1
con tains the full an a lyt i cal dataset from SHRIMP com pris ing
anal y ses of the ref er ence TEMORA 2 grains.

De tails of the an a lyt i cal pro ce dures can be found in Wil -
liams (1998). The SHRIMP data re duc tion was han dled us ing
SQUID 2.5 (Lud wig, 2009). All un cer tain ties are quoted at the
one-sigma level. To con struct the con cordia curve and de ter -
mine the con cordia age, as well as prob a bil ity plots show ing an
age dis tri bu tion, the Isoplot 3.71 (Lud wig, 2008) was ap plied.

In di vid ual cor rected ra tios and dates are re ported with 1s
pre ci sion es ti mates. U-Pb con cordia ages and weighted mean
age di a grams were cal cu lated us ing the pro gram Isoplot/Ex 3.0
of Lud wig (2003). Age cal cu la tions are based on IUGS rec om -
mended val ues for U de cay con stants (Steiger and Jäger,
1977). The sta tis ti cal co her ence of cal cu lated means is as -
sessed us ing the mean square of weighted de vi a tion (MSWD;
McIntyre et al., 1966).
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Fig. 3. The drill core sam ples show ing a typ i cal fea ture of arcosic
sand stones from the Polesie for ma tion

A – large-scale cross-bed ded fine-grained sand stone with very thin coarse- grained
sand stone in ter ca la tions, Busówno IG 1 bore hole, depth 4146. 4 m; B – Kaplonosy
IG 1 bore hole, depth 1875.5 m (the bot tom part of the for ma tion) col lected for de tri tal
zir con age study (di vided into two sub-sam ples; C – sam ple Kap-1875.5 j; D – sam -
ple Kap-1875.5c
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Fol low ing com mon prac tice, the SIMS 207Pb/206Pb ages
were used di rectly for zir cons older than 1 Gyr, but 206Pb/238U
ages for those youn ger, al though the ex act cut-off val ues vary
con sid er ably in the lit er a ture (e.g., 1.2 Gyr; Spencer et al.,
2016). In this case, the choice was more aligned with ear lier
pub li ca tions that were used for cor re la tion.

The fi nal de tri tal zir con data pro cess ing en com passed an
eval u at ing the dif fer ence be tween sam ples us ing ob jec tive
meth ods, a non-para met ric sta tis tic test to rec og nize a dis sim i -
lar i ties of the ma trix, in clud ing Multi-Di men sional Scal ing (MDS) 
map for zir con pop u la tions cal cu lated us ing both Wasserstein
and Kolmogorov-Smirnov dis tance. The re sults were visu al ised 
on the MDS plots (Vermeesch, 2012, 2013), generaded us ing
Isoplot R toolkit (Vermeesch, 2018).

RESULTS

SHRIMP DETRITAL ZIRCON AGES AND POPULATIONS

The an a lyzed de tri tal zir con crys tal morphologies ranged
from euhedral to anhedral. Both sam ples (Kap-1875j and
Kap-1875c) of the Polesie for ma tion are char ac ter ized by a di -
ver sity of de tri tal grain forms, in clud ing rounded and an gu lar

(Fig. 4C), with colours rang ing from al most clear to red dish or
light brown ish. The size of the grains ranged be tween
~40–150 µm, As a de tri tal cargo of this sam ple, a less rounded
grains, and those that have rougher sur faces were also iden ti -
fied. There are no sig nif i cant dif fer ences be tween the grain col -
lec tions from both subsamples. Cathodoluminescence (CL) im -
ages of rep re sen ta tive de tri tal zir con grains (Fig. 5) dis close,
that a most grains have clear os cil la tory zon ing that is in dic a tive
of a mag matic or i gin, whereas oth ers have weak or banded os -
cil la tory zon ing of mafic mag matic or meta mor phic or i gin. The
CL im ages of in di vid ual de tri tal zir cons from the youn gest pop u -
la tions of mostly pris matic crys tals are shown sep a rately
(Fig. 5C) to dem on strate their var i ous (mostly sim ple) os cil la -
tory zon ing and no in her ited ma te rial.

A to tal of 84 and 82 anal y sis points were mea sured in zir cons 
from each sam ple for the U-Pb ages. The U-Pb age data for the
de tri tal zir con grains are given in sup ple men tary ma te rial (Sup -
ple men tary Ta ble 1). Most anal y ses were con cor dant or nearly
con cor dant (Fig. 6A, C), within an a lyt i cal un cer tainty. The few ex -
cep tions showed ev i dence of sig nif i cant loss of ra dio genic (Sup -
ple men tary Ta ble 1). Con sis tent with their com mon de tri tal or i gin, 
the ana lysed zir cons had a wide range of U-Pb iso to pic com po si -
tions, with the most con cor dant 207Pb/206Pb ages ranged from
1972 Myr to 1080 Myr (Kap-1875j) and from 1987 Myr to
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Fig. 4. Pho to mi cro graphs of the sand stone sam ple (thin-sec tion view of the same microarea) from the lower part of Polesie
for ma tion (Kaplonosy IG 1 bore hole) show ing

A, B – a min eral as sem blage with sub-rounded grains dom i nated by quartz, feld spars, and zir cons as an ac ces sory phase in clud ing zir con,
in di cated by a white frame; C – trans mit ted light im age of zir con grains mor phol ogy from both subsamples, with lo ca tions of some SHRIMP
anal y ses. The po si tion of the rep re sen ta tive CL zir con im ages pre sented in Fig ure 5 is marked with the white frame. Pho to graphs were
taken: (A) un der crossed polars, (B, C) plane polars, trans mit ted light, in clud ing the im age of de tri tal zir con grains (Kap-1875.5j and
Kap-1875c) se lected for age study. Scale bar is 100 µm for A, B and 500 µm for C
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1067 Myr (Kap-1875c; Fig. 6A, C). The de tri tal zir cons is dom i -
nated by two clus ters (Fig. 6B, D) of the Orosirian age, with peaks 
on a den sity prob a bil ity plot at 1807 or 1802 Myr, and the
Calymmian age, with peaks at 1515 or 1514 Myr. There is also a
mi nor group of the Stenian grains. There is no Archean or early
Paleoproterozoic (i.e. Siderian and Rhyacian) de tri tus. Apart
from the youn gest group, the age dis tri bu tion of the pop u la tion
seems to be bi modal. The age peaks seem to be anal o gous.
This small di ver sity led to the use of the Unimix age isoplot tool to
better de fine the peaks and clus ters. This shows that both parts
of the sand stone that dif fer in col our con tain al most iden ti cal de -
tri tal zir con groups (Ta ble 1).

To con strain the max i mum depositional age of the Paliessie
Group, which was one of the main pur poses of this study, the
anal y sis was pref er en tially per formed on trans par ent euhedral

de tri tal zir con grains with sim ple os cil la tory zon ing that are
thought to have the youn gest age and or i gin. The age of the
youn gest de tri tal zir cons for both sam ples (Sup ple men tary Ta -
ble 1) ranges be tween ~1080 (+0%disc)–1048 (–16%disc.) Myr
(two grains) and 1082 (–6%disc) –1059 (–3%disc) Myr (four
grains). Thus, each sam ple shows rel a tively sim i lar ages of the
youn gest clus ter (Ta ble 1). Due to this sim i lar ity and the un even
con tent of the few youn gest zir cons, for the cal cu la tion of the
con cordia age (c.a.) and the weighted av er age (w.a.) data for
both sam ples were com bined. A merged data are showed on the 
Wether ill cand Tera-Wasserburg condordia plots (Figs. 7F, 8D).

Apart of the 207Pb/206Pb de tri tal zir con age spec tra (Fig. 7),
Th/U val ues of ana lysed grains were used to dis crim i nate be -
tween meta mor phic or i gin (Th/U < 0.1) and mag matic or i gin
(Th/U > 0.1), for this pur pose all ana lysed zir cons were used
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Fig. 5. The char ac ter is tics of rep re sen ta tive de tri tal zir con grains dis closed by cathodoluminescence im ag ing CL ac com pa nied
with se lected im ages of sin gle zir cons rep re sent ing a rel a tively youn gest age group

The mor phol ogy of some grains is vis i ble in the trans mit ted light pho tos. SHRIMP anal y ses are lo cated and la belled 
with their 207Pb/ 206Pb ages (in Myr)



(Sup ple men tary Ta ble 1). The grains with Th/U < 0.1 , typ i cal of
meta mor phic crystallisation, are rare within all com pared sam -
ples (Fig. 9).

DISCUSSION

CHARACTERIZING A POTENTIAL PROVENANCE AREAS

The prov e nance of sed i men tary ma te rial can be as sessed
by com par ing its de tri tal zir con ages with geo chron ol ogi cal
char ac ter is tics of the po ten tial source ar eas. The de tri tal zir -

cons from the low er most part of the Polesie for ma tion can be
split by age peaks into three ma jor groups, in clud ing the late
Paleoproterozoic (Orosirian) group with the age peaks at 1807
and 1802 Myr, the early Mesoproterozoic (Calymmian) group,
with the age peaks at 1515 and 1514 Myr), and the Meso -
proterozoic (Stenian) group with rel a tively smaller num ber of
grains, in di cat ing that both late Paleoproterozoic and Meso -
proterozoic mag matic ac tiv ity was in tense in the prov e nance re -
gion. The crys tal line base ment with that age pat tern ex tends
over a vast area of cen tral Fennoscandia from the south ern Bal -
tic off shore (Amberland Do main) to the edge of the EEC
(Bogdanova et al., 2006, 2015; Krzemiñska et al., 2017;
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Fig. 6. Re sults of the SHRIMP U-Pb dat ing of de tri tal zir cons of the Polesie for ma tion Kap-1875.5 Con cordia di a grams and
Prob a bil ity den sity plot (PDP) di a grams, dis play ing ages from the main zir con pop u la tions in the an a lyzed sub-sam ples

T a  b l e  1

The sum mary of the U-Pb de tri tal zir con age re sults ob tained for the low er most part of
Polesie for ma tion in Kaplonosy IG 1 bore hole, depth 1875.5 m

https://doi.org/10.1016/j.precamres.2014.11.023
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Fig. 7. The Polesie for ma tion de tri tal zir cons char ac ter is tics com pared with the data for its lat eral equiv a lents

A, B – sam ple Korma-519 Rudnya For ma tion in Belarus (af ter Zaitseva et al., 2023); C, D – sam ple #70, Romeyki For ma tion in Ukraine
(af ter Shumlyanskyy et al., 2023); E, F – sam ple Kap-1875.5 merged (this study)

https://doi.org/10.3390/geosciences13050152
https://doi.org/10.31857/S0869592X23050101


Skridlaite et al., 2021). This age range is typ i cal of the syn- to
late-orogenic in tru sions in the Svecofennian orogen, that con -
sti tute most of the south-west ern Fennoscandia (Bodganova et
al., 2015; Skridlaite et al., 2021; Krzemiñska et al., 2021). The
cen tre of Fennoscandia hosted an ep i sodic Mesoproterozoic
(~1.53–1.50 Gyr) con ti nen tal magmatism of the anortnosite-
 mangerite-charnockite and gran ite (AMCG) suites ex tend ing
from cen tral Swe den and Fin land to Po land (e.g., Bingen et al.,
2008; Wiszniewska and Krzemiñska, 2021). All emplaced be -
tween the 1.55–1.53 Ga (Salmi suite), 1.65–1.61 Ga (Wiborg
suite), 1.59–1.56 Ga (�land suite), and 1.53–1.50 Ga (Mazury
Com plex). re flect an intracontinental extensional set ting. The
age pat tern with two ma jor age peaks well cor re sponds to the
time of for ma tion of the crys tal line base ment lo cated di rectly to
the north of the Kaplonosy IG 1 bore hole. A rel a tively prox i mal
source type are would also be in di cated by the pres ence of the
sig nif i cant num ber of poorly rounded zir cons and other de tri tal
com po nents (Fig. 4). De spite a fine-grained frac tion of the sed i -
ment, no par tic u larly ex otic ma te rial from dis tant sources has
been iden ti fied here. The char ac ter is tics of de tri tal ma te rial ob -
tained from sam ple Kap-1875.5 al most un equiv o cally in di cate
dom i nance of a lo cal type of source (i.e. > 85% grains), rep re -
sented by ~1.8 Gyr and ~1.5 Gyr zir cons (Fig. 6), that must
have come from the eroded top o graphic highs, ex pos ing the
late Svecofennian (1.85–1.74 Ga) base ment of the EEC in -
truded by the AMCG (1.53–1.48 Ga) mas sifs (Krzemiñska et

al., 2017; Wiszniewska and Krzemiñska, 2021; Grabarczyk et
al., 2023). The very sim i lar de tri tal zir con car gos were also
noted in youn ger lay ers, e.g. Ediacaran, in clastic rocks, in clud -
ing pyroclastic rocks ac com pa ny ing the S³awatycze For ma tion
(Poprawa et al., 2020). The peaks at 1.5 Gyr and 1.8 Gyr in de -
tri tus have for a long time con sti tuted a leg i ble sig na ture of the
base ment at the SW mar gin of EEC (¯elaŸniewicz et al., 2020).

