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ARTICLE

Detrital zircon record of the Mesoproterozoic to Lower Cambrian sequences of NW
Russia: implications for the paleogeography of the Baltic interior
V.B. Ershovaa, A.S. Ivlevaa, V.N. Podkovyrovb, A.K. Khudoleya, P.V. Fedorov a, D. Stocklic, O. Anfindonc,d, A.V. Maslove

and V. Khubanovf

aInstitute of Earth Sciences, Saint Petersburg State University, Saint Petersburg, Russia; bInstitute of Precambrian Geology and Geochronology,
Russian Academy of Science, St. Petersburg, Russia; cJackson School of Geoscience, University of Texas, Austin, TX, USA; dDepartment of Geology,
Sonoma State University, California, USA; eZavaritsky Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences,
Ekaterinburg, Russia; fGeological Institute, Siberian branch of Russian, Academy of Science, Ulan-Ude, Russia

ABSTRACT
Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) U–Pb detrital zircon isotope
data from Mesoproterozoic to Lower Cambrian strata of the St Petersburg region are used to char-
acterize the paleogeographic and tectonic evolution of the Baltica continent. We dated fifteen samples
and divided them into three groups based on their distribution of detrital zircons. The first group
(comprising Lower Mesoproterozoic rocks) is dominated by Early Mesoproterozoic and Late
Paleoproterozoic zircons, mostly derived from weathering of proximal source region including rapakivi
granites exposed across the neighboring Baltic Shield. The second group includes Upper Ediacaran
samples (Redkino and Kotlin Regional Stages), with major zircon populations ranging in age between
1970–1850 and 1600–1550 Ma, respectively, correlating with magmatic and metamorphic events within
the Svecofennian Orogeny and rapakivi granite igneous activity in the interior of Fennoscandia. The
third group of samples, collected from both the uppermost Ediacaran and lowermost Cambrian
deposits (Kotlin, Lontova and Dominopol Regional Stages), contains older Paleo-Mesoproterozoic
zircons as well as Late Neoproterozoic-earliest Cambrian zircons, indicating a Timanian source area
and exhibiting a age spectra similar to spectra for coeval rocks of the Scandinavian Caledonides.
Therefore, we conclude that reworking and transport of continental detritus from the Timanian
Orogen began during Late Ediacaran, earlier than previously supposed, with transport of Timanian
detritus not only to the marginal part of Baltica (known from the Scandinavian Caledonides), but also to
the distal interior of Baltica.
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Introduction

The study region is located in northwest Russia (Leningrad
District) and represents the interior part of the East European
Platform, considered a discrete part of the Baltica paleoconti-
nent during the Late Precambrian–Early Paleozoic, prior to
accretion with Avalonia and Laurentia during the Early-
Middle Paleozoic Caledonian Orogeny (Fig. 1). The clastic
succession of the study area can offer a valuable insight into
the latest Mesoproterozoic to Devonian geological history of
the Baltica paleocontinent interior. Detrital zircon studies
have emerged as a powerful tool for paleogeographic and
tectonic reconstructions, allowing the source regions of clastic
sedimentary rocks to be identified. However, whilst there are
numerous provenance studies of Mesoproterozoic–Paleozoic
successions of the Scandinavian Caledonides, which predo-
minantly represented a marginal part of Baltica during the
latest Precambrian–earliest Paleozoic (e.g., Andresen et al.
2014; Gee et al. 2014, 2015; Slama & Pedersen 2015; Slama
2016; Zhang et al. 2015 and references therein), there are only
few provenance studies of the clastic succession of the interior
part of Baltica, occupied by the East European Platform.
Previous work includes U–Pb dating of detrital zircons from

the Upper Mesoproterozoic succession of the Pasha-Ladoga
basin (Kuptsova et al. 2011), a U-Pb detrital zircon study of
Middle Cambrian-Devonian strata carried out by Miller et al.
(2011), and the dating of several samples from Ediacaran-
Devonian strata from central Estonia (Isozaki et al. 2014;
Poldvere et al. 2014). The only detrital zircon studies focused
on the Leningrad region of the East European Platform in
NW Russia are represented by recent preliminary studies
published by Ivleva et al. (2016), Ivleva et al. (2018).

