
Estonian Journal of Earth Sciences, 2014, 63, 4, 251�256 doi: 10.3176/earth.2014.27 

 251

 
 
 
 
 

Provenance  shift  in  Cambrian  mid-Baltica:  detrital  zircon  chronology  of  
Ediacaran�Cambrian  sandstones  in  Estonia 

 
Yukio Isozakia, Anne Põldvereb, Heikki Bauertc, Hiroki Nakahataa, Kazumasa Aokia,d, 

Shuhei Sakatae and Takafumi Hiratae 
 

a Department of Earth Science & Astronomy, The University of Tokyo, Komaba, Meguro, 153-8902 Tokyo, Japan; 
izozaki@ea.c.u-tokyo.ac.jp 

b Geological Survey of Estonia, Kadaka tee 82, 12618 Tallinn, Estonia 
c Institute of Geology at Tallinn University of Technology, Ehitajate tee 5, 19086 Tallinn, Estonia 
d Department of Applied Sciences, Okayama University of Science, Okayama 700-0005, Japan 
e Department of Geology and Mineralogy, Kyoto University, 606-8502 Kyoto, Japan 
 
Received 10 July 2014, accepted 10 October 2014 
 
Abstract. In order to clarify the tectono-sedimentary history of Paleozoic Baltica, age spectra of detrital zircon grains from the 
Ediacaran (Kotlin Regional Stage) and Lower Cambrian sandstones (lowermost Lontova and Lükati formations) in western 
Estonia in central Baltica were analyzed by LA-ICPMS. The abundant occurrence of Archean to Mesoproterozoic (2800�
1000 Ma) zircon grains was confirmed in all samples. The new data provided the following information on the provenance of 
siliciclastic material as well as a major change in the sedimentary regime of the Paleo-Baltic basin during the Early Cambrian: 
(1) the Ediacaran�Lower Cambrian Paleo-Baltic basin received abundant terrigenous clastics from the core of Baltica underlain 
by the Archean�Mesoproterozoic crystalline crust, (2) the exposed surface area of the 1600 Ma Rapakivi granites apparently was 
more extensive during the Ediacaran�Early Cambrian than at present, (3) a major re-organization of the basin geometry occurred 
in the middle Early Cambrian (ca 530�515 Ma) in central Baltica, inducing a change in the sediment supply system, (4) in contrast 
to the total absence of Neoproterozoic detrital zircon grains before the middle Early Cambrian, their sudden appearance at this 
time, together with consistent occurrence at least until the mid-Devonian, suggests a significant uplift event located in southeast 
Baltica and/or in a more easterly land domain (e.g., in Sarmatia), (5) possible sources for the Neoproterozoic zircon grains include 
the peripheral mobile belts with pan-African signatures around Baltica, e.g., the so-called Gondwanan fragments along the Tornquist 
margin to the southwest and the Timanian belt along the northeastern margin. 
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INTRODUCTION 
 
Baltica, one of the major continental blocks during the 
Paleozoic, remained isolated after its Neoproterozoic 
detachment from Rodinia until its collision with Laurentia 
during the Silurian�Devonian. In this context, detrital 
zircon chronology appears to be a promising tool for 
provenance analysis of Baltic sedimentary basins. Some 
preliminary attempts have already been made mostly  
for the peripheral orogenic belts around Baltica (e.g., 
Valverde-Vaquero et al. 2000; Nawrocki & Poprawa 
2006; Cawood et al. 2007; Kuznetsov et al. 2010). In 
contrast, studies on the interior of Baltica were rather 
few, probably because it appeared obvious that the sub-
unconformity Precambrian basement rocks, currently 
exposed in central Baltica, are the main source for  
the thick succession of Lower Paleozoic siliciclastic 

sedimentary rocks. Nonetheless, some attempts at 
provenance analysis were recently made for the Lower�
Middle Paleozoic sandstones in east-central Baltica 
(e.g., Kuznetsov et al. 2011; Miller et al. 2011; Põldvere 
et al. 2014). As for the Baltica core area in Estonia, 
Põldvere et al. (2014) lately reported for the first time 
age spectra of detrital zircons from Cambrian and 
Devonian sandstones and confirmed that the Early 
Paleozoic siliciclastics clearly reflected the Precambrian 
basement geology of Baltica. On the other hand, the 
Cambrian basin studies on a regional scale (e.g., Mens 
& Pirrus 1997; Nielsen & Schovsbo 2011) suggest that 
a major change in basin geometry has occurred during 
the Early Cambrian in central Baltica. 

