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Si lu rian strata, stretch ing along the west ern mar gin of the East Eu ro pean Plat form from the Bal tic to the Black Sea, rep re sent 
a po ten tial tar get for both con ven tional and un con ven tional hy dro car bon ex plo ra tion. Dis tri bu tion of the black shale fa cies,
pro spec tive for shale gas, and the reef fa cies, pro spec tive for oil, has been stud ied in re spect of palaeoenvironments. The Si -
lu rian se quence has been in ves ti gated in the ter ri tory of Ukraine (Volyn-Podillyan Plate, Dobrogean Foredeep) and cor re -
lated with the data on Moldova and Ro ma nia (Moldovian Plat form). The oc cur rence of Si lu rian strata, their thick ness, and
petrographic and lithological char ac ter is tics al lowed re con struct ing the dis tri bu tion of open-shelf, reef and la goonal fa cies.
The reef fa cies mi grated dur ing the Wen lock–Mid dle Pridoli, shift ing to wards the open sea and back to wards the shore, and
there fore has been termed a mi grat ing reef fa cies. Cor re spond ingly, the bound ary be tween the open-shelf and reef fa cies
was shift ing. The fa cies dis tri bu tion was con trolled by the transgressive-re gres sive cy cles, which caused the fluc tu a tions of
the shelf wa ter depth in dif fer ent time in ter vals of the Si lu rian. The shelf wa ter depth of about 100 m, where the top of the ox y -
gen-min i mum layer im pinged on the sea bot tom, was the boundary between the open-shelf facies, represented by
organic-rich sediments, and the reef build ups. 
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INTRODUCTION

Si lu rian se quence of the East Eu ro pean Plat form cur rently
at tracts much in ter est, be ing one of the main Eu ro pean po ten -
tial tar gets for shale gas ex plo ra tion. It cov ers a great area,
stretch ing from the Bal tic to the Black Sea. The Si lu rian within
the Ukrai nian ter ri tory, which is the prin ci pal sub ject of this
study, is the con tin u a tion of the Pol ish part of the sed i men tary
ba sin, whose shale gas po ten tial has been widely dis cussed
(e.g., Poprawa, 2010; Sachsenhofer and Koltun, 2011). Fa cies
dis tri bu tion within the Si lu rian se quence of the East Eu ro pean
Plat form is of great im por tance for oil and gas pros pect ing. Lo -
ca tion of the reef and open-shelf fa cies in the study area al lows
de lin eat ing the oc cur rence of two sep a rate po ten tial plays. The
ex ter nal bor der of the reef, which, as it is shown be low, was mi -
grat ing dur ing the Si lu rian, marked the oc cur rence of or ganic-
 rich fa cies of grap to lit ic shales. The lat ter oc cu pied the ex ten -
sive area in the deeper part of the ba sin. These shales are pro -
spec tive for shale gas all over the ter ri tory of their oc cur rence
(Poprawa, 2010; Sachsenhofer and Koltun, 2012). There fore, it 
is im por tant to un der stand the na ture and to de lin eate the
bound ary be tween these fa cies. The lime stones, form ing the
reefal build ups, are the po ten tial oil-res er voir rocks. Nu mer ous

oil shows have been ob served in bore holes at Lokachi, Goro -
khiv and Oglyadiv pros pects within the Ukrai nian part of the
East Eu ro pean Plat form (Rizun et al., 2007). 

In ves ti ga tions of the Si lu rian strata in Ukraine were based on
the anal y sis of data from ex ist ing bore holes, in par tic u lar well-log
data, core sam ples, and thin sec tions. The con tent of CaCO3 in
rocks was cal cu lated from chem i cal anal y ses per formed at the
In sti tute of Ge ol ogy and Geo chem is try of Com bus ti ble Min er als.
Thin sec tions were ex am ined un der a po lar iz ing mi cro scope.
Well-log data along with the data of an a lyt i cal and petrographic
anal y ses of rocks were used for litho strati gra phical cor re la tion of
the ex am ined sec tions. Lithological sec tions al lowed com pos ing
a map of Si lu rian oc cur rence with isopachs and fa cies dis tri bu -
tion. Cor re la tion of the data on west ern Ukraine with ad ja cent ar -
eas of Si lu rian oc cur rence, in volv ing those from Moldova and
Ro ma nia (Lodan, 1999; Olaru et al., 2006; Olaru and Þabãrã,
2011; Tari et al., 2014) as well as Po land, Lith u a nia, Lat via and
Es to nia (Nestor and Einasto, 1977; Einasto et al., 1986; Lazau -
skiene, 2003; Porêbska et al., 2004; Zdanaviciute and Lazau -
skiene, 2007; Ver ni ers et al., 2008; Poprawa and Kiersnowski,
2008; Skompski et al., 2008; £uczy ñski et al., 2009; Poprawa,
2010; Kaljo et al., 2012; Tari et al., 2012; Podhalañska, 2013;
Porêbski et al., 2013; Jarochowska and Koz³owski, 2014) al -
lowed elu ci dat ing the oc cur rence of these strata, their thick ness
and petrographic com po si tion over the vast ter ri tory within the
south west ern mar gin of the East Eu ro pean Plat form, and ob tain -
ing the in te gral char ac ter is tics of depositional en vi ron ments in
the Si lu rian of the study area. This was a base for palaeo -
ceanographic re con struc tion and elu ci da tion of dif fer ent types of
sed i ments and fa cies dis tri bu tion within the south ern palaeoshelf
of Baltica.
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The ob jec tive of this study is to show the oc cur rence of the
main Si lu rian lithofacies in the study area, de scribe the palaeo -
environments and the na ture of these de pos its pro spec tive for
oil and gas, which ex plain the reg u lar i ties of their dis tri bu tion
both in time and space. 

