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Tec tonic sub si dence his tory was ana lysed for the Ediacaran-Pa leo zoic Volyn-Podillya-Moldavia Ba sin, by per form ing 1D
backstripping for 21 bore holes lo cated in west ern and SW Ukraine, Moldova and NE Ro ma nia. Tec tonic sub si dence his tory
is co her ent across the area stud ied. De vel op ment of the ba sin com menced with an Ediacaran phase of ex ten sion, ini ti ated
with the em place ment of rift-re lated vol ca nic rocks and as so ci ated with rapid syn-rift tec tonic sub si dence. Dur ing this event,
tec tonic sub si dence in creased to wards the SW, i.e. to wards the edge of the East Eu ro pean Craton, where the Ediacaran rift
zone was lo cated. At that time, a rift de vel oped along the whole SW mar gin of the East Eu ro pean Craton from Scan di na via to
the Black Sea. De vel op ment of this large extensional ba sin was re lated to the lat est stages of break-up of the Pre cam brian
supercontinent Rodinia/Pannotia and ul ti mately the for ma tion of the Tornquist Ocean. The lat est Ediacaran to Late Or do vi -
cian tec tonic sub si dence pat tern was char ac ter is tic of the post-rift ther mal sag stage of extensional bas ins. The SW mar gin
of the newly formed Baltica, in clud ing the area stud ied, be came a pas sive con ti nen tal mar gin. The late Cam brian up lift and
ero sion was pre sum ably re lated to a far-field ef fect of contractional events or intra-plate stresses. Since the Late Or do vi cian,
a grad ual change to a collisional tec tonic set ting is ob served across the SW mar gin of Baltica. In the study area, this is in di -
cated by a sys tem atic in crease in sub si dence rate from Wen lock to Early De vo nian time, cre at ing sub si dence curves with
con vex shapes typ i cal of fore land ba sin de vel op ment. The Si lu rian to Early De vo nian Volyn-Podillya-Moldavia Ba sin is in ter -
preted here as a flex ural foredeep re lated to a Cal edo nian col li sion zone lo cated fur ther to the SW. The prom i nent
diachroneity in the ini ti a tion of the foredeep ba sin de vel op ment at a scale of the whole SW mar gin of Baltica is co her ent with
a model of oblique col li sion of Avalonia and Baltica. Dur ing the Pragian-Emsian, the ba sin was part of a sys tem of
post-collisional Old Red bas ins, with sub si dence driven pre sum ably by lithospheric iso static im bal ance re sult ing from the
Cal edo nian col li sion and de vel op ment of an accretionary wedge. Mid dle to Late De vo nian short-term phases of rapid sub si -
dence in small depocentres might be re garded as an in di ca tion of a transtensional tec tonic re gime.

Key words: Ediacaran–early Pa leo zoic, Volyn-Podillya-Moldavia Ba sin, tec tonic sub si dence, backstripping.

INTRODUCTION

The Volyn-Podillya-Moldavia Ba sin (VPMB), the sub ject of
the cur rent study (see Fig. 1 for lo ca tion), is part of an ex ten sive
sys tem of Neoproterozoic-Pa leo zoic sed i men tary bas ins which
de vel oped along the west ern slope of the East Eu ro pean Craton
(EEC), col lec tively re ferred to as the Peri-Tornquist Ba sin Sys -
tem. The VPMB is lo cated at the south west ern slope of the EEC
and dur ing the early Pa leo zoic co in cided with the SW (in pres ent
co or di nates) slope of Baltica. The west ern limit of the ba sin is as -
so ci ated with the Teisseyre-Tornquist Zone (Fig. 1), which acts
as a bound ary be tween the EEC and the Trans-Eu ro pean Su -
ture Zone. The east ern limit of the VPMB is of ero sional na ture
and is de lin eated by the west ern edge of the Ukrai nian Shield.

Sed i men ta tion in the VPMB con tin ued from the Neo -
proterozoic to the Car bon if er ous (Fig. 2); how ever, this sec tion
of the ba sin in cludes nu mer ous hi a tuses. Due to post-Variscan
ero sion, the Mid dle and Up per De vo nian and Car bon if er ous
strata are cur rently lim ited to the zones lo cated in the west ern
and south ern part of the area stud ied (Figs. 3 and 4). More lat -
er ally ex ten sive and better pre served is the Ediacaran-lower
Pa leo zoic-Lower De vo nian sec tion (Fig. 4), which is a ma jor
sub ject of in ter est for the cur rent study.

Un der stand ing of tec tonic pro cesses gov ern ing the or i gin
and evo lu tion of the VPMB is still in com plete. In this pa per, 1D
backstripping is ap plied to ana lyse tec tonic sub si dence of the
VPMB dur ing the Ediacaran-Pa leo zoic with the as sump tion that 
some of tec tonic sub si dence mech a nisms re veal char ac ter is tic
and dis tin guish able pat terns of sub si dence curves. This ap plies 
par tic u larly to rift bas ins, pas sive mar gins, foredeeps, strike-slip 
bas ins and intra-cratonic bas ins (e.g., McKenzie, 1978; Falvey
and Middle ton, 1981; Angevine et al., 1990; Allen and Allen,
1990; King, 1994; Busby and Ingersoll, 1995). 

Tec tonic sub si dence anal y sis is rou tinely ap plied for in ves ti -
ga tion of tec tonic con trols on sed i men tary ba sin for ma tion (e.g., 
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Steckler and Watts, 1978). This tech nique was com monly used
to ana lyse lower Pa leo zoic bas ins (e.g., Bond et al., 1984; Levy
and Chris tie-Blick, 1991; King, 1994; Kominz, 1995; Waldron et 
al., 1996; Poprawa et al., 1999; Poprawa and Paczeœna, 2002;
Poprawa, 2006a, b). How ever, such an ap proach has not yet
been ap plied to the VPMB pre vi ously. Twenty-one rep re sen ta -
tive bore holes from west ern and south west ern Ukraine,
Moldova and NE Ro ma nia were stud ied (see Fig. 1 for lo ca -
tion). Backstripping re sults are dis cussed and used to re con -
struct a tec tonic his tory con trol ling the on set and rate of sub si -
dence within the VPMB. 

GEOLOGICAL SETTING

The VPMB is lo cated in the south west ern part of the EEC
and is tra di tion ally di vided into the fol low ing in di vid ual tec tonic
units: Volyn-Podillya Plate, Moldavian Plat form and Dobrogean
Foredeep (Figs. 1 and 4). The pres ent struc ture of the SW
slope of the EEC is partly a re sult of post-depositional up lift, ero -
sion and de for ma tion (e.g., Œrodoñ et al., 2013), though in part
is also a con se quence of lat eral dif fer ences of syn-depositional
de vel op ment. As a re sult, we re fer to the north ern and the
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Fig. 1A – lo ca tion of the study area (B) on the back ground of cen tral and east ern Eu rope; VPMB – Volyn -
-Podillya-Moldavia Ba sin, LPB – Lublin-Podlasie Ba sin, BB – Bal tic Ba sin, OVA – Orsha-Volyn Aulacogen; B –
map of the study area with lo ca tions of the bore holes ana lysed; ad di tional bore holes shown on cross-sec tions
(Fig. 3): 1 – Pidluby 124, 2 – Pidluby 103, 3 – Rava Ruska 1, 4 – Zhuzhelyany 1, 5 – Sushne 1, 6 – Gorokhiv 1, 7 –
Bodesti 5001, 8 – Ro man 13, 9 – Ro man 14, 10 – Furmanivka 1, 11 – Stari Troyany 1, 12 – Zhovtyi Yar 1, 13 – Vugilna 
7



Ediacaran-Paleozoic subsidence history of the Volyn-Podillya-Moldavia Basin (W and SW Ukraine, Moldova, NE Romania) 461

Fig. 2. Lithostratigraphic log of the Neoproterozoic to Car bon if er ous suc ces sion of the south west ern mar gin 
of the East Eu ro pean Craton – Volyn-Podillya-Moldavia Ba sin (af ter Velikanov et al., 1983;

Chebanenko et al., 1990; Shulga et al., 2007) 

TTZ – Teisseyre-Tornquist Zone, Ush – Ukrai nian shield 



south ern parts of the VPMB as the Volyn-Podillya sub-ba sin
(equiv a lent of the Volyn-Podillya Plate) and the Moldavia -
-Dobrogea sub-ba sin (equiv a lent of the Moldavian Plat form and 
the Dobrogean Foredeep), re spec tively. 