It is worth testing whether this putative change in 
regional basin geometry could be indeed reflected in the 
detrital zircon population from Paleozoic sandstones of 



Estonian Journal of Earth Sciences, 2014, 63, 4, 251�256 

 252

the mid-Baltic area. In order to compare the age spectra 
of detrital zircon from sandstones, particularly of pre-
Early Cambrian and of post-Cambrian intervals, we 
dated detrital zircon grains obtained from the Ediacaran 
and Lower Cambrian (Stage 2; early Tommotian) sand-
stones of central Baltica. This article reports age spectra 
of detrital zircon in sandstones from the Ediacaran 
Kotlin Regional Stage and the Lower Cambrian Lontova 
and Lükati formations in western Estonia and discusses 
their geological implications. 
 
 
GEOLOGIC  SETTING 
 
The pre-Quaternary surface crust of Estonia is composed 
of non-metamorphosed, scarcely deformed Ediacaran  
to Middle Paleozoic shallow marine siliciclastics and 
carbonates (e.g., Raukas & Teedumäe 1997; Fig. 1). 
Most of the Ediacaran�Lower Cambrian strata occur in 
the subsurface, except for the upper part of the Lower 
Cambrian, which is remarkably exposed along a coastal 
cliff (Baltic klint) on the Gulf of Finland in northern 
Estonia. Numerous drillcores, however, confirm the 
subsurface presence of siltstone/sandstone-dominant 
Ediacaran rocks (Kotlin Regional Stage) overlain by the 
Lower Cambrian Lontova and Lükati formations. These 
strata rest unconformably upon the Precambrian gneisses 
and granites. 

SAMPLES 
 
This study utilized three sandstone samples from the 
Velise F-97 drillcore in central Estonia (Fig. 1). Sample 
VKT is from the uppermost Ediacaran Kotlin Regional 
Stage, recovered at a depth of 354 m of the Velise F-97 
core, whereas samples VLN and VLK come from the 
lowermost Lontova Formation (at 340 m depth) and the 
Lükati Formation (at 285 m depth), respectively. The 
age of the Kotlin sandstone is rather loosely constrained 
(< 570 Ma), whereas the Lontova Formation is repre-
sented by the sub-trilobitic acritarch assemblage of 
Asteridium tornatum�C. velvetum that is likely correlated 
with the lower�middle part of the Cambrian Stage 2  
(or early Tommotian in Siberia; ca 529�523? Ma). 
Note that the overlying Lükati Formation and the 
lowermost Tiskre Formation (a sandstone sample from 
the Kakumägi Member was lately analyzed by Põldvere 
et al. 2014) belong to the second oldest trilobite zone 
of Schmidtiellus mickwitzi, which is correlated with 
the middle part of the Cambrian Stage 3 (or Atdabanian 
in Siberia; ca 521�513? Ma). 

The sampled sandstones are light grey, very fine-
grained, weakly cemented arenite, mostly dominated by 
quartz grains. The details of separation and dating 
procedures are described as �Analytical procedures�  
in Data Depository at http://dx.doi.org/10.15152/GEO.5 
 

 

 
 

Fig. 1. Ediacaran to Middle Paleozoic stratigraphy in western Estonia with horizons discussed in this article and the location of
the Velise-F97 drilling site on a simplified geologic map of Estonia (simplified from Raukas & Teedumäe 1997; Nielsen &
Schovsbo 2011). Strata of the sandstones analyzed in this study are shown in red and those of Põldvere et al. (2014) in blue. 
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RESULTS 
 
Figure 2 summarizes the 206Pb/238U age populations of 
the detrital zircon grains from samples VKT, VLN and 
VLK. Data are plotted as histograms with probability 
age frequency curves. All figures use only age data 
plotted on the concordia line. Tables of measurements 
and concordia diagrams of the analyzed samples are 
stored in DD-Tables 1�3 and DD-Figs 1�3 in the  
data depository (http://dx.doi.org/10.15152/GEO.5). For 
comparison, Fig. 2 also displays the results by Põldvere 
et al. (2014) on the same scale. 