Sim i larly a lo cal source has been con cluded for quartz rich
sed i ments of the Orsha sub-ba sin (Zaitseva et al., 2023;
Shumlyanskyy et al., 2023), on the ba sis de tri tal zir con age pat -
tern, and for sed i men tary fill of the Volyn sub-ba sin where a rel -
a tively poorly-sorted, poorly-rounded, subarcosic de tri tus was
rec og nized.

A sim ple com par i son of the de tri tal zir con age dis tri bu tion
(Fig. 7A–F) be tween VOR sed i ments re vealed a sig nif i cant dif -
fer ences of the age pat terns, which can be ex plained by a dif fer -
ences in the age of the eroded lo cal base ment i.e. a spe cific
crustal units within the EEC. A com mon fea ture of the de tri tal fill
re mains how ever a de po si tion of the ma te rial youn ger than
1.2 Gyr. All of the sed i ments from VOR listed in the di a grams
are char ac ter ized by the pres ence of late Mesoproterozoic zir -
cons.

This also ap plies to the re sults of the Kap-1875.5 (Fig. 7E)
sam ple, where al most bi modal de tri tal age pat tern is ac com pa -
nied, with the third, lesser group rep re sented by n=12/166
(12.6%) grains yield ing 207Pb/206Pb ages of ~1.29–1.05 Gyr
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Fig. 8. The Polesie for ma tion de tri tal zir cons char ac ter is tics com pared to Late to post-Sveconorwegian sed i ments of the
Visingsö Group, south ern Swe den sam ple #312 (af ter Ahrenstendt, 2018)
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(peak at 1133 ±45 Myr),. The source of these youn gest zir cons
was the Sveconorwegian orogenic belt in the NW part of the
EEC (Fig. 10), ac tive ~1.14–0.96 Ga (Bingen et al., 2008, 2021; 
Bogdanowa et al., 2008; Slagstad et al., 2013). The youn gest
zir con grains, clus ter ing at ~1044–1079 Myr may be re garded
as of the Sveconorwegian orogen af fin ity, i.e., de rived from the
NW part of the EEC (Fig. 1) e.g. N Den mark, SW Swe den, S
Nor way. The Sveconorwegian orog eny at 1.15–0.9 Ga (cor re -
spond ing to the Grenville orog eny in North Amer ica) amal gam -
ated the youn gest Pre cam brian crust to Baltica in the south-
 west (Bingen et al., 2008, 2021), form ing ~550 km wide
orogenic zone cov er ing south Nor way and south west Swe den
and one of the com po nents of Rodinia supercontinent (Li et al.,
2008). A post-orogenic re lax ation was ac com pa nied with exten -
sional tectonism that fa cil i tated the cre ation of a sed i men tary
bas ins. A sub se quent pro cesses be tween of the end-Meso -
proterozoic and the be gin ning of the Neoproterozoic in cluded a
grad ual peneplanation un til the break-up of Rodinia at ~600 Ma. 
Intracratonic type bas ins com prise mainly Mesoproterozoic and 
some Neoproterozoic sed i ments. Ac cord ing to syn the sis of
Cawood et al. (2007) the de tri tal zir con re cord of Mesopro -
terozoic to early Pa leo zoic sed i men tary suc ces sions along the
east ern mar gin of Laurentia and Baltica are char ac ter ized by a
re mark ably sim i lar pat tern for ages of the main sed i ment pulses 
from the late Archaean (~2.7 Ga), late Paleoproterozoic
(2.0–1.75 Ga), early Mesoproterozoic (~1.5 Ga), and late
Meso pro terozoic to ear li est Neoproterozoic (1.2–0.95 Ga) con -
sis tent with der i va tion from the cratonic in te rior Baltica or
Laurentia.

This also ap plies to one of the small Neoproterozoic rift ba -
sin in south ern Swe den, run ning NNE–SSW along the Lake
Vättern con sists of deltaic sand stone and ma rine shale, of the
Visingsö Group. The re cent stud ies of these post-Sveco -
norwegian sed i ments pro vided a de tri tal zir con age pat terns of
a large group of sam ples from a few lo ca tions (Moczyd³owska
et al., 2017; Ahrenstedt, 2018; Pulsipher and Dehler, 2019).

The com par i son (Fig. 8) be tween rep re sen ta tive sam ple of
Visingsö Group (Ahrenstedt, 2018) and sam ple of Kap-1875
dis closed a very sim i lar range of de tri tal zir con ages, in clud ing
youn gest pop u la tion, how ever a peaks dis tri bu tion shows some 
shifts. The age groups from Visingsö are pres ent through out
the re gion of the cen tral Swe den and can be tied to sev eral spe -
cific stages of Svecofennian belt (2.0–1.75 Ga), the Trans -
scandinavian ig ne ous belt TIB (~1.86–1.66 Ga), the Gothian
orog eny (1.66–1.52 Ga), Hallandian event (1.47–1.38 Ga), the
East ern Seg ment and Idefjorden re gions (1.21–1.37 Ga), the
Telemarkia Terrane (1.16 Ga) and the Sveconorwegian orog -
eny (1.14–0.90 Ga), in di cat ing der i va tion from sources in the
rel a tive vi cin ity of the ba sin (Ahrenstedt, 2018). Also for other
sam ples of Visingsö Group within Baltica source was con -
cluded (Ahrenstedt, 2018; Pulsipher and Dehler, 2019).

De spite age sim i lar ity, the com par i son of VOR de tri tal zir -
con dataset (Fig. 9) us ing the Th/U vs age di a gram sug gests a
sub tle dif fer ences of Th/U val ues be tween co eval zir cons. They 
may in di cate (1) method de pend ent bias (i.e. La-ICP MS vs.
SHRIMP anal y sis) or (2) a real dif fer ences of the melt char ac -
ter is tics sug gest ing that the source rocks were co eval but not
the same, al though some pro jec tions in each age group over -
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Fig. 9. Com par i sons of de tri tal zir con ages and Th/U pa ram e ter based on data from this study and data taken from Ahrenstendt
(2018); Paszkowski et al. (2019); Shumlyanskyy et al. (2023); Zaitseva et al. (2023)
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Fig. 10. Cu mu la tive age dis tri bu tion and as so ci ated mul ti di men sional scal ing (MDS) plots of de tri tal zir con age spec tra
char ac ter iz ing com pared sam ples de pos ited within VOR and cen tral south ern Swe den

Data taken from Ahrenstendt (2018); Paszkowski et al. (2019); Zaitseva et al. (2023); Shumlyanskyy et al. (2023)
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lap. More over a most Kap-1875.5 zir cons ex hib ited Th/U ra tios
>0.3, sup port ing the as ser tion that de tri tal grains have an ig ne -
ous or i gin, con sis tent with the CL find ings (Fig. 5). The fluc tu -
ated Th/U ra tios in Kap.-1875.5 zir cons ex hibit a gen eral trend
of in crease dur ing 1600–1500 Ma (con sis tent with AMCG type
source), which is fol lowed by a de crease of youn gest clus ter.

The range of ~1.2–0.90 Ga, has be come a char ac ter is tic in -
di ca tor of the crust formed dur ing Sveconorwegian or / and
Grenvillian orog eny within the belt (Fig. 10), de vel oped upon the 
con ti nent-con ti nent col li sions re lated to the as sem bly of the
supercontinent Rodinia. Thus for late Mesoproterozoic zir con
age com po nent re ported from the east ern part of VOR the
Grenvillian orogen (1250–980 Ma) or/and Sveconorwegian
(1140–960 Ma) has been dis cussed as a po ten tial source area
(Shumlyanskyy et al., 2023; Zaitseva et al., 2023).

De tri tal zir cons from the Polesie for ma tion con tain only a
small pop u la tion yield ing 207Pb/206Pb ages of ~1290–1050 Myr
(Figs. 6 and 7E, F), but they are much com mon for the sam ples
rep re sent ing Polytsi For ma tion lat eral equiv a lents of the
Polesie for ma tion in Ukraine (Figs. 7C, D and 10; Shumlyan -
skyy et al., 2015, 2023) and Rudnya For ma tion in the Orsha
sub-ba sin or Pinsk For ma tion in Volyn-Polesie sub-ba sin in the
Belarus (Figs. 7A, B and 10; Zaitseva et al., 2023).

The Visingsö Group sed i ments de pos ited clos est to the po -
ten tial source area (e.g., Sveconorwegian orogenic belt), the
de tri tal zir cons of ~1250–950 Myr are most abun dant in the
lower part for ma tion (Moczyd³owska et al., 2017).

CHARACTERIZING POPULATIONS HETEROGENEITY

The ob served de tri tal zir con age spec tra are in flu enced by
pro por tion of zir cons avail able in the source area for in cor po ra -
tion into basinal de pos its and the ef fi ciency of ero sion. Al though 
the probablity plots and his to grams (Figs. 6–8) can in di cate a
main crustal form ing events, which pro vided a de tri tal ma te rial
from eroded rocks, it is dif fi cult to prop erly vi su al ize the pro por -
tions within dif fer ent age groups. There fore, a cu mu la tive prob -
a bil ity plots (CPPs) are in tro duced in this study (Fig. 11A, C, E).
They al low by per cen tiles to com pare dif fer ent data dis tri bu -
tions. Prox im ity be tween CPP or over lap ping of lines im plies
sim i lar de tri tal zir con age pop u la tions, sug gest ing a com mon
source for the zir cons. How ever a re view of avail able de tri tal zir -
con ages from the VOR ba sin (Paszkowski et al., 2019;
Shumlyanskyy et al., 2023; Zaitseva et al., 2023) and Visingsö
post-Sveconorwegian ba sin (Ahrenstedt, 2018) on the CPPs
di a gram high light a dif fer ences in pro por tions of de tri tal ages
dis tri bu tion, in clud ing that be tween from the Volhynian and
Orsha zones of the VOR (i.e. Korma-519, Vilchi vs. #70/106.5)
pre vi ously con cluded by Shumlyanskyy et al. (2023).

Com pared data shows a strong sim i lar ity of de tri tal zir con
age dis tri bu tion of the Orsha sed i ments (sam ples Vilch and
Korma-519). This in de pend ently con firms a lead ing in put of the
same de tri tal ma te rial, that was avail able in the eroded prox i mal 
base ment. The (CPPs) sam ples re veal two dis tinct curve
groups (Fig. 11C vs. E), one of which rep re sents the in put of de -
tri tus from the crust of the west ern Sarmatia (Fig. 11C) but the
other (Fig. 11E) from the cen tral and south ern Fennoscandia.

To fur ther con firm the di vi sion ob served in the CPPs two-di -
men sional MDS di a grams (Fig. 11B, C) of sta tis ti cal met rics like 
the Kolmogorov-Smirnov (K-S) and Wesserstein-2 (W-2) were
ap plied. The MDS plots cap ture the rel a tive dif fer ences of pop -
u la tions. They are rather in tu itive for vi su al iz ing the re la tion ship
be tween the de tri tal age dis tri bu tions, where greater dis tances
be tween sam ple plots rep re sented a greater de gree of dis sim i -

lar ity be tween them. The K-S is de fined as the max i mum ver ti -
cal dis tance be tween two em pir i cal cu mu la tive dis tri bu tion func -
tions, but the W2 dis tance is a func tion of the hor i zon tal dis -
tances (i.e. age dif fer ences) be tween anal y ses set of sam ples.

The MDS di a gram for all de tri tal zir con ages (Fig. 11A)
shows that (1) the de tri tal zir con pop u la tion of Korma-519 is
very sim i lar to that of the Vilchic siliciclastic rocks, both be long -
ing to Orsha Zone; (2) there is a sim i lar ity be tween the
Kap-1875.5 of the Polesie for ma tion and the Visingsö Group
de tri tal zir con pop u la tions; and (3) there is a cer tain de gree of
dis sim i lar ity be tween the above pairs.

The #70 clastic rock be ing linked to Volynian zone shows a
ten u ous con nec tion with both siliciclastic rocks groups. Both the 
Kolmogorov-Smirnov (K-S) Test and Wesserstein-2 Test
(Fig. 11B, D) pro duce an anal o gous re cord of sam ple dis sim i -
lar ity, sup port ing the in di ca tions iden ti fied by other di a grams,
that prov e nance for the clastic rocks de pos ited within the VOR
can be as dif fer ent as the near est eroded base ment units (in -
clud ing avail able de tri tus on this base ment).

All sam ples are char ac ter ized by multimodal pat terns with
grain con tri bu tions from a broader age range, in clud ing shifts
to wards older age com po nents, that is char ac ter is tic for di ver -
gent/pas sive mar gin set tings (Cawood et al., 2012).

CHARACTERIZING A MAXIMUM DEPOSITION AGE VERSUS YOUNGEST
DETRITAL ZIRCON GRAINS

Pre sented de tri tal zir con dataset and their MDS mod els
used here rep re sent: (1) shales and siltstones de pos its of the
Visingsö Group that be long to the Neoproterozoic (i.e., Tonian)
beds, as de fined by microfossils that pro vided a min i mum age
of ~740 Myr (Moczyd³owska et al., 2017); sedimentologically
they are con sis tent with the few re main ing ev i dences from this
time pe riod in Swe den, and (2) the VOR ba sin sed i ments of the
Polesie for ma tion with un known de po si tion age, but con sid ered 
pre vi ously as a pos si bly lower Stenian (1.2–1.0 Gyr) age
(Bogdanova et al., 2008).