GEOLOGICAL BACKGROUND

The study area is the south west ern mar gin of the East Eu -
ro pean Plat form. It in cludes the fol low ing tec tonic units: Volyn-
 Podillyan Plate, Moldovian Plat form and Dobrogean Foredeep
(Fig. 1). The sed i men tary cover of this ter ri tory rests on an
Archean-Pro tero zoic base ment made up of mag matic and
meta mor phic rocks. The base ment crops out at the sur face
within the Ukrai nian Shield and monoclinally dips west ward to -
wards the Teisseyre-Tornquist Zone. The max i mum thick ness
of sed i men tary cover reaches 10 km in the Volyn-Podillyan
Plate and 7 km in the Dobrogean Foredeep (Kruglov and
Tsypko, 1988; Chebanenko et al., 1990). The sed i men tary suc -
ces sion is rep re sented by Neo-Pro tero zoic (Riphean and
Vendian strata), Pa leo zoic (Cam brian, Or do vi cian, Si lu rian,
De vo nian and Car bon if er ous de pos its in the Volyn-Podillyan
Plate, Moldovian Plat form and Dobrogean Foredeep; Perm ian
de pos its in the Dobrogean Foredeep), Me so zoic (Tri as sic de -
pos its in the Dobrogean Fore deep, Ju ras sic and Cre ta ceous
de pos its in the Volyn-Podillyan Plate, Moldovian Plat form and
Dobrogean Foredeep) and Ce no zoic (Paleogene, Neo gene
and Qua ter nary de pos its). 

At the be gin ning of the Si lu rian, the en tire south west ern mar -
gin of the East Eu ro pean Plat form was up lifted and un der went in -
tense de nu da tion. As a re sult, the Si lu rian de pos its rest upon the
eroded sur face made up of Or do vi cian, Cam brian and Vendian
rocks (Chebanenko et al., 1990; Gerasimov et al., 2006).

Si lu rian strata stretch along the south west ern mar gin of the
East Eu ro pean Plat form from the Bal tic to the Black Sea. Thick -
ness of the Si lu rian reg u larly in creases from the Ukrai nian
Shield west wards to wards the Teisseyre-Tornquist Zone,
reach ing the max i mum val ues of over 1400 m. Cross-sec tions
I–I1 (Fig. 2) and II–II1 (Fig. 3) (see Fig. 1 for lo ca tion) show the
en tire sed i men tary cover of the study area, in par tic u lar the oc -
cur rence of the Si lu rian. 

Within the south west ern mar gin of the East Eu ro pean Plat -
form the Si lu rian sys tem is rep re sented by the Lower and Up per 
Si lu rian. It was es tab lished that the Lower Si lu rian plat form
strata of Po land and Lith u a nia com prise Llandovery and Wen -
lock (Ver ni ers et al., 2008). As to com plete ness of the Lower Si -
lu rian strati graphic suc ces sion at the ter ri tory of Ukraine there
are dif fer ent opin ions. Krandiyevsky et al. (1968), Tsegelnyuk
et al. (1983) and Drygant (2000) stated that the Lower Si lu rian
is rep re sented here with both Llandovery and Wen lock.
Nikiforova et al. (1972) ex pressed doubts as to the pres ence of
Llandovery in the Si lu rian se quence and as sumed that these
Lower Si lu rian strata should be con sid ered as Wen lock. Rizun
et al. (2007) con cluded that within the ter ri tory of Ukraine the
Lower Si lu rian plat form strata are rep re sented only by Wen lock
(Kytayhorod and Bagovytsya stages). Up per Si lu rian cov ers
the en tire time range and in cludes Malynivtsy stage of Lud low
and Skala stage of Pridoli (Fig. 4).

LITHOFACIES OF THE SILURIAN

Si lu rian strata of the study area con sist of car bon ate, clay-
 car bon ate and clay de pos its. In the Volyn-Podillyan Plate, they

are sub di vided into three fa cies: la goonal, reef, and open shelf,
oc cur ring west of the Ukrai nian Shield to wards the Teisse -
yre-Tornquist Zone. The pre vi ous stud ies (Chyzh, 1977; Yush -
kevych et al., 1982; Drygant, 2000; Rizun et al., 2007; Kurovets
et al., 2012) showed the bound aries of the reef fa cies in the
Volyn-Podillyan Plate in the Wen lock (Bagovytsya stage), Lud -
low (Malynivtsi stage) and Pridoli (Skala stage) in a dif fer ent way. 

