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Ab stract: Three sec tions (Re bro, Ly alintsi and Ve li novo) of the Up per Ju ras sic–Lower Cre ta ceous car bon ate
se quences from the Lyubash unit (Sred nogo rie, Bal kanides, SW Bul garia) have been stud ied for elu ci da tion of
bi os tra tigra phy and pa laeoen vi ron men tal evo lu tion. Pa lae on to logi cal stud ies of fora mini fera, sup ple mented by
stud ies of cal care ous di no flag el late cysts and cor als, en abled the de ter mi na tion of the Ox for dian–Valang in ian age
of the ana lysed se quences. They were de pos ited on the Dra go man Block (west ern part of the Moe sian Plat form),
and dur ing Mid–Late Cre ta ceous in cluded to the Sred nogo rie. A pos si ble Mid dle to Late Cal lovian age of the
low er most part (over ly ing the Ba jo cian–Lower Batho nian Po laten For ma tion) of the stud ied sec tions as sumed till
now has not been con firmed by the pres ent stud ies.

Eleven fa cies have been dis tin guished and at trib uted to de po si tional en vi ron ments. Ma rine sedi men ta tion on a
ho mo cli nal ramp started in the Ox for dian and till the Early Kim me ridgian – in all three sec tions – was domi nated
by fine- grained peloidal- bioclastic wacke stones to grain stones. Since the Late Kim me ridgian, when a rimmed
plat form es tab lished, fa cies pat tern un der went dif fer en tia tion into (i) the in ner plat form (la goon and tidal flat
fa cies) – only in Ve li novo, (ii) reef and peri- reef fa cies/bio clas tic shoals – mainly in Ly alintsi, and (iii) plat form
slope – mainly in Re bro. Sedi men ta tion gen er ally dis plays a shallowing- upward trend. Two stages in evo lu tion of
the rimmed plat form are pos tu lated. The mo bile stage last ing till the Ti tho nian/Ber ria sian bound ary was fol lowed
by a more sta ble stage in the Ber ria sian to Valang in ian time.

Reefs are de vel oped mainly as coral- microbial bi os tromes, lower coral bio herms or coral thick ets, in the
en vi ron ment of mod er ate en ergy and sedi men ta tion. They con tain highly di ver si fied cor als (72 spe cies). Mi cro -
bi al ites con trib uted to the reef frame work, but they never domi nated. Lo cally, mi cro en crus ters and ce ment crusts
formed im por tant part of ree fal frame work. Dur ing the mo bile stage of the plat form evo lu tion a rela tive sea- level
rise in terr upted reef de vel op ment, as evi denced by in ter ca la tions of lime stones with Sac co coma. Dur ing the
sec ond stage high car bon ate pro duc tion and/or re gres sive eustatic events, not bal anced by sub si dence, de creased
ac com mo da tion space, lim it ing reef growth and en hanc ing car bon ate ex port to dis tal parts of the plat form.

Key words: Ox for dian–Valang in ian, bi os tra tigra phy, car bon ate sedi men tol ogy, reefs, Moe sian Plat form, Lyu-
bash unit, Bul garia.

Manu script re ceived 28 April 2008, ac cepted 19 August 2008

IN TRO DUC TION

The Late Ju ras sic to Lower Cre ta ceous de pos its of nor
-thern and south west ern Bul garia were ac cu mu lated in a ba -
thymetri cally dif fer en ti ated ba sins, de vel oped in the north -
ern part of the Te thyan Ocean. The thick and con tinu ous
car bon ate se quences of these ages are well ex posed, pro vid -
ing an ex cel lent ma te rial for bi os tra tigraphic stud ies and
elabo ra tion of pa laeoen vi ron men tal de vel op ment of the

western part of the Moe sian Plat form. The shallow- water
car bon ate sedi men ta tion was as so ci ated with the grad ual
up lift of the south ern land mass and the for ma tion of the
Cen tral Moe sian Ba sin.