It is clear that samples VKT and VLN share an 
almost identical zircon age spectrum, which is charac-
terized by three distinct age groups; i.e. 2900 Ma 
(Mesoarchean), 2000�1700 Ma (Paleoproterozoic) and 
1650�1300 Ma (mostly Mesoproterozoic). In particular, 
the dominance of Mesoproterozoic grains is noteworthy, 
as they form a sharp peak at ca 1600 Ma (the beginning 
of the Mesoproterozoic) in both samples. On the other 
hand, sample VLK shows a sharp contrast with samples 
VKT and VLN in zircon chronology; on the contrary,  
its spectrum is similar to those of the Cambrian 
Tiskre (CM) and Devonian Aruküla (DV) formations 
from Estonia (Põldvere et al. 2014) that lack the 
prominent peak at 1600 Ma, and instead display several 
age fractions earlier than 1200 Ma. 
 
 
DISCUSSION 
Reflection  of  the  Precambrian  basement  with  
prominent  Rapakivi  signature 
 
The similarity in the age spectrum between samples 
VKT and VLN (Fig. 2) points to the following: (1) the 
Ediacaran to earliest Cambrian sedimentary basin of 
central Baltica had a provenance that essentially 
corresponds to the Precambrian basement rocks currently 
exposed in Baltica and (2) this provenance-basin setting 
did not change for nearly 50 million years from the 
Ediacaran to earliest Cambrian. 

The oldest zircon grains of ca 2900�2800 Ma from 
both samples obviously correspond in age to the Archean 
rocks of the Kola�Karelian block in northeast Baltica 
(Lehtinen et al. 2005). Likewise, the grains of the late 
Paleoproterozoic ages (2000�1800 Ma) were likely derived 
from the unique Svecofennian orogen in central Baltica 
and those of early Mesoproterozoic ages (1650�1500 Ma) 
from the Rapakivi granites. As to the Archean and 
Mesoproterozoic zircon age, the present data together 
with those by Põldvere et al. (2014) are in good agree-
ment with recent paleogeographic reconstruction (e.g. 
Mens & Pirrus 1997). 

 
 

Fig. 2. U�Pb age spectra (in the histogram and in the 
probability age frequency curve) of detrital zircon grains from 
the Ediacaran Kotlin Regional Stage (VKT), Lower Cambrian 
(Stage 2) Lontova and Lükati formations (VLN, VLK) of  
the Velise-F97 drilled core from central Estonia, demon-
strated together with those of the Lower Cambrian (Stage 3) 
Tiskre Formation (CM) and the Middle Devonian Aruküla 
Formation (DV) (Põldvere et al. 2014) for comparison. Refer 
to http://dx.doi.org/10.15152/GEO.5 for measurement tables 
(DD-Tables 1�3) and Concordia diagrams (DD-Figs 1�3). 
One time bin for histogram is 20 million years. 
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The sedimentary records of the Lower Cambrian in 
Baltica suggest that the birth and development of the 
mid-Baltic sedimentary basin was controlled mostly by 
late Neoproterozoic rifting (Fig. 3A; Nielsen & Schovsbo 
2011). For the northern margin of the main Paleo-Baltic 
basin with an east-facing slope (corresponding to 
modern Estonia), siliciclastic material was delivered 
mostly from the northern and western parts of the basin, 
i.e. from the central Fennoscandian shield. In particular, 
the prominent peak of zircon grains at 1650�1500 Ma is 
noteworthy because these ages, similar to the Rapakivi 
age, suggest that this unique alkaline granitic suite was 
exposed in the central Baltic to a much wider extent 
during the Ediacaran and earliest Cambrian than at 
present. 
 