We present detrital zirconU–Pb results from fifteen sandstone
samples ranging fromMesoproterozoic to Early Cambrian in age,
collected from the interior part of the East European Platform
(Leningrad region), which shed new light on the Ediacaran- Early
Cambrian paleogeographic evolution of the NW part of the
Baltica paleocontinent (in present-day coordinates).

Geological background

The basement of the study region consists of highly metamor-
phosed Archean to Paleoproterozoic rocks (Bogdanova et al.
2008; Verbitskiy et al. 2012; Maksimov et al. 2015). The
Mesoproterozoic-lowermost Cambrian sedimentary rocks are
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mainly covered by younger Paleozoic andQuaternary overburden,
although they crop out to the north in the Baltica-LadogaKlint and
are penetrated by several deep wells. The oldest sedimentary suc-
cession known from the study region is the Mesoproterozoic
(Lower Riphean) sequence, which rests with a prominent angular
unconformity on the Archean to Paleoproterozoic metamorphic
basement and infills a distinct graben-like structure (the Pasha-
Ladoga graben) in the Ladoga Lake area (Kuptsova et al. 2011;

Maksimov et al. 2015). Mesoproterozoic rocks consist of texturally
immature sandstones with conglomerate beds, comprising the
Priozersk, Salmi and Pasha formations (Fig. 2). A few mafic lava
flows and tuff beds are reported throughout the succession
(Kuptsova et al. 2011). The thickness of the succession reaches up
to 800 m in the center of the graben, decreasing to a few tens of
meters towards the flanks. The youngest rocks known from the
basement of the Pasha-Ladoga graben are rapakivi granites with

Figure 1. A. Regional setting of the study area. B. Sketch map of study region with location of dated samples.
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radiometric ages of 1547–1530 Ma (Amelin et al. 1997), whilst the
sedimentary succession is intruded by mafic dykes and overlain by
a sill with radiometric ages of 1457± 2 and1459±3Ma respectively
(U-Pb baddeleyite) (Rämö et al. 2001). These radiometric dates
constrain the age of the oldest sedimentary succession overlying
metamorphic basement as Early Mesoproterozoic. Since no sedi-
ments of Middle-Late Mesoproterozoic or Early-Middle
Neoproterozoic age have been identified from the Leningrad
region, either most of the study region represented a peneplain
during this time (i.e., lack of sediment deposition), or sediments
deposited during this time are not preserved due to later uplift and
erosion.

The main phase of sedimentary cover started to form in the
Late Ediacaran, when a marine transgression spread across most
of the NW part of the East European Platform (Keller & Rozanov
1980), resulting in deposition of the Starorussa, Vasileostrovskaya
andVoronka formations. The oldest Ediacaran rocks unconform-
ably overlie high-grade metamorphic basement and comprise the
Starorussa Formation (Verbitskiy et al. 2012; Maksimov et al.
2015). The Starorussa Formation represents a transgressive
sequence consisting of gravelly (mainly pebbly) conglomerates
at the base, fining upward medium- to fine-grained sandstones,
and topped by clays, with thickness increasing towards the south-
east and ranging from 13 to 70 m.
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The Vasileostrovskaya Formation disconformably overlies
the Starorussa Formation in the west and conformably in east,
but with angular unconformity overlies metamorphic base-
ment in the north-western part of the Leningrad region
(Verbitskiy et al. 2012; Maksimov et al. 2015). It consists of
fine-grained sandstones and siltstones with thin layers of
greenish-gray clays in the lower part of the succession. The
upper part of the succession is represented by thin intercala-
tions of siltstone and clay. The total thickness of the forma-
tion varies from 150 to 200 m.