The Si lu rian lithofacies map (Fig. 5) was con structed on the
ba sis of our in ves ti ga tions from the Volyn-Podillyan Plate and
Dobrogean Foredeep us ing the in for ma tion con tained in the
above men tioned pub li ca tions, which were com pared with the
data from Ro ma nia and Moldova (Kruglov and Tsypko, 1988;
Lodan, 1999; Olaru et al., 2006; Olaru and Þabãrã, 2011; Tari et 
al., 2014). The map shows the oc cur rence of Si lu rian strata,
their thick ness and fa cies within the area from the bor der of
Ukraine with Po land and Belarus to the Black Sea. Si lu rian sed -
i ments con tin u ously cover the en tire area, apart from sep a rat -
ing bands where they are lack ing. At monoclinal dip ping, the
thick ness of Si lu rian strata in creases grad u ally up to 700 m and
then more sharply from 800 to over 1400 m. The growth of
thick ness shows a clear de pend ence on the Si lu rian fa cies zon -
ing. The quick thick ness in crease (800–1400 m) cor re lates well
with the deeper-wa ter open-shelf fa cies, while the thin ner se -
quence re flects the shal low wa ter reef and la goonal fa cies.

PETROGRAPHIC CHARACTERISTICS

La goonal fa cies is rep re sented (Nikiforova et al., 1972) by
marlstones (39–60% of biodetrital cal cite, 34–48% of clay ma -
te rial and 4–11% of do lo mite), biodetrital dolomitized lime -
stones (50–60% of cal cite, 25–40% of do lo mite and 10–15% of
in sol u ble res i due, mostly clay ma te rial) and gyp sum and
anhydrite- bear ing dolomites, which oc cur in the east ern lit to ral
part of the area. Gyp sum and anhydrite in dolomites oc cur as
veins and streaks of vari able thick ness (from 1 mm to 1 m). Fos -
sils are lack ing. West ward, gyp sum- and anhydrite-bear ing
dolomites pass lat er ally into dolomites, marls and dolomitized
biodetrital lime stones. Dolomites con tain 69–75% of do lo mite
and 10–25% of clay ma te rial, ad mix ture of dis persed cal cite
and small amount of silt (Fig. 6). The rock com prises the
clay-car bon ate ma trix. Do lo mite crys tals (0.1–0.5 mm) are usu -
ally rhombohedral in shape. Small sol i tary cal cite crys tals are
ob served too.

Rhombohedral do lo mite grains in clay-car bon ate ma trix of
do lo mite from the Sarata-6 bore hole, depth in ter val 4467–4470 m.

Reef fa cies, which rep re sents the reef build ups be tween
the two fa cies zones – la goonal and open sea, is made up of
lime stones (biolithites ac cord ing to Folk, 1962) as well as by
biodetrital lime stones and dolomites. Biolithites form the reef
core sur rounded from both sides by biodetrital lime stones and
dolomites. Biolithites are light grey, cream-grey and grey and
con sist of cor als, cri noids, stromatoporoids and al gae along
with ostracods, gas tro pods and brachi o pods. Chem i cal anal y -
sis shows that the CaCO3 con tent in the lime stones mainly
ranges be tween 80 and 90%, reach ing 98%. Biodetrital lime -
stones are rep re sented by rounded and non-rounded biolithite
de bris with clay ma trix. Biodetrital dolomites are fine-grained,
macro- and mi cro-cav ern ous, frac tured, com pletely recrystalli -
zed, full of de bris of cor als, cri noids, stromatoporoids, and con -
tain stylolitic su tures. 

Open shelf fa cies is rep re sented by clay-car bon ate-si li -
ceous rocks of ten en riched with dis persed or ganic mat ter.
Argillites are dark grey to black, un evenly limy, pyritized, and
with sol i tary graptolites. Marlstones are grey to black, clayey,
mainly de tri tal and gran u lar. Fab ric is cryptocrystalline, con -
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Fig. 1. Lo ca tion map of the gen eral dis tri bu tion and thick ness of the Si lu rian in the southwest ern mar gin
 of the East Eu ro pean Plat form

Bore holes: B – Baymaklia, Ba – Baurchi, Bch – Buchach, Bd – Brydok, Bl – Baluchyn, Blb – Balabanivka, Br – Brody, Bsh –
Byshiv, Bt – Berestechko, Bzh – Berezhany, Chr – Chernivtsi, Db – Dublyany, Dr – Darakhiv, Drb – Darabani, Gl – Glynyany,
Gr – Gorokhiv, Gt – Gyrtop, Gu – Gulanka, Hr – Horiv, IvF – Ivano-Frankivsk, Iv – Ivanesti, Is – Iasi, Khm – Khmelivka, Km –
Kremenets, Kn – Konopkivka, KP – Koropets-Pyshkivtsi, Kr – Krekhiv, Ksh – Kesheneu, Lk – Lokachi, Lm – Lyman, Ls –
Lishchyny, Lt – Litovezh, Ltn – Liteni, Lts – Lutsk, Mn – Myrne, NV – Novy Vytkiv, Og – Oglyadiv, Ol – Olesko, P –
Valya-Perzhey, Pch – Povcha, Pd – Pidberezzya, Pg – Pidgaytsi, PK – Kangaz, Pl – Paltinis, Pr – Peremyshlyany, PU –
Popesti-Ungheni, Rg – Rogatyn, Rm – Ro man, RR – Rava-Ruska, Sc – Suceava, Sg – Sergiyivka, Sk – Sokal, Sr – Sarata,
Ssh – Sushne, St – Stremin, Td – Todireni, TK – Tlumach-Kolomya, Vch – Verkhniakivtsi, Vl – Volodymyrivka, VlV –
Volodymyr-Volynsky, VM – Velyki Mosty, Vr – Vorona, Vt – Voyutyn, Yar – Yargara, Zch – Zolochiv, Zg – Zagoriv, Zl –
Zalozhtsi, Zp – Zagaypil, Zv – Zavadivka
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Fig. 2. Geo log i cal cross-sec tion I–I1 through the Carpathian Foredeep and Volyn-Podillyan Plate
(mod i fied af ter Vashchenko et al., 2007)