The pres ent pa per deals with car bon ate suc ces sions de -
pos ited on the west ern part of the Moe sian Plat form, the
main part of which is situ ated on the ter ri tory of Ser bia and



Ro ma nia (Pa tru lius et al., 1976; Le feld et al., 1986). The
stud ied part of the plat form is called the pos i tive Dra go man
Block (Sapu nov et al., 1985). The pa per pres ents the re sults
of stud ies of the Ox for dian to Valang in ian car bon ate de pos -
its from three sec tions: Re bro, Ly alintsi and Ve li novo. As
the re sult of the Mid–Late Cre ta ceous tec ton ics they were
in cluded in the Lyubash unit, a part of Sred nogo rie zone of
the Bal kan oro genic sys tem (Figs 1–2; Da bovski et al.,
2002). The stud ied area is tra di tion ally in the Bul gar ian geo -
logi cal lit era ture ranked as the SW Bul garia.

The ana lysed sec tions rep re sent dif fer ent parts of the
carbonate plat form. Our stud ies are par ticu larly fo cused on
the sec tion Ly alintsi. Here since the Late Kim me ridgian,
and par ticu larly dur ing the Valang in ian, coral- microbial
reefs, mainly bi os tromes, have been formed. The Valang in -
ian coral fauna from Ly alintsi rep re sents the rich est coral
as sem blages of this stage which is char ac ter ized by world -
wide re duc tion of reef de vel op ment. This long, con tinu ous
sec tion of fers a unique op por tu nity to study coral assembla-
ges at the Ju ras sic/Cre ta ceous tran si tion.

This study aims are to (1) de scribe the mi cro fa cies and
fa cies and at trib ute them to sedi men tary en vi ron ments; (2)
pro vide new bi os tra tigraphi cal data; (3) in ter pret the depo-
sitional en vi ron ments, par ticu larly in terms of the palaeo-
en vi ron men tal pa rame ters con trol ling reef de vel op ment.

GEO LOG I CAL SET TING

The Up per Ju ras sic and Lower Cre ta ceous sedi ments
are well rep re sented in the North- and South west Bul garia,
and their stra tigra phy, palaeo geog ra phy as well as palaeo -
geo dy nam ics have been in ten sively stud ied and dis cussed in 
many pub li ca tions.

Nachev (1969, 1970, 1973, 1976) dis cussed the sedi -
men tary suc ces sions and palaeo geog ra phy in the SW Bul -
garia, and out lined very ide al ized pic ture of a sin gle ma rine
ba sin with sev eral sedi men ta tion gaps. The Ju ras sic stra -
tigra phy and tec tonic struc ture of the SW Bul garia has been
thor oughly stud ied, among oth ers, by Sapu nov et al. (1983,
1985), Do dekova et al. (1985), Tchou matchenco et al.
(1989), Tchou matchenco and Sapu nov (1994), and Iva nova
and Koleva- Rekalova (2004). They sup ported the idea that
the Up per Ju ras sic–low er most Cre ta ceous sedi ments were
de pos ited in a ba thymetri cally dif fer en ti ated ba sin, as so ci -
ated with the grad ual emer gence of the south ern land mass
and the for ma tion of the Cen tral Moe sian Ba sin. The pres -
ent study deals with the Up per Ju ras sic–Lower Cre ta ceous
car bon ate sedi men tary suc ces sions of the Dra go man Block
be long ing to the West ern Moe sian Car bon ate Plat form (Pa -
tru lius et al., 1976; Sapu nov et al., 1985). The geo logi cal
struc ture of the SW Bul garia was formed mostly in Mid–
Cre ta ceous and Late Cre ta ceous (Da bovski et al., 2002; Za -
gor chev, 1986, 1995, 2001; Za gor chev et al., 2000). In that
time the ana lysed in this pa per area was in cluded in the Lyu- 
bash mono cline (Lyubash unit) be long ing to the West Sred -
nogo rie unit of the Bal kan oro genic sys tem. The Lyubash
mono cline dips 20–30 de grees in the north east di rec tion.

Re cently, Tchou matchenco (2002) and Tchoumat-
chenco et al. (2006) have pre sented an al ter na tive in ter pre -
ta tion, in which the Ju ras sic Dra go man Block rep re sents the 
south ern continuation of the Getic unit. This in ter pre ta tion
is not con sid ered in the pres ent pa per.