For ex pected strati graphic cor re la tion (Fig. 12) be tween dif -
fer ent sam pling sites (Fig. 1) within a sin gle sed i men tary ba sin
or dif fer ent bas ins, the age of de po si tion re mains a most im por -
tant and crit i cal pa ram e ter. A youn gest clus ter of de tri tal zir con
U-Pb dataset is rou tinely used to ap prox i mate an age of de po si -
tion as a so called max i mum depositional age (MDA). There are 
at least three meth ods of cal cu lat ing the MDA (Dickinson and
Gehrels, 2009) us ing U-Pb ages. The most com mon are based
on cal cu lated ages of ei ther the youn gest sin gle grain (YSG),
the youn gest grain clus ter com posed of three or more grains
that over lap at 2s (YGC 2s), us ing the weighted mean age of
the youn gest (n>3) zir cons with ±2s age over lap, or con cordia
age as well as the youn gest graph i cal peak (YPP). How ever, as 
has been re cently em pha sized by nu mer ous works (Gehrels,
2014; Coutts et al., 2019; Sharman and Malkowski, 2020), that
MDA de tri tal zir con may be older, even much older, than the
true depositional age (TDA), usu ally in the pas sive or and
amagmatic set ting. This is be cause pas sive mar gins do not
have a strong com po nent of syndepositional mag matic ac tiv ity.
In case of the VOR tec tonic con text i.e. Rodinian intra cra -
tonic/rift and pas sive mar gin ba sin (see Cawood et al., 2007)
the use of the youn gest zir cons from ob tained data set as a
MDA limit is rather im per mis si ble. It may con trib ute to mis in ter -
pre ta tion (Andersen, 2005). In the intracratonic bas ins, char ac -
ter ized by a lack in put from syndepositional mag matic ac tiv ity,
re sult ing in an in creas ing gap be tween a real age of sed i ment
ac cu mu la tion and the youn gest de tri tal grain.
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Fig. 11. Sup posed palaeogeographic po si tion of source ar eas of de tri tus for the Polesie for ma tion rel a tive to the po si tion
 of the Orsha-Volyn Rift

The ba sin was sup plied with de tri tus from both the Grenville-Sunas-Sveconorwegian orogen to the west of the Baltica, and the lo cal
cratonic sources. FS – Fennoscandia, S – Sarmatia, VU – Volgo-Uralia blocks



The im por tance of this prob lem i.e. us ing youn gest zir cons
to con strain the TDA within intracratonic set ting may be ex -
plained by case stud ies of sed i ments from the cen tral Fenno -
scandia, pre served as down faulted rem nants within the vi cin ity
of the Lake Vättern ba sin in south ern Swe den (Fig. 1), known
as the Visingsö Group. The de tri tal zir con pro veni ence study
from sev eral sam ples and lo ca tions (Moczyd³owska et al.,
2017; Ahrenstedt, 2018; Pulsipher and Dehler, 2019) in this ex -
cep tional case was sup ported by biostratigraphic dat ing. A
com par i son of both the age cathegories re veals a dif fer ence of
at least 100–150 Myr be tween the youn gest de tri tus and the
biostratigraphic age of the strata. U-Pb de tri tal zir con study by
Moczyd³owska et al. (2017) re ported a youn gest zir cons as
MDA of 886 ±9 Myr. The stud ies of an other sand stones of the
Visingsö Group sam pled on the east ern shore of Lake Vättern
(Pulsipher and Dehler, 2019) pro vided youn gest ages in range
from 941 ±12 to 1227 ±31 Myr (based on n=5 youn gest grains
per sam ple) or 919.4 ±25.1 to 1197.2 ±22.2 Myr (based on
youn gest sin gle grain per sam ple). The up per range to gether
with the mid dle Visingsö Group de fined on microfossils
(acritarchs of the Cycliocyrillium sim plex as sem blage) in di cates 

the time span of ~788–740 Ma (Moczyd³owska et al., 2017),
which shows a gap of at least 140–150 Myr be tween youn gest
zir con grains and biostratigraphic in di ca tions. Con se quently, by 
com bin ing the age ob tained by U-Pb dat ing of youn ger de tri tal
zir cons with the min i mum age ob tained from biochronological
re sults, the de po si tion age was con strained to a broad range of
146 Myr be tween £886–740 Ma (Moczyd³owska et al., 2017).

U-Pb SHRIMP dat ing on de tri tal zir cons of Kap-1875.5 m
(Figs. 6 and 7) al lowed to rec og nize a youn gest de tri tal clus ter
in the wes tern most part of the VOR at ~1073 Myr to 1044 Myr.
The youn gest de tri tal zir con clus ters of n=3 grains from the
sam ple Korma-519 (Zaitseva et al., 2023) yield ing a con cordia
age of 952 ±10 Myr.

The ages of 977±6 Myr and 1056 ±4 Myr (de fined as MDA)
have been con strained for sam ples Vilch-6A and Vilch-7A, re -
spec tively (Paszkowski et al., 2019), rep re sented the Orsha
Suite and Vilchitsy Se ries. They are some what youn ger to that
re sult from sam ple #70), i.e. the weighted mean age of
1079 ±8 Myr was ex plained as de po si tion age but fi nally the
MDA was con cluded in range ~1000–950 Ma (Shumlyanskyy
et al., 2023).
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Fig. 12. Correllative scheme of the re gional strati graphi cal units in the Belarusian, Pol ish and Ukrai nian part of the 
Volyn-Orsha Rift ba sin
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The sand stones of the Sherovichi se ries in Belarus (Fig. 12) 
con tain a rel a tively large amount of zir con grains from 948 to
1030 Myr in age (Korma-519) but other nearby ones don’t.
These dif fer ences were ex plained by the com plex block struc -
ture of the palaeotrough bot tom, which in flu enced the ways of
trans port of terrigenous ma te rial (Zaitseva et al., 2023). In the
Visingsö Group, South ern Swe den, where more sam ples from
one sed i men tary se quence was in ves ti gated the stratigra -
phically low est sam ple con tained a youn gest zir cons. This il log -
i cal pat tern in case of the deltaic sand stone and ma rine shale,
de bris-flow ma rine sand stone may in di cate ei ther (i) in creas -
ingly older rockswere be ing unroofed and eroded, or (ii) an ex -
pand ing depositional sys tem cov ered youn ger, more lo cally de -
rived ma te rial with older, more dis tal de tri tus (Moczyd³owska et
al., 2017) or/and de po si tion in a tec toni cally dy namic in ter con ti -
nen tal ba sin (Pulsipher and Dehler, 2019).

The sed i ments from sev eral lo ca tions within the VOR
(Fig. 1) un doubt edly dif fer in the abun dance of the youn gest
group. A rep re sen ta tive pie charts are in tro duced in Fig ure 13
to de pict the per cent age for dif fer ent age groups, in clud ing
those re lated to Sveconorwegian/Grenvilian sources.

This set of di a grams in di cates a rel a tively poor pop u la tion of 
only 12.5% of the old est zir cons rec og nized in this group in
Kap-1875.5 sam ple of Polesie for ma tion (Fig. 13). These re -
sults from cratonic sand stones of lower part of de pos its
(Fig. 12) im ply ing an in put of slightly youn ger ma te rial, than in
Kap-1875.5 sam ple but not mark out the TDA for the each of
them.

The lag time be tween zir con crys tal li za tion and de po si tion
re lated to amagmatic tec tonic set ting (Cawood et al., 2012)
how ever does not al low for pre cise rec og ni tion of the real max i -
mum age of de po si tion (MDA) or/and pre cise cor re la tion dif fer -
ent sam pling sites. The ob served vari a tions in de tri tal zir con
age spec tra rel a tively well-cor re late with the geo log i cal het er o -
ge ne ity of the lo cal base ment, within dis tinct parts of the VOR.
How ever, low-n sin gle grains datasets com pared here still re -
main not fully de ci sive. It has been re cently em pha sized
(Zametzer et al., 2025), that de tri tal zir con age vari a tions fall
within typ i cal fa cies vari abil ity at a sin gle strati graphic level
when an a lyz ing ~240 grains, but fall within the typ i cal vari abil ity
of geo log i cal for ma tions when an a lyz ing only ~70 grains us ing
a rep re sen ta tive se lec tion strat egy.

STRATIGRAPHIC POSITION

The up per limit of the Polesie for ma tion is de fined by the
over ly ing up per Ediacaran flood bas alts of S³awatycze For ma -
tion or clastic sed i ments of ¯uków For ma tion, pre sum ably not
older than 580 Myr (Poprawa et al., 2020; Krzemiñska et al.,
2022). These con straints leave a very broad time in ter val for
de po si tion of the Polesie for ma tion (>400 Myr), cov er ing at
least the lower and/or mid dle Neoproterozoic. This might be
nar rowed down by tectono-fa cies ar gu ments. The de vel op ment 
of the Volyn-Orsha ba sin, be ing a large-scale rift struc ture (e.g., 
Bogdanova et al., 1996; Poprawa and Paczeœna, 2002), should 
fit on a re gional scale with phases of extensional tec ton ics. In
our opin ion, VOR de vel oped in a frame work of the break-up of
the supercontinent Rodinia, the main phase of which took place 
be tween 800 and 650 Ma (Bogdanova et al., 2008; Scotese,
2009; Kheraskova et al., 2015). Pre vi ously, the lower part of the 
VOR sed i men tary fill was con sid ered to be of the Ectasian
(1.4 Ga–1.2 Ga) and pos si bly lower Stenian (1.2–1.0 Ga) age
(Bogdanova et al., 2008). This was, how ever, based on the im -
pre cise K-Ar and Rb-Sr dat ing of mafic sills cut ting sed i men tary
rocks of the ad ja cent Valday/Krestsy graben (~1.3 to 1.1 Ga;
Aksenov, 1998). Due to the low pre ci sion of these geo chron ol -

ogi cal data, the un cer tain cor re la tion of the sed i men tary fill of
the Valday/Krestsy graben and VOR, and the clear in com pat i -
bil ity with the U-Pb de tri tal zir con geo chron ol ogy (Shuml -
yanskyy et al., 2023; Zaitseva et al., 2023), the con cept of the
Ectasian and/or lower Stenian age of the VOR is re jected here.
The Neoproterozoic age of the Polesie for ma tion and thus the
Volyn-Orsha rift ing is sup ported by de tri tal mica and feld spar
K-Ar ages of 815–700 Myr and whole-rock ages of
980–880 Myr (Semenenko, 1968; Makhnach et al., 1976;
Chebanenko et al., 1990). Due to these con straints on the max -
i mum de po si tion age, the age of the sed i men tary fill of the VOR
was ten ta tively as signed to the late Cryogenian or Ediacaran
(Poprawa, 2006).

The Pre cam brian con ti nen tal sand stone and mudstone of
the red beds type of Polesie for ma tion, which is the sed i men tary 
fill of the Pol ish part of the west ern Volyn-Orsha Rift ba sin con -
tains no strati graphic in dexes, there fore its age re mained poorly 
de fined for a long time. Our study on U-Pb SHRIMP geo chron -
ol ogy of de tri tal zir cons from low er most part of this for ma tion
brings new and strong con straints to wards to its de po si tion
time. The 207Pb/206Pb ages of the youn gest zir cons clus ter at
1060 Myr to 1073 Myr. The youn gest de tri tal grains de fine the
c.a. of ~1067 ±16 Myr. The extensional tec tonic re gime gov ern -
ing the de vel op ment of the Volyn-Orsha Rift is re lated here to
the Neoproterozoic break-up of the supercontinent Rodinia
(Cawood et al, 2007). Its main phase took place be tween 800
and 650 Ma (Bogdanova et al., 2008; Scotese, 2009;
Kheraskova et al., 2015). The new ob ser va tions (Callegari et
al., 2023) from north ern Swe den (Seve Nappe Com plex) pro -
vided re cently a crit i cal age re cord of the Early Neoproterozoic
(Tonian) break-up event man i fested by metagabbro, meta -
granite, which cou pled with bulk rock ma jor and trace el e ment
geo chem is try, sug gests an un suc cess ful rift ing across Rodinia
at 870–830 Ma. This event in di cates con ti nen tal-scale tec tonic
ex ten sion. It can not be ruled out that the Volyn-Orsha early rift -
ing might be of sim i lar age, be cause in the intracratonic
extensional to rift bas ins, with a lack of syn-depositional mag -
matic ac tiv ity, the gap be tween a real age of sed i ment de po si -
tion and the youn gest de tri tal grains clus ter, in creases. The
Polesie for ma tion is, there fore, youn ger than ~1 Gyr, while due
to the age of over ly ing strata, it is older than 580 Myr, and is in -
ter preted here as of the lower and/or mid dle Neoproterozoic
age.