See Fig ure 1 for lo ca tion

Fig. 3. Geo log i cal cross-sec tion II–II1 through the Dobrogean Foredeep (mod i fied af ter Gnidets et al., 2007)

See Fig ure 1 for lo ca tion



glom er ate-like and clumpy (Kurovets et al., 2010). The thick -
ness of argillites sig nif i cantly ex ceeds the thick ness of co eval
clay-car bon ate rocks.

It has been es tab lished that the reef fa cies was chang ing its
ex tent in var i ous time in ter vals of the Si lu rian (Wen lock–Mid dle
Pridoli), mov ing to wards the con ti nent or to wards the open sea
de pend ing on transgressive-re gres sive cy cles. There fore, we
term it as a mi grat ing reef fa cies. Fig ure 6 shows the change of
reef fa cies ex tent in time. In the Wen lock (Bagovytsya stage)
the reef fa cies oc cu pied a small area, in the Lud low (Malynivtsi
stage) the ex tent of this fa cies reached its max i mum, while in
the Pridoli (Skala stage) the area of the reef fa cies some what
re duced com par ing to the Lud low. Cor re spond ingly, the open
shelf fa cies in these time in ter vals changed its ex ter nal bound -
ary. It oc cu pied the max i mum area in the Wen lock (Bagovytsya
stage), the min i mum one in the Lud low (Malynivtsi stage) and
an in ter me di ate in the Pridoli (Skala stage).

Argillites are cal car e ous (car bon ate con tent 10–40%), si li -
ceous (sil ica con tent 10–20%), lo cally silty (up to 15–35% of
silt), pyritized, lam i nated, dense and hard. The rocks are black
in col our due to dis persed or ganic mat ter. To tal or ganic car bon
con tent usu ally ranges from 0.2 to 1%, lo cally ex ceed ing 2%.
Great thick ness and type II kerogen al low con sid er ing these
rocks to be a po ten tial tar get for shale gas ex plo ra tion. Fig ure
7A and B show the pho to mi cro graphs of limy argillite. Ma trix of
the rock is made up of fine mica scales and sub-par al lel streaks
of or ganic mat ter. Small amount of silt-size quartz grains, car -
bon ates (cal cite, do lo mite) as well as mus co vite scales is ob -
served. Lo cally, there oc cur len tic u lar ac cu mu la tions of silt-size
quartz grains and relicts of cal car e ous bioclasts. 

Marlstones (Fig. 7C, D) are dark grey, clayey, pyritized and
dolomitized. The car bon ate con tent is 43–54%. The rock is
finely and mi cro-lam i nated due to dis tri bu tion of small py rite
grains, len tic u lar ac cu mu la tions of or ganic mat ter and prob lem -
atic cal car e ous bioclast de bris. Marlstones con sist of dis persed 
fine-scaly clay-car bon ate par ti cles, which form the ma trix. Ad -
mix ture of 0.01–0.08 mm size quartz grains is pres ent in small
amount. Abun dant fine py rite, of ten form ing wavy mi cro-
 streaks, is ob served. Prob lem atic cal car e ous bioclast de bris,
0.1–0.8 mm, oc ca sion ally >1 mm in size, and pos si bly strongly
recrystallised bioclasts are lo cally pres ent. 

Through out the Si lu rian se quence there are nu mer ous
0.05–3.0 m thick in ter ca la tions of K-bentonites (tuffites) (Fig. 8). 
For the ba sic sec tion of Podillya, K-bentonites are shown af ter

Nikiforova et al. (1972). For the re main ing sec tions they are in -
di cated based on petrographic in ves ti ga tions, well-logs anal y sis 
and cor re la tion with the ba sic sec tion of Podillya. The SEM,
X-ray and ther mal anal y ses (Nikiforova et al., 1972) show that
the clay ma te rial of these rocks is rep re sented by glauco -
nite-type hydromica, and their fi bers en velop the relicts of vol ca -
nic ash par ti cles. Along with the clay min er als, oc curs mainly
pyroclastic ma te rial rep re sented by idiomorphic quartz grains,
re placed by feld spars and ore min er als, and nu mer ous bi o tite
scales with dif fused edges. K-bentonites are typ i cal of the Up -
per Si lu rian. In par tic u lar, they are most abun dant in the
Malynivtsi stage (Lud low), less in the Skala stage (Pridoli). In
the Lower Si lu rian (Wen lock) two K-ben ton ite ho ri zons are
iden ti fied in the Peremyshlyany-1 and Lyman-1 bore holes, and
only one in other bore holes. 