The VPMB ac cu mu lated sed i ments of Neoproterozoic to
Pa leo zoic age (Fig. 2), how ever, the main fo cus of the cur rent

study is the Ediacaran to Lower De vo nian part of the sec tion.
The Mid dle to Up per De vo nian de pos its were sub ject to ero sion 
across most of the area ana lysed, par tic u larly in the area of
Moldavian Plat form (Fig. 4). The re duced sec tion of ten lim its
the abil ity for ef fec tive use of backstripping. Car bon if er ous and
Perm ian strata are only pre served lo cally. 
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Fig. 3. NE–SW cross-sec tions il lus trat ing the pres ent-day struc tural style of the area stud ied (see Fig. 1 for lo ca tion) A–A’
through the Carpathian Foredeep and the Volyn-Podillya Plate (af ter Vashchenko et al., 2007, mod i fied); B–B’ through the
Carpathian Foredeep and the Moldavian Plat form (af ter Patruþ and Daneþ, 1987, mod i fied); C–C’ through the Dobrodgean
Foredeep (see Fig. 1 for lo ca tion) (mod i fied af ter Gnidets et al., 2002)

Pro jected bore holes in cross-sec tion A–A’: Sushne-1 and Velyki Mosty-1 – pro jec tion roughly 17.5 km and 10 km from SE 
re spec tively; pro jected bore holes in cross-sec tion B–B’: Popesti-1 – pro jec tion roughly 13.5 km from NW



The struc ture of the VPMB is shown on three cross-sec -
tions: A–A’ (Volyn-Podillya Plate), B–B’ (Moldavian Plat form)
and C–C’ (Dobrogean Foredeep) (Fig. 3A–C, see Fig. 1 for lo -
ca tion), as well as on a geo log i cal map with out Me so zoic-Ce no -
zoic cover (Fig. 4). A char ac ter is tic fea ture of the Volyn-Podillya 
Plate is the in cli na tion of Ediacaran-Pa leo zoic strata to wards
the west and SW, as well as Variscan tec tonic de for ma tion and
marked ero sion (Fig. 3A). The VPMB is un con form ably cov ered 
by an undeformed Ju ras sic and Cre ta ceous sed i men tary
cover, and in the SW by the Mio cene Carpathian Foredeep.
Far ther to the SW, the west ern slope of the EEC is also cov ered 
by the Outer Carpathian fold-and-thrust belt. 

On the Moldavian Plat form, the west ward slope of the EEC is 
less prom i nent. The Pa leo zoic strata are partly re moved by ero -
sion and are un con form ably cov ered by thick Mio cene de pos its
of the Carpathian Foredeep (Figs. 3B and 4). In the Dobrogean
Foredeep, the base ment slopes to wards the south and SW. The
Ediacaran-Pa leo zoic sec tion in this zone ex pe ri enced in tense
Variscan tec tonic de for ma tion as well as lo cally sig nif i cant up lift
and ero sion (Figs. 3C and 4). Me so zoic strata cover the Pa leo -
zoic de pos its un con form ably, whereas at the south ern lim its of
the study area the Ediacaran-Pa leo zoic sec tion is deeply bur ied
be neath de pos its fill ing a Perm ian-Tri as sic Trough. 

Ediacaran-Paleozoic subsidence history of the Volyn-Podillya-Moldavia Basin (W and SW Ukraine, Moldova, NE Romania) 463

Fig. 4A – lo ca tion of the study area; B – geo log i cal map of the south west ern mar gin of the East Eu ro pean
 Craton with out the Me so zoic and Ce no zoic (mod i fied af ter Velikanov et al., 1983; 

Chebanenko et al., 1990; Gnidets et al., 2002; Shulga et al., 2007)



The sed i men tary bas ins of the SW part of the EEC over lie
the Archean-Pro tero zoic heterogenic crys tal line base ment, com -
po sed of meta mor phic and ig ne ous rocks. The base ment crops
out at the sur face within the Ukrai nian Shield (Fig. 4) and uni -
formly dips west ward to wards the Teisseyre-Tornquist Zone. A
max i mum thick ness of the sed i men tary cover reaches 10 km on
the Volyn-Podillya Plate and 7 km in the Dobrogean Foredeep
(Kruglov and Tsypko, 1988; Chebanenko et al., 1990). 

The base ment is over lain by the Neoproterozoic suc ces -
sion: the Cryogenian con ti nen tal to mar ginal ma rine var ie -
gated clastic de pos its, lower Ediacaran volcanogenic -
-terrigenous strata (re ferred to as the Volyn Se ries) and the
up per Ediacaran con glom er ate, pass ing up sec tion into
terrigenous fine-grained de pos its (re ferred to as the Mohyliv -
-Podilskyi and Kanyliv Se ries). The Ediacaran strata are un -
con form ably over lain by Cam brian terrigenous sand stone and 
mudstone, in turn over lain by terrigenous and car bon ate Or -
do vi cian de pos its, lo cally sig nif i cantly re duced by ero sion (Fig. 
2; Gareckij et al., 1987). The Ashgill (Up per Or do vi cian) and
Llandovery (lower Si lu rian) have not been iden ti fied within the
study area (Chebanenko et al., 1990; Gerasimov et al., 2006).
Wen lock de pos its of the lower Si lu rian rest upon the eroded
sur faces of Or do vi cian, Cam brian and Ediacaran strata. The
Si lu rian strata are rep re sented by clayey, car bon ate and car -
bon ate-sul phate rocks, in clud ing grap to lit ic black shales,
marlstones, lime stones and dolomites with anhydrite inter -
beds (Radkovets, 2015; Fig. 2). 

Up sec tion, the Lochkovian ma rine mudstone, car bon ate
and marl are a con tin u a tion of Si lu rian sed i men ta tion within
sim i lar depositional en vi ron ment and sim i lar fa cies. The up per
part of the Lower De vo nian, i.e. Pragian-Emsian, cov ers the
Lochkovian strata un con form ably. The Pragian and Emsian are 
com posed of terrigenous red dish-brown de pos its, which are
roughly equiv a lent to the Old Red Sand stone (Radkovets,
2016). De pos its of the Lower De vo nian, un like the Ediacaran
and lower Pa leo zoic strata, are partly re moved by ero sion
within the Moldavian Plat form (Fig. 4).

Clayey-terrigenous and sul phate-car bon ate de pos its of the
Mid dle and Up per De vo nian are sig nif i cantly eroded within the
study area and oc cur only in its deep est part – the Volyn -
-Podillya Plate and Dobrogean Foredeep (Chebanenko et al.,
1990; Gnidets et al., 2002; Radkovets et al., 2017). The Car -
bon if er ous de pos its, i.e. Mis sis sip pian and Penn syl va nian
(Bashkirian) Se ries, are rep re sented by a coal-bear ing terrige -
nous -car bon ate se quence, which is only lo cally pre served
within the Volyn-Podillya Plate and Dobrogean Foredeep, and
over lie De vo nian strata with an un con form able con tact, re lated
to early Car bon if er ous tec tonic de for ma tion and up lift (Gera -
simov et al., 2006; Shulga et al., 2007; Fig. 4). Within the study
area, Perm ian-Lower Tri as sic de pos its oc cur only in the Dobro -
gean Foredeep where they un con form ably cover the Car bon if -
er ous and partly the Up per De vo nian (Fig. 3C).

The Me so zoic sed i men tary suc ces sion over lies the eroded
sur face of Pa leo zoic and Ediacaran strata (Figs. 3A–C and 4).
The Ju ras sic terrigenous-car bon ate rocks within the Volyn -
-Podillya Plate un con form ably cover the trun cated sur face of
mainly Car bon if er ous de pos its, while in the Dobrogean Fore -
deep these strata rest upon the Lower Tri as sic and Up per De -
vo nian. A terrigenous-car bon ate suc ces sion of the Cre ta ceous
ex tends to the Ukrai nian Shield and cov ers the eroded de pos its 
of the Ju ras sic, Car bon if er ous, De vo nian, Si lu rian, Cam brian
and Ediacaran.

The Ce no zoic of the SW part of the EEC is rep re sented by
Paleogene, Neo gene and Qua ter nary strata. The Paleogene,
com posed of terrigenous de pos its, is wide spread only in the

Dobrogean Foredeep where it un con form ably rests upon Cre -
ta ceous strata, whereas within the Volyn-Podillya Plate it oc curs 
only as sep a rate patches. Sul phate-terrigenous-car bon ate
rocks of the Neo gene un con form ably cover the Cre ta ceous de -
pos its. They are wide spread within the Moldavian Plat form as
well as in the Dobrogean and Carpathian foredeeps, while their
pres ence within the Volyn-Podillya Plate is very lim ited
(Chebanenko et al., 1990; Gerasimov et al., 2006).