The Voronka Formation represents the youngest Ediacaran
strata known from the study region and is preserved only to
the west of Saint Petersburg, where it conformably overlies the
Vasileostrovskaya Formation (Verbitskiy et al. 2012). It com-
prises thin-layered clays and siltstones containing sand grains
at the base, grading upward to fine-grained sands and silt-
stones, with thickness varying from 10 to 20 m.

Lower Cambrian deposits of the study region are repre-
sented by the Lomonosov, Siverskaya, Lukati and Tiskre for-
mations. The Lomonosov Formation represents the oldest
Cambrian succession described from the study region, dis-
conformably overlying the Voronka Formation in the western
part of the region and the Vasileostrovskaya Formation in the
east (Verbitskiy et al. 2012; Maksimov et al. 2015). It com-
prises fine-grained sandstones and siltstones at the base, fin-
ing upward to intercalated clays and siltstones in the upper
part of the succession, varying in thickness from 4 to 24 m.

The overlying Siverskaya Formation is represented by a -
70–120 m thick succession of clays, containing rare thin
layers and lenses of siltstone (Verbitskiy et al. 2012;
Maksimov et al. 2015).

The Lukati Formation lies disconformably on clays of the
Siverskaya Formation and comprises 5–6 m of intercalating
clays and siltstones, with subordinate beds of sandstone. The
Tiskre Formation comprises mainly sandstones with subordi-
nate layers of clay, with thickness ranging from 9 to 20 m.
Both the Lukati and Tiskre formations have been described
only from the western part of the study region.

Methodology

Nine samples (Sol, Kih, 8–16, 8–10, VA, Cha1, Sosn, L118,
T36, Petr) were analyzed for detrital zircon U-Pb ages at
the UTChron geochronology facility in the Department of
Geological Sciences at the University of Texas, Austin.
Samples underwent conventional heavy mineral separation
and were grain mounted (no polishing) on one inch round
epoxy pucks with double sided tape. All grains were depth-
profiled using a Photon Machines Analyte G2 ATLex 300si
ArF 193 nm Excimer Laser, equipped with a Helix two-
volume ablation cell. The ablated aerosols were transported
using He gas to, and analyzed with, a Thermo Fisher
Element2 single collector, magnetic sector ICP mass spec-
trometer. Five samples (Sh7, Sh17, Sh38, Sh44, T1-2) were
analyzed at the “Analytical center of mineralogical, geo-
chemical and isotope Studies”, Geological Institute, SB
RAS Ulan-Ude, Russia, on a Thermo Scientific Element
XR single collector sector-field ICP mass spectrometer
using a UP-213 (New Wave Research) laser ablation system

(Khubanov et al. 2016). 206Pb/238U ages are reported for
ages younger than 1000 Ma and 207Pb/206Pb ages for older
ages. Following the approach proposed by Gehrels (2012),
grains were considered discordant if there was greater than
30% discordance between the 206Pb/238U age and the
207Pb/235U age. The histograms and KDE (kernel density
estimation) plots were produced using Density Plotter
(Vermeesch 2012), with a bin width of 50 Ma and the
bandwidth of the relative frequency set to 20. Data tables
are provided as Supplementary material.

Results

A total of 15 samples were analysed for detrital zircon U-Pb
ages. The samples were collected from both outcrops and
wells, covering the Mesoproterozoic to Lower Cambrian stra-
tigraphic interval (Figs. 2–4).

Sample Sh44 was collected from the oldest Mesoproterozoic
sedimentary unit known across the study region, penetrated by
the Shotkusa well. It contains zircons ranging from 2618 to
1208 Ma. The Archean grains are subordinate and do not form
significant age peaks, while Paleoproterozoic and Early
Mesoproterozoic grains are prevalent and group into three
main peaks at ca. 1970, 1765, and 1565 Ma (Fig. 3).