CONCLUSIONS

The Pre cam brian con ti nen tal sand stone and mudstone of
red beds type of the Polesie for ma tion, which is the sed i men tary 
fill of the Pol ish part of the intracratonic VOR ba sin, con tains no
biostratigraphic in dexes. The U-Pb dat ing of de tri tal zir cons of
the low er most de pos its (Kap-1875.5m) of the west ern sub-ba -
sin re flect the ero sional unroofing his tory of the ad ja cent late
Svecofennian orogenic and AMCG re lated suites.

Our study on U-Pb SHRIMP geo chron ol ogy of de tri tal zir -
cons from this for ma tion brings new con straints on its time of
de po si tion age based on youn gest grains.

The youn gest (n=3) de tri tal zir cons de fine an age of
~1067 ±16 Myr (c.a.), in ter preted as pre-depositional in this
amagmatic set ting. It in di cate de po si tion af ter this age as the
rock must be youn ger than its com po nent.

Due to the intracratonic po si tion of VOR ba sin where the
gap be tween age of sed i ment ac cu mu la tion and the youn gest
de tri tal grain oc curs and the newly rec og nized age of the youn -
gest de tri tal zir con clus ter (1067 ±16 Myr), the late Meso -
proterozoic strati graphic po si tion is ques tioned.
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Fig. 13. Sche matic di a gram in clud ing a com par i son of de tri tal zir con ages of the early Neoproterozoic
cratonic sand stones from lower part of VOR

A – pie chart graphics show ing the pro por tion of the zir con Pb-Pb ages ac cord ing to the time frames matched to
the source ar eas and rocks; B – Linearized-prob a bil ity plot di a gram show ing a dis tri bu tion of de tri tal com po nents 
within dis tinct parts of VOR; gen er al ized po ten tial source ar eas and rocks are in di cated. Data af ter Zaitseva et al. 
(2023) – sam ple Km-519; af ter Shumlyanskyy et al. (2023) – sam ple #70; sam ple Kap-1875.5 merged (this
study)
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The de vel op ment of the Volyn-Orsha Rift was gov erned by
the extensional tec tonic re gime re lated here to the Neopro -
terozoic break-up of the supercontinent Rodinia. Its ear li est ep i -
sode of con ti nen tal–scale ex ten sion took place be tween
870–830 or 800 Ma, thus, the Volyn-Orsha rift ing might be ini ti -
ated co evally. The Polesie for ma tion is pre sum ably, youn ger
than ~1 Gyr, while due to the age of over ly ing strata, it is older
than 580 Myr, and is in ter preted here as of the early and/or mid -
dle Neoproterozoic age.

The main source of de tri tus in the west ern part of the VOR
was lo cated to the north and north-west of the ba sin. This is rep -
re sented by the two ma jor pop u la tions of zir con grains. that
yields Pb-Pb ages in a range of ~1.56–1.45 Gyr (41%) with a
well-de fined peak at 1500.5 ±2.5 Myr, and of ~1.85–1.75 Gyr
(46% of zir con grains) with a peak at 1807 ±1.4 Myr. This de tri -
tus rep re sents an in flux of rel a tively prox i mal north west erly de -
rived cratonic de tri tus orig i nated from the anorogenic AMCG
suite com mon in the di rect vi cin ity of the NW mar gin and sup -
plied from the de nu dat ed Svecofennian base ment of the NW
sur round ing of the ba sin.

The youn gest zir con grains, clus ter ing at ~1044–1079 Myr
could be re garded as of the Sveconorwegian–Grenvillian af fin -
ity, i.e. de rived from the NW part of the EEC (N Den mark, SW
Swe den, S Nor way).

The early Neoproterozoic siliciclastic de pos its from a VOR
com pared in this con tri bu tion re vealed a dif fer ent de tri tal zir con
age pat terns. The prom i nent fea ture re mains a pres ence of the
youn gest de tri tus clus ter de rived from de nu da tion of the Sveco -
norwegian/Grenvillian rocks. Among these youn gest sources
those re lated to the Sveconorwegian/Grenvillian source, in -
crease from 13% in Kaplonosy sed i men tary rock (E Po land) to
more than 40% in #70 sand stone sam ple (W Ukraine) and to
43.6% in Korma sand stone sam ple (W Belarus), which reach a
dom i nant per cent ages com pa ra ble to the Svecofennian source
(43%) in E Po land.

These re sults de ter mine not only the dif fer ences in the prox -
i mal source of de tri tal ma te rial, i.e. dis tinct lo cal base ment, but
most likely re flect pro gres sive shift or greater in flu ence of the
Sveconorwegian-Grenvillian ma te rial.
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Supplementary Table 1. The U-Pb SHRIMP analytical data for zircon grains from Kaplonosy IG 1 subsamples Kap-1875.5j and Kap-1875.5c 

                                    
Kaplonosy IG 1 depth 1875.5m sample Kap-1875.5 c youngest zircon age                          

                                    

Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% 206Pb/238U ±% 
206Pbc 

[%] 
U 

[ppm] 
Th 

[ppm] 

4-corr 
ppm 

206Pb* 

4-corr 
ppm 

208Pb* 

232Th/238U ±% 
(1) 

206Pb/238U 
Age 

(2) 
206Pb/238U 

Age 

(3) 
206Pb/238U 

Age 

(1) 
207Pb/206Pb 

Age 

% 
Discordant 

7-corr 
208Pb*/232Th 

±% 
(1) 

238U/206Pb* 
±% 

(1) 
207Pb*/206Pb* 

±% 
(1) 

207Pb*/235U 
±% 

(1) 
206Pb*/238U 

±% 
err 
corr 

Kap_1875c.4.1 8.6E-5 58 0.076 1.2 0.192 0.79 0.41 1.0 0.156 77 38 11.6 2.2 0.52 0.30 1044 18 1043 18 1027 19 1067 31 +2 0.064 2.6 5.69 1.8 0.075 1.5 1.8 2.4 0.176 1.8 0.76 
Kap_1875c.8.1 – – 0.089 0.9 0.129 0.73 0.65 0.4 0.000 76 25 15.2 2.0 0.33 0.29 1358 24 1354 26 1339 25 1407 16 +4 0.086 3.8 4.27 2.0 0.089 0.9 2.9 2.2 0.234 2.0 0.92 
Kap_1875c.9.1 – – 0.095 0.8 0.373 1.30 0.68 1.3 0.000 75 73 16.3 6.1 1.01 0.59 1451 23 1444 25 1397 28 1531 15 +6 0.091 2.5 3.96 1.8 0.095 0.8 3.3 2.0 0.253 1.8 0.92 
Kap_1875c.5.1 2.5E-5 100 0.092 1.0 0.400 0.55 0.44 1.3 0.045 87 94 19.6 7.9 1.11 0.30 1493 26 1496 29 1440 32 1458 21 -3 0.095 2.4 3.84 2.0 0.092 1.1 3.3 2.2 0.261 2.0 0.88 
Kap_1875c.3.1 1.1E-4 58 0.095 1.2 0.328 1.36 0.68 1.8 0.203 39 32 8.7 2.8 0.86 0.50 1497 26 1498 28 1445 30 1494 30 -0 0.099 2.9 3.82 1.9 0.093 1.6 3.4 2.5 0.261 1.9 0.77 
Kap_1875c.11.1 -4E-5 100 0.097 2.1 0.426 0.69 0.72 1.1 -0.072 36 38 8.1 3.5 1.09 0.47 1500 26 1492 28 1421 31 1583 41 +6 0.100 2.7 3.82 1.9 0.098 2.2 3.5 2.9 0.262 1.9 0.66 
Kap_1875c.1.1 -4E-5 71 0.093 0.8 0.540 0.42 0.64 1.8 -0.063 87 124 19.8 10.8 1.46 0.30 1514 26 1516 29 1426 34 1498 17 -1 0.098 2.2 3.78 1.9 0.094 0.9 3.4 2.2 0.265 1.9 0.91 
Kap_1875c.2.1 -2E-5 100 0.103 0.8 0.123 1.86 0.77 1.6 -0.030 65 20 15.8 2.0 0.32 1.58 1603 26 1594 28 1581 27 1682 15 +5 0.098 5.3 3.54 1.8 0.103 0.8 4.0 2.0 0.282 1.8 0.91 
Kap_1875c.6.1 -3E-5 71 0.110 0.7 0.234 0.49 0.79 1.7 -0.047 74 46 19.6 4.7 0.64 0.28 1727 27 1717 31 1687 30 1799 13 +5 0.107 3.1 3.26 1.8 0.110 0.7 4.7 1.9 0.307 1.8 0.93 
Kap_1875c.7.1 4.4E-5 100 0.109 1.2 0.292 0.83 0.85 1.7 0.079 32 25 8.9 2.6 0.78 0.53 1796 31 1798 36 1743 35 1776 25 -1 0.121 3.4 3.11 2.0 0.109 1.4 4.8 2.4 0.321 2.0 0.82 
Kap_1875c.10.1 1.7E-5 71 0.122 0.8 0.155 0.48 0.72 1.3 0.031 149 64 45.7 7.1 0.44 0.22 1971 30 1969 36 1947 32 1981 15 +1 0.123 5.4 2.80 1.8 0.122 0.9 6.0 2.0 0.358 1.8 0.90 