METHODOLOGY AND DATA

Twenty-one bore holes in west ern and SW Ukraine, Mol -
dova and NE Ro ma nia were stud ied us ing a 1D backstripping
ap proach (see Fig. 1 for lo ca tion). Tec tonic sub si dence curves
are ana lysed here with the aim of re con struct ing pos si ble tec -
tonic mech a nisms gov ern ing the ba sin or i gin and sub se quent
de vel op ment, while the rate of sed i ment de po si tion is in ter -
preted in terms of sed i ment source area ac tiv ity. The ba sin ana -
lysed evolved sig nif i cantly in time, both in terms of its ge om e try
and tec tonic con trol on its sub si dence, none the less, the
Ediacaran to Lower De vo nian strati graphic sec tion in the ba sin
lacks un con formi ties of sig nif i cant scale, and it is suit able for
com mon sub si dence anal y sis. How ever, the Mid dle De vo nian
to Car bon if er ous sec tion of the VPMB is far more af fected by
ero sion which de creases the po ten tial of backstripping for this
time span.

Dur ing backstripping anal y sis, an iso static load is re moved,
and compactional ef fects are re stored (e.g., Angevine et al.,
1990). The ap proach ap plied here as sumes that sed i men tary
loads were lo cally com pen sated ac cord ing to Airy iso static prin -
ci ples. The con se quences of this as sump tion for sub si dence
anal y sis have been dis cussed for ex am ple by Barton and Wood 
(1984) and King (1994). 

The ef fects of sed i ment decompaction dur ing the back -
stripping pro ce dure are cal cu lated ac cord ing to the method of
Sclater and Chris tie (1980). The im pact of dif fer ent decom -
paction al go rithms on backstripping re sults was ana lysed for
the Ediacaran to lower Pa leo zoic sec tion by Poprawa and
Paczeœna (2002) di rectly NW of the study area, i.e. in the
Lublin-Podlasie Ba sin, who con cluded that un cer tain ties re lated 
to decompaction meth ods do not im pact the in ter pre ta tion of
tec tonic sub si dence curves sig nif i cantly.

Nu mer i cal ages for the up per and lower lim its of the in di vid -
ual strati graphic units were adopted ac cord ing to the Co hen et
al. (2013) chronostratigraphic chart. The sen si tiv ity of tec tonic
sub si dence anal y sis to un cer tain ties in the geo chron ol ogi cal
def i ni tion of in di vid ual strati graphic units was also ana lysed by
Poprawa and Paczeœna (2002) in the nearby Ediacaran-lower
Pa leo zoic Lublin-Podlasie Ba sin with the use of al ter na tive
chronostratigraphic charts. The study dem on strated that in this
case pos si ble er ror bars of the nu mer i cal ages as well as in con -
sis tency be tween al ter na tive chronostratigraphic charts do not
af fect re sults of backstripping con sid er ably. 

Changes in the palaeobathymetry of the ba sin over time
were also in cluded in cal cu la tions. The palaeobathymetry was
ten ta tively quan ti fied based on fa cies con straints. Fluc tu a tions
in bathymetry over time of the mostly shal low ma rine en vi ron -
ment were lim ited com pared to a co eval in crease in thick ness of 
the sed i men tary sec tion. As a con se quence, un cer tain ties re -
lated to palaeobathymetry res to ra tion do not have a sig nif i cant
im pact on the re sults ob tained. The backstripping cal cu la tions
were per formed us ing BasinMod 1D soft ware.

The backstripping re sults are sen si tive to un cer tain ties in
the strati graphic di vi sion of the sec tion. In the area ana lysed,
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there are some con tro ver sies with re gard to the stra tig ra phy of
the Neoproterozoic suc ces sion. Here, we de fine the Neo -
proterozoic volcanogenic and clastic rocks of the Volyn Se ries
as lower Ediacaran (Fig. 2) based on ra dio met ric geo chron ol -
ogy of their lat eral equiv a lents in the Orsha-Volyn Aulacogen,
in clud ing also the north ern Volyn re gion and Lublin Ba sin. The
age of volcanogenic rocks in these re gions is doc u mented by:
U-Pb dat ing on zir con – 551 ±4 Ma (Compston et al., 1995), 576 
±14 Ma (Shumlyanskyy and Andréasson, 2004; Shumlyanskyy
et al., 2007) and 571 ±13 and 573 ±14 Ma (Shumlyanskyy et al., 
2016); 40Ar/39Ar dat ing on whole rock – 580–590 Ma (Elming et
al., 2007); and K/Ar dat ing on whole rock of sig nif i cantly lower
pre ci sion than the pre vi ous meth ods – 540–600 Ma (Velikanov
and Korenchuk, 1997), 590–625 Ma (Sokolov and Fedonkin,
1990) and 560 Ma (Savchenko et al., 1984). Note that such a
strati graphic def i ni tion of the Volyn Se ries, in the older no men -
cla ture as signed to the Lower Vendian (e.g., Gareckij et al.,
1987), is not unan i mously ac cepted since the se ries was also
al ter na tively as signed to the Cryogenian (e.g., Kosakowski et
al., 2017). A con se quence of the ap proach pre sented is that the 
over ly ing con glom er ate and terrigenous fine-grained de pos its
of the Mohyliv-Podilskyi and Kanyliv Se ries rep re sent the up -
per most part of the Ediacaran (541–551 Ma; Fig. 2), while in the 
pre vi ous lit er a ture they were of ten at trib uted to the whole
Ediacaran (e.g., Kosakowski et al., 2017) or Up per Vendian
and Valday (Gareckij et al., 1987). 

Par tic u larly prob lem atic is the strati graphic di vi sion of the
Pre cam brian sed i men tary sec tion in bore hole Lyman-1. In this
bore hole, be neath Cam brian strata, a suc ces sion of 509 m of
up per Ediacaran de pos its is dis tin guished. How ever, deeper in
the bore hole sec tion there is 944 m of sand stones with no
proper strati graphic con straints, still not pierced by drill ing en -
tirely. In the cur rent study, this suc ces sion is ten ta tively as -
signed to the Polesie Se ries based on fa cies cor re la tion, the
age of which was tra di tion ally re garded as Riphean (e.g.,
Gareckij et al., 1987), though it is re in ter preted as Cryogenian in 
this pa per. 

An other im por tant strati graphic is sue com prises un cer tain -
ties with re gard to the po si tion of the bound ary be tween the
lower and mid dle Cam brian, re sult ing in an un cer tain po si tion of 
a sec tion with a thick ness from a few tens to a few hun dred
metres, de pend ing on the lo ca tion. Within the lower part of the
lower Cam brian suc ces sion of the VPMB, the Bal tic stage is
dis tin guished, which in cludes the Rivne and Stochid beds (Fig.
2). As to the re main ing part of the Cam brian suc ces sion, its
strati graphic sub di vi sion is still not well-de fined. These rocks
are ten ta tively as cribed to the up per part of the lower Cam brian
and the mid dle-up per Cam brian be ing at trib uted to the Bere -
zhtsi stage (Vishnyakov et al., 1981). The lat ter is sub di vided
into the Dominopil and Luboml beds, both rep re sent ing the up -
per part of the lower Cam brian, the mid dle Cam brian Svytyaz
beds and the up per Cam brian Guta beds (Fig. 2). In most of the
bore holes stud ied, the bound aries of in di vid ual beds within the
Berezhtsi stage re quire ad di tional strati graphic stud ies to be
pre cisely con strained. 

A sim i lar is sue af fects the po si tion of the bound ary be tween
the Wen lock and Lud low. In this case, an un cer tain strati -
graphic clas si fi ca tion con cerns a sec tion a few tens of metres
thick (mainly the Bagovytsys For ma tion). In the cur rent study,
the Bagovytsys For ma tion was in cluded into the Lud low Se ries
(Radkovets, 2015). 

RESULTS

A tec tonic sub si dence his tory and sed i men ta tion rate
changes over time were re con structed for 21 rep re sen ta tive

bore holes from the Ediacaran-Pa leo zoic VPMB (see Fig. 1 for
lo ca tion). The bore holes were se lected for anal y sis so as to
pen e trate the most com plete Ediacaran-lower Pa leo zoic-Lower 
De vo nian sec tion pos si ble. Their stra tig ra phy and li thol ogy are
rel a tively well-stud ied and de fined and the bore holes are
spread across the ba sin in a gen er ally reg u lar grid. The re sults
of the cal cu la tions, i.e. tec tonic sub si dence curves and sed i -
men ta tion rate di a grams, are shown in Fig ure 5. Tec tonic sub si -
dence pat terns are con sis tent through out the ba sin for the time
pe riod stud ied. 

