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Up per Si lu rian and Lower De vo nian shelf de pos its in West Bul garia are ex posed in three main Al pine tec tonic units: the West Bal kan
Unit, the Lyubash Monocline and the Morava Unit. The West Bal kan and Lyubash units con sist of siliciclastic de pos its: black grap to lit ic
shales, banded pale shales and black siltstones. The Lud low, Pridoli, Lochkovian, Pragian and Emsian were rec og nized on the ba sis of
graptolite and tentaculite fau nas. In the Morava Unit, the Lud low black shales are pro gres sively re placed by clayey lime stones and nod u -
lar and micritic lime stones in the Pridoli and Early De vo nian. Newly ob tained cono donts show the pres ence of the siluricus,
eosteinhornensis, woschmidti, postwoschmidti, delta-pesavis, sulcatus, dehiscens and gronbergi zones. Petrographic study of the
Morava Unit shows an in creas ing car bon ate con tent and shallowing con di tions up wards. The biostratigraphical cor re la tion and fa cies in -
ter pre ta tion re veal the co eval ex is tence of two dif fer ent depositional en vi ron ments within the same shelf ba sin as well as a grad ual shift
in prox i mal di rec tion.
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INTRODUCTION

Sed i men tary rocks of the Up per Si lu rian and Lower De vo -
nian in West Bul garia crop out in three main Al pine tec tonic
struc tural units: the West Bal kan Unit, the Lyubash Monocline
and the Morava Unit (Fig. 1). In pre vi ous pub li ca tions, the
Kraishte area was used in a geomorphological sense and cor re -
sponds to the Morava and Lyubash tec tonic units (Zagorchev,
2001). Dur ing the Late Si lu rian and Early De vo nian chiefly
fine siliciclastic dis tal shelf rocks were de pos ited in the West
Bal kan Unit and Lyubash Monocline and car bon -
ate-siliciclastic de pos its of the open shelf in the Morava Unit. 

The Morava Unit is a sys tem of nappes that overthrust the
Struma Unit dur ing the Mid-Cre ta ceous. The Morava Unit suc -
ces sion com prises Pre cam brian gneiss es and migmatites cov -
ered by Or do vi cian, Si lu rian, De vo nian strata of Rheno-
 Hercynian af fin i ties (Dabovski et al., 2002). The Morava Unit
con sists of two sub units: the Penkjovci Thrust and Milevski
Thrust slices. The area stud ied is sit u ated in the Penkjovci
Thrust subunit.

The pur pose of this study is to pres ent a strati graphi cal and
lithofacies syn the sis of the Up per Si lu rian and Lower De vo -
nian in West Bul garia in clud ing de tailed biostratigraphy and
cor re la tion based on graptolites, cono donts and tentaculites,
sed i men tary pe trog ra phy and ba sin re con struc tion based on fa -
cies dif fer en ti a tion. 

GEOLOGICAL SETTING

MORAVA UNIT
(CARBONATE-SILICICLASTIC SEDIMENTATION)

The Up per Si lu rian and Lower De vo nian car bon -
ate-siliciclastic de pos its oc cur as iso lated and tec toni cally dis -
turbed out crops. A char ac ter is tic fea ture of the Late Si lu rian
and Early De vo nian sed i men ta tion is the on set and in crease of
the car bon ate com po nent, from lime stone lenses among black
shales in the Lud low, through shale-lime stone al ter na tion and
nod u lar lime stones in the Pridoli and Lochkovian to thin-bed -



ded lime stones in the Pragian and me dium-bed ded lime stones
in the Emsian. Spassov (1973) in tro duced the Vrabcha For ma -
tion (185 m thick) for the al ter na tion of thin-bed ded or nod u lar
lime stones and slightly phyllitized shales and siltstones and
lydites dom i nated by lime stones.

In the Gorna Vrabcha 2 sec tion, be low the Vrabcha For ma -
tion, black Ludlovian shales of Gorstian age as signed to the
nilssoni graptolite Zone are ex posed (Sachanski et al., 2005).
The Si lu rian-De vo nian tran si tion is re lated to con tin u ous car -
bon ate-shaly sed i men ta tion con sid ered here as the lower mem -
ber (shale-lime stone mem ber) of the Vrabcha For ma tion
(Fig. 2). The Ludfordian to Lochkovian age of the shale-lime -
stone mem ber is based on cono donts in di cat ing the siluricus,
eosteinhornensis and woschmidti zones and the graptolite
ultimus-parultimus Zone (Sachanski et al., 2005).  

The Lower De vo nian of the Vrabcha For ma tion was sub di -
vided biostratigraphicaly on the ba sis of cono donts by Spassov
(1971). He rec og nized seven cono dont zones in the
Lochkovian, Pragian and Low er most Emsian. Boncheva
(1987, 1991) gave ev i dence for the pres ence of five cono dont
zones in the Emsian based on the Polygnathus spe cies suc ces -
sion. The age of the Vrabcha For ma tion was first determinated
on the ba sis of cono donts as Late Si lu rian early Emsian by

Spassov (1973) and was later re vised by Boncheva (1991) and
Sachanski et al. (2005) as Lud low early Eifelian. 