Huff et al. (2000) have in ter preted the Lud low and Pridoli
K-bentonites of the Dnister Ba sin in Podillya as rep re sent ing ac -
tive vol ca nic arcs along the mar gin of the Rheic Ocean. Histon et
al. (2007) showed that the an cient ex plo sive vol ca nism in the
form of al tered airfall vol ca nic ash beds (K-bentonites) has the
global oc cur rence in the Si lu rian suc ces sion, be ing re ported in
Eu rope, North Amer ica and Ar gen tina. K-ben ton ite beds have
been rec og nized in the Or do vi cian-Si lu rian tran si tion (As -
hgill–Early Llandovery) in the Yang tze Block, South China (Su et
al., 2004). 

DISTRIBUTION OF LITHOFACIES

Fig ure 8 shows the lo ca tion of Si lu rian lithological sec tions,
which give the best in sight into the lithological fea tures of these
strata and spa tial dis tri bu tion of lithofacies. Sep a ra tion of
stages at lithological sec tions is based on the anal y sis of
well-log data, K-ben ton ite beds oc cur rence, and petrographic
in ves ti ga tions. The Podillya sec tion (Nikiforova et al., 1972) was 
used for cor re la tion of these bore holes, as it was con structed on 
the ba sis of in ves ti ga tion of 40 Si lu rian out crops along the
Dnister River and its trib u tar ies. The data on these out crops are
es pe cially valu able be cause pres ently most of them are sub -
merged as a re sult of the Dnister hy dro elec tric power sta tion
con stru c tion 40 years ago. 

Among the ex ist ing schemes of sea level re con struc tion for
the Si lu rian (e.g., John son, 1996, 2010; Azmy et al., 1998; Haq
and Schutter, 2008; Olaru and Þabãrã, 2011; Fig. 9), we have
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Fig. 4. Strati graphic scheme of the Si lu rian de pos its of the Volyn-Podillyan Plate 
(mod i fied af ter Nikiforova et al., 1972; Drygant, 2000; Rizun et al., 2007)



used the re gional scheme by Olaru and Þabãrã (2011) as the
most ap pro pri ate one, as it has been con structed for the Volyn -
-Podillyan Plate. Lithological sec tions of the Volyn-Podillyan
Plate and Dobrogean Foredeep (Fig. 8) re flect the in flu ence of
transgressive-re gres sive cy cles on for ma tion of petrographic
com po si tion of rocks. Lithological sec tions of the Krekhiv-1,

Lishchyny -1 and Peremyshlyany-1 bore holes (Volyn-Podillyan
Plate) con sist of clay and clay-car bon ate or ganic-rich rocks typ -
i cal for open shelf fa cies. From the Krekhiv-1 bore hole west -
wards to Peremyshlyany-1, some changes in li thol ogy are ob -
served. Along with argillites and limy argillites, more marlstones
and clayey lime stones ap pear, show ing the tran si tion from
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Fig. 5. Lithofacies map of the Si lu rian de pos its in the southwest ern mar gin of the East Eu ro pean Plat form



more deep-wa ter clay to shal lower car bon ate fa cies. The sec -
tions of Baluchyn-1, Buchach-3, Khmelivka-1 and Zalozhtsi-1
bore holes, and the key out crop sec tions of Podillya are made
up of clay-car bon ate and car bon ate rocks (marlstones, dolo -
mites, biodetrital lime stones). All the stud ied sec tions in clude
thick (up to 60 m) reef lime stones of var i ous age (Wen lock, Lud -

low, Pridoli). Lithological ob ser va tions and well-log data on Si lu -
rian strata in a num ber of bore holes from the Dobrogean
Foredeep in di cate sim i lar clay-car bon ate and car bon ate rocks,
in par tic u lar reef lime stones con tain ing up to 98% CaCO3 (Fig.
10). Si lu rian lithological sec tions in the Lyman-1 and Sarata-6
bore holes, typ i cal of the Dobrogean Foredeep, show their good
cor re la tion with the  Zalozhtsi-1 bore hole and the base out crop
sec tions in the Volyn-Podillyan Plate. Anal y sis of the lithological 
sec tions from the Dobrogean Foredeep shows that the spa tial
and tem po ral ex tent of all types of Si lu rian rocks per fectly cor re -
lates with the rocks from the Volyn-Podillyan Plate. 