Samples Sh38, Sh7 and T36 were collected from clastic
rocks of the Starorussa Formation, penetrated by the
Shotkusa and Utkina Zavod’ wells. Paleoproterozoic zircons
prevail within these samples and form prominent peaks at ca.
2000, 1900–1950, and 1800–1850 Ma. Archean grains are
abundant only in the Sh-38 sample and group into two
main peaks at ca. 2670 and 2800 Ma (Fig. 3).
Mesoproterozoic grains form significant peaks at ca. 1600–
1550 Ma within all three samples, while zircons in sample Sh-
38 also form a peak at ca. 1485 Ma.

Samples Sosn, L118 and Petr (collected from engineering
wells drilled for building construction) and Cha1 (collected
from a natural outcrop) are from the Vasileostrovskaya
Formation. Samples Sosn and L118 have a very similar distribu-
tions of detrital zircons, with the majority of Paleoproterozoic
grains ranging in age between ca. 1880 and 1800 Ma. The
youngest detrital zircons of sample Sosn group at ca 1600Ma,
whilst within grains of L118 sample youngest grains form peak
at ca 1585 Ma (Fig. 3). Sample Petr shows a different distribution
of detrital zircons, with the majority of Mesoproterozoic grains
forming more less prominent peaks at ca. 1060, 1100, 1240,
1425, 1475, and 1540 Ma Paleoproterozoic and Archean grains
are subordinate and group at ca. 1875, 1980, and 2710 Ma.

Paleoproterozoic grains prevail within dated zircons from
sample Cha1 and group at ca. 1640, 1700, 1870, 1930, and
1970 Ma. The Mesoproterozoic population forms peaks at ca.
1265 and 1520 Ma. The youngest zircon yielded an age of
626 ± 6 Ma.

Sample VA was collected from sandstone of the Voronka
Formation. The sample is dominated by Mesoproterozoic and
Neoproterozoic zircons. Archean and Paleoproterozoic grains
are subordinate and form minor peaks at ca. 2720, 2120 1895,
1855, 1175, and 1650Ma. Mesoproterozoic grains form peaks at
ca. 1575, 1455, 1240, 1140, and 1050 Ma, whilst Neoproterozoic
zircons group at ca. 910, 705, 600, and 570 Ma (Fig. 4). The

4 V. B. ERSHOVA ET AL.



weighted average age of the three youngest grains is 554 ± 5 Ma,
approximating the latest Ediacaran depositional age of the
Voronka Formation.

Samples T1-2, Sh17, 8–10 and 8–6 were collected from the
Lomonosov Formation. Archean grains are subordinate and
do not form significant peaks. Paleoproterozoic zircons group
at ca. 1800, 1900 Ma and 2050 within dated grains of 8–10 &
8–6 samples. Paleoproterozoic grains from T1-2 and Sh17
samples do not from significant peaks. The majority of the
dated grains are Meso- and Neoproterozoic in age. All sam-
ples have a prominent detrital zircons population at ca

1450–1550 Ma in age, with subordinate group is
1200 − 1250 Ma in age. The majority of Neoproterozoic
grains group at ca 900–950 Ma and 580–550 Ma (Fig. 4).
The youngest grains are Cambrian in age and close to age of
sedimentation.

Samples Kih (Lukati Formation) and Sol (Tiskre Formation)
have similar distributions of detrital zircons, with the majority of
dated grains yielding Mesoproterozoic ages. Archean and
Paleoproterozoic grains are subordinate and form small peaks
falling in the age range ca. 2700–2750, 2000–2100, 1900–1600Ma
(Fig. 4). The numerous Mesoproterozoic grains group at ca.
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1100–1080, 1200–1260, 1450, and 1500–1550 Ma. The
Neoproterozoic grains group at ca. 950 whilst Cambrian grains
form peaks at ca. 530–535 Ma.

Discussion

Our detrital zircon results from the Mesoproterozoic to Lower
Cambrian strata of NW Russia provide new geological con-
straints on the Mesoproterozoic – Early Cambrian paleogeogra-
phy of the north-western part of the East European Platform.