BALKAN UNIT AND LYUBASH UNIT
(SILICICLASTIC SEDIMENTATION)

In these tec tonic units, the Up per Si lu rian and Lower De vo -
nian are rep re sented by fine siliciclastic de pos its, banded
green ish siltstones, black grap to lit ic shales and green shales
with pale spots. 

The Up per Si lu rian-Lower De vo nian lithostratigraphic di -
vi sion of the Bal kan Unit  by Sachanski and Tenchov (1993) in -
cludes four units: the Mala Reka For ma tion black grap to lit ic
shales, the Yabukov Dol For ma tion, Ludow and Pridoli banded 
shales and black shales; dark siltstones of the up per Pridoli and
Lochkovian, and Pragian black siltstones and shales with
graptolites and tentaculites; and green-grey shales of Pragian
and Emsian age. The Mala Reka For ma tion cor re sponds to the
nilssoni and scanicus graptolite zones; the Yabukov Dol For -
ma tion to the leintwardinensis, bohemicus, tenuis-kozlowski
and formosus zones (Lud low), and the parultimus-ultimus and
bouceki-transgrediens zones (Pridoli); the dark Lochkovian
and Pragian siltstones to the uniformis, hercynicus and fanicus
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Fig. 1. Tec tonic sketch map of Bul garia showing po si tion of the West Bal kan Unit, Lyubash Monocline and Morava Units
 and geo graphic po si tion of the Gorna Vrabcha sec tions 1, 2 and 3
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zones (Sachanski, 1998) and the tentaculite Homectenowakia
bohemica (Boucek) zone (Sachanski, 1996). The green-grey
shales were as signed to the Emsian based on a tentaculite fauna 
char ac ter is tic of the N. cancellata Zone (Spassov, 1973, re -
vised by Sachanski, 1996) and on chitinozoans of the
Bursachitina bursa Zone (data pro vided by I. Lakova).

Uni form black shales of the Lyubash Unit are as signed to
the Up per Si lu rian and Lower De vo nian by Spassov (1963,
1964) on the ba sis of graptolites. Ac cord ing to re cent zonal
sub di vi sions these graptolites pro vide ev i dence for the nilssoni, 

scanicus and formosus (Lud low), ultimus-parultimus and
branickensis-lochkovensis zones (Pridoli) (Koren et al., 1996)
and for the uniformis and hercynicus zones (Lochkovian)
(House and Gradstein, 2004).

THE GORNA VRABCHA SECTIONS
IN THE MORAVA UNIT

The three ex po sures of the Vrabcha For ma tion near the
vil lage of Gorna Vrabcha (Fig. 2, sec tions 1, 2, 3) are unique
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Fig. 3. Dis tri bu tion of cono donts in sam ples of the Up per Si lu rian and Lower De vo nian of the sec tions Gorna Vrabcha 2 and 3 

1 to 5 in the sec tion 2 and 1–2 in sec tion 3 are lithological units de scribed in the text as pack ets 



for the Morava Unit as they rep re sent the only com plete sec -
tions through the Up per Si lu rian and Lower De vo nian of this
re gion. There is a need to re vise the chronostratigraphy and
litholostratigraphy of the Vrabcha For ma tion. For this rea son
we study here in de tail the suc ces sion of the lithological units
(pack ets) and their fos sil con tent (cono donts and graptolites).
The strati graphi cal dis tri bu tion of cono dont spe cies in the
Gorna Vrabcha sec tions 2 and 3 is given in Fig ure 3. There are 
also tentaculites, cri noids, orthocones, bryo zoans and
scyphocrinoids at some lev els, ob served both mac ro scop i -
cally and in thin sec tions. The finer zonation and pre cise
chronostratigraphy serves as a ba sis for cor re la tions be tween
the West Bal kan Unit and the Morava Unit and the re con -
struc tion of the Late Si lu rian–Early De vo nian sed i men tary
ba sin evo lu tion. 

The Si lu rian-De vo nian bound ary is in the lower part of
packet 4 within the shale-lime stones se ries. This se ries passes
grad u ally to the typ i cal clayey and nod u lar lime stones of the
Vrabcha For ma tion but is char ac ter ized by pres ence of shale
beds. For this rea son the shale-lime stone mem ber is re garded
rather as a lower mem ber of the Vrabcha For ma tion than a sep -
a rate for ma tion. The un der ly ing Black Shale “Se ries” was de -
scribed as an in for mal lithostratigraphic unit by Zagorchev
(1993). Its age was de fined as Ludlovian (Spassov, 1963) and
con firmed herein.

GORNA VRABCHA SECTION 1

The Vrabcha For ma tion in this sec tion is rep re sented by
lam i nated cal car e ous shales which grade into gray thin-bed ded
and nod u lar lime stone. The to tal thick ness is 11 m. The black
shales un der ly ing the Vrabcha For ma tion have yielded the
graptolite Holoretiolites mancki (Münch). This spe cies is char -
ac ter is tic of the scanicus Zone (up per Gorstian), ac cord ing to
Koz³owska-Dawidziuk (2004). Petrographic stud ies re veal the
pres ence of tentaculites, bryo zoans and cri noids in thin sec tions 
of mudstone. These fossiliferous beds cor re spond to sim i lar
Pridoli-Lochkovian lime stones in the Gorna Vrabcha sec tion 2.