Since the Ti tho nian the sedi men tary ba sin in duced by
rift ing was char ac ter ized by an asym met ri cal ex ten sional
framework, E–W to NW–SE. Be tween the north ern mar gin
(Moe sian Plat form) and the mo bile south ern mar gin (“Thra -
cian Is land”) the Nish–Tro jan Trough with mixed car bon -
ate-siliciclastic sedi men ta tion has been ex isted. Shallow-
 water car bon ates (Sliv nitsa and Brest nica For ma tions) were
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Fig. 1. A – gen eral lo ca tion of the stud ied area, B – lo ca tion of
mea sured sec tions. Map shows dis tri bu tion of the Slivnitsa For ma -
tion formed on the Drag o man Block (af ter Lakova et al., 1999)



de pos ited on shoals, pos si bly form ing small is lands, sepa -
rated by deeper wa ter de pres sions (see re view by Minkov-
ska et al., 2002).

The main part of the plat form stud ied is rep re sented by
shallow- water lime stones of the Sliv nitsa For ma tion, in tro -
duced and des ig nated as the “Sliv nitsa Lime stone” (Zla tar -
ski, 1885), later clas si fied as “For ma tion” (Nik olov & Sapu -
nov, 1970). The of fi cial defi ni tion of Sliv nitsa For ma tion is: 
“the For ma tion is built up by thick- bedded to mas sive light
grey to whit ish or gano genic and less com mon mic ritic lime -
stones con tain ing a large number of ben thic fo ra mini fers
and mas sive algae, co lo nial cor als, rud ists, brachio pods, cri -
noids, gas tro pods and other ben thic forms” (Nik olov & Sa-
punov, 1970, p. 1398). Ac cord ing to the ear lier opin ions
(see Sapu nov et al., 1985), the age of sedi ments in the stud -
ied area ranges from Mid dle Cal lovian to ?Valang in ian.

In the pres ent pa per we dis tin guished the Ya vorets For -
ma tion, the Sliv nitsa For ma tion and the Gintsi For ma tion
(Nikolov & Sapu nov, 1977). We do not ac cept the use of
the in for mal lithos tra tigraphic unit – the Bele die han for ma -
tion (see Nik olov & Sapu nov, 1977) – in stead of the Ya -
vorets and Gintsi For ma tions, and in stead of the lower part
of the Sliv nitsa For ma tion (Tchou matchenco, 2006). Ac -
cord ing to Sapu nov et al. (1985) this for ma tion can not be
fol lowed out from the type sec tion to the neigh bour ing sec -
tions, which makes the name un us able.

MA TE RIAL AND METH ODS

The stud ied sec tions: Re bro, Ly alintsi and Ve li novo are 
lo cated in the vi cin ity of Breznik and Tran, about 70 km
west of Sofia (Fig. 1). The 557 m long Ly alintsi sec tion was
stud ied in 1981 by E. Ro niewicz and V. Zla tar ski (with fo -
cus on coral stud ies), dur ing 1999–2000 (by DI, EK-R and
P. Tchou matchenco), and in 2004 (sup ple men tary stud ies
by DI, EK-R, BK). The last two sam plings were done on the 
old road along the gorge, cut ting the Lyubash Moun tain
around 1 km to WSW from the vil lage of Ly alintsi. The sec -
tion stud ied dur ing cor als sam pling was lo cated above this
sec tion along the old road on the slope of the Lyubash Mt.
All these sec tions are ap proxi mately cor re lated in this pa -
per. The sam pling from 1981 pro vided 264 coral sam ples
(396 thin sec tions, ab bre via tion NMNHS F). This sam pling
was per formed along the sec tion stud ied ear lier by Do -
dekova et al. (1985), and it pro vided with sam ples from,
prac ti cally, each coral bed ob served in the se quence. Sam -
pling from 1999–2000 pro vided 65 thin sec tions (ab bre via -
tion Li). Sup ple men tary sam pling, on both sides of a gorge,
in 2004 pro vided 60 thin sec tions (ab bre via tion Lia). The
Re bro sec tion is 320 m long and lo cated close to the vil lage
Re bro. The 381 m long sec tion in Ve li novo is lo cated at the
end of this vil lage. The sam pling in Re bro (62 thin sec tions;
ab bre via tion Re) and Ve li novo (56 thin sec tions; ab bre via -
tion Ve) was pre formed in 1999–2000 by DI and EK-R and
P. Tchou matchenco.