Change  in  the  Early  Cambrian  and  subsequent  
quiescence 
 
All five analyzed sandstone samples from Estonia share 
more or less the same Archean to Mesoproterozoic 
signatures even with the consistent absence in the Early 
Paleoproterozoic ages of 2400�2000 Ma (Fig. 2), although 
the dominance of around 1600 Ma Rapakivi ages was 
considerably suppressed in the Lower Cambrian Lükati/ 
Tiskre (VLK and CM) and mid-Devonian Aruküla (DV) 
samples. Nonetheless, the most striking difference exists 
in the content of Neoproterozoic zircon grains between 
the Ediacaran�lowermost Cambrian (VKT and VLN) 
sandstones and the latter three (VLK, CM and DV). The 
appearance and consistent occurrence of 1300�900 Ma 
zircon grains in the Lower Cambrian and younger 
sandstones probably reflect the uplift�exposure of the 
Mesoproterozoic Sveconorwegian orogen due to the 
Caledonian orogeny (Cambrian�Devonian, ca 500�
400 Ma) along the northwestern margin of Baltica (e.g., 
McKerrow et al. 2000). 

Similarly to the Ediacaran�earliest Cambrian interval, 
the Paleo-Baltic basin consistently maintained the same 
terrigenous provenance for more than 130 m.y. from  
the Early Cambrian (ca 520�515 Ma) to mid-Devonian 
(ca 390 Ma). In other words, there is no significant sedi-
mentological indication for multiple tectonic/geologic 
events previously known in and around Baltica during 
this interval, such as the collision/amalgamation of 
Cadomian�Avalonian blocks (Ordovician�Devonian, 
ca 450�400 Ma) along the southern margin, asteroid 
impact (mid-Ordovician, ca 467 Ma) and large-scale 
eustatic sea-level changes, including the end-Ordovician 
glacial regression (ca 445 Ma) (e.g., Schmitz et al. 
2003; Delabroye & Vecoli 2010; Linnemann et al. 2012). 
Instead, the Paleo-Baltic basin and its provenance areas 
were likely rather stable throughout most of the Early 
Paleozoic, except for just one conspicuous change in the 

middle Early Cambrian sedimentary regime recorded in 
its central part. 

As to the sharp contrast in zircon age spectra 
between the Ediacaran/lowermost Cambrian sandstones 
(VKT, VLN) and the Lower Cambrian/mid-Devonian 
(VLK, CM and DV) samples (Fig. 2), there is an 
independent line of evidence that concordantly suggests 
a significant major change in basin geometry during the 
Early Cambrian. Nielsen & Schobsvo (2011) documented 
that a new mid-continent depression developed in the 
Early Cambrian as an NNE-trending narrow basin 
opened to the south, and that this event has totally 
changed the sedimentary regime in the central part of 
the Paleo-Baltic basin (Fig. 3B). According to their recon-
structed paleogeographic map, the domain corresponding 
to present-day Estonia likely started to receive terrigenous 
clastics not only from the core of Baltica in the north/ 
west, as was the case during the Ediacaran, but also 
from uplifted areas in the east/southeast since the Early 
Cambrian appearance of this embayment. The detrital 
zircon data from the Estonian sandstones (Põldvere et 
al. 2014; present study) fully agree with the claimed 
change in the Cambrian Paleo-Baltic basin geometry. 
In the east-neighboring area near St Petersburg, east 
Russia, similar age spectra of detrital zircon were lately 
reported from the Middle Cambrian, Ordovician and 
Devonian (but not Lower Cambrian and Ediacaran) 
sandstones (Kuznetsov et al. 2011; Miller et al. 2011), 
which are almost identical to those of the Tiskre and 
Aruküla sandstones. Although no data were provided 
for the Ediacaran and lowermost Cambrian, their data 
are in good accordance with the present conclusion. 

This change in the Paleo-Baltic basin geometry in 
response to the modification of provenance areas marked 
not only the main tectonic episode in the Cambrian but 
also the greatest re-organization of the sedimentary setting 
for the Paleo-Baltic basin. Particularly noteworthy is the 
narrow time window for this change, occurring between 
the middle Epoch 2 and early Epoch 3 in the Early 
Cambrian, i.e., 5�10 m.y. (Fig. 1). Nonetheless possible 
cause(s) responsible for the Early Cambrian regional 
uplift in the eastern Baltica (Fig. 3C) still remains 
unknown. 