GORNA VRABCHA SECTION 2

The sec tion con sists of grap to lit ic black shales,
Shale-Lime stone Mem ber of the Vrabcha For ma tion and the
Vrabcha For ma tion in the sense of Spassov (1973) (Fig. 2).
Stratigraphically, this sec tion un der lies  the Vrabcha For ma -
tion type sec tion (Gorna Vrabcha sec tion 3). A con tin u ous
tran si tion across the Si lu rian-De vo nian bound ary was doc u -
mented on the ba sis of graptolites and cono donts (Sachanski
et al., 2005).

Vrabcha For ma tion, shale-lime stone mem ber (21.5 m)
 — Packet 5 (5 m): clayey me dium-bed ded lime stones al -

ter nat ing with shales. Lower Lochkovian, woschmidti-pos -
twosch midti Zone (sam ples 11–15). 

— Packet 4 (6.5 m): thin-bed ded lam i nated clayey nod u lar
lime stones with cri noids, sam ples 03–06, Pridoli, eosteinhorn -
ensis Zone, and sam ples 07–10, Lochkovian, woschmidti Zone. 

— Packet 3 (3 m): black shales with graptolites, early
Pridoli, parultimus-ultimus Zone.

— Packet 2 (2 m): thin-bed ded lam i nated clayey nod u lar
lime stones, Lud low. Cono donts from sam ples 01A and 02 are:
el e ments of Ozarkodina excavata excavata (Branson and
Mehl). 

— Packet 1 (5 m): lam i nated limy shales with lime stone
lenses Lud low, Ludfordian, Polygnathoides siluricus Zone.

Black Shale “Se ries”
Black shales with graptolites, 5.3 m, Lud low, Gorstian,

Neodiversograptus nilssoni Zone.

GORNA VRABCHA SECTION 3

Two pack ets of pale clayey me dium-bed ded lime stones al -
ter nat ing with cal car e ous shales crop out, and are sep a rated by
a disconformity. The cono dont fau nas in the up per packet 2 in -
di cate a lower Emsian age (dehiscens and gronbergi/perbonus
Zones). In the lower packet 1 two cono dont zones are rec og -
nized, the delta-pesavis Zones (up per Lochkovian) and
sulcatus Zone (Pragian). The strati graphi cal dis tri bu tion of se -
lected cono donts and zonation is shown in Fig ure 2, and the oc -
cur rence of sam ples in Fig ure 3.

— Packet 2 (6.2 m): lower Emsian, gronbergi/perbonus
Zone, pale clayey lime stones, al ter nat ing with beige cal car e ous
shales, sam ples 48/11 and 990/8 (Fig. 3) and dehiscens Zone,
pale clayey lime stones, al ter nat ing with beige cal car e ous
shales, sam ples 1L, 1M, 989/6 and 1H, 988/4.

— Packet 1 (5.6 m): up per Lochkovian and Pragian;
sulcatus Zone, lower Pragian, pale clayey lime stones, al ter nat -
ing with beige cal car e ous shales, sam ple 1G, 986/2;
delta/pesavis Zone, up per Lochkovian, clayey lime stones, 1E,
1D, 992/10, 1C, 1B, 991/9, 1A, 1129b.

CONODONT BIOSTRATIGRAPHY

More de tailed sam pling as well as ex tend ing the area stud ied
has al lowed us to rec og nize eight cono dont zones in the Gorna
Vrabcha 2 and 3 sec tions (Fig. 3): siluricus, eosteinhornensis,
woschmidti zones (Walliser, 1964), postwoschmidti Zone
(Mashkova, 1970) delta-pesavis Zones (Klapper, 1977; Klapper
and John son, 1980), sulcatus Zone (Klapper, 1977), dehiscens
Zone (Fahraeus, 1971), and gronbergi/perbonus Zones
(Klapper, 1977). In this study, the cono dont zones siluricus
(Ludfordian), eosteinhornensis (Pridoli), delta-pesavis (up per
Lochkovian) and sulcatus (Pragian) are rec og nized and de -
scribed for the first time in Bul garia

 LUDLOW

SILURICUS ZONE

In the shale-car bon ate mem ber, the first car bon ate layer in
sec tion 2 (sam ple 00) has yielded a sparse cono dont fauna with
Polygnathoides siluricus and Ozarkodina excavata excavata. It
per mits us to as sign the packet 1 of yel low to beige shales with
in di vid ual car bon ate lenses to the siluricus Zone (Ludfordian).
The un der ly ing Black Shale “Se ries” is of Gorstian age
(Neodiversograptus nilssoni graptolite Zone). In sam ples 01A,
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02, scarce cono dont el e ments of Ozarkodina excavata
excavata (Branson and Mehl) were found. These cono donts
oc cur in the Lud low and Pridoli. The po si tion of this as so ci a -
tion, how ever, be tween the Ludfordian siluricus Zone and the
low er most Pridoli parultimus-ultimus graptolite Zone sug gests
a late Ludfordian age.