The dated samples can be divided into three main groups
based on the ages of detrital zircons. The first group is repre-
sented by the oldest Mesoproterozoic sample (Sh44) collected
from the southern part of the Pasha-Ladoga graben, and

exhibits a similar detrital zircon age distribution to clastic
sedimentary rocks in the northern part of the graben
(Kuptsova et al. 2011). Our data are in agreement with the
data of Kuptsova et al. (2011), who also identified a prevalence
of late Paleoproterozoic – earliest Mesoproterozoic zircons
(1500–1900 Ma) in Mesoproterozoic sedimentary rocks of the
Pasha-Ladoga graben (Fig. 5). Rocks of this age range are
widespread across the neighbouring part of Fennoscandia
(Bogdanova et al. 2008), with grains dated as 1550–1530 Ma
corresponding to the age of the Salmi Massif, located in close
proximity to the Pasha-Ladoga graben (Amelin et al. 1997)
(Fig. 6). Therefore, our detrital zircon data from the
Mesoproterozoic clastic rocks of the Pasha-Ladoga graben
support a source from weathering of a proximal source region.
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After a long period of erosion and/or non-deposition, clastic
sedimentation commenced more widely across the study area in
the Late Ediacaran (Late Vendian) and continued with short
hiatuses throughout the Early Paleozoic (Keller & Rozanov
1980). The six dated samples from the Upper Ediacaran strata
(Sh38, Sh7, and T36 from the Starorussa Formation; Sosn, L118,
and Petr from the Vasileostrovskaya Formation) are character-
ized by a similar distribution of detrital zircon ages, with major
populations of zircons ranging in age between 2000–1850 and
1600–1550 Ma. Archean grains are only abundant in sample Sh-
38, with peaks at 2800 and 2670 Ma, corresponding to the ages
of accretionary events culminating in formation of the Fenno-
Karelian protocontinent (Bogdanova et al. 2008). Numerous
Late Paleoproterozoic zircons (1950–1850 Ma) reported from
all samples correlate with the ages of several episodes of accre-
tion reported from southwestern Fennoscandia and referred to
as the Svecofennian Orogeny (Nironen 1997; Lahtinen et al.
2005; Korja et al. 2006; Bogdanova et al. 2008). The next
prominent zircon population ranges in age from 1600–1550 Ma,
correlating with rapakivi granite igneous activity in the interior
parts of Fennoscandia (Amelin et al. 1997; Bogdanova et al.
2008; Rämö et al. 2014). Latest Mesoproterozoic zircons are
only observed from sample Petr and exhibit similar ages to
magmatic events described from the Sveconorwegian Orogen
(Bingen et al. 2008; Roberts & Slagstad 2015).

Moreover, our distribution of detrital zircon ages is com-
parable to those reported from strata of the Kotlin Regional
Stage (Late Ediacaran) to the west of the study area in central
Estonia (Isozaki et al. 2014) (Fig. 5). Dated samples from the

Starorussa and Vasileostrovskaya formations are generally
dominated by detrital zircons that are much older than the
depositional ages of the formations. Therefore, in combination
with data from central Estonia (Isozaki et al. 2014), our data
suggest that clastic detritus deposited across much of the Late
Ediacaran sedimentary basin, which occupies present-day NW
Russia and Estonia, was mainly sourced from the southwestern
part of the Baltic Shield (in modern coordinates).

The third group of samples includes Cha1 (uppermost part
of the Vasileostrovskaya Formation) and VA (Voronka
Formation) from the Upper Ediacaran strata, and Sh17, T1-
2, 8–16 and 8–10 (Lomonosov Formation), Kih (Lukati
Formation), and Sol (Tiskre Formation) from Lower
Cambrian deposits, which have strikingly similar detrital zir-
con age distributions. These deposits have a broad distribu-
tion of detrital zircons, with ages ranging from 2800 to
530 Ma. Neoarchean grains (ca. 2700–2500 Ma) correlate
with ages of accretionary events known from the Fenno-
Karelian area (Bogdanova et al. 2008). Zircon ages of ca.
1950–1800 Ma could be correlated with magmatic events
within the Svecofennian Orogen and also with rocks of
these ages reported from the Kola-Karelia province (Korja
et al. 2006). The majority of the latest Paleoproterozoic zir-
cons fall within the 1800–1600 Ma age range and can be
correlated with formation of the Transscandinavian Igneous
Belt (Larson & Berglund 1992; Andersson et al. 2004;
Gorbatschev 2004). Zircon populations of ca. 1600–1500 Ma,
1300–1200, and 1100–950 Ma compare closely with charac-
teristic ages within the Sveconorwegian Orogen, including
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both basement terranes and the ages of orogenic episodes
(Bingen et al. 2008). One characteristic feature of the third
group of samples is the presence of detrital zircons with ages