The de vel op ment of the VPMB com menced with an event
of rel a tively rapid tec tonic sub si dence in the lat est Ediacaran,
which was fol lowed by a sys tem at i cally de creas ing rate of sub -
si dence dur ing the Cam brian and Or do vi cian (Fig. 5). This pro -
cess is clearly vis i ble in bore holes lo cated in close prox im ity to
the west ern mar gin of the EEC, as well as in bore holes pen e -
trat ing the en tire Cam brian and Ediacaran sec tion. Ex am ples
are the bore holes Peremyshlyany 1, Litovyzh 1, Zalozhtsi 1,
Buchach 3, Kolynkiv 1, Chernivitsi 1, Sagna 40, Popesti-
 Ungheni 59, Iasi 3503, Lyman 1 (Fig. 5). There is a sys tem atic
de crease in sed i men ta tion rate ob served at each lo ca tion from
the late Ediacaran through out the Cam brian and Or do vi cian. In
the west ern and SW parts of the area ana lysed, de po si tion rate
de clines through out this time span in most cases from 45–75 to
2–10 m/My (Fig. 5). 

To wards the east and NE, i.e. away from the EEC mar gin,
the pat tern of tec tonic sub si dence rate de creases in time
through out the Ediacaran, Cam brian and Or do vi cian and is less 
prom i nent. The thick ness of the Ediacaran as well as the lower
Cam brian sec tion is sig nif i cantly lower com pared to the zone lo -
cated closer to the EEC mar gin (e.g., bore holes: Volodymyr
Volynskyi 1, Kremenets 1, 17653, Valea Mare 1, Kesheneu 1,
Myrne 1, Balaban 1; Fig. 5). The ef fects of the syn-rift phase of
sub si dence and sub se quent post-rift ther mal sag can not be ef -
fec tively in ves ti gated in bore holes, which did not en tirely pen e -
trate the Ediacaran and/or Cam brian. This is par tic u larly true for 
bore holes Krekhiv 1, Dublyany 4, Zagaypil 1 and Valea Mare 1. 

The over all de vel op ment of tec tonic sub si dence of the
VPMB dur ing the lat est Ediacaran to Or do vi cian is char ac ter is -
tic of the ther mal sag of rifted bas ins, where a syn-rift phase is
ex pressed by rapid tec tonic sub si dence, mainly within tec tonic
extensional grabens, whereas sub se quent post-rift ba sin de vel -
op ment is gov erned by cool ing of the litho sphere re sult ing in a
sys tem at i cally de creas ing tec tonic sub si dence rate co eval with
the lat eral ex pan sion of the ba sin (e.g., McKenzie, 1978). In the
case of the VPMB, this con cept in di cates the pres ence of rift-re -
lated ex ten sion in the ba sin dur ing late Ediacaran time, which is
in de pend ently sup ported by the em place ment of rift-re lated vol -
ca nic lavas di rectly prior to and at the time of syn-rift sed i ment
de po si tion (see Fig. 6A for the lat eral ex tent of the up per
Ediacaran volcanoclastic rocks). The pat tern of syn-rift to
post-rift sub si dence is better de vel oped in the SW part of ev ery
unit in cluded in the study: Volyn-Podillya Plate, Moldavian Plat -
form and Dobrogean Foredeep (Fig. 5). The late Ediacaran and 
Cam brian rate of tec tonic sub si dence and the to tal thick ness of
cor re spond ing strata also in creases in the same di rec tion (Figs. 
5 and 6B, C). This in di cates that the main rift zone de vel oped at
the SW mar gin of the EEC. 

The post-rift ther mal sag pat tern of tec tonic sub si dence is to 
some ex tent ob scured by late Cam brian (to ear li est Or do vi -
cian?) ero sion, which lo cally re moved the whole mid dle and up -
per Cam brian sec tion (see the lat eral ex tent of ero sion in Fig.
6C), re sult ing in a sig nif i cant strati graphic gap in some of the
bore holes ana lysed. There fore, the bore holes most re li able for
the Ediacaran to Or do vi cian sub si dence mech a nism re con -
struc tion are those with a mid dle and up per Cam brian sec tion
pre served. The most com plete sec tions oc cur in bore holes
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Fig. 5A – re sults of backstripping: tec tonic sub si dence curves and sed i men ta tion rate di a grams
 for 21 bore holes from the Volyn-Podillya-Moldavia Ba sin (ER – Ediacaran rift ing, lo cally 

with rift-re lated mag matic ac tiv ity, CF – Cal edo nian foredeep)

Northwest ern part of the Volyn-Podillya Plate 
(bore holes: Volodymyr Volynskyi 1, Litovyzh 1, Velyki Mosty 30, Krekhiv 1, Dublyany 4)
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Fig. 5B – re sults of backstripping: tec tonic sub si dence curves and sed i men ta tion rate di a grams
 for 21 bore holes from the Volyn-Podillya-Moldavia Ba sin (ER – Ediacaran rift ing, lo cally 

with rift-re lated mag matic ac tiv ity, CF – Cal edo nian foredeep)

Cen tral part of the Volyn-Podillya Plate (bore holes: Kremenets 1, Zalozhtsi 1, Buchach 3, Peremyshlyany 1) 
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Fig. 5C – re sults of backstripping: tec tonic sub si dence curves and sed i men ta tion rate di a grams
 for 21 bore holes from the Volyn-Podillya-Moldavia Ba sin (ER – Ediacaran rift ing, lo cally 

with rift-re lated mag matic ac tiv ity, CF – Cal edo nian foredeep)

South ern part of the Volyn-Podillya Plate (bore holes: 17653, Kolynkiv 1, Chernivitsi 1, Zagaypil 1)
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Fig. 5D – re sults of backstripping: tec tonic sub si dence curves and sed i men ta tion rate di a grams
 for 21 bore holes from the Volyn-Podillya-Moldavia Ba sin (ER – Ediacaran rift ing, lo cally 

with rift-re lated mag matic ac tiv ity, CF – Cal edo nian foredeep)

Cen tral part of the Moldavian Plat form (bore holes: Kesheneu 1, Valea Mare 1, Iasi 3503, Popesti-Ungheni 59, Sagna 40)
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Fig. 5E – re sults of backstripping: tec tonic sub si dence curves and sed i men ta tion rate di a grams
 for 21 bore holes from the Volyn-Podillya-Moldavia Ba sin (ER – Ediacaran rift ing, lo cally 

with rift-re lated mag matic ac tiv ity, CF – Cal edo nian foredeep)

 Dobrodgean Foredeep (bore holes: Myrne 1, Balaban 1, Lyman 1)



Litovyzh 1, Volodymyr Volynskyi 1, Velyki Mosty 30, Peremy -
shlyany 1 and Zagaypil 1, where a pat tern of sub si dence de cay -
ing over time is well-doc u mented (Fig. 5A–C). 

The lower Ediacaran volcanoclastic suc ces sion (Volyn Se -
ries), the em place ment of which is co eval in time with the ini tial
phase of syn-rift sub si dence, is pres ent in the north ern and
west ern parts of the Volyn-Podillya sub-ba sin and its thick ness
in creases to wards the north and NW (Fig. 6A). Lat eral thick -
ness changes of this for ma tion are, how ever, dif fi cult to con -
strain in de tail since sev eral of the bore holes ana lysed did not
pen e trate the en tire Ediacaran sec tion. The max i mum thick -
ness of the volcanoclastic Volyn Se ries reaches 483 m at the
NW lim its of the area ana lysed (bore hole Volodymyr Volynskyi
1; Fig. 6A). An as so ci a tion of this rift-re lated mag matic ac tiv ity
with the Orsha-Volyn Aulacogen as well as with its in ter sec tion
with the Peri-Tornquist sys tem of bas ins at the SW mar gin of
the EEC seems to be well-doc u mented (Gareckij et al., 1987;
Poprawa and Paczeœna, 2002).

The up per part of the Ediacaran sec tion, com posed of
clastic de pos its (the Mohyliv-Podilskyi and Kanyliv Se ries), is
char ac ter ized by a sig nif i cant lat eral in crease in thick ness. In
the case of the Volyn-Podillya sub-ba sin, the thick ness in -
creases from NE to SW to a max i mum of 330 m (bore hole
Peremyshlyany 1) and in the Moldavia-Dobrogea sub-ba sin
from the north to the south and SW to a max i mum of 509 m
(bore hole Lyman 1) (Fig. 6B). Max i mum late Ediacaran sed i -
men ta tion rates in the Volyn-Podillya sub-ba sin are in the range 
of 45–75 m/My (e.g., bore holes Litovyzh 1, Peremyshlyany 1,
Buchach 1, Zalozhtsi 1, Chernivitsi 1, Kolynkiv 1; Fig. 5A–C),
whereas in the Moldavia-Dobrogea sub-ba sin, sed i men ta tion
rates reach 45–100 m/My (bore holes Kesheneu 1, Lyman 1,
Myrne 1; Fig. 5D–E). 