PRIDOLI

EOSTEINHORNENSIS  ZONE

The cono donts re cov ered from sec tion 2, packet 4 (sam ples 
03–06) are char ac ter is tic of the eosteinhornensis Zone:
Ozarkodina remscheidensis eosteinhornensis (Walliser),
Ozarkodina excavata excavata (Branson and Mehl) and
Oulodus elegans (Walliser). Above this level no O. r.
eosteinhornensis el e ments have been re cov ered. It is there fore
as sumed that the Si lu rian–De vo nian bound ary must oc cur
some where within packet 4, above sam ple 06 and 10 m above
the base of the mea sured sec tion Gorna Vrabcha sec tion 2. 

We con sider the eosteinhornensis Zone to be in di cated on
the pres ence of the in dex taxa and that it com prises the up per -
most Pøídolí Se ries in the sec tion stud ied, as used by Carls et
al., 2007). The pres ence of the eosteinhornensis Zone just be -
low the woschmidti Zone in a con tin u ous sec tion sug gests as -
sign ing the woschmidti Zone to the lower Lochkovian.

The eosteinhornensis cono dont Zone was rec og nized by
Spassov (1973) in the Staniovtsi sec tion (Lyubash Unit) and
thus is a tool for cor re la tion in the up per most Si lu rian  be tween
dif fer ent fa cies areas.

LOCHKOVIAN

WOSCHMIDTI ZONE

In 1964 the woschmidti Zone was de fined by Walliser
(1964) and be came a use ful guide for ap prox i mate rec og ni tion
and cor re la tion of the base of the De vo nian. In sec tion 2, packet 
4 (sam ple 07) Icriodus woschmidti Ziegler makes its ap pear -
ance (Fig. 2). There seems to have been no break in sed i men ta -
tion in packet 4 of the Gorna Vrabcha sec tion 2 and from this
con tin u ous sed i men ta tion of thin-bed ded lam i nated clayey
nod u lar lime stones with cri noids we re cov ered many ju ve nile
el e ments only of I. woschmidti. To gether with I. woschmidti we
found Ozarkodina remscheidensis remscheidensis in packet 5
(sam ples 11 and 12) in the Gorna Vrabcha sec tion 2.

Icriodus woschmidti and Ozarkodina remscheidensis rem -
scheidensis both have oc cur rences  some what later than the
graptolites Monograptus uniformis uniformis Pøibyl and Mono -
graptus uniformis angustidens Pøibyl at the base of Lochkovian. 

This zone oc curs in the Gorna Vrabcha sec tion 2 in packet 4 
(sam ples 07, 08, 09, 10) and in packet 5 (sam ples 11 and 12).
Pre vi ously, Spassov (1971) in di cated the pres ence of the
woschmidti Zone in the area stud ied.

POSTWOSCHMIDTI  ZONE

This zone was es tab lished by Mashkova (1970) in Podolia.
The first ap pear ance of the in dex spe cies Icriodus

postwoschmidti Mashkova in di cates the lower bound ary. To -
gether with the in dex spe cies from sam ple 13 oc cur Icriodus
rectangularis Carls and Gandl, Ozarkodina excavata excavata
(Branson and Mehl), Ozarkodina remscheidensis remsch -
eidensis (Ziegler) and Ozarkodina masara (Schönlaub). The in -
dex is also ac com pa nied in sam ples 14 and 15 by the fol low ing
spe cies: Icriodus rectangularis Carls and Gandl, Icriodus angu -
stoides bidentatus Carls and Gandl, Ozarkodina excavata exca -
vata (Branson and Mehl), Ozarkodina remscheidensis remsch -
eidensis (Ziegler) and Ozarkodina masara (Schönlaub). The
cono dont as so ci a tion of the postwoschmidti Zone con tains en -
demic spe cies of Icriodus known from West ern Eu rope and Mo -
rocco (Bultynck, 2003) such as Icriodus rectangularis Carls and
Gandl and Icriodus angustoides bidentatus Carls and Gandl.
These spe cies and the pres ence of Ozarkodina masara (Schön -
laub), known from the Barrandian, in the Lochkovian sec tion in
West ern Bul garia in di cates endemism in cono dont fau nas dur ing 
the Late Lochkovian and Pragian (Klapper and Ziegler, 1979). 

The postwoschmidti Zone cor re sponds to packet 5 of the
Gorna Vrabcha sec tion 2 with thin-bed ded and nod u lar lime -
stones. 