The for ma tion of Si lu rian reefs in the south ern shelf of
Baltica started in the Wen lock (Nikiforova et al., 1972; Mátusa
and Grytsenko, 2007; Ver ni ers et al., 2008; Olaru and Þabãrã,
2011). Fig ure 8 shows that a sig nif i cant trans gres sion took
place dur ing the Wen lock (Bagovytsya stage), which caused
the shift of coast line fur ther onto the con ti nent to wards the
Ukrai nian Shield. This palaeoceanographic event cor re lates
well with the trend of reef con struc tion. The Bagovytsya stage
reef lime stones are ob served close to the palaeoshore (Fig. 8)
in the ba sic sec tion of Podillya. In the Lud low, a sig nif i cant re -
gres sion took place. Lithological sec tions be tween the Balu -
chyn-1 and Zalozhtsi-1 bore holes (Fig. 8) show thick reef lime -
stones (25–60 m) whose sea ward bound ary was lo cated at the
max i mum dis tance from the shore. The Lud low and Pridoli reef
lime stones of sig nif i cant thick ness (25–50 m) are also en coun -
tered in the Lyman-1 and Sarata-6 bore holes in the Dobrogean
Foredeep (Fig. 8). A con sid er able trans gres sion with short-term 
re gres sion cy cles took place in the study area in the Pridoli.
Lithological sec tions (Fig. 8) of the Buchach-1, Khmelivka-1
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Fig. 6. Pho to mi cro graph of a Si lu rian rock 
of la goonal fa cies (Dobrogean Foredeep)

dg – do lo mite grains

Fig. 7. Pho to mi cro graphs of a Si lu rian rock of open shelf fa cies (Volyn-Podillyan Plate)

A, B – limy argillite with sub-par al lel streaks of or ganic mat ter (om) and small py rite grains (py) 
from the Krekhiv-1 bore hole, depth in ter val 4 146–4 151 m; C, D – dark grey marlstones,

clayey, pyritized, dolomitized, with or ganic mat ter (om) and prob lem atic bioclasts (cd)
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Fig. 9. Com pi la tion of sea level re con struc tions for the Si lu rian

Fig. 10. CaCO3 con tent in the Si lu rian se quence of the Lyman-1 
and Sarata-6 bore holes (Dobrogean Foredeep)



and Zalozhtsi-1 bore holes show the oc cur rence of reef lime -
stones in the Lower and Mid dle Pridolian strata, the ex tent of
which cor re lates with short-term re gres sion cy cles. There are
no reef lime stones in the Up per Pridoli strata, which re flects the
ces sa tion of reef build ing (cf. Ver ni ers et al., 2008). 

Based on the typ i cal lithological sec tions (Fig. 8) and se -
quences in a num ber of bore holes from the Volyn-Podillyan
Plate and Dobrogean Foredeep as well as from Moldova and
Ro ma nia (Lodan, 1999; Olaru et al., 2006; Olaru and Þabãrã,
2011), it can be con cluded that the reef lime stones de vel oped
from the Wen lock to Mid dle Pridoli. This strati graphic in ter val is
a time of con tin ual reef for ma tion. As to the spa tial ex tent of reef 
con struc tions, their lim its dur ing the above-men tioned time in -
ter val were shift ing, de pend ing on the shore line fluc tu a tions
caused by transgressive-re gres sive cy cles. Con se quently, a
mi grat ing reef fa cies was formed dur ing the Si lu rian (Wen -
lock–Mid dle Pridoli).

FACIES PATTERN IN RELATION TO SILURIAN
OCEANOGRAPHY AND SEA LEVEL CHANGES

GLOBAL AND REGIONAL EVENTS

At the end of Or do vi cian time, a global re gres sion took
place due to a sig nif i cant fall of tem per a ture and gla ci ation in
the south ern hemi sphere, when the ice cap cov ered the cen tral
part of Gond wana. As a re sult, the south ern shelf of the Baltica
sed i men tary ba sin (south west ern mar gin of the East Eu ro pean
Plat form) emerged above the sea level (Ver ni ers et al., 2008)
and the area un der went in tense ero sion.

As it was shown by Royer (2006) and Ver ni ers et al. (2008),
the Si lu rian was an en vi ron men tally and faunally sta ble pe riod in
the Earth his tory – a green house pe riod with a mod er ate lat i tu di -
nal cli mate gra di ent and im pov er ished ma rine fau nas slowly re -
cov er ing from the end-Or do vi cian mass ex tinc tion. How ever, ac -
cord ing to Bickert et al. (1997), Page et al. (2007), Cramer and
Saltzman (2007) and Calner (2008), the Si lu rian pe riod was a
time in ter val of re peated global changes. Ma rine bio diversity cri -
ses took place, af fect ing e.g., graptolites, cono donts, chitino -
zoans, acritarchs, brachi o pods and reefs, and these turn overs
were closely linked to abrupt and sig nif i cant changes in ocean -
og ra phy and the global car bon cy cle. Based on ob served tem po -
ral changes in li thol ogy and cono dont fau nas in the car bon ate
plat form rocks of Gotland, three main events – the Early Si lu rian
Ireviken Event, the Mid dle Si lu rian Mulde Event, and the Late Si -
lu rian Lau Event – have been iden ti fied (Jeppsson, 1990) with re -
gard to biodiversity chan ges and re la tion to car bon and ox y gen
sta ble iso tope evo lu tion and sea level change. For the sed i men -
tary suc ces sion of Podillya, Ukraine, tem po ral chan ges in iso -
tope com po si tion (d13C, d18O) and fau nas have been es tab lished 
(Racki et al., 2012), which are re lated to the re gional car bon ate
cri sis and cool ing ep i sodes, cor re spond ing to the Ireviken and
Klonk events.