A sim i lar lat eral trend of thick ness and de po si tion rate
changes is ob served in the lower Cam brian suc ces sion
(Stochid, Rivne, Luboml and Dominopil beds). The lower Cam -
brian sec tion in the Moldavia-Dobrogea sub-ba sin in creases in
thick ness from the north to south to 389 m in the Lyman 1 bore -
hole and to the SW to 300 m in the Popesti-Ungheni 59 bore -
hole (Fig. 6C). The lower Cam brian sed i men ta tion rate is 40
and 32 m/My re spec tively in these bore holes (Fig. 5D, E). In the 
Volyn-Podillya sub-ba sin, strata of this age in crease in thick -
ness to wards the west and SW (Fig. 6C). The thick ness of the
lower Cam brian in the Peremyshlyany 1 bore hole is 531 m,
while in the Zagaypil 1 bore hole it ex ceeds 618 m (sec tion of the 
lower Cam brian not pen e trated en tirely). The early Cam brian
sed i men ta tion rate in the bore holes is 58 and 68 m/My re spec -
tively (Fig. 5B, C). The mid dle Cam brian sed i men ta tion rates in
the Volyn-Podillya and the Moldavia-Dobrogea sub -bas ins are
lower and reach a max i mum of 15–20 and 8–10 m/My, re spec -
tively (Fig. 5A–C).

The thick ness of the mid dle and up per Cam brian suc ces -
sions is dif fi cult to con strain in the VPMB due to the lat est Cam -
brian (to ear li est Or do vi cian?) ero sion, the lat eral ex tent of
which is shown in Fig ure 6C. The bore holes with the best-pre -
served Cam brian sec tion, i.e. Velyki Mosty 30, Litovyzh 1, and
Zagaypil 1 (Volyn-Podillya sub-ba sin), doc u mented thick -
nesses of the mid dle Cam brian (Svytyaz beds) of 170 m, 149 m 
and 140 m, re spec tively. The thick ness of the up per Cam brian
(Guta beds) in the same bore holes ranges be tween 20 and
40 m, though is partly re duced by ero sion. 

Dur ing the Or do vi cian, tec tonic sub si dence in the VPMB
was very low (Fig. 5), and hi a tuses are com mon in the bore hole
sec tions. The thick ness of the Or do vi cian in the Volyn-Podillya
sub-ba sin typ i cally ranges be tween 65 and 115 m, reach ing a
max i mum of 130 m in the Dublyany 4 bore hole. In the
Moldavia-Dobrogea sub-ba sin, Or do vi cian de pos its are gen er -

ally of lower thick ness reach ing a max i mum of 86 m (bore hole
Lyman 1). Or do vi cian sed i men ta tion rates in the ba sin stud ied
are very low, mostly <10 m/My (Fig. 5). A ma jor thick ness com -
po nent of the Or do vi cian sec tion is the Caradoc, which fur ther
to the NW in the Lublin-Podlasie and Bal tic Bas ins cor re sponds
to a time of ini tial de vel op ment of the Cal edo nian foredeep ba -
sin (Poprawa et al., 1999; Poprawa, 2006b). In the VPMB, the
thick ness of Caradoc marls in creases to wards the SW mar gin
of the EEC to roughly 50–60 m and 30–40 m in the Volyn -
-Podillya and the Moldavia-Dobrogea sub-bas ins, re spec tively
(Fig. 6D). This is fol lowed by the Ashgill hi a tus, which was pre -
sum ably re lated to fall ing global sea level. 

Be gin ning with the Wen lock, a sig nif i cant change in sub si -
dence pat tern com pared to the Ediacaran-Or do vi cian is ob -
served across the whole VPMB. Fol low ing the Landovery hi a -
tus, tec tonic sub si dence be gan to in crease in rate sys tem at i -
cally from Wen lock to Early De vo nian (Lochkovian) time, cre at -
ing sub si dence curves with con vex shapes that are typ i cal of
fore land ba sin de vel op ment (Fig. 5). The amount of tec tonic
sub si dence cal cu lated for the Wen lock is a com bined ef fect of
the in crease in sed i ments thick ness as well as of the in crease in 
palaeosea depth by few tens of metres. For the whole Wen lock
to Lochkovian stage of ba sin de vel op ment, a high tec tonic sub -
si dence rate is char ac ter is tic, par tic u larly in its SW and west ern
parts. 

The Wen lock de pos its in crease their thick ness from the
east and NE, where they meet their ero sional limit, to wards the
SW and reach a max i mum of ~300 m and 100–200 m in the NW 
and SW part of the area stud ied, re spec tively (Fig. 6E). Very
sim i lar lat eral thick ness changes char ac ter ize the Lud low,
which reaches its max i mum thick ness of up to 500 m in the
Volyn-Podillya sub-ba sin and 150 m in the Moldavia-Dobrogea
sub-ba sin (Fig. 6F). The same trend con tin ues into the Pridoli,
where the max i mum thick ness in the NW and SW part of the
study area is roughly 600 m and 150–200 m, re spec tively (Fig.
6G). In the Moldavian zone of the ba sin, the thick ness of the Si -
lu rian is partly re duced by ero sion, es pe cially its up per sec tion
in clud ing the Lud low and Pridoli. Through out the en tire Wen -
lock-Pridoli time span, the VPMB de vel oped as a flex ure of the
west ern slope of the EEC in clined to wards the SW, i.e. to wards
the craton mar gin. Dur ing the Si lu rian, the amount of sub si -
dence along the SW mar gin of the ba sin de creased lat er ally
from the NW to SE (Fig. 6E–G). 

Across the ma jor part of the ba sin, the pat tern of rapid sub -
si dence typ i cal of the Cal edo nian foredeep con tin ued up to the
Lochkovian (Fig. 5). In terms of fa cies de vel op ment and sed i -
men tary en vi ron ment, the Lochkovian de po si tion is a con tin u a -
tion of late Si lu rian sed i men ta tion be ing dom i nated by ma rine
marl and mudstone (Ratkovets, 2016). Lat eral thick ness chan -
ges of the Lochkovian de pos its are sig nif i cantly af fected by
post-depositional up lift and ero sion, par tic u larly in the Moldavia -
-Dobrogea sub-ba sin (Fig. 6H). None the less, the west ward and 
south ward slope of ba sin floor was still well-de vel oped dur ing
this time. The max i mum thick ness of the Lochkovian in the
Volyn-Podillya and the Moldava-Dobrogea sub-bas ins ranges
be tween 1100 and 700 m, re spec tively (Fig. 6H). There fore, the 
Si lu rian flex ural foredeep ba sin con tin ued to de velop dur ing the
Lochkovian, though the foredeep be came nar rower and the
con trast be tween the east ern and NE zone with lim ited sub si -
dence and the SW zone with very rapid sub si dence is higher
than pre vi ously. 

Dur ing the Si lu rian-Lochkovian stage of ba sin de vel op ment, 
a sig nif i cant in crease in sed i men ta tion rate com pared to the
Ediacaran, Cam brian and Or do vi cian is ob served in the SW
part of the ba sin, be ing a zone of mostly open shelf mudstone
de po si tion. In the Volyn-Podillya part of that zone, the Wen lock
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sed i men ta tion rate ranged be tween 80–130 m/My with the
high est val ues noted for the NW part of the mudstone de po si -
tion zone (Dublyany 4 bore hole; Fig. 5A–C). Lower sed i men ta -
tion rates are cal cu lated for the Wen lock in the SW part of the
Moldavia-Dobrogea sub-ba sin, where they are typ i cally in the
range of 40–80 m/My (Fig. 5D, E). A gen eral in crease of sed i -
men ta tion rate from the Wen lock to the late Si lu rian is ob served 
in ev ery lo ca tion. In the west ern Volyn-Podillya sub-ba sin, the
high est sed i men ta tion rates for the Lud low and Pridoli are sim i -
lar in range, be ing 170–250 m/My and 210–320 m/My, re spec -

tively (Fig. 5A–C). In the SW part of the Moldavian Plat form and
Dobrogean Foredeep, sed i men ta tion rates of the Lud low -
-Pridoli de pos its are lower and range be tween 80–10 m/My and
100–160 m/My, re spec tively (Fig. 5D, E). 

The Lochkovian marls in the SW part of the Volyn-Podillya
sub-ba sin are char ac ter ized by a slight de crease in de po si tion
rate com pared to the Si lu rian, with a max i mum depositional rate 
of 120–250 m/My iden ti fied in the Krekhiv 1 bore hole (Fig.
5A–C). Lochkovian sed i men ta tion rates in the Moldavia- Dobro -
gea sub-ba sin are gen er ally lower com pared to the Volyn -
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Fig. 6A – thick ness maps for the fol low ing strati graphic and lithostratigraphic units 
of the Volyn-Podillya-Moldavia Ba sin

Lower Ediacaran, Volyn Se ries



-Podillya sub-ba sin and max i mum val ues of 150–160 m/My are
ob served in the Lyman 1 bore hole. In most of the ana lysed
bore holes lo cated in the Moldavia-Dobrogea sub-ba sin the
Lochkovian sed i men ta tion rates are higher than in the Si lu rian
(Fig. 5D, E).