close to the depositional age of the formation during the latest
Neoproterozoic to earliest Cambrian (ca. 650–525 Ma). Felsic
rocks of these ages are not known from the basement of the
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East European platform, however, coeval magmatic and
metamorphic events in this age range are reported from the
Timanian Orogen (Gee et al. 2000; Pease et al. 2004;
Kuznetsov et al. 2007) located along the north-eastern margin
of the East European Craton (in present-day coordinates).
Moreover, sedimentary rocks with the youngest zircons ages
close to depositional ages are characteristic of foreland basin
settings, located adjacent to a rising mountain range and
proximal source of clastic detritus (Cawood et al. 2012). We
suggest that the Paleoproterozoic and Mesoproterozoic detri-
tal zircons from the uppermost Ediacaran-lowermost
Cambrian deposits of the Leningrad region (group three of
dated samples) also originated from the Timanides, due to the
presence of zircons of comparable ages reported from
Mesoproterozoic rocks of the Timan Ridge (Kuznetsov et al.
2010; Brusnitsyna et al. 2018).

Furthermore, a review of available detrital zircon ages
from coeval Upper Ediacaran – Lower Cambrian strata
(Fig. 5) of the north-western part of the East European
Craton reveals a strong similarity between detrital zircon
signatures. Our new data suggest that input of clastics from
the Timanian Orogen started in the Late Ediacaran (Kotlin
regional stage), contradicting previous claims that the onset
of deposition of Timanian-derived detritus across major parts
of Baltica is approximately coeval with the boundary between
the Cambrian Stage 2 and Stage 3 (ca. 521 Ma; Slama &
Pedersen 2015; Slama 2016) (Fig. 6). Our data suggest that
continent-scale sediment transport across the East European
Craton carrying detritus from the Timanian Orogen began
during the Late Ediacaran. Detrital zircon data from the
Dividal Group of the Scandinavian Caledonides (Andresen
et al. 2014; Zhang et al. 2015) have also been interpreted to
show that Timanian sourced detritus appeared on the
Baltican margin in the Latest Ediacaran.

Conclusions

The results presented in this study provide new constraints
on the paleogeographic evolution of the Baltica paleoconti-
nent. The dated samples can be divided into three groups
based on the ages of detrital zircons. The first group repre-
sents the Lower Mesoproterozoic rocks of the Pasha-Ladoga
basin. Detrital zircon data suggest derivation of clastic detri-
tus from the neighboring crystalline basement comprising
predominantly rapakivi granite. The second group includes
Upper Ediacaran samples containing populations of detrital
zircons with ages in the range of ca. 2800–2670, 2000–1850,
and 1600–1550 Ma, suggesting a source from the southwes-
tern part of the Baltic Shield for most of the Late Ediacaran
sedimentary basin located in the interior part of Baltica. The
third group of samples, collected both from the uppermost
Ediacaran and lowermost Cambrian deposits, contains Late
Neoproterozoic-earliest Cambrian zircons which are diagnos-
tic of a Timanian source area and show similar age spectra to
those reported earlier from coeval rocks of the Scandinavian
Caledonides. Therefore, we conclude that erosion and trans-
port of continental detritus from the Timanian Orogen began
during the Late Ediacaran, earlier than previously supposed,
with transport of Timanian detritus to not only the marginal

part (Scandinavian Caledonides) but also the interior part of
Baltica.
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