A sig nif i cant trans gres sion started at the be gin ning of the
Si lu rian (Early Llandovery) ad vanc ing from the west and north-
 west (the pres ent-day ter ri tory of Es to nia, Lat via and Lith u a nia). 
A sed i men tary ba sin de vel oped, in which or ganic-rich muds ac -
cu mu lated (Nestor and Einasto, 1977; Einasto et al., 1986).
Fur ther trans gres sion eastwards (Late Llandovery–Early Wen -
lock) re sulted in sub merg ing of sig nif i cant ter ri to ries of the west -
ern mar gin of Baltica and the sed i men tary ba sin had reached
the shape and size, which it had dur ing the Or do vi cian (Ver ni -
ers et al., 2008). The Si lu rian south ern shelf ba sin of Baltica

was lo cated in low south ern lat i tudes (15–20°S) (Fig. 11A;
Torsvik et al., 1996). In the Early Wen lock, a sta ble sed i men tary 
ba sin was formed and the fa cies zon ing was ul ti mately es tab -
lished there from the shore line to wards the shelf break: la -
goonal, reef and open-shelf fa cies. 

Fig ure 11B shows the model of south ern shelf of Baltica for
mid-Si lu rian times. Lo ca tion of the three above-men tioned fa -
cies is in di cated in the map for Lud low time. In this ep och, the
reef for ma tion reached its max i mum de vel op ment and the reef
con struc tions oc cu pied the great est area. As it is shown in the
map, the la goonal fa cies was sep a rated from the open sea by a
bar rier reef belt that stretched along the en tire shelf. Be yond the 
reef belt in the deeper part of the ba sin, or ganic-rich sed i ments
of the open-shelf fa cies were de pos ited.

The re sults of my lithological in ves ti ga tions of the Ukrai nian
part of the Si lu rian area are con sis tent with the oce anic-cli ma tic
model by Bickert et al. (1997), show ing the ex pan sion of the ox -
y gen min i mum zone to wards the shore dur ing trans gres sions
and its sig nif i cant re treat to wards the shelf break dur ing re gres -
sions. Transgressive-re gres sive cy cles could cor re late with the
cli ma tic changes (Page et al., 2007; Cramer and Saltzman,
2007; Calner, 2008) and the lat ter could rep re sent the im por tant 
fac tor of biodiversity cri ses. How ever, our data show that the im -
pact of these cli ma tic changes on car bon ate sed i men ta tion was 
not that con sid er able and the reef build ing, though chang ing its
spa tial ex tent, might have not been in ter rupted dur ing the Wen -
lock–Mid dle Pridoli. Nikiforova et al. (1972) de scribed reef -
-build ing or gan isms as well as bioherms within the en tire suc -
ces sion in nu mer ous out crops of Si lu rian shal low-wa ter shelf
de pos its of Podillya. An other ev i dence of fa vour able cli ma tic
en vi ron ments is a per ma nent ex is tence of reefs in sec tions of
West ern Lith u a nia (Lazauskiene et al., 2003; Zdana viciute and
Lazauskiene, 2007) in the time range from Late Wen lock to
Early Pridoli.

The ex ist ing data al low as sum ing that, though the cli ma tic
changes dur ing the Si lu rian had a sig nif i cant con trol on dis tri bu -
tion of car bon ate fauna within the south ern shelf of Baltica, the
en vi ron ments in these subequatorial lat i tudes still re mained fa -
vour able for per sis tent ex is tence of reefal buildups. 

DEPOSITIONAL ENVIRONMENTS

Fig ure 12 shows the scheme of depositional en vi ron ments
at the south ern shelf of Baltica. Within the shal low part of the
wa ter col umn within depths of up to 100 m, where wa ter was ox -
y gen ated, the cal car e ous plank ton evolved over the en tire area.

The realm of cal car e ous benthos was re stricted by bot tom
depths of up to 100 m. Shelf cal car e ous biocenosis was rep re -
sented by large amount and di ver sity of fauna in clud ing: cri -
noids, stromatoporoids, rugose cor als, tab u late cor als, al gae,
ostracods, gas tro pods, brachi o pods, trilobites and graptolites
(Nikiforova et al., 1972). At fa vour able bathymetric en vi ron -
ments, the abun dant ben thic or gan isms cre ated nu mer ous sub -
ma rine overgrowths and banks which formed the reef. The
deeper part of the shelf with wa ter depth ex ceed ing 100 m was
oc cu pied by the ox y gen min i mum zone, which caused the
phyto- and zoo plank ton ex tinc tion, and par tial dis so lu tion of the
cal car e ous skel e tal de bris, and fa cil i tated the ef fi cient or ganic
mat ter fos sil iza tion and ac cu mu la tion of or ganic-rich sed i -
ments. Anoxic en vi ron ment in this deeper part of the ba sin be -
came a de ter mi nant fac tor for the for ma tion of or ganic-rich (with 
the to tal or ganic car bon con tent reach ing >2%) so-called grap -
to lit ic shales. De po si tion of or ganic-rich sed i ments of this age
was a global phe nom e non and re sulted from the Si lu rian oce -
anic anoxic event (Ver ni ers et al., 2008). 
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Fig ure 8 shows that dur ing the Si lu rian the re gres sion and
trans gres sion cy cles con trolled the shifts of bound aries of fa -
cies, es pe cially of open-shelf and reef ones. Dur ing trans gres -
sions (Fig. 13A), in this in stance in the Wen lock, the open-shelf
fa cies sig nif i cantly ad vanced to wards the shore. The area of ox -
y gen-min i mum zone and, con se quently, of or ganic-rich sed i -
ments de po si tion ex panded. The reef for ma tion zone had a
min i mum width and oc curred in the most prox i mal part of the
shelf within the wa ter depth of 100 m. In the pe ri ods of re gres -
sions, as it was in the Lud low (Fig. 13B), the reef for ma tion zone 
ex tended to wards the open sea.