Be tween the Pragian and Emsian, sig nif i cant changes are
ob served in the VPMB de vel op ment. A de crease in the rate of
tec tonic sub si dence is iden ti fied through out the en tire ba sin
ana lysed (Fig. 5). The ma rine marl fa cies were re placed by

terrigenous Old Red clastics of red dish col our which were sup -
plied mostly from the north and NE (Radkovets, 2016). Over a
sig nif i cant part of the study area, Pragian-Emsian sed i ments
were re moved by ero sion, par tic u larly on the Moldavian Plat -
form and in east ern Podillya. None the less, the pre served part of 
the sec tion is char ac ter ized by a west ward dip of strata in the
Volyn-Podillya sub-ba sin with a max i mum thick ness at the
west ern mar gin of the EEC of roughly 800 m (Fig. 6I). In the
south ern Moldavia-Dobrogea sub-ba sin, the Pragian-Emsian
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Fig. 6B – thick ness maps for the fol low ing strati graphic and lithostratigraphic units 
of the Volyn-Podillya-Moldavia Ba sin

Up per Ediacaran, Mohyliv-Podilskyi and Kanyliv Se ries (af ter Kosakowski et al., 2017; Radkovets et al., 2018, 
though note the dif fer ence in strati graphic des ig na tion of these se ries in the orig i nal and cur rent pa per)



suc ces sion reaches its max i mum thick ness of >300 m at the
south ern limit of the ba sin (Fig. 6I). The Pragian-Emsian sed i -
men ta tion rates were sig nif i cantly lower than those dur ing the
Si lu rian and Lochkovian. In the SW part of the Volyn-Podillya
sub-ba sin and in the Moldavia-Dobrogea sub-ba sin, they reach
max i mum val ues of 80–90 m/My and 15–30 m/My, re spec tively 
(Fig. 5). Dur ing the Pragian-Emsian, the VPMB be longed to the
post-collisional Old Red ba sin sys tem, with sub si dence pre -
sum ably gov erned by lithospheric iso static im bal ance which
was caused by the Cal edo nian col li sion and the de vel op ment of 
an accretionary wedge. 

The oc cur rence of the Mid dle and Up per De vo nian as well
as Car bon if er ous de pos its in the VPMB is lim ited to the west ern 
part of the Volyn-Podillya Plate (bore holes Volodymyr Volun -
skyi 1, Velyki Mosty 30, Litovyzh 1, Krekhiv 1, Dublyany 4,
Peremyshlyany 1), as well as to a very lim ited area in the
Dobrogean zone in the vi cin ity of the Balaban 1 bore hole (Fig.
4). Tec tonic sub si dence anal y sis of the Mid dle and Up per De -
vo nian to Car bon if er ous phase of VPMB evo lu tion was lim ited
to these bore holes, since in the re main ing cases un cer tain ties
dur ing the re con struc tion of the miss ing sec tion are too high to
con sider the backstripping re sults for this time span re li able.
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Fig. 6C – thick ness maps for the fol low ing strati graphic and lithostratigraphic units 
of the Volyn-Podillya-Moldavia Ba sin

Lower Cam brian, Rivne, Stochid, Luboml and Dominopil beds



Backstripping of the Balaban 1 bore hole sec tion re veals rapid
sub si dence through out the time span con sid ered, with phases
of sub si dence ac cel er a tion in the Mid dle De vo nian fol lowed by
a slight de crease in sub si dence rate (Fig. 5E). The shape of the
tec tonic sub si dence curve does not have any fea tures al low ing
for a con clu sive sub si dence mech a nism de ter mi na tion. Sed i -
men ta tion rate at this lo ca tion is rel a tively high for the time span
con sid ered and is ~120 m/My for the Mid dle De vo nian,
70 m/My for the Frasnian and Famennian, and 40 m/My for the
early Car bon if er ous (Fig. 5E). 

On the west ern part of the Volyn-Podillya Plate, most of the 
bore holes ana lysed dis play a con tin ual tec tonic sub si dence
dur ing the Mid dle to Late De vo nian with lo cal phases of its sig -
nif i cant ac cel er a tion ob served in the Frasnian (e.g., bore holes
Velyki Mosty 30, Litovyzh 1, Peremyshlyany 1; Fig. 5A, B).
Such short-term phases of rapid sub si dence in small depo -
centres sug gest a transtensional tec tonic re gime. The thick -
ness of the Mid dle De vo nian suc ces sion in this zone in creases 
to wards the W and SW and ob tains its max i mum value of
323 m in the Peremyshlyany 1 bore hole (Fig. 6J). The high est
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Fig. 6D – thick ness maps for the fol low ing strati graphic and lithostratigraphic units 
of the Volyn-Podillya-Moldavia Ba sin

Caradoc



sed i men ta tion rate of the Mid dle De vo nian suc ces sion is in the 
range of 30–55 m/My and 110–120 m/My for the Volyn -
-Podillya Plate and the Dobrogean zone, re spec tively (Fig. 5A, 
B, E). The Up per De vo nian in this re gion is also char ac ter ized
by a west ward lat eral thick ness in crease, with a max i mum
thick ness of 1300 m achieved in the re gion of the Velyki Mosty
30 bore hole (Fig. 6K). Max i mum sed i men ta tion rates for the
Up per De vo nian in the Volyn-Podillya Plate are in range of
180–195 m/My for the Frasnian and 55–75 m/My for the
Famennian (Fig. 5A, B). 

Dur ing the lat est De vo nian to ear li est Car bon if er ous, a sig -
nif i cant tec tonic up lift af fected the whole ba sin ana lysed, ex cept 
for its NW lim its (bore holes: Volodymyr Volynsky 1, Litovyzh 1),
re sult ing in lo cally in tense ero sion (Fig. 5). This is fol lowed by a
rel a tively short-term early Car bon if er ous phase of sub si dence,
which, how ever, does not com ply with sub si dence curve
shapes in dic a tive of any spe cific tec tonic re gime (Fig. 5A). In
the west ern Volyn-Podillya sub-ba sin, sed i men ta tion rate for
that time span is in the range of 20–35 m/My (Fig. 5A). The sec -
ond phase of ma jor up lift and ero sion took place in the VPMB
dur ing the late Car bon if er ous to early Perm ian. 
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Wen lock



DISCUSSION

The pat tern of the Ediacaran to Or do vi cian tec tonic sub si -
dence in the VPMB is char ac ter is tic of rift bas ins evolv ing into
post-rift ther mal sag bas ins (Fig. 5). The syn-rift ex ten sion
phase took place dur ing the Ediacaran, while post-rift ther mal
sub si dence gov erned ba sin de vel op ment from the lat est Edia -
caran to the Or do vi cian. The mag ni tude of syn-rift and post-rift
tec tonic sub si dence in creased to wards the SW, and in the

north ern part of the study area also to wards the north (Figs. 5
and 6A–C). This in di cates that the Ediacaran rift zone was lo -
cated far ther west of the cur rent EEC edge, as well as in the
Orsha-Volyn Aulacogen (see Fig. 1A for lo ca tion). 

The Ediacaran extensional tec tonic sub si dence event was
ini ti ated with the em place ment in the north ern and west ern part
of the VPMB of rift-re lated mag matic rocks, mainly bas alts (Fig.
7A). In fer ence of the rift-re lated or i gin of the Ediacaran vol ca nic
rocks in the study area is based only on pet ro log i cal con straints, 
though far ther to the N and NW, in the Lublin Ba sin and
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Orsha-Volyn Aulacogen, such a tec tonic en vi ron ment of Edia -
caran mag matic ac tiv ity is sup ported by re sults of geo chem i cal
anal y ses (Bia³owolska et al., 2002; Bakun-Czubarow et al.,
2002; Emetz et al., 2004; Krzemiñska, 2005). A late Ediacaran
age of the rift-re lated suc ces sion in the Lublin Ba sin and Orsha -
-Volyn Aulacogen is doc u mented by ra dio met ric geo chron ol ogy 
of the vol ca nic and pyroclastic rocks (see “Meth od ol ogy and
Data” for more de tails; Savchenko et al., 1984; Sokolov and
Fedonkin, 1990; Compston et al., 1995, Velikanov and Koren -
chuk, 1997; Shumlyanskyy and Andréasson, 2004; Elming et
al., 2007; Shumlyanskyy et al., 2007). 