DELTA–PESAVIS ZONES

The lower bound ary of the delta Zone as well as the lat est
Lochkovian pesavis Zone can not be iden ti fied very pre cisely
be cause of the ab sence of the in dex taxa. In this study, the iden -
ti fi ca tion of the delta Zone is based on the ap pear ance of
Icriodus angustoides alcoleae Carls and Pandorinellina op -
tima (Moskalenko) in sam ples 1A, 991A and Icriodus fallax
fallax Carls in sam ple 1C and ac com pa ny ing cono donts rang -
ing from the un der ly ing postwoschmidti Zone: Ozarkodina
remscheidensis remscheidensis (Ziegler), Icriodus
rectangularis Carls and Gandl, Icriodus postwoschmidti
Mashkova, Ozarkodina excavata excavata (Branson and
Mehl). In the ab sence of Pedavis pesavis de fin ing the lower
bound ary of the pesavis Zone, we use Pedavis brevicauda as an 
al ter na tive for rec og niz ing the pesavis Zone. 

The delta-pesavis Zones com prises the thin-bed ded lime -
stones in sec tion, samples1A, 991/a, 1C, 1D, 992/10, 1E from
the base of the Gorna Vrabcha sec tion 3 (packet 1) up to the
first ap pear ance of Icriodus steinachensis b Al-Rawi in sam ple
986/2 mark ing the up per bound ary.

The in creas ing num ber of Icriodus spe cies in the late
Lochkovian and Pragian is typ i cal of the endemism of Eu ro pean
cono dont fau nas (Klapper and Ziegler, 1979) also ob served here, 
e.g. Icriodus rectangularis Carls and Gandl, Icriodus
angustoides bidentatus Carls and Gandl, Icriodus angustoides
alcoleae Carls, Icriodus fallax fallax Carls, Icriodus angustoides
castilianus Carls and Icriodus steinachensis b which we use to
rec og nize the up per Lochkovian and Pragian zones in the ab -
sence of the zonal in dex spe cies.

PRAGIAN

SULCATUS ZONE

A spe cific fea ture for the Bul gar ian Lower De vo nian cono -
dont fau nas is the ab sence of zonal in dex spe cies such as
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Eognathodus sulcatus, Eognathodus kindlei and Polygnathus
pireneae as well as Ancyrodelloides. 

In re gions where spec i mens of Eognathodus do not ex ist,
ac cord ing to Valenzuela-Rios (1997), cor re la tion with the
global cono dont biozonation can be ef fected with the help of
Icriodus steinachensis b Al-Rawi oc cur ring close to the base of 
the Pragian (sulcatus Zone), and rang ing up to the base of the
kindlei Zone. We as signed the lime stones from 4.8–5 m (sam -
ples 986/2 and 1G) from the base of the Gorna Vrabcha sec tion
3 (packet 1) and be low the fault to the sulcatus Zone. 

The ap pear ance of Eognathodus sulcatus ac com pa nied by
Icriodus steinachensis b in the Lochkovian-Pragian type sec -
tions in Barrandien area was used by Chlupac et al. (2000) to
de fine the base of the Pragian. Bultynck (2003) showed that in
Eu rope and Morroco Icriodus steinachensis b and Icriodus
angustoides castilianus Carls ap pear at the base of the sulcatus
Zone. Thus, we use the first ap pear ance of Icriodus
stainachensis b and Icriodus angustoides castilianus Carls for
de ter mi na tion of the sulcatus Zone. The co-oc cur rence of
Icriodus steinachensis b and of the in dex dacryoconaride
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Fig. 4. Biostratigraphic cor re la tion and changes in depositional en vi ron ment in the two dis tinct fa cies zones in West Bul garia

For other ex pla na tions see Fig ure 2



Nowakia acuaria in the up per part of packet 1 is rea son for set -
ting the Lochkovian-Pragian bound ary at 4.8 m above the base
of the Gorna Vrabcha sec tion 3.

EMSIAN

Two Emsian cono dont zones have been recogized in the
Gorna Vrabcha sec tion 3, the dehiscens Zone and the
gronbergi/perbonus Zones, on the pres ence of the in dex taxa
and of ac com pa ny ing Emsian cono dont spe cies. The Emsian
laticostatus, serotinus and costatus patulus Zones and the low -
er most Eifelian costatus partitus Zone were rec og nized by
Boncheva (1991) higher in the Vrabcha For ma tion. 

SEDIMENTARY PETROLOGY

Thin-sec tions were pre pared from sam ples of the Up per Si -
lu rian in the Vrabcha For ma tion. Marls, argillites, mudstones
and wackestones were rec og nized. 

GORNA VRABCHA SECTION 1 

Strata in this sec tion are rep re sented by buff lam i nated cal -
car e ous argillites (Vr1) which grade into gray thin-bed ded
fossiliferous mudstones (Vr2, Vr3) and into gray nod u lar
fossiliferous mudstone (Vr4, Vr5, Vr6). 

The argillites com prise an al ter na tion of argillite and cal car -
e ous argillite laminae with less than 2% silt-sized quartz and
feld spar grains. Their com po si tion and sed i men tary fea tures
are the same as those in sec tion 2. Fossiliferous mudstones are
sim i lar to mudstones from sec tion 2, but con tain about 2–3%
bioclasts (re mains of tentaculites). 