The fa cies change, in par tic u lar the spa tial and tem po ral
evo lu tion of reef for ma tion is il lus trated in Fig ure 14. Dur ing the
re gres sion (Lud low) the newly formed reefs shifted to wards the
deeper part of the ba sin and ac cu mu lated upon the fore-reef fa -
cies, while the old reefs were cov ered by the shal low-wa ter
back-reef la goonal sed i ments. Dur ing the trans gres sion
(Pridoli) the op po site pro cesses took place. The newly formed
reefs cov ered the back-reef sed i ments, while the old reefs were 

over lain by the deeper-wa ter fore-reef de pos its. Hence, dur ing
the Si lu rian, the reef-for ma tion zone was shift ing to wards the
shore and back to wards the shelf break de pend ing on sea level
changes, re main ing a con tin u ous phe nom e non for the shal low
part of the en tire south ern shelf of Baltica (Fig. 11B).

Anal y sis of lithological sec tions on Ukraine and Moldova
and the data on the ad ja cent ter ri to ries show that the reef belt
ex tended over ap prox i mately 2300 km and its max i mum width
was about 150 km. 

SUMMARY AND CONCLUSIONS

Study of well-log data, lithological and petrographic in ves ti -
ga tions of Si lu rian strata in the Volyn-Podillyan Plate and the
Dobrogean Foredeep and their cor re la tion with co eval de pos its
in the ad ja cent ter ri to ries of Moldova and Ro ma nia (Moldovian
Plat form), Po land, Lith u a nia, Lat via and Es to nia al lowed us de -
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Fig. 11A – palaeogeographic map for mid-Si lu rian times, show ing the po si tion
of the study area within Baltica (af ter Torsvik et al., 1996); B – sketch map show ing 

the model of south ern shelf
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Fig. 12. Scheme of depositional en vi ron ments in the Si lu rian within the south ern shelf of Baltica 

O2 con cen tra tion in wa ter col umn af ter Demaison and Moore (1980); TOC – To tal or ganic car bon

Fig. 13. Mod els of the south ern shelf of Baltica in the Si lu -
rian for the pe ri ods of trans gres sion (A) and re gres sion
(B), which con trolled the shifts of the bound ary be tween
open-shelf and reef fa cies

Fig. 14. Spa tial and tem po ral evo lu tion of mi grat ing reef fa cies in the
Si lu rian within the south ern shelf of Baltica



vel op ing an in te gral con cept of the ex tent of Si lu rian de pos its,
reg u lar i ties of thick ness changes, petrographic com po si tion of
rocks and dis tri bu tion of la goonal, reef and open shelf fa cies
within the southwest ern mar gin of the East Eu ro pean Plat form.
The reef fa cies, which rep re sented a bar rier be tween the la -
goonal and open shelf fa cies, was a sub ject of a num ber of ear -
lier in ves ti ga tions, which con sid ered sep a rate Si lu rian reef con -
struc tions in dif fer ent parts of the south-west ern mar gin of the
East Eu ro pean Plat form. In this study, re con struc tion of sed i -
men tary en vi ron ments dur ing the Si lu rian within the south ern
shelf of Baltica in te grates my re sults and the data from the pub -
li ca tions of ear lier au thors. It shows that there was a con tin u ous
reef belt stretch ing along the en tire shelf within the time range
from Wen lock to Mid dle Pridoli. The reef fa cies was shift ing
within the shelf and chang ing its width de pend ing on sea level
changes. Anal y sis of palaeoceanographic en vi ron ments of the
reef for ma tion shows that the ox y gen min i mum layer, which in
Si lu rian ma rine bas ins oc cu pied the wa ter col umn be low a
depth of 100 m, and the transgressive-re gres sive cy cles were
the de ci sive fac tors of spa tial and tem po ral dis tri bu tion of fa cies

in the sed i men tary ba sin of the south ern shelf of Baltica. Or -
ganic-rich anoxic sed i ments were be ing de pos ited in the deeper 
part of the ba sin, while the shal lower part was the area of reef
build ups and back-reef la goonal sed i ments. The bound ary be -
tween the open-shelf and the reef fa cies was con trolled by the
top of the ox y gen min i mum layer, which was shift ing to wards
the open sea or back to wards the shore de pend ing on chang ing 
depth of the shelf in dif fer ent time in ter vals of the Si lu rian. Both
the reef and the open-shelf facies are pro s pec tive for hy dro car -
bons and hence the delineation of the areas of their occurrence
in different time ranges of the Silurian is important for ex plo ra -
tion purposes.
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