 
Emergence  of  a  new  easterly  provenance  area 
 
The present result points out an unsolved issue relevant 
to the newly emerged terrigenous source to the east; i.e., 
eastern Baltica and/or further easterly domain called 
Sarmatia in the East European craton (EEC) (Fig. 3C). 
Baltica (or Fennoscandian) and Sarmatia in the EEC are 
composed of Archean to Early Neoproterozoic crystalline 
basement rocks without Middle�Late Neoproteorozoic 
rocks (e.g., Gee & Stephenson 2006). Thus the relatively  
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younger 750�550 Ma (Late Neoproterozoic) zircon grains 
in the Cambrian and Devonian sandstones in Estonia 
were obviously derived neither from the core of Baltica 
nor from Sarmatia but more likely from the peripheral 
orogenic belts around the EEC. 

Possible candidates for the 750�550 Ma grain source 
include the Timanian�Pechora belt along the modern 
northeastern margin of Baltica and the so-called 

Gondwanan fragments along the Tornquist front along 
the southwest (Fig. 3C). Kuznetzov et al. (2011) proposed 
that the Neoproterozoic grains in the Cambrian to 
Devonian sandstones in the St Petersburg area were all 
derived from the Timanian belt. For providing terrigenous 
clastics to Paleozoic Estonia, however, the Timanian 
margin appears too far to the north and mostly too 
young to supply abundant 750 Ma zircon grains. 

 

 
 
 
Fig. 3. Paleogeographic maps of the
Ediacaran and Early Cambrian Baltica
(A, B) and the basement geotectonic map of
East European Craton (EEC). A, the Paleo-
Baltic basin development immediately
after the Ediacaran rifting; B, the same
basin in the Early Cambrian (Stage 3 or
Dominopolian) with the current distribution
of the Rapakivi granitic suite (after
Lehtinen et al. 2005 and Nielsen &
Schovsbo 2011). Note the change in the
terrigenous clastic supply system; C, major
Archean�Proterozoic units of the EEC
(simplified from Gee & Stephenson 2006).
The appearance of an uplifted domain and
resultant onset of westward terrigenous flux
in the southeastern EEC is suggested but
there is no known candidate with the
Neoproterozoic crust of Pan-African age. 
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In contrast, present authors have emphasized a 
possible supply from Gondwanan fragments with 
unique Pan-African (or Pan-Gondwanan) signatures 
(Põldvere et al. 2014), such as the Avalonian�Cadomian 
blocks stigmatized with the late Neoproterozoic Pan-
African magmatism/metamorphism. In general, the 
tectonic interaction between Baltica and the Avalonian�
Cadomian blocks along the Tornquist margin is regarded 
to have started in the end-Ordovician (e.g., Torsvik & 
Cocks 2013), as well as for the case of the Brabant 
massif (Linnemann et al. 2012). Nonetheless, much 
earlier tectono-sedimentary interaction between the 
Gondwanan fragments and Baltica during the Early 
Cambrian appears possible, by assuming another unidenti-
fied fragment of Gondwanan further east of Cadomian 
blocks. The present preliminary results emphasize that 
further investigations are definitely needed for recon-
structing the whole tectono-sedimentary history of the 
Neoproterozoic to early Paleozoic Baltica. 
 
 
Acknowledgements. The Geological Survey of Estonia 
provided access to the Velise F-97 drillcore. Y. Sawaki, 
T. Sato and R. Hayashi helped in measurements. Y. Isozaki 
was funded by Japan Society of Promoting Science for this 
research (project No. 26257212). This paper is a contribution to 
IGCP Project 591 �The Early to Middle Paleozoic Revolution�. 
The English language was checked by Markes Johnson at 
Williams College, Massachusetts. 
 
 
REFERENCES 
 
Cawood, P. A., Nemchin, A. A., Strachan, R., Prave, T. & 

Krabbendam, M. 2007. Sedimentary basin and detrital 
zircon record along East Laurentia and Baltica during 
assembly and breakup of Rodinia. Journal of the 
Geological Society, London, 164, 257�275. 

Delabroye, A. & Vecoli, M. 2010. The end-Ordovician 
glaciation and the Hirnantian Stage: a global review and 
questions about the Late Ordovician event stratigraphy. 
Earth-Science Reviews, 98, 269�282. 