GORNA VRABCHA SECTION 2 

An al ter na tion of thin-bed ded to lam i nar argillites, marls
and var i ously recrystallized thin-bed ded to nod u lar lime stones
crop out in sec tion 2. 

A marl layer with rich bar ite min er ali sa tion was ob served in 
the low er most part of the sec tion (01). It is com posed chiefly of
large (up to 1 cm) platy bar ite crys tals in a ar gil la ceous and limy 
ma trix, strongly im preg nated by iron and man ga nese ox ides
and hy drox ides. The bar ite is euhedral to subhedral with
rhombic cleav age. Be sides large grains, some recrystallyzed
fine grains oc cur along frac tures. Clay min er als are al tered to
chlorite and seri cite. Pri mary, cal cite was microcrystalline
(micrite), part having been recrystallized to larger sparite crys -
tals. Slight dolomitisation (about 5–7%) is observed. Do lo mite
crys tals are rhombic and about 0.03 mm across. Thin veins
filled with a clear cal cite mo sa ic cross the sam ple.

Argillites are yel low to beige in col our, lam i nated, and con -
tain ing var i ous amounts of car bon ate min er als (02, 04, 08, 10).
The thick ness of sin gle laminae var ies be tween 0.8 and 2 mm.
The lam i na tion com prises al ter na tion of laminae rich in
siliciclastic and clayey min er als with those rich in car bon ate
min er als. Quartz and sub or di nate feld spars of silt grade
(0.008–0.032 mm) rep re sent the clastic min er als. Clay min er als 
are recrystallized and al tered to chlorite and seri cite. A few
phos phate grains were ob served. Mi crocrys tal line cal cite
makes up about 2–3 to 15–20%, partly recrystallized to sparite.
Some of the argillites in the up per part of the sec tion grade into
marls with about 50% cal cite and with out a siliciclastic com po -
nent (10). These rocks are im preg nated with iron and man ga -
nese hy drox ides too, es pe cially on the lamina sur faces.
Dolomitisation here rep re sents be tween 10 and 12% do lo mite
crys tals in more car bo na ceous lamina. Fine quartz  veins cross
the lam i na tion. 

Lime stones are thin-bed ded to nod u lar, partly fossiliferous,
gray ish-beige to yel low ish-beige in col our. A tran si tion ex ists
from bod ies with dis crete nod ules to dis con tin u ous lime stone
beds with wavy up per or lower bound ing sur faces. Dis crete
nod ules are elon gated and par al lel to the bed ding sur faces and
gen er ally possess mudstone or wackestone struc ture. They are
rep re sented mainly by recrystallized micritic lime stones
(mudstones), interbedded with cal car e ous mudstones ma te rial
in the bot tom and mid dle of the sec tion (03, 07, 05, 09), suc -
ceeded by biomicrite lime stones (wackestones) in the upper
part (12, 14). 
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Fig. 5. Se lected cono donts from Gorna Vrabcha sec tions 2 and 3

A — Polygnathoides siluricus Branson and Mehl, 1933; Gorna Vrabcha Fm., sec tion 2, packet 1, sam ple 00; siluricus Zone, ´ 45; B — Icriodus

woschmidti Ziegler, 1960; Gorna Vrabcha Fm., sec tion 2, packet 5, sam ple 07, woschmidti Zone, ´ 45; C — Icriodus angustoides bidentatus Carls and

Gandl, 1969; Gorna Vrabcha Fm., sec tion 2, packet 5, sam ple 14, postwoschmidti Zone, ´ 60; D — Icriodus postwoschmidti Mashkova, 1968; Gorna

Vrabcha Fm., sec tion 2, packet 5, sam ple 13, postwoschmidti Zone, ´ 45; E — Icriodus fallax fallax Carls, 1975; Gorna Vrabcha Fm., sec tion 3, packet 1,

sam ple 1C, delta-pesavis  Zone, ´ 45; F — Icriodus bilatericrescens Ziegler, 1956; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 988/4, dehiscens 

Zone, ́  45; G — Ozarkodina op tima (Moskalenko, 1966); Gorna Vrabcha Fm., sec tion 3, packet 1, sam ple 986/2, sulcatus Zone, ́  60; H — Polygnathus

dehiscens dehiscens Philip and Jack son, 1967; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 988/4, dehiscens  Zone, ´ 45; I — Icriodus sigmoidalis

Carls and Gandl, 1969; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 990/8, gronbergi  Zone, ´ 45; J — Icriodus rectangularis Carls and Gandl,1969;

Gorna Vrabcha Fm., sec tion 2, packet 5, sam ple 13, postwoschmidti Zone, ´ 45; K — Pedavis brevicauda  Murphy and Matti, 1982; Gorna Vrabcha Fm.,

sec tion 3, packet 1, sample1D, delta-pesavis  Zone, ´ 45; L — Ozarkodina masara Schonlaub, 1980; Gorna Vrabcha Fm., packet 5, sam ple 14,

postwoschmidti Zone, ´ 60; M — Ozarkodina remscheidensis eosteinhornensis (Walliser, 1964); Gorna Vrabcha Fm., sec tion 2, packet 4, sam ple 06,

eosteinhornensi Zone, ´ 45; N — Polygnathus gronbergi Klapper and John son, 1975; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 990/8, gronbergi 