Kap_1875c.30.1  -6.4E-5 100 0.0763 1.78 0.128 1.42 0.35 1.5 – 39 16 5.5 0.7 0.41 0.92 986 ±18 980 ±18 984 ±19 1126 ±42 +13 0.0465 4.3 6.05 1.9 0.0772 2.11 1.76 2.9 0.165 1.9 0.68 
Kap_1875c.42.1  4.8E-5 58 0.0920 0.82 0.545 1.97 0.66 1.0 0.08 64 118 10.0 5.5 1.90 1.11 1076 ±16 1057 ±17 1093 ±23 1454 ±18 +28 0.0480 2.8 5.50 1.6 0.0914 0.93 2.29 1.9 0.182 1.6 0.87 
Kap_1875c.27.1  -2.8E-5 100 0.0751 1.18 0.186 0.79 0.48 1.4 – 70 41 11.6 2.2 0.61 0.33 1146 ±16 1149 ±17 1143 ±17 1082 ±26 -6 0.0622 2.3 5.14 1.5 0.0755 1.29 2.03 2.0 0.195 1.5 0.76 
Kap_1875c.34.1  -9.3E-5 50 0.0769 1.08 0.115 0.91 0.47 2.0 – 76 28 12.9 1.5 0.38 1.04 1158 ±24 1158 ±26 1156 ±26 1152 ±27 -1 0.0611 3.9 5.08 2.3 0.0782 1.36 2.12 2.7 0.197 2.3 0.86 
Kap_1875c.48.1  -2.5E-4 30 0.0765 1.14 0.145 0.87 0.51 3.9 – 67 32 11.4 1.8 0.50 0.57 1167 ±10 1165 ±11 1165 ±11 1197 ±34 +3 0.0597 2.2 5.04 1.0 0.0800 1.71 2.19 2.0 0.198 1.0 0.49 
Kap_1875c.45.1  -1.3E-4 50 0.0803 1.24 0.186 0.86 0.59 0.8 – 35 22 6.3 1.2 0.63 0.71 1218 ±20 1216 ±21 1216 ±21 1250 ±32 +3 0.0620 2.8 4.81 1.8 0.0822 1.65 2.36 2.4 0.208 1.8 0.73 
Kap_1875c.54.1  -6.0E-5 50 0.0801 0.83 0.184 0.58 0.54 1.2 – 74 44 13.4 2.5 0.61 0.47 1223 ±14 1223 ±15 1220 ±15 1219 ±19 -0 0.0642 2.0 4.79 1.3 0.0809 0.98 2.33 1.6 0.209 1.3 0.79 
Kap_1875c.39.1  2.6E-4 38 0.0924 1.27 0.354 4.08 0.45 5.5 0.42 58 57 12.4 4.3 1.01 1.47 1435 ±13 1438 ±14 1404 ±19 1400 ±39 -3 0.0862 4.6 4.01 1.0 0.0888 2.03 3.05 2.3 0.249 1.0 0.46 
Kap_1875c.50.1  1.1E-4 38 0.0929 1.54 0.417 1.45 0.69 1.2 0.19 53 71 11.4 4.7 1.39 2.26 1439 ±18 1438 ±20 1435 ±24 1453 ±32 +1 0.0743 3.2 4.00 1.4 0.0913 1.70 3.15 2.2 0.250 1.4 0.64 
Kap_1875c.20.1  1.1E-4 41 0.0942 0.86 0.117 0.79 0.63 1.1 0.18 56 21 12.2 1.4 0.39 0.66 1450 ±19 1448 ±21 1451 ±20 1480 ±21 +2 0.0709 3.6 3.96 1.5 0.0926 1.12 3.22 1.9 0.252 1.5 0.80 
Kap_1875c.17.1  – – 0.0919 1.29 0.492 2.26 0.63 0.5 – 31 56 6.9 3.4 1.85 0.65 1473 ±26 1473 ±28 1512 ±35 1466 ±24 -1 0.0685 3.2 3.90 2.0 0.0919 1.29 3.25 2.4 0.257 2.0 0.84 
Kap_1875c.24.1  – – 0.0950 1.90 0.553 0.92 0.72 1.4 0.00 33 59 7.3 4.1 1.85 0.34 1483 ±25 1479 ±27 1475 ±33 1529 ±36 +3 0.0766 2.4 3.87 1.9 0.0950 1.90 3.39 2.7 0.259 1.9 0.70 
Kap_1875c.41.1  – – 0.0943 0.80 0.319 2.05 0.70 2.0 – 61 61 13.6 4.4 1.03 1.49 1484 ±12 1481 ±13 1474 ±15 1515 ±15 +2 0.0789 2.8 3.86 0.9 0.0943 0.80 3.37 1.2 0.259 0.9 0.75 
Kap_1875c.46.1  1.5E-5 58 0.0912 0.46 0.133 0.39 0.69 1.1 0.03 179 85 39.9 5.3 0.49 0.32 1486 ±13 1489 ±14 1493 ±14 1446 ±9 -3 0.0729 1.9 3.86 1.0 0.0910 0.48 3.25 1.1 0.259 1.0 0.90 
Kap_1875c.49.1  5.3E-5 50 0.0926 0.73 0.131 0.63 0.70 1.0 0.09 69 30 15.4 2.0 0.44 0.54 1486 ±18 1488 ±19 1486 ±19 1465 ±16 -2 0.0778 2.8 3.86 1.3 0.0919 0.84 3.28 1.6 0.259 1.3 0.85 
Kap_1875c.43.1  1.3E-4 38 0.0934 0.87 0.428 0.47 0.66 1.3 0.21 51 74 11.4 4.9 1.50 0.96 1494 ±32 1497 ±35 1506 ±41 1459 ±22 -3 0.0747 2.9 3.83 2.4 0.0916 1.17 3.29 2.7 0.261 2.4 0.90 
Kap_1875c.16.1  -3.4E-5 58 0.0946 0.67 0.210 0.47 0.68 1.1 – 95 65 21.4 4.6 0.70 0.90 1496 ±17 1493 ±18 1493 ±18 1530 ±14 +2 0.0768 2.1 3.83 1.2 0.0951 0.72 3.43 1.4 0.261 1.2 0.87 
Kap_1875c.59.1  2.3E-5 71 0.0933 0.69 0.334 0.41 0.66 2.9 0.04 79 87 17.8 6.0 1.13 0.40 1503 ±17 1505 ±18 1504 ±20 1488 ±14 -1 0.0776 1.6 3.81 1.2 0.0930 0.73 3.37 1.4 0.263 1.2 0.86 
Kap_1875c.44.1  4.7E-5 50 0.0947 0.68 0.407 1.40 0.51 0.7 0.08 116 164 26.6 10.9 1.46 0.83 1520 ±16 1521 ±17 1537 ±20 1510 ±14 -1 0.0743 2.1 3.76 1.2 0.0941 0.76 3.45 1.4 0.266 1.2 0.84 
Kap_1875c.60.1  3.6E-5 71 0.0942 0.84 0.266 0.55 0.66 1.1 0.06 55 46 12.5 3.3 0.88 0.53 1522 ±20 1524 ±22 1518 ±23 1503 ±17 -1 0.0812 2.1 3.75 1.5 0.0937 0.93 3.44 1.7 0.266 1.5 0.85 
Kap_1875c.40.1  2.9E-5 100 0.0935 1.10 0.483 6.40 0.66 2.2 0.05 33 46 7.6 3.7 1.43 9.61 1525 ±24 1528 ±27 1479 ±52 1490 ±22 -3 0.0908 11.7 3.75 1.8 0.0931 1.19 3.43 2.2 0.267 1.8 0.84 
Kap_1875c.63.1  1.4E-4 38 0.0965 0.87 0.291 0.55 0.49 1.9 0.22 68 67 15.6 4.5 1.01 0.50 1526 ±19 1527 ±21 1533 ±22 1521 ±22 -0 0.0762 2.0 3.74 1.4 0.0946 1.18 3.48 1.8 0.267 1.4 0.77 
Kap_1875c.38.1  4.5E-5 58 0.0944 0.77 0.326 0.46 0.66 0.9 0.07 66 69 15.5 5.1 1.09 0.47 1563 ±19 1569 ±21 1559 ±22 1503 ±16 -5 0.0842 1.8 3.64 1.4 0.0938 0.87 3.55 1.6 0.274 1.4 0.84 
Kap_1875c.61.1  -4.5E-6 100 0.1104 0.39 0.171 0.36 0.69 1.2 – 200 109 47.4 8.2 0.56 0.31 1572 ±21 1549 ±23 1568 ±23 1807 ±7 +15 0.0658 2.9 3.62 1.5 0.1104 0.40 4.21 1.6 0.276 1.5 0.97 
Kap_1875c.37.1  -6.3E-5 38 0.0935 0.60 0.285 0.99 0.66 2.2 – 100 89 23.8 6.9 0.92 0.38 1576 ±16 1582 ±18 1565 ±18 1515 ±13 -5 0.0886 1.8 3.61 1.2 0.0943 0.69 3.60 1.3 0.277 1.2 0.86 
Kap_1875c.56.1  -2.6E-4 33 0.0945 1.07 0.757 0.54 0.64 1.2 – 43 103 10.5 8.1 2.50 2.38 1628 ±25 1632 ±27 1597 ±41 1587 ±30 -3 0.0884 3.0 3.48 1.7 0.0980 1.59 3.88 2.3 0.287 1.7 0.73 
Kap_1875c.19.1  3.7E-5 38 0.1094 0.48 0.145 0.38 0.67 1.6 0.06 193 105 48.8 7.1 0.56 0.94 1661 ±15 1648 ±16 1676 ±16 1781 ±9 +8 0.0646 2.6 3.40 1.0 0.1089 0.51 4.41 1.1 0.294 1.0 0.89 
Kap_1875c.28.1  -3.5E-5 41 0.1104 0.50 0.183 0.59 0.62 1.2 – 172 107 44.0 8.2 0.64 0.32 1681 ±29 1667 ±32 1684 ±32 1814 ±10 +8 0.0749 3.6 3.36 2.0 0.1109 0.53 4.56 2.0 0.298 2.0 0.97 
Kap_1875c.15.1  1.4E-5 100 0.1101 0.70 0.274 0.48 0.83 0.8 0.02 65 61 16.9 4.7 0.96 0.50 1700 ±22 1689 ±24 1704 ±25 1798 ±13 +6 0.0806 2.3 3.32 1.5 0.1099 0.72 4.57 1.6 0.302 1.5 0.90 
Kap_1875c.36.1  1.8E-5 71 0.1078 0.60 0.358 3.84 0.82 3.3 0.03 110 156 28.6 10.3 1.46 0.36 1702 ±52 1695 ±58 1756 ±64 1758 ±11 +4 0.0718 5.8 3.31 3.5 0.1076 0.62 4.48 3.6 0.302 3.5 0.98 
Kap_1875c.51.1  5.5E-5 40 0.1105 0.55 0.229 0.40 0.52 1.6 0.09 170 130 44.2 10.2 0.79 0.37 1706 ±12 1696 ±14 1708 ±14 1795 ±11 +6 0.0815 1.6 3.30 0.8 0.1097 0.61 4.58 1.0 0.303 0.8 0.80 
Kap_1875c.57.1  -4.0E-5 58 0.1085 0.68 0.250 2.69 0.77 2.5 – 57 41 15.1 3.8 0.74 2.12 1720 ±21 1713 ±24 1694 ±24 1783 ±13 +4 0.0990 4.1 3.27 1.4 0.1090 0.73 4.60 1.6 0.306 1.4 0.89 
Kap_1875c.18.1  1.7E-5 71 0.1091 0.54 0.122 0.52 0.56 1.6 0.03 137 56 36.5 4.5 0.42 0.44 1742 ±13 1737 ±14 1742 ±13 1780 ±10 +2 0.0845 2.6 3.22 0.8 0.1088 0.56 4.66 1.0 0.310 0.8 0.83 
Kap_1875c.12.1  2.1E-4 38 0.1136 1.01 0.114 1.02 0.45 1.1 0.33 74 28 19.9 2.2 0.39 0.81 1750 ±26 1743 ±29 1754 ±28 1812 ±26 +4 0.0771 6.1 3.21 1.7 0.1108 1.43 4.76 2.2 0.312 1.7 0.77 
Kap_1875c.29.1  -2.8E-5 71 0.1120 0.69 0.304 0.46 0.57 1.6 – 96 98 25.8 7.9 1.06 1.15 1759 ±20 1749 ±22 1760 ±23 1838 ±13 +5 0.0863 2.3 3.19 1.3 0.1124 0.73 4.86 1.5 0.314 1.3 0.87 
Kap_1875c.13.1  – – 0.1071 0.53 0.158 0.46 0.82 1.0 0.00 107 58 29.0 4.6 0.56 1.34 1773 ±18 1776 ±21 1776 ±20 1751 ±10 -1 0.0919 2.9 3.16 1.2 0.1071 0.53 4.68 1.3 0.317 1.2 0.91 
Kap_1875c.26.1  4.0E-5 58 0.1108 0.69 0.314 1.55 0.83 1.5 0.06 66 69 17.9 5.6 1.08 0.27 1776 ±22 1772 ±25 1776 ±26 1804 ±14 +2 0.0904 2.6 3.15 1.4 0.1103 0.75 4.82 1.6 0.317 1.4 0.89 
Kap_1875c.22.1  1.2E-4 41 0.1119 0.82 0.160 1.82 0.55 1.1 0.18 72 39 19.5 3.1 0.57 2.16 1778 ±23 1774 ±26 1783 ±25 1805 ±19 +2 0.0853 4.5 3.15 1.5 0.1103 1.02 4.83 1.8 0.318 1.5 0.82 
Kap_1875c.52.1  1.1E-4 27 0.1098 0.53 0.180 0.48 0.77 3.4 0.17 100 61 27.3 4.9 0.64 0.39 1785 ±18 1787 ±20 1792 ±20 1772 ±12 -1 0.0893 2.4 3.13 1.2 0.1083 0.65 4.77 1.3 0.319 1.2 0.87 
Kap_1875c.53.1  9.6E-6 100 0.1103 0.57 0.139 0.52 0.91 1.4 0.01 78 37 21.7 3.1 0.49 0.50 1802 ±20 1802 ±23 1803 ±22 1803 ±11 +0 0.0922 3.3 3.10 1.3 0.1102 0.59 4.90 1.4 0.322 1.3 0.91 
Kap_1875c.47.1  7.5E-5 45 0.1116 0.71 0.285 0.94 0.86 1.7 0.12 52 51 14.5 4.2 1.02 0.24 1807 ±24 1807 ±27 1815 ±27 1809 ±15 +0 0.0900 2.5 3.09 1.5 0.1106 0.83 4.93 1.7 0.323 1.5 0.88 
Kap_1875c.21.1  -6.7E-5 58 0.1099 0.88 0.618 1.33 0.79 1.7 – 42 84 11.8 7.4 2.06 0.58 1816 ±27 1816 ±30 1793 ±38 1812 ±18 -0 0.0979 2.4 3.07 1.7 0.1108 0.99 4.97 2.0 0.325 1.7 0.86 
Kap_1875c.23.1  -1.2E-5 71 0.1111 0.44 0.283 0.80 0.89 1.2 – 136 128 38.1 10.9 0.97 0.32 1824 ±28 1824 ±31 1822 ±32 1820 ±8 -0 0.0954 2.7 3.06 1.8 0.1112 0.45 5.02 1.8 0.327 1.8 0.97 
Kap_1875c.35.1  – – 0.1095 0.43 0.274 0.30 0.84 1.5 – 166 150 46.8 12.9 0.93 0.32 1826 ±17 1831 ±19 1823 ±19 1791 ±8 -2 0.0984 1.7 3.05 1.1 0.1095 0.43 4.94 1.2 0.328 1.1 0.93 
Kap_1875c.31.1  2.8E-5 58 0.1104 0.56 0.165 0.48 0.88 0.6 0.04 88 49 24.9 4.1 0.57 0.47 1829 ±20 1833 ±23 1829 ±22 1799 ±11 -2 0.0983 2.8 3.05 1.3 0.1100 0.60 4.98 1.4 0.328 1.3 0.90 
Kap_1875c.55.1  -4.3E-4 26 0.1103 1.00 0.181 0.81 0.88 1.4 --  33 20 9.4 1.8 0.62 0.81 1830 ±49 1822 ±55 1818 ±52 1896 ±29 +4 0.0967 6.1 3.05 3.1 0.1160 1.59 5.25 3.4 0.328 3.1 0.89 
Kap_1875c.32.1  3.1E-5 50 0.1114 0.52 0.249 0.37 0.76 2.4 0.05 124 101 35.2 8.8 0.84 0.39 1844 ±18 1848 ±21 1839 ±21 1815 ±10 -2 0.0999 2.0 3.02 1.2 0.1110 0.55 5.07 1.3 0.331 1.2 0.90 
Kap_1875c.25.1  1.4E-5 71 0.1094 0.50 0.226 0.37 0.84 1.5 0.02 121 91 34.8 7.9 0.77 0.17 1853 ±18 1862 ±21 1850 ±20 1786 ±9 -4 0.1027 2.0 3.00 1.1 0.1092 0.51 5.02 1.3 0.333 1.1 0.91 
Kap_1875c.14.1  -4.1E-4 27 0.1085 1.03 0.341 0.64 0.48 1.7 – 64 74 18.4 6.6 1.19 0.63 1857 ±27 1856 ±31 1849 ±32 1865 ±29 +0 0.0987 2.6 2.99 1.7 0.1141 1.62 5.25 2.4 0.334 1.7 0.72 
Kap_1875c.62.1  -1.6E-5 100 0.1090 0.75 0.253 0.90 0.41 1.2 – 150 130 43.1 11.0 0.90 0.47 1860 ±21 1870 ±24 1864 ±24 1786 ±14 -5 0.0996 2.4 2.99 1.3 0.1092 0.78 5.04 1.5 0.335 1.3 0.86 
Kap_1875c.58.1  8.3E-6 100 0.1130 0.53 0.120 1.53 0.83 1.2 0.01 106 59 30.6 3.7 0.58 4.65 1872 ±20 1875 ±22 1908 ±22 1846 ±10 -2 0.0724 6.0 2.97 1.2 0.1129 0.54 5.24 1.3 0.337 1.2 0.91 
Kap_1875c.33.1  4.8E-5 58 0.1136 0.75 0.208 0.59 0.88 2.0 0.07 52 36 15.3 3.2 0.72 1.35 1902 ±56 1910 ±65 1903 ±62 1847 ±15 -3 0.1033 6.5 2.91 3.4 0.1130 0.82 5.35 3.5 0.343 3.4 0.97 