The stud ied cor als are housed in the Na tional Natu ral
His tory Mu seum, Bul gar ian Acad emy of Sci ences (BAS,
col lec tion NMNHS F), the thin sec tions from Ly alintsi ab -
bre vi ated as Lia are housed at the In sti tute of Geo logi cal

Sci ences, Jagiel lo nian Uni ver sity, and other sam ples and
thin sec tions in the Labo ra tory for Geo col lec tions, Geo logi -
cal In sti tute, BAS, Sofia.

GEN ERAL DE SCRIP TION
OF SED I MENTS AND FOR MA TIONS

Fig ure 3 pres ents ver ti cal dis tri bu tion of fa cies in all
three sec tions. Fa cies are at trib uted to main stages of the
evo lu tion of ramp and plat form, which is con sid ered in the
chap ter Dis cus sion and sum ma rized in Fig. 16. Main coral
in ter vals in the sec tion Ly alintsi are marked in the Fig. 4.

Ac cord ing to a lo cal lithostratigraphy, mod i fied in this
pa per, the stud ied sed i ments rep re sent three for ma tions:
Yavorets For ma tion, Gintsi For ma tion and Slivnitsa For ma -
tion. Ero sional un con formity in di cates bound ary with the
un der ly ing Polaten For ma tion. In all stud ied sec tions the
up per part of the sec tions is eroded and overlain by
Turonian deposits.

The Yavorets For ma tion is com posed of grey, thin,
mid dle to thick-bed ded peloidal and peloidal-bioclastic
wackestones to grainstones with Globuligerina (F 1), peloi-
dal-bioclastic packstones to grainstones with chert nod ules
(F 2), and rarely peloidal-bioclastic packstones to fine
grained rudstones with “Tubiphytes” (F 3). Fa cies F 3 oc cur 
only in more shal low-wa ter set tings (Lyalintsi, and mainly,
Velinovo). The suc ces sion of these microfacies shows a
gen eral coars en ing up ward trend. Be cause the sed i ments of
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Fig. 2. Gen er al ized geo log i cal map of SW Bul garia with ma jor
tec tonic lines (af ter Zagorchev et al., 2006)
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Fig. 3. Strati graphic logs of three mea sured sec tions: Rebro, Lyalintsi and Velinovo, with dis tri bu tion of fa cies (F) as cribed to main
stages of ramp–plat form evo lu tion. Only the main, most char ac ter is tic biota, allochems and diagenetic fea tures are marked
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Fig. 4. Dis tri bu tion of coral biostromes and low bioherms in the sec tion Lyalintsi. The num ber of coral spe cies in re spec tive growth
form cat e go ries and sam ple num bers are given in the col umns 5–11, as well as dis tri bu tion of cor als non-de ter mined tax o nom i cally ob -
served in the field (for de tails see the leg end)



the low er most part in all three sec tions are lithologically
iden ti cal or very sim i lar to each other, and dif fer from the
over ly ing sed i ments of the Gintsi and Slivnitsa For ma tions,
we at trib uted them to the Yavorets For ma tion. This for ma -
tion has not pre vi ously been dis tin guished in the Lyalintsi
and Velinovo sec tions (Sapunov et al., 1985).

The Gintsi For ma tion (Ammonitico Rosso-like fa cies) is 
built up mainly of thin to me dium-bed ded lime stones of
grey to pink, fine grained peloidal-Saccocoma wackestones
and packestones (F 4) with in ter ca la tions of bio-lithoclastic
grainstones to rudstones with Saccocoma (F 5), and in one
rec og nized bed with peloidal wackestones with radiolaria
(F 4a). Lime stones show in dis tinct nod u lar struc ture. The
Gintsi For ma tion forms a con tin u ous suc ces sion in the
Rebro sec tion. In Lyalintsi it oc curs as wedges within the
Slivnitsa For ma tion. This for ma tion does not occur in Veli-
novo.