Zone, ´ 45; O — Polygnathus perbonus (Philip, 1966); Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 990/8, gronbergi  Zone, ´ 45; P — Icriodus

bilatericrescens multicostatus Carls and Gandl, 1969; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 990/8, gronbergi  Zone, ´ 45; Q — Icriodus

steinachensis b Al-Rawi, 1977; Gorna Vrabcha Fm., sec tion 3, packet 1, sam ple 986/2, sulcatus  Zone, ´ 45; R — Icriodus curvicauda Carls and Gandl,

1969; Gorna Vrabcha Fm., sec tion 3, packet 2, sam ple 988/4, dehiscens  Zone, ́  45; S — Icriodus angustoides alcoleae Carls, 1969; Gorna Vrabcha Fm.,

sec tion 3, packet 1, sam ple 991/9, delta-pesavis Zone, ´ 45



Mudstones are com posed of very fine grained cal cite
(micrite) com pris ing about 80–95% and clay min er als and iron
hy drox ides at about 5–20%. Some micrite nod ules have been
recrystallized to larger sparite crys tals (0.03–0.08 mm), but
recrystallisation is se lec tive and en com passes less than 35% of
the bulk rock vol ume. In some sam ples more ad vanced
recrystallisation is ob served where al most all pri mary tex ture is

lost and the rocks are very close to mar bles (13). Rel ics of micrite 
are still pres ent, but idiomorphic cal cite crys tals with sizes rang -

ing from 0.15 ´ 0.20 mm to 0.40–0.80 mm are main rock-build -
ing com po nent. Clay min er als have recrystallized to chlorite and
seri cite, ori ented in the di rec tion per pen dic u lar to the pres sure. 

Wackestones are com posed of 10–40% bioclasts and
60–80% ma trix. Bioclasts chiefly are well-pre served tentaculite

Facies transition and biostratigraphic correlation of the Upper Silurian and Lower Devonian in West Bulgaria 415



shells and less frag mented shells. Some rem nants of Bryozoa are 
pres ent, too. Micrite with mi nor clay ad mix tures rep re sent the
ma trix (12). In the up per most sam ple (14) clay ad mix tures are
more sig nif i cant. Clay min er als are al tered to seri cite here. 

Both wackestones and mudstones are iron-im preg nated
and crossed by thin cal cite veins. Some tectonized cal cite crys -
tals are ob served in the lime stones.

Later diagenetic and tec tonic pro cesses form nod u lar struc -
tures where the clayey com po nent has been squeezed around
the nod ules, fol lowed by recrystallization which has blur red, to 
a sig nif i cant de gree, the pri mary sed i men tary fea tures.
Recrystallization of micrite and al ter ation of  clay min er als to
chlorite and seri cite in di cate ad vanced diagenesis, close to low
grade metamorphism. 

Bar ite in the low er most sam ple from Gorna Vrabcha may
have pre cip i tated from hy dro ther mal so lu tions with a tem per a -
ture of about 100–200°C dur ing later vol ca nic pro cesses in the
region. 

BIOSTRATIGRAPHIC CORRELATIONS

The Gorstian (Lud low) black shales un der ly ing the
Vrabcha For ma tion in the Morava Unit cor re late with the top of 
Mala Reka For ma tion in the West Bal kan Unit on the ba sis of
the nilssoni and scanicus graptolite Zones. The base of the
Vrabcha For ma tion is within the Ludfordian (siluricus Zone)
which cor re sponds in the West Bal kan Unit to the base of
Yabukov Dol For ma tion, be long ing to the leintwardinensis
graptolite Zone. The lower Pridoli fa cies is quite sim i lar in both 
ar eas, black shales of the graptolite parultimus-ultimus Zone.
Dur ing the mid dle and up per Pridoli, how ever, a fa cies dif fer -
en ti a tion starts in the Morava Unit with lam i nated clayey lime -
stones (eosteinhornensis cono dont Zone) and, in the West Bal -
kan Unit, banded shales and black shales (bouceki-trans -
grediens graptolite Zone).

The Si lu rian-De vo nian bound ary in ter val in both sed i men -
tary fa cies in di cates con tin u ous sed i men ta tion with lit tle
change in the li thol ogy and fau nas. In the West Bal kan and
Lyubash Units the in dex spe cies Monograptus uniformis
marks the base of the De vo nian but it is miss ing in the Morava
Unit, where the first oc cur rence of Icriodus woschmidti Ziegler 
in the Gorna Vrabcha sec tion 2 de fines ap prox i mately the
bound ary be tween the Si lu rian and the De vo nian. The lower
Lochkovian de pos its in the two units are cor re lated on the ba sis 
of the tentaculte H. bohemica–N. acuaria In ter val Zone, cor re -
spond ing to the postwoschmidti cono dont Zone in the Morava
Unit. The up per part of the Lochkovian and the lower Pragian
are rep re sented by black shales with graptolites (hercynicus
and fanicus Zones) in the West Bal kan Unit and by thin-bed ded 
lime stones (delta-pesavis and sulcatus Zones) in the Morava
Unit. The Emsian in the two units is cor re lated on the ba sis of
tentaculites (N. cancellata Zone) (Sachanski and Boncheva,
1994). The fa cies dif fer en ti a tion per sisted and rich cono dont
fau nas oc cur only in the Morava Unit.