Kap_1875c.64.1 – – 0.095 0.64 0.130 0.56 0.73 1.5 -6E-10 128 47 32 4.2 0.4 0.92 1632 27.0 1644 30 1618 28 1525 12.1 -8 0.1120 4.0 3.471 1.9 0.095 0.64 3.768 2.0 0.288 1.9 0.95 
Kap_1875c.65.1 2.5E-5 71 0.094 0.72 0.275 1.61 0.68 1.8 0.04 117.18 84.28 26.88 7.4 0.74 0.95 1526 25.6 1528 28 1486 29.0 1496 14.6 -2 0.1000 3.1 3.745 1.9 0.093 0.77 3.438 2.0 0.267 1.9 0.93 
Kap_1875c.66.1 2.6E-5 71 0.094 0.72 0.182 0.54 0.80 1.2 0.05 113.44 52.50 25.66 4.7 0.48 0.27 1507 32.1 1508 35 1479 34.5 1494 14.6 -1 0.1007 3.8 3.797 2.4 0.093 0.77 3.388 2.5 0.263 2.4 0.95 
Kap_1875c.67.1 7.7E-5 45 0.076 0.87 0.153 0.72 0.45 2.1 0.14 156.11 61.32 24.61 3.7 0.41 1.06 1086 24.1 1088 25 1072 25.7 1059 22.3 -3 0.0691 3.4 5.449 2.4 0.075 1.11 1.889 2.7 0.184 2.4 0.91 
Kap_1875c.68.1 -2.0E-5 45 0.112 0.38 0.312 0.52 0.79 1.6 -0.04 299.53 248.75 83.92 26.5 0.86 0.16 1820 29.9 1817 34 1764 34.2 1837 7.1 1 0.1177 2.8 3.066 1.9 0.112 0.39 5.050 1.9 0.326 1.9 0.98 
Kap_1875c.69.1 -3.6E-5 100 0.096 1.22 0.238 2.82 0.65 4.3 -0.06 54.52 36.62 11.76 2.8 0.69 2.06 1444 24.6 1434 27 1421 27.9 1556 24.6 8 0.0805 4.5 3.983 1.9 0.096 1.31 3.338 2.3 0.251 1.9 0.82 
Kap_1875c.70.1 -5.2E-5 50 0.093 0.72 0.651 0.34 0.72 1.8 -0.09 95.69 158.35 21.67 14.3 1.71 0.64 1509 26.8 1508 29 1383 37.0 1512 15.3 0 0.1006 2.2 3.793 2.0 0.094 0.81 3.425 2.1 0.264 2.0 0.93 
Kap_1875c.71.1 5.2E-5 100 0.096 1.45 0.543 2.57 0.65 2.2 0.09 31.06 44.25 7.32 4.0 1.47 1.40 1564 27.6 1567 31 1473 38.1 1530 31.0 -2 0.1020 3.7 3.643 2.0 0.095 1.65 3.599 2.6 0.275 2.0 0.77 
Kap_1875c.72.1 -1.5E-5 100 0.095 0.78 0.323 1.87 0.74 0.9 -0.03 89.52 73.92 20.68 6.8 0.85 1.11 1536 24.6 1536 27 1481 28.7 1526 15.3 -1 0.1026 3.1 3.718 1.8 0.095 0.81 3.520 2.0 0.269 1.8 0.91 
Kap_1875c.73.1 -6.5E-5 58 0.074 1.03 0.128 0.82 0.48 1.9 -0.12 110.21 35.65 18.36 2.4 0.33 0.28 1143 20.4 1146 22 1127 21.4 1078 24.9 -7 0.0795 3.1 5.156 1.9 0.075 1.24 2.015 2.3 0.194 1.9 0.84 
Kap_1875c.74.1 -8.2E-5 100 0.093 1.81 0.454 0.96 0.71 0.8 -0.15 20.75 24.55 4.71 2.2 1.22 0.66 1511 28.4 1510 31 1437 35.0 1521 40.6 1 0.0982 2.8 3.786 2.1 0.095 2.15 3.446 3.0 0.264 2.1 0.70 
Kap_1875c.75.1 4.9E-5 41 0.108 0.53 0.211 1.69 0.71 1.4 0.09 162.55 101.55 34.45 7.3 0.65 1.13 1422 25.9 1391 27 1409 28.6 1753 10.9 21 0.0604 3.8 4.053 2.0 0.107 0.59 3.647 2.1 0.247 2.0 0.96 
Kap_1875c.76.1 -2.6E-5 71 0.110 1.08 0.208 0.51 0.80 1.4 -0.05 93.99 51.78 25.85 5.4 0.57 0.28 1790 30.7 1789 35 1755 33.4 1798 20.1 1 0.1165 4.0 3.124 2.0 0.110 1.10 4.853 2.3 0.320 2.0 0.87 
Kap_1875c.77.1 1.2E-4 50 0.111 1.03 0.248 0.74 0.73 2.3 0.22 60.82 41.04 15.02 3.7 0.70 0.41 1628 34.5 1610 38 1598 38.5 1786 23.5 10 0.0894 4.0 3.480 2.4 0.109 1.29 4.327 2.7 0.287 2.4 0.88 
Kap_1875c.78.1 -2.7E-4 35 0.110 1.08 0.216 0.82 0.52 1.6 -0.49 72.05 42.67 19.03 4.3 0.61 0.62 1728 34.8 1709 39 1691 37.9 1867 27.8 8 0.1002 4.4 3.253 2.3 0.114 1.54 4.840 2.8 0.307 2.3 0.83 
Kap_1875c.79.1 -3.3E-5 50 0.112 0.53 0.252 0.83 0.78 2.3 -0.06 161.73 120.62 44.34 11.3 0.77 0.76 1786 31.1 1777 35 1761 34.9 1846 10.2 4 0.0998 3.4 3.133 2.0 0.113 0.56 4.966 2.1 0.319 2.0 0.96 
Kap_1875c.80.1 -5.1E-5 33 0.111 0.44 0.152 0.63 0.71 1.5 -0.09 251.07 101.61 68.50 10.6 0.42 0.18 1778 27.2 1772 31 1753 28.9 1820 8.7 3 0.1105 4.1 3.148 1.8 0.111 0.48 4.872 1.8 0.318 1.8 0.96 
Kap_1875c.81.1 -3.1E-5 71 0.109 1.15 0.282 0.49 0.89 1.0 -0.06 72.66 54.13 20.05 5.7 0.77 0.32 1795 28.5 1797 33 1745 32.1 1787 21.5 -1 0.1189 3.1 3.114 1.8 0.109 1.18 4.837 2.2 0.321 1.8 0.84 
Kap_1875c.82.1 7.8E-5 32 0.112 0.51 0.183 0.42 0.75 2.2 0.14 152.05 88.32 41.23 7.5 0.60 0.21 1769 27.3 1761 31 1763 29.7 1822 10.9 3 0.0896 3.7 3.168 1.8 0.111 0.60 4.847 1.9 0.316 1.8 0.95 

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions. respectively.                           

Error in Standard calibration was 0.30% (not included in above errors but required when comparing data from different mounts).                        

(1) Common Pb corrected using measured 204Pb.                           

(2) Common Pb corrected by assuming 206Pb/238U-207Pb/235U age-concordance                        
(3) Common Pb corrected by assuming 206Pb/238U-208Pb/232Th age-concordance 
                                                   

                                    

                                    

                                    

                                    

                                    

                                    

                                    
Kaplonosy IG 1 depth 1875.5m sample Kap-1875.5 j  youngest zircon age                          

                                    

Spot 204Pb/206Pb ±% 207Pb/206Pb ±% 208Pb/206Pb ±% 206Pb/238U ±% 
206Pbc 

[%] 
U 

[ppm] 
Th 

[ppm] 

4-corr 
ppm 

206Pb* 

4-corr 
ppm 

208Pb* 

232Th/238U ±% 
(1) 

206Pb/238U 
Age 

(2) 
206Pb/238U 

Age 

(3) 
206Pb/238U 

Age 

(1) 
207Pb/206Pb 

Age 

% 
Discordant 

7corr 
208Pb*/232Th 

±% 
(1) 

238U/206Pb* 
±% 

(1) 
207Pb*/206Pb* 

±% 
(1) 

207Pb*/235U 
±% 

(1) 
206Pb*/238U 

±% 
err 
corr 

Kap_1875j.8.1  4.9E-5 71 0.082 1.06 0.12 0.91 0.33 2.5 0.09 103 33 15.1 1.8 0.33 0.26 1016 ±14 1006 ±14 1008 ±15 1230 ±24 +19 0.048 3.4 5.86 1.5 0.081 1.23 1.91 1.9 0.171 1.5 0.77 

Kap_1875j.35.1  –  0.080 1.92 0.35 1.04 0.55 1.4 0.00 21 18 3.3 1.2 0.88 0.56 1060 ±17 1053 ±18 1017 ±20 1191 ±38 +12 0.067 2.5 5.60 1.7 0.080 1.92 1.97 2.6 0.179 1.7 0.67 

Kap_1875j.42.1  2.1E-4 35 0.078 1.12 0.11 0.98 0.34 1.3 0.38 84 24 13.2 1.3 0.29 0.75 1078 ±15 1078 ±15 1072 ±15 1080 ±37 +0 0.063 3.5 5.49 1.5 0.075 1.83 1.89 2.4 0.182 1.5 0.63 

Kap_1875j.31.1  –  0.078 1.14 0.15 0.86 0.49 0.8 0.00 73 28 12.1 1.8 0.40 0.32 1144 ±16 1145 ±17 1129 ±17 1137 ±23 -1 0.073 2.7 5.15 1.5 0.078 1.14 2.08 1.9 0.194 1.5 0.80 

Kap_1875j.10.1  -2.9E-4 33 0.078 1.22 0.36 1.10 0.39 1.6 – 77 72 13.0 4.8 0.96 0.32 1157 ±19 1151 ±20 1112 ±23 1254 ±39 +8 0.072 2.4 5.09 1.8 0.082 1.99 2.23 2.7 0.197 1.8 0.68 

Kap_1875j.5.1  8.2E-5 58 0.090 1.06 0.14 0.88 0.36 1.8 0.15 92 53 16.4 2.3 0.59 0.29 1209 ±20 1197 ±21 1230 ±21 1402 ±25 +15 0.041 3.6 4.85 1.8 0.089 1.31 2.53 2.2 0.206 1.8 0.80 

Kap_1875j.23.1  9.5E-5 32 0.081 0.66 0.12 1.67 0.44 1.1 0.17 167 51 29.8 3.4 0.31 1.33 1219 ±17 1221 ±18 1208 ±18 1181 ±17 -4 0.078 3.4 4.81 1.5 0.079 0.86 2.28 1.8 0.208 1.5 0.87 

Kap_1875j.18.1  -1.9E-5 71 0.083 0.64 0.16 0.76 0.56 0.9 – 164 66 30.7 4.9 0.41 0.20 1271 ±18 1270 ±20 1251 ±20 1286 ±13 +1 0.082 2.5 4.59 1.6 0.084 0.68 2.52 1.7 0.218 1.6 0.92 

Kap_1875j.9.1  –  0.083 0.73 0.12 0.63 0.60 1.9 – 109 33 20.6 2.5 0.31 0.23 1284 ±17 1285 ±18 1268 ±18 1268 ±14 -1 0.085 2.8 4.54 1.5 0.083 0.73 2.52 1.6 0.220 1.5 0.89 

Kap_1875j.11.1  2.9E-4 41 0.092 1.41 0.22 0.97 0.44 1.7 0.52 45 26 8.5 1.8 0.60 0.42 1285 ±19 1278 ±20 1267 ±20 1379 ±46 +8 0.072 2.9 4.53 1.6 0.088 2.41 2.67 2.9 0.221 1.6 0.55 