Gee, D. G. & Stephenson, R. A. 2006. The European 
lithosphere: an introduction. In European Lithosphere 
Dynamics (Gee, D. G. & Stephenson, R. A., eds), 
Geological Society of London Memoirs, 32, 1�9. 

Kuznetsov, N. B., Natapov, L. M., Belousova, E. A., O�Reilly, 
S. Y. & Griffin, W. L. 2010. Geochronological, geo-
chemical and isotopic study of detrital zircon suites from 
late Neoproterozoic clastic strata along the NE margin of 

the East European Craton: implications for plate tectonic 
models. Gondwana Research, 17, 583�601. 

Kuznetsov, N. B., Orlov, S. Y., Miller, E. L., Shazillo, A. V., 
Dronov, A. V., Soboleva, A. A., Udoratina, O. V. & 
Gehrels, G. 2011. First results of U/Pb dating of detrital 
zircons from Early Paleozoic and Devonian sandstones 
of the Baltic�Ladoga region (South Ladoga area). Doklady 
Earth Sciences, 438, 759�765. 

Lehtinen, M., Nurmi, P. A. & Rämö, O. T. (eds). 2005. The 
Precambrian Bedrock of Finland � Key to the Evolution of 
the Fennoscandian Shield. Elsevier, Amsterdam, 736 pp. 

Linnemann, U., Herbosch, A., Liégeois, J.-P., Pin, C., Gärtner, A. 
& Hofmann, M. 2012. The Cambrian to Devonian 
odyssey of the Brabant Massif within Avalonia: a review 
with new zircon ages, geochemistry, Sm�Nd isotopes, 
stratigraphy and palaeogeography. Earth-Science Reviews, 
112, 126�154. 

McKerrow, W. S., Niocaill, C. M. & Dewey, J. F. 2000. The 
Caledonian orogeny redefined. Journal of Geological 
Society, London, 157, 1149�1154. 

Mens, K. & Pirrus, E. 1997. Cambrian. In Geology and 
Mineral Resources of Estonia (Raukas, A. & Teedu-
mäe, A., eds), pp. 39�51. Estonian Academy Publishers, 
Tallinn. 

Miller, E. L., Kuznetsov, N., Soboleva, A., Udoratina, O., 
Grove, M. J. & Gehrels, G. 2011. Baltica in the Cordillera? 
Geology, 39, 791�794. 

Nawrocki, J. & Poprawa, P. 2006. Development of Trans-
European Suture Zone in Poland: from Ediacaran rifting 
to Early Palaeozoic accretion. Geological Quarterly, 50, 
59�76. 

Nielsen, A. T. & Schovsbo, N. H. 2011. The Lower Cambrian 
of Scandinavia: depositional environment, sequence strati-
graphy and palaeogeography. Earth-Science Reviews, 
107, 207�310. 

Põldvere, A., Isozaki, Y., Bauert, H., Aoki, K., Sakata, S. & 
Hirata, T. 2014. Provenance of the Lower�Middle 
Paleozoic of Estonia in central Baltica: a possible link to 
Avalonia. GFF, 136, 214�217. 

Raukas, A. & Teedumäe, A. (eds). 1997. Geology and Mineral 
Resources of Estonia. Estonian Academy Publishers, 
Tallinn, 436 pp. 

Schmitz, B., Häggström, T. & Tassinari, M. 2003. Sediment-
dispersed extraterrestrial chromite traces a major asteroid 
disruption event. Science, 300, 961�964. 

Torsvik, T. H. & Cocks, L. R. M. 2013. New global palaeo-
geographical reconstructions for the Early Palaeozoic 
and their generation. Geological Society of London 
Memoirs, 38, 5�24. 

Valverde-Vaquero, P., Dörr, W., Belka, Z., Franke, W., 
Wiszniewska, J. & Schastok, J. 2000. U�Pb single-grain 
dating of detrital zircon in the Cambrian of central 
Poland: implications for Gondwana versus Baltica 
provenance studies. Earth and Planetary Science Letters, 
184, 225�240. 

 
 
 
 