This in ter pre ta tion of the Ediacaran to Or do vi cian sub si -
dence pat tern in the VPMB is co her ent with backstripping re -
sults ob tained for the other part of the west ern EEC mar gin far -
ther NW, i.e. for the Lublin-Podlasie Ba sin (Poprawa and
Paczeœna, 2002; Poprawa, 2006a), as well as the Bal tic Ba sin
(Poprawa et al., 1999; Poprawa, 2006a) and West ern Scan di -
na via (Greiling et al., 1999; Eriksson, 2012). This model is also
con sis tent with the fa cies de vel op ment of the Ediacaran to
Cam brian clastic fill of the Lublin-Podlasie Ba sin, which is ad ja -
cent to the area ana lysed (Poprawa and Paczeœna, 2002;
Paczeœna and Poprawa, 2005; Paczeœna, 2006, 2010, 2014).
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Ad di tion ally, the fa cies de vel op ment of the late Ediacaran suc -
ces sion in the VPMB is co her ent with the model of tran si tion
from syn-rift to post-rift de po si tion. The syn-rift volcanoclastic
Volyn Se ries passes up-sec tion into con glom er ates, which are
cov ered by coarse- and fine-grained sand stone and are re -
placed in turn by mudstones and claystones (Fig. 2). There fore, 
the whole up per Ediacaran Mohyliv-Podilskyi and Kanyliv Se -
ries are char ac ter ized by a gen eral fin ing-up ward grain size
trend and a de crease in sed i men ta tion rate with time.

The Ediacaran rift-re lated ex ten sion is doc u mented by new
deep seis mic data in the Lublin Ba sin di rectly to the NW of the
area stud ied, where a large extensional half-graben has been
iden ti fied. The graben de vel oped in the Paleoproterozoic crys -
tal line base ment and was filled with a pre sum ably up per Neo -
proterozoic syn-rift vol cano-sed i men tary suc ces sion (Krzywiec
et al., 2018). A Neoproterozoic half-graben of sim i lar scale was
doc u mented by deep seis mic re flec tion data also far ther to the
NW at the west ern EEC mar gin in the SW part of the Bal tic Sea
(Lassen et al., 2001). 
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Com pi la tion of the above-men tioned sub si dence anal y sis re -
sults and other data in di cates that the Ediacaran rift de vel oped
along the whole SW mar gin of the EEC from Scan di na via to the
Black Sea. This rift ing was pre vi ously cor re lated with the
break-up of the Pre cam brian supercontinent Rodinia/Pannotia
and ul ti mately with the for ma tion of the Tornquist Ocean
(Poprawa et al., 1999; Poprawa and Paczeœna, 2002). Such a
con cept is also co her ent with palaeomagnetic data (e.g., Dalziel,
1992; Torsvik et al., 1996). Ediacaran rift ing along the SW mar -

gin of the EEC was co eval with rift ing within the west ern part of
the Orsha-Volyn Aulacogen (Poprawa and Paczeœna, 2002). 

Fol low ing the Ediacaran ex ten sion, mag matic ac tiv ity and
syn-rift sub si dence, the study area be came part of a late
Ediacaran–early Pa leo zoic sys tem of sed i men tary bas ins that
was de vel oped along the whole SW mar gin of Baltica. From the
lat est Ediacaran through out the Cam brian and Or do vi cian, a
grad ual de crease of tec tonic sub si dence is ob served in the
VPMB, re sult ing in a char ac ter is tic syn-rift to post-rift tec tonic
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sub si dence pat tern (Fig. 5). This in di cates that dur ing the Cam -
brian and Or do vi cian the ma jor mech a nism gov ern ing ba sin de -
vel op ment was post-rift ther mal sag. Such a con cept is co her ent
with the re sults of sub si dence anal y sis per formed far ther NW
along the west ern EEC slope, i.e. in the Lublin- Podlasie Ba sin
(Poprawa and Paczeœna, 2002; Poprawa, 2006a) and the Bal tic
Ba sin (Poprawa et al., 1999; Poprawa, 2006a). The sub si dence
pat tern de scribed above sup ports a hy poth e sis that since the
Ediacaran the SW mar gin of the newly formed Baltica from

Scan di na via to the Black Sea be came a pas sive con ti nen tal
mar gin re lated to the for ma tion of the Tornquist Ocean (Fig. 7A). 

Sub si dence dur ing the ther mal sag stage in the VPMB was
in ter rupted by the lat est Cam brian (to ear li est Or do vi cian?)
phase of up lift and ero sion, in co her ent with the model of the
pas sive mar gin. The up lift ex tended far ther NW along the EEC
mar gin. In the nearby Lublin-Podlasie Ba sin, as well as in the
south ern and east ern Bal tic Ba sin, the up per Cam brian is rep -
re sented by a hi a tus, though ero sion of the mid dle Cam brian
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de pos its is lim ited. In the VPMB, up lift was more sig nif i cant, and 
the whole mid dle and up per Cam brian suc ces sion was re -
moved, ex cept in the west ern Volyn-Podillya sub-ba sin and the
south ern Moldavia-Dobrogea sub-ba sin (see the ex tent of ero -
sion in Fig. 6C). As the tec tonic mech a nism of up lift at the west -
ern mar gin of the EEC, com pres sion re lated to the oblique
dock ing of the Ma³opolska Block to the EEC has been pro posed 
(Poprawa, 2006a). This, how ever, would be dif fi cult to rec on cile 
with the con cept of a pas sive con ti nen tal mar gin. There fore, the 

late Cam brian up lift and ero sion could al ter na tively be re lated to 
a far-field ef fect of contractional events or intra-plate stresses. 

From the Wen lock, the pat tern of sub si dence in the VPMB
changed sig nif i cantly. A new phase of rapid and ac cel er at ing
sub si dence is ob served for the Wen lock to Lochkovian time
span, cre at ing sub si dence curves with con vex shapes typ i cal of 
fore land ba sin de vel op ment (Fig. 5). The rate of Wen lock-
 Lochkovian tec tonic sub si dence in creases sig nif i cantly in the
di rec tion of the SW mar gin of the EEC, i.e. to wards the lo ca tion
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of a col li sion-re lated tec tonic load. There fore, the Wen lock -
-Lochkovian VPMB is in ter preted here as a Cal edo nian flex ural
foredeep (Fig. 7B). Such an in ter pre ta tion is con sis tent with the
sub si dence anal y sis per formed for the bas ins lo cated far ther
NW, i.e. the ad ja cent Lublin-Podlasie Ba sin, as well as the Bal -
tic Ba sin (Poprawa et al., 1999; Poprawa and Paczeœna, 2002;
LazauskienÅ et al., 2002; Poprawa, 2006b; Tari et al., 2014,
2016; Mazur et al., 2018). In the Bal tic Ba sin, the Si lu rian
foredeep model is also sup ported by deep seis mic data il lus trat -
ing seis mic ho ri zons onlapping eastwards, i.e. out wards of the
col li sion zone (Fig. 7B; Krzywiec et al., 2014; Mazur et al.,
2016). The lesser thick ness of the Cal edo nian foredeep sed i -
men tary fill in the VPMB com pared with the Lublin -Podlasie Ba -
sin and Bal tic Ba sin might in di cate a more dis tal (south -east -
ward) po si tion of the VPMB rel a tive to a Cal edo nian col li sion
zone and the as so ci ated tec tonic load.

An as so ci a tion of the Caradoc sub si dence with the Cal edo -
nian fore deep in the study area re mains un cer tain due to an
Ashgill and Llandovery hi a tus. An as sump tion that the flex ural
foredeep phase of the ba sin de vel op ment might have be gun in
the Caradoc time is sup ported by sub si dence de vel op ment in the 

ad ja cent Lublin-Podlasie Ba sin (Po -
pra wa and Paczeœna, 2002; Popra -
wa, 2006b), where the sec tion at the
tran si tion from the Or do vi cian to Si lu -
rian is more com plete. In such a
model, a lack of Ashgill de pos its might 
be ex plained by a low eustatic sea
level, as doc u mented by Ross and
Ross (1990). How ever, the Llando -
very eustatic sea level rise sug gests a 
dif fer ent ex pla na tion for the lack of
strata of this age in the ba sin, which
might be a forebulge ef fect in front of
the Cal edo nian col li sion zone, which
was pro gress ing obli quely from the
NW to the SE along the west ern mar -
gin of the EEC. Non e the less, ac cord -
ing to Torsvik and Rehnström (2003),
col li sion be tween Avalonia and Balti -
ca com menced in the Ashgill, and if
their data are cor rected a tec tonic
load could not have ex isted in the
Cara doc (cf. Mazur et al., 2018). With
the cur rent data, the tim ing of the be -
gin ning of the Cal edo nian foredeep
flex ure de vel op ment in the VPMB
can not be con clu sively con strained. 