Kap_1875j.14.1  4.0E-5 58 0.113 1.06 0.18 1.02 0.37 1.6 0.07 179 88 36.1 6.4 0.51 0.21 1360 ±18 1317 ±19 1345 ±19 1839 ±20 +29 0.047 4.5 4.26 1.4 0.112 1.10 3.64 1.8 0.235 1.4 0.80 

Kap_1875j.48.1  -2.1E-5 50 0.106 0.44 0.15 1.13 0.69 3.4 – 184 61 38.7 5.9 0.35 0.27 1414 ±18 1384 ±19 1383 ±19 1738 ±8 +21 0.072 3.3 4.08 1.4 0.106 0.45 3.60 1.5 0.245 1.4 0.95 

Kap_1875j.13.1  -1.3E-4 100 0.093 2.29 0.38 1.28 0.39 1.9 – 18 19 3.9 1.5 1.06 0.65 1431 ±24 1424 ±26 1382 ±29 1514 ±55 +6 0.087 3.0 4.02 1.9 0.094 2.92 3.23 3.5 0.249 1.9 0.54 

Kap_1875j.49.1  2.1E-4 50 0.095 1.52 0.53 3.19 0.58 1.5 0.38 25 34 5.4 2.8 1.41 2.76 1449 ±22 1447 ±24 1366 ±33 1472 ±43 +2 0.093 4.6 3.97 1.7 0.092 2.25 3.21 2.8 0.252 1.7 0.60 

Kap_1875j.6.1  -8.7E-5 50 0.093 0.94 0.69 1.44 0.69 0.9 – 49 88 10.6 7.4 1.85 1.26 1451 ±20 1446 ±22 1333 ±30 1509 ±21 +4 0.093 2.5 3.96 1.5 0.094 1.13 3.27 1.9 0.253 1.5 0.80 

Kap_1875j.17.1  1.8E-5 100 0.096 0.83 0.60 0.40 0.65 0.4 0.03 64 101 14.0 8.4 1.63 0.30 1461 ±20 1453 ±21 1367 ±26 1548 ±16 +6 0.091 1.7 3.93 1.5 0.096 0.87 3.37 1.7 0.254 1.5 0.86 

Kap_1875j.43.1  1.8E-4 28 0.094 1.26 0.41 1.56 0.47 1.3 0.32 136 148 29.8 12.2 1.13 1.51 1463 ±19 1464 ±21 1408 ±24 1449 ±29 -1 0.092 2.8 3.93 1.5 0.091 1.51 3.20 2.1 0.255 1.5 0.70 

Kap_1875j.47.1  -1.3E-5 100 0.094 0.73 0.27 1.49 0.53 1.4 – 99 70 21.8 5.9 0.73 1.11 1472 ±19 1469 ±21 1435 ±22 1512 ±14 +3 0.093 2.7 3.90 1.5 0.094 0.75 3.33 1.6 0.257 1.5 0.89 

Kap_1875j.26.1  -3.8E-4 50 0.095 1.95 0.43 1.05 0.59 0.8 – 13 15 2.9 1.3 1.16 0.66 1474 ±25 1458 ±27 1396 ±30 1633 ±59 +11 0.093 2.7 3.89 1.9 0.100 3.15 3.56 3.7 0.257 1.9 0.51 



Kap_1875j.28.1  –  0.095 0.64 0.20 1.87 0.73 2.2 – 84 43 18.5 3.7 0.53 1.49 1476 ±19 1471 ±21 1447 ±21 1533 ±12 +4 0.093 3.3 3.89 1.5 0.095 0.64 3.38 1.6 0.257 1.5 0.92 

Kap_1875j.1.1  5.6E-6 100 0.110 0.44 0.18 0.67 0.76 1.1 0.01 187 90 41.6 7.5 0.50 0.18 1486 ±20 1453 ±21 1464 ±22 1804 ±8 +20 0.066 3.0 3.86 1.5 0.110 0.44 3.94 1.6 0.259 1.5 0.96 

Kap_1875j.25.1  7.3E-5 58 0.094 0.99 0.65 0.49 0.52 1.4 0.13 63 109 14.1 9.2 1.79 0.32 1494 ±23 1494 ±25 1393 ±33 1487 ±22 -1 0.094 2.0 3.83 1.7 0.093 1.19 3.34 2.1 0.261 1.7 0.83 

Kap_1875j.51.1  -2.7E-4 38 0.095 1.23 0.44 0.66 0.51 0.8 – 49 57 10.9 5.0 1.22 0.73 1496 ±21 1486 ±23 1425 ±26 1596 ±34 +7 0.094 2.1 3.83 1.6 0.099 1.85 3.55 2.4 0.261 1.6 0.65 

Kap_1875j.45.1  -1.1E-4 50 0.094 1.03 0.67 0.54 0.71 1.4 – 39 67 8.8 6.0 1.77 0.42 1499 ±21 1494 ±23 1371 ±29 1546 ±24 +3 0.098 1.8 3.82 1.6 0.096 1.27 3.46 2.0 0.262 1.6 0.77 

Kap_1875j.33.1  2.8E-5 58 0.094 0.62 0.17 1.24 0.60 3.8 0.05 132 58 29.8 5.2 0.45 0.73 1502 ±23 1502 ±25 1474 ±24 1503 ±13 +0 0.101 3.1 3.81 1.7 0.094 0.66 3.39 1.8 0.262 1.7 0.93 

Kap_1875j.37.1  -4.2E-5 41 0.093 0.84 0.09 0.54 0.64 1.1 – 143 34 32.2 3.1 0.25 0.19 1503 ±21 1502 ±23 1489 ±21 1509 ±17 +0 0.099 4.5 3.81 1.5 0.094 0.88 3.40 1.8 0.263 1.5 0.87 

Kap_1875j.2.1  1.8E-4 50 0.092 1.35 0.44 0.71 0.75 1.1 0.32 24 28 5.4 2.4 1.21 0.50 1507 ±22 1516 ±25 1444 ±28 1419 ±38 -7 0.098 2.2 3.80 1.7 0.090 1.98 3.26 2.6 0.263 1.7 0.65 

Kap_1875j.7.1  3.1E-5 71 0.095 0.79 0.29 1.11 0.73 1.1 0.06 66 51 14.9 4.4 0.80 0.55 1510 ±23 1509 ±26 1469 ±27 1513 ±16 +0 0.096 2.6 3.79 1.7 0.094 0.85 3.43 1.9 0.264 1.7 0.90 

Kap_1875j.40.1  -4.8E-4 35 0.094 1.57 0.30 0.96 0.38 1.2 --  39 32 8.8 2.8 0.84 0.45 1510 ±22 1497 ±24 1461 ±25 1640 ±51 +9 0.093 2.7 3.79 1.7 0.101 2.73 3.67 3.2 0.264 1.7 0.52 

Kap_1875j.30.1  2.2E-5 71 0.094 0.65 0.12 1.86 0.77 1.4 0.04 83 27 18.8 2.3 0.33 1.38 1513 ±21 1514 ±23 1497 ±22 1502 ±13 -1 0.098 4.1 3.78 1.6 0.094 0.69 3.42 1.7 0.264 1.6 0.92 

Kap_1875j.46.1  -1.6E-5 71 0.094 0.57 0.24 0.38 0.75 1.1 – 104 64 23.6 5.7 0.64 0.21 1515 ±22 1515 ±24 1477 ±24 1516 ±11 +0 0.100 2.2 3.77 1.6 0.094 0.59 3.45 1.7 0.265 1.6 0.94 

Kap_1875j.22.1  1.2E-4 52 0.095 1.74 1.01 0.83 0.71 2.1 0.21 33 84 7.5 7.7 2.64 0.41 1526 ±22 1529 ±24 1288 ±40 1499 ±38 -2 0.103 1.9 3.74 1.6 0.094 1.99 3.44 2.5 0.267 1.6 0.62 

Kap_1875j.50.1  –  0.093 1.18 0.64 0.56 0.53 0.5 0.00 46 77 10.7 6.9 1.74 0.38 1545 ±21 1550 ±24 1433 ±30 1493 ±22 -4 0.101 1.8 3.69 1.6 0.093 1.18 3.48 2.0 0.271 1.6 0.80 

Kap_1875j.41.1  1.1E-4 33 0.111 0.65 0.13 1.06 0.53 0.3 0.20 113 40 27.4 3.5 0.37 0.64 1609 ±23 1588 ±25 1595 ±24 1790 ±15 +11 0.074 4.9 3.53 1.6 0.109 0.81 4.28 1.8 0.283 1.6 0.90 

Kap_1875j.19.1  –  0.110 0.41 0.18 0.36 0.72 3.6 – 278 149 70.0 12.8 0.55 0.76 1655 ±26 1638 ±29 1640 ±28 1793 ±7 +9 0.083 3.5 3.42 1.8 0.110 0.41 4.42 1.8 0.293 1.8 0.97 

Kap_1875j.12.1  -3.4E-5 58 0.109 0.63 0.35 0.39 0.69 1.9 – 81 76 20.9 7.4 0.97 0.25 1682 ±22 1668 ±24 1626 ±25 1794 ±12 +7 0.102 2.0 3.35 1.5 0.110 0.67 4.51 1.6 0.298 1.5 0.91 

Kap_1875j.32.1  7.4E-5 58 0.108 0.94 0.20 0.73 0.75 2.0 0.13 40 21 10.5 2.1 0.54 0.38 1719 ±23 1714 ±26 1690 ±25 1754 ±20 +2 0.106 3.3 3.27 1.6 0.107 1.09 4.52 1.9 0.306 1.6 0.82 

Kap_1875j.36.1  7.3E-5 35 0.110 0.56 0.24 1.34 0.61 1.7 0.13 160 106 42.3 10.0 0.68 0.72 1728 ±26 1720 ±29 1699 ±29 1789 ±12 +4 0.101 3.2 3.25 1.7 0.109 0.65 4.64 1.8 0.307 1.7 0.93 

Kap_1875j.27.1  1.5E-4 35 0.110 0.80 0.34 0.51 0.83 2.2 0.27 52 47 13.7 4.7 0.93 0.34 1729 ±23 1724 ±26 1673 ±27 1765 ±19 +2 0.109 2.2 3.25 1.5 0.108 1.06 4.58 1.9 0.308 1.5 0.82 

Kap_1875j.15.1  -1.6E-4 71 0.110 1.66 1.51 1.14 0.59 2.4 – 17 71 4.6 7.1 4.22 1.32 1742 ±37 1730 ±42 1271 ±121 1831 ±38 +6 0.110 3.1 3.22 2.4 0.112 2.10 4.79 3.2 0.310 2.4 0.76 

Kap_1875j.21.1  4.4E-5 45 0.110 0.55 0.15 0.48 0.50 1.2 0.08 195 83 52.7 8.1 0.44 0.68 1760 ±25 1756 ±29 1741 ±27 1793 ±11 +2 0.104 3.9 3.18 1.7 0.110 0.61 4.74 1.8 0.314 1.7 0.94 

Kap_1875j.24.1  3.1E-5 71 0.110 0.74 0.35 0.47 0.68 1.1 0.06 78 73 20.9 7.3 0.97 0.29 1761 ±23 1758 ±26 1705 ±27 1784 ±15 +1 0.111 2.2 3.18 1.5 0.109 0.80 4.72 1.7 0.314 1.5 0.88 

Kap_1875j.39.1  –  0.107 0.97 0.48 0.54 0.62 1.0 – 46 62 12.3 6.0 1.41 0.37 1763 ±29 1765 ±33 1697 ±36 1749 ±18 -1 0.108 2.4 3.18 1.9 0.107 0.97 4.64 2.1 0.315 1.9 0.89 

Kap_1875j.16.1  -2.1E-5 58 0.110 0.50 0.17 0.87 0.78 1.3 – 136 61 37.0 6.3 0.46 0.64 1772 ±25 1768 ±28 1745 ±26 1803 ±9 +2 0.111 3.6 3.16 1.6 0.110 0.52 4.81 1.7 0.316 1.6 0.95 

Kap_1875j.38.1  1.3E-4 35 0.109 0.75 0.33 2.59 0.80 0.8 0.23 54 48 14.7 4.8 0.92 2.63 1778 ±23 1781 ±27 1729 ±29 1757 ±17 -1 0.114 4.3 3.15 1.5 0.107 0.95 4.71 1.8 0.318 1.5 0.85 

Kap_1875j.29.1  -5.4E-5 58 0.109 0.79 0.13 0.74 0.90 1.4 – 47 16 13.0 1.7 0.35 0.35 1799 ±28 1799 ±32 1774 ±29 1796 ±16 -0 0.123 5.0 3.11 1.8 0.110 0.87 4.87 2.0 0.322 1.8 0.90 

Kap_1875j.44.1  -1.2E-4 35 0.111 0.73 0.24 2.14 0.86 1.3 – 51 33 14.2 3.6 0.66 2.03 1801 ±28 1795 ±32 1755 ±32 1839 ±16 +2 0.117 4.3 3.10 1.8 0.112 0.88 5.00 2.0 0.322 1.8 0.90 