The Slivnitsa For ma tion shows the high est fa cies and
microfacies dif fer en ti a tion. It is com posed by reefal and
peri-reefal fa cies (or bioclastic shoals fa cies) (F 6, F 7;
mainly in Lyalintsi and Rebro), as well as lime stones of the
in ner plat form (la goon and tidal flat, F 8–F 11, only in Veli-
novo). They are de vel oped as thin, medium and thick-bed -
ded lime stones of var i ous col our (light grey, beige and
grey-pink).

BIOSTRATIGRAPHICAL RE SULTS

This study pres ents re sults of biostratigraphic stud ies of 
foraminifers and cal car e ous dinocysts (cadosinids and sto-
miosphaerids). As a re sult the Oxfordian–Valanginian age
of the lime stones was de ter mined (Figs 5–7).

The strati graphic dis tri bu tion of the foraminiferal taxa
has been pre sented af ter Dragastan (1975, 1978), Veliæ and
Sokaè (1978, 1983), Darsac (1983), Salvini-Bonnard et al.
(1984), Arnaud-Vanneau et al. (1987, 1991), Altiner
(1991), Bucur et al. (1993, 1995, 1996, 2004), Darga and
Schlagintweit (1991), Septfontaine et al. (1991), Chiocchini 
et al. (1994), Schlagintweit and Ebli (1999), Schlagintweit
et al. (2003, 2005), and pa pers cited therein.

The ques tion of the Callovian in the stud ied sec tions

The pre vi ously as sumed Mid dle–Late Callovian age of
the low er most part of the sec tions (Sapunov et al., 1985)
was not con firmed. Ivanova (in Ivanova & Koleva-Reka-
lova, 2004) de ter mined the low er most part from the sec tions 
Berende Izvor and Velinovo as the Mid dle Callovian–Ox-
fordian, on the ba sis of the range of Globuligerina oxfordia- 
na (Grigelis), as well as on data from Sapunov et al. (1985).
Ac cord ing to new de tailed micropalaeontological stud ies
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Fig. 5. Strati graphic dis tri bu tion of the most im por tant foraminifera spe cies from the stud ied sec tions Rebro, Lyalintsi and Velinovo
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Fig. 6. The most im por tant Oxfordian to Tithonian foraminifera from the sec tions stud ied: A – Kurnubia palastiniensis Henson (Ve
38), B, C – Labyrinthina mirabilis Weynschenk (B – Ve 22, C – Ve 26), D – Paalzowella turbinella Gümbel (Lia 5.2), E, F – Paalzowella
feifeli Paalzow (E – Lia 5.2, F – Re 5), G, S – Ophthalmidium strumosum Gümbel (G – Lia 1.1, S – Lia 4.2), H – Redmondoides lugeoni
(Septfontaine) (Lia 65.2a), I – Textularia jurassica Gümbel (Li 10), J, K – Protopeneroplis striata Weynschenk (J – Ve 3, K – Lia 13.2),
L – Glomospirella sp. (Li 8), M – Spirillina helvetica Kübler et Zwingli (Li 13), N, Q – Mohlerina basiliensis (Mohler) (Lia 60.2b), O, P – 
Globuligerina oxfordiana (Grigelis) (O – Li 10, P – Lia 1.2), R – Siphovalvulina variabilis Septfontaine (Ve 45), T – Trocholina conica
(Schlumberger) (Lia 1.1). All scale bars 100 µm
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Fig. 7. The most im por tant Berriasian to Valanginian foraminifera from the sec tions stud ied: A – Pseudocyclammina lituus
(Yokoyama) (Lia 60.2b), B – Verneuilinoides polonicus (Cushman et Glazewski) (Ve 41), C, D – Quinqueloculina robusta Neagu (C –
Ve 40