The con cept of a flex ural fore -
deep is co her ent with a depo sitional
model for Si lu rian sed i men ta tion.
Dur ing the Si lu rian two de po si tion
zones ex isted in the ba sin, con trast -
ing with each other in fa cies de vel -
op ment: the NE zone of the ba sin
was a site of shal low ma rine car bon -
ate de po si tion (la goon and reef),
while the SW zone of the ba sin, i.e.
zone prox i mal to the Teisseyre -
-Tornquist Zone, there ac cu mu lated
open shelf mudstone, marl and clay -
stone (Skompski et al., 2008; £u -
czyñ ski et al., 2009; Radkovets,
2015). Since the open shelf was iso -
lated from the EEC in te rior by the

reef and la goon zone, most of the de tri tus de liv ered to the ba -
sin dur ing the Si lu rian must have been sup plied from the west,
i.e. from the con ver gent plate mar gin. High sed i men ta tion
rates of the Wen lock to Pridoli mudstone (Fig. 5A–E) are
there fore in ter preted here as re flect ing tec tonic ac tiv ity within
the prov e nance area dur ing this rel a tively long in ter val. Up lift
within the Cal edo nian fold-and-thrust belt, re lated to pro gress -
ing con ver gence, might have been a suf fi cient mech a nism al -
low ing for rapid de tri tus sup ply to the ba sin in the Si lu rian. Dur -
ing the Lochkovian this zonation did not ex ist in the ba sin any
more (Radkovets, 2016), there fore the ba sin could have been
sup plied with de tri tus both from the col li sion zone lo cated to
the west and the craton in te rior lo cated in the east. 

A model of Si lu rian to Lochkovian con ver gence along the
west ern mar gin of the EEC (Baltica) is sup ported by the com mon 
pres ence of nu mer ous ben ton ite lay ers of that age in the VPMB,
as doc u mented e.g. by Huff et al. (2000) and Radkovets (2016).
This is part of a large vol ca nic ash prov ince, which through Late
Or do vi cian to Early De vo nian time was de pos ited ex ten sively
along the whole west ern slope of the EEC. Lat eral changes in the 
thick ness and num ber of ben ton ite lay ers clearly in di cate that the 
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Fig. 7. Sum mary car toon fig ure il lus trat ing ma jor tec tonic mech a nisms con trol ling 
de vel op ment of the sed i men tary bas ins at the west ern slope

 of the East Eu ro pean Craton

A – Ediacaran ex ten sion re sulted in de vel op ment of the rift ba sin and sub se quent tran si tion to
the pas sive con ti nen tal mar gin (af ter Poprawa, 2006a, mod i fied); EEC – East Eu ro pean Craton;
B – Si lu rian col li sion and de vel op ment of foredeep ba sin (af ter Tari et al., 2016, sup ple mented);
CEE – cen tral and east ern Eu rope, WT – wedge top, FD – foredeep, FB – forebulge 
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source was lo cated to the west of Baltica, while the geo chem i cal
char ac ter is tics of the bentonites sug gests subduction-re lated is -
land arc vol ca nism as a source (Huff et al., 1992, 2000; Berg -
ström et al., 1995). Cal edo nian oblique con ver gence be tween
Baltica and Avalonia is sup ported also by palaeomagnetic data
(Torsvik et al., 1996; Torsvik and Rehnström, 2003). 

The foredeep phase of the ba sin de vel op ment ter mi nated
prior to the Pragian which was char ac ter ized by de creased tec -
tonic sub si dence and sed i men ta tion rates (Fig. 5) as well as by
ma jor fa cies changes into terrigenous Old Red clastics (Radko -
vets, 2016). The Old Red fa cies sed i men ta tion con tin ued un til
the Emsian. The Pragian-Emsian sub si dence of the ba sin is in -
ter preted here as a lithospheric iso static im bal ance in her ited
from the Cal edo nian col li sion. At this stage, the VPMB be came
part of an ex ten sive sys tem of Eu ro pean post-collisional Old Red 
bas ins (Radkovets, 2016), which de vel oped as a re sult of
extensio nal col lapse of overthickened crust and/or sinistral
transtension along the Iapetus su ture (Ziegler, 1988; Friend et
al., 2000; Dewey and Strachan, 2003).

At the tran si tion from the Early to Mid dle De vo nian, tec -
tonic up lift and ero sion took place lo cally re sult ing in trun ca -
tions, which were iden ti fied us ing a geo log i cal cross-sec tion
at tached to the Geo log i cal Map of Ukraine by Gerasimov et al. 
(2003). This might in di cate a tem po rary change of tec tonic re -
gime into a compressional set ting. Lo cal up lift and ero sion of
that age was also ob served far ther NW in the Lublin-Podlasie
Ba sin. 

Tec tonic sub si dence anal y sis of the Mid dle and Up per De vo -
nian to Car bon if er ous phase of the ba sin evo lu tion was lim ited to
the west ern part of the Volyn-Podillya Plate and south ern
Dobrogea Trough, the only parts of the ba sin where de pos its of
this age are pre served. Phases of short-term rapid sub si dence in 
iso lated small depocentres, ob served pri mar ily in the Frasnian
(Fig. 5), are co her ent with a transtensional tec tonic model. A sim -
i lar pat tern of Late De vo nian tec tonic sub si dence was ob served
for the nearby Lublin Ba sin, with com pa ra ble in ter pre ta tion
(Narkiewicz et al., 1998). Dur ing the lat est De vo nian to early Car -
bon if er ous, tec tonic up lift led to ero sion of a sig nif i cant part of the
De vo nian and the lower Pa leo zoic sec tions. This up lift is also ob -
served at a larger scale in the Lublin Ba sin. 

CONCLUSIONS

1. The de vel op ment of the VPMB com menced with an
event of rel a tively rapid tec tonic sub si dence in the late Edia -
caran, which was fol lowed by sys tem at i cally de creas ing sub si -
dence dur ing the Cam brian and Or do vi cian. Such a pat tern of
sub si dence is char ac ter is tic of evo lu tion from a syn-rift ba sin to

post-rift ther mal sag. The rift or i gin of the ba sin is sup ported by
em place ment of rift-re lated Ediacaran vol ca nic rocks along
both the west ern edge of the East Eu ro pean Craton and within
the west ern Orsha-Volyn Aulacogen. 

2. The Ediacaran rift de vel oped along the whole SW mar gin
of the East Eu ro pean Craton from Scan di na via to the Black
Sea. De vel op ment of this large extensional ba sin was re lated to 
the lat est stages of break-up of the Pre cam brian supercontinent 
Rodinia/Pannotia and ul ti mately the for ma tion of the Tornquist
Ocean. Dur ing the post-rift ther mal sag stage, the SW mar gin of 
the newly formed Baltica, in clud ing the area stud ied, be came a
pas sive con ti nen tal mar gin.

3. From the Late Or do vi cian, a grad ual change of tec tonic
re gime into a collisional set ting is ob served across the SW mar -
gin of Baltica. In the study area, this is in di cated by a sys tem atic
in crease in sub si dence rate from Wen lock to Lochkovian time,
cre at ing sub si dence curves with con vex shapes typ i cal of fore -
land ba sin de vel op ment. The Si lu rian to Early De vo nian VPMB
is there fore in ter preted here as a flex ural foredeep, re lated to
de vel op ment of the Cal edo nian col li sion zone far ther west.
Con ver gence-re lated up lift within the Cal edo nian fold-and-
 thrust belt might have been a suf fi cient mech a nism al low ing for
sup ply of fine-grained de tri tus to the ba sin in the Si lu rian. The
prom i nent diachroneity of the ini ti a tion of foredeep ba sin de vel -
op ment at the scale of the whole SW mar gin of Baltica is co her -
ent with a model of oblique col li sion of Avalonia and Baltica.

4. Dur ing the Pragian-Emsian, the ba sin was part of a sys -
tem of post-collisional Old Red bas ins, with sub si dence pre -
sum ably gov erned by lithospheric post-collisional iso static im -
bal ance. At the tran si tion from the Early to Mid dle De vo nian,
tec tonic up lift and ero sion took place lo cally re sult ing in trun ca -
tions, which are also ob served far ther NW in the Lublin Ba sin.
This might in di cate a tem po rary change of tec tonic re gime into
com pres sion. 

5. The Mid dle to Late De vo nian short-term phases of rapid
sub si dence in small depocentres, ob served on the west ern part
of the Volyn-Podillya Plate and in the south ern Dobrogea
Trough, might be re garded as an in di ca tion of a transtensional
tec tonic re gime. Dur ing the lat est De vo nian to early Car bon if er -
ous, tec tonic up lift led to ero sion of a sig nif i cant part of the De -
vo nian and lower Pa leo zoic sec tions.
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