FACIES TRANSITIONS IN THE
SILURIAN-DEVONIAN SEDIMENTARY BASIN

The strati graphic syn the sis of the Lud low to Emsian de pos -
its in West Bul garia re veals the ex is tence of two depositional
en vi ron ments dur ing the Late Si lu rian and Early De vo nian,
each with spe cific char ac ters. The Morava Unit cor re sponds to
a prox i mal open shelf with siliciclastic-car bon ate rocks,
whereas the Lyubash and Bal kan Units rep re sent dis tal
shelf-to-ba sin en vi ron ments, an area of fine siliciclastic sed i -
men ta tion.

Dur ing the early Lud low, in both ar eas, black grap to lit ic
shales were de pos ited in a dis tal shelf-to-basinal en vi ron ment.
In the West Bal kan Unit, the over ly ing Ludfordian and Pridoli
banded pale shales with black shale in ter ca la tions re flect a
slight change to more prox i mal con di tions, though still within
the outer shelf. The co eval oc cur rence of fine lam i nated cal car -
e ous shales and nod u lar lime stones in the Morava Unit are ev i -
dence of a sig nif i cant pro gres sive shift to an in ner shelf en vi -
ron ment un til the end of the Si lu rian (Fig. 4). Dur ing the early
Pridoli, a transgressive event re sulted in the short-lived de po si -
tion of black grap to lit ic black shales in both the Morava and
West Bal kan units.

The Lochkovian and Pragian in the West Bal kan Unit rep -
re sent a uni form dis tal shelf with dark shales and siltstones with 
scarce graptolites and tentaculites. In the Morava Unit, dur ing
the early Lochkovian, the trend to wards car bon ate sed i men ta -
tion in creases and the prox i mal mi gra tion of the en vi ron ment
which com menced in the late Pridoli is ex hib ited by the de po si -
tion of lam i nated clayey nod u lar lime stones. In the mid-late
Lochkovian and Pragian, char ac ter ized by thin-bed ded clayey
lime stones with shales and me dium-bed ded micritic lime -
stones, sed i men ta tion oc curred on a prox i mal shelf with a shift
to wards the plat form. The Emsian was a time of shallowing
con di tions with de po si tion of pale green-grey shales in the Bal -
kan Unit, and micritic limestiones rich in cono donts and
tentaculites but also with bryo zoans and cor als de rived from a
neigh bour ing carbonate platform in the Morava Unit.

Tex tural and struc tural fea tures of the rocks stud ied from
the Morava Unit in di cate that they formed in rel a tively deep,
slightly ag i tated wa ter with re stricted terrigenous in flux. The
grad ual in crease, car bon ate con tent and in lime stone bed thick -
ness suggest a re gres sion and shallowing of the ba sin. This cor -
re sponds to a tran si tion from a dis tal shelf zone (shales and
nod u lar lime stones) to a prox i mal shelf (wackestones).

CONCLUSIONS

This strati graphi cal and lithofacies syn the sis of the Up per
Si lu rian and Lower De vo nian in West Bul garia is based on de -
tailed biostratigraphy and cor re la tions based on graptolites,
cono donts and tentaculites. Siliciclastic-car bon ate sed i men ta -
tion char ac ter ized the Morava Unit, re garded as formed on a
prox i mal shelf. The uni form fine siliciclastic sed i ments of the
West Bal kan and Lyubash units cor re spond to a dis tal
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shelf-to-ba sin en vi ron ment. The sed i men tary pe trog ra phy and
fa cies pat terns in di cate a ten dency to wards a grad ual in crease
in car bon ate con tent, shallowing con di tions and a shift in prox -
i mal di rec tion in the Morava Unit. Thus, in West Bul garia,
com plete Lud low to Emsian co eval sed i men tary suc ces sions
have been doc u mented that were de pos ited un der dif fer ent en -
vi ron men tal con di tions in the same shelf ba sin. 

The fol low ing cono dont zones are de scribed: siluricus (Lud -
low), eosteinhornensis (Pridoli), woschmidti, postwoschmidti,

delta-pesavis (Lochkovian), sulcatus (Pragian), dehiscens and
gronbergi (Emsian).

Ac knowl edge ments. This study was un der taken at the De -
part ment of Pa le on tol ogy, Stra tig ra phy and Sedimentology,
Geo log i cal In sti tute, So fia and is a con tri bu tion to Pro ject
NZ-1404 of the Bul gar ian NCSR and to IGCP Pro ject 499. The 
au thors are very grate ful to P. Bultynck and C. Corradini for
thor oughly re view ing the manu script and for their fruit ful sug -
ges tions.
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