Kap_1875j.3.1  -7.2E-5 45 0.110 0.71 0.21 0.54 0.77 1.8 – 74 42 21.0 4.6 0.59 0.29 1833 ±24 1836 ±28 1795 ±26 1815 ±15 -1 0.123 3.0 3.04 1.5 0.111 0.80 5.03 1.7 0.329 1.5 0.88 

Kap_1875j.20.1  9.7E-6 100 0.110 0.58 0.20 0.89 0.89 2.0 0.02 91 48 25.8 5.2 0.54 0.47 1836 ±30 1842 ±35 1801 ±33 1796 ±11 -3 0.125 3.8 3.04 1.9 0.110 0.59 4.99 2.0 0.329 1.9 0.95 

Kap_1875j.4.1  -4.4E-5 58 0.110 0.71 0.13 0.66 0.96 0.4 – 49 17 14.0 1.9 0.37 1.06 1862 ±32 1869 ±37 1839 ±33 1817 ±14 -3 0.131 5.5 2.99 2.0 0.111 0.77 5.13 2.1 0.335 2.0 0.93 

Kap_1875j.34.1  -9.2E-5 41 0.113 0.72 0.16 1.12 0.85 1.0 – 52 23 15.1 2.4 0.45 0.96 1871 ±27 1873 ±32 1845 ±29 1863 ±15 -1 0.122 4.5 2.97 1.7 0.114 0.84 5.29 1.9 0.337 1.7 0.90 

Kap_1875j.31.2 4.0E-5 100 0.078 1.39 0.140 1.08 0.49 0.6 0.073 69 25 10.8 1.5 0.38 0.39 1083 19 1080 19 1070 20 1125 32 +4 0.065 3.5 5.47 1.9 0.077 1.59 1.9 2.4 0.183 1.9 0.76 

Kap_1875j.77.1 1.1E-4 38 0.080 0.85 0.140 0.67 0.48 2.4 0.196 133 48 21.9 3.0 0.37 0.26 1128 21 1125 22 1115 22 1167 23 +4 0.068 3.1 5.23 2.0 0.079 1.14 2.1 2.3 0.191 2.0 0.87 

Kap_1875j.10.2 -6.1E-5 71 0.079 1.23 0.353 0.65 0.43 0.5 -0.110 97 90 16.0 5.7 0.95 0.32 1129 19 1126 20 1090 22 1191 28 +6 0.070 2.2 5.22 1.8 0.080 1.44 2.1 2.3 0.191 1.8 0.79 

Kap_1875j.54.1 4.3E-4 27 0.080 1.20 0.145 2.23 0.55 0.5 0.770 60 22 10.7 1.4 0.37 1.41 1203 20 1212 22 1194 22 1048 52 -16 0.080 4.1 4.87 1.9 0.074 2.56 2.1 3.2 0.205 1.9 0.59 

Kap_1875j.42.2 -2.4E-4 33 0.078 1.13 0.112 0.97 0.51 1.0 -0.436 96 28 17.1 2.1 0.30 0.32 1220 25 1219 27 1203 26 1228 35 +1 0.083 4.1 4.80 2.3 0.081 1.76 2.3 2.9 0.208 2.3 0.79 

Kap_1875j.58.1 9.3E-6 100 0.093 0.96 0.244 0.41 0.47 1.9 0.017 225 149 44.7 11.0 0.68 0.35 1342 22 1330 23 1316 24 1490 18 +11 0.076 2.5 4.32 1.8 0.093 0.97 3.0 2.1 0.231 1.8 0.88 

Kap_1875j.25.2 2.4E-4 38 0.093 1.16 0.611 1.84 0.50 1.9 0.428 67 111 13.6 8.3 1.71 1.48 1363 28 1358 30 1288 40 1428 35 +5 0.082 3.4 4.25 2.3 0.090 1.85 2.9 2.9 0.235 2.3 0.78 

Kap_1875j.66.1 -1.3E-4 58 0.095 2.13 0.711 0.61 0.78 1.1 -0.240 38 68 8.2 5.9 1.85 0.50 1439 25 1427 27 1300 36 1570 44 +9 0.094 2.3 4.00 1.9 0.097 2.35 3.3 3.1 0.250 1.9 0.64 

Kap_1875j.74.1 7.8E-5 41 0.094 0.72 0.551 0.61 0.51 1.9 0.141 151 220 33.5 18.6 1.50 0.38 1477 25 1476 27 1393 33 1494 16 +1 0.094 2.2 3.88 1.9 0.093 0.87 3.3 2.1 0.258 1.9 0.91 

Kap_1875j.63.1 -3.6E-5 71 0.093 0.85 0.253 1.26 0.56 0.4 -0.065 100 66 22.4 5.7 0.68 1.12 1489 26 1489 29 1452 29 1490 18 +0 0.097 3.2 3.85 2.0 0.093 0.93 3.3 2.2 0.260 2.0 0.91 

Kap_1875j.64.1 -8.8E-5 50 0.095 0.93 0.304 0.58 0.69 2.1 -0.159 70 54 15.7 4.9 0.79 1.47 1497 24 1493 27 1445 28 1543 21 +3 0.099 2.8 3.83 1.8 0.096 1.12 3.5 2.1 0.261 1.8 0.85 

Kap_1875j.73.1 -2.4E-5 71 0.094 0.69 0.273 0.88 0.67 2.2 -0.043 114 78 25.6 7.1 0.71 0.25 1498 26 1496 28 1452 29 1521 14 +2 0.100 2.6 3.82 1.9 0.095 0.73 3.4 2.0 0.262 1.9 0.93 

Kap_1875j.55.1 –  0.094 1.00 0.419 1.82 0.69 1.7 0.000 57 58 13.0 5.5 1.05 1.95 1513 32 1514 35 1430 39 1505 19 -1 0.106 3.8 3.78 2.3 0.094 1.00 3.4 2.5 0.264 2.3 0.92 

Kap_1875j.70.1 -2.2E-5 71 0.094 0.66 0.337 0.89 0.66 1.4 -0.039 127 110 28.8 9.8 0.90 0.23 1516 26 1516 28 1462 30 1520 13 +0 0.099 2.5 3.77 1.9 0.095 0.69 3.5 2.0 0.265 1.9 0.94 

Kap_1875j.59.1 5.0E-5 58 0.094 0.82 0.046 1.16 0.65 1.2 0.091 79 14 18.1 0.8 0.18 0.99 1526 24 1529 27 1532 25 1501 18 -2 0.071 9.5 3.74 1.8 0.094 0.93 3.4 2.0 0.267 1.8 0.89 

Kap_1875j.79.1 -4.2E-5 58 0.094 0.75 0.444 0.40 0.65 1.8 -0.076 110 126 25.4 11.4 1.18 0.26 1531 25 1533 27 1455 30 1521 16 -1 0.102 2.1 3.73 1.8 0.095 0.83 3.5 2.0 0.268 1.8 0.91 

Kap_1875j.57.1 -8.2E-5 58 0.096 1.03 0.212 0.74 0.63 1.3 -0.147 73 41 16.9 3.7 0.57 1.29 1544 25 1543 28 1512 28 1561 23 +1 0.100 3.3 3.69 1.8 0.097 1.22 3.6 2.2 0.271 1.8 0.83 

Kap_1875j.60.1 -1.3E-4 45 0.094 1.03 0.312 0.62 0.39 1.9 -0.233 127 108 29.7 9.5 0.87 0.50 1549 25 1549 28 1504 29 1549 25 +0 0.098 2.5 3.68 1.8 0.096 1.31 3.6 2.2 0.272 1.8 0.81 

Kap_1875j.67.1 -4.0E-5 41 0.111 0.48 0.232 0.91 0.63 2.0 -0.072 264 217 61.9 14.5 0.85 0.30 1555 24 1525 26 1567 27 1823 9 +17 0.060 2.9 3.66 1.8 0.111 0.52 4.2 1.8 0.273 1.8 0.96 

Kap_1875j.69.1 1.4E-5 58 0.108 0.41 0.340 0.54 0.86 1.8 0.025 263 234 70.3 24.1 0.92 0.17 1745 29 1743 33 1685 34 1764 8 +1 0.114 2.6 3.22 1.9 0.108 0.42 4.6 2.0 0.311 1.9 0.98 

Kap_1875j.78.1 -3.7E-5 32 0.110 0.56 0.145 0.32 0.87 2.1 -0.066 270 108 72.2 10.7 0.41 0.37 1749 27 1741 30 1728 28 1803 10 +3 0.103 4.3 3.21 1.7 0.110 0.58 4.7 1.8 0.312 1.7 0.95 

Kap_1875j.65.1 1.5E-5 100 0.110 0.72 0.246 1.58 0.74 1.8 0.027 96 62 25.6 6.4 0.67 0.33 1749 32 1744 36 1707 36 1791 14 +3 0.112 3.8 3.21 2.1 0.109 0.75 4.7 2.2 0.312 2.1 0.94 

Kap_1875j.80.1 2.6E-5 49 0.110 1.22 0.242 1.24 0.85 2.3 0.047 172 109 47.1 11.5 0.66 0.62 1789 43 1787 49 1747 47 1799 22 +1 0.116 5.0 3.13 2.7 0.110 1.23 4.8 3.0 0.320 2.7 0.91 

Kap_1875j.71.1 4.0E-5 41 0.111 0.47 0.273 0.57 0.74 1.2 0.072 233 172 64.1 17.6 0.76 0.41 1790 30 1787 34 1747 33 1812 9 +1 0.112 3.0 3.12 1.9 0.111 0.52 4.9 2.0 0.320 1.9 0.96 

Kap_1875j.68.1 7.2E-5 38 0.111 0.59 0.188 0.48 0.81 2.1 0.129 122 60 33.7 6.3 0.51 0.55 1798 28 1797 32 1767 30 1805 12 +0 0.117 3.7 3.11 1.8 0.110 0.68 4.9 1.9 0.322 1.8 0.93 

Kap_1875j.76.1 6.6E-5 58 0.109 0.88 0.439 0.51 0.80 1.4 0.120 63 72 17.5 7.7 1.18 0.37 1806 29 1810 34 1720 36 1773 18 -2 0.122 2.4 3.09 1.8 0.108 1.01 4.8 2.1 0.323 1.8 0.88 

Kap_1875j.52.1 -4.2E-5 71 0.110 0.85 0.205 0.66 0.86 1.7 -0.076 59 31 16.3 3.4 0.54 0.37 1806 29 1807 33 1766 32 1801 17 -0 0.124 3.7 3.09 1.8 0.110 0.93 4.9 2.1 0.323 1.8 0.89 

Kap_1875j.62.1 -3.6E-5 45 0.110 0.50 0.225 1.06 0.89 1.2 -0.066 168 99 47.2 10.8 0.61 0.43 1820 37 1822 43 1778 41 1809 10 -1 0.123 4.2 3.07 2.3 0.111 0.54 5.0 2.4 0.326 2.3 0.97 

Kap_1875j.61.1 -2.3E-5 50 0.114 0.44 0.065 3.17 0.76 2.9 -0.042 222 38 62.5 4.1 0.18 2.15 1828 29 1823 34 1816 30 1862 8 +2 0.110 11.1 3.05 1.8 0.114 0.46 5.1 1.9 0.328 1.8 0.97 

Kap_1875j.53.1 -3.4E-5 38 0.112 0.41 0.110 0.41 0.84 1.5 -0.062 217 63 61.9 7.0 0.30 0.18 1844 28 1844 33 1823 29 1842 8 -0 0.124 5.6 3.02 1.8 0.113 0.44 5.1 1.8 0.331 1.8 0.97 

Kap_1875j.72.1 1.5E-5 100 0.112 0.72 0.187 0.58 0.72 1.9 0.027 110 56 31.4 5.9 0.53 0.29 1846 32 1848 37 1818 35 1833 13 -1 0.119 4.3 3.02 2.0 0.112 0.74 5.1 2.1 0.332 2.0 0.94 

Kap_1875j.56.1 -2.3E-5 41 0.113 0.36 0.099 1.74 0.88 1.6 -0.041 267 70 77.3 7.8 0.27 1.56 1872 28 1875 33 1855 30 1854 7 -1 0.130 6.6 2.97 1.8 0.113 0.37 5.3 1.8 0.337 1.8 0.98 

Kap_1875j.75.1 9.7E-6 100 0.121 0.55 0.162 0.49 0.89 0.7 0.017 106 46 30.9 5.0 0.45 0.25 1880 29 1865 33 1854 31 1972 10 +5 0.107 4.8 2.95 1.8 0.121 0.56 5.7 1.9 0.339 1.8 0.95 

Errors are 1-sigma; Pbc and Pb* indicate the common and radiogenic portions. respectively.                            

Error in Standard calibration was 0.34% (not included in above errors but required when comparing data from different mounts).                        

(1) Common Pb corrected using measured 204Pb.                              

(2) Common Pb corrected by assuming 206Pb/238U-207Pb/235U age-concordance                           

(3) Common Pb corrected by assuming 206Pb/238U-208Pb/232Th age-concordance 
  

                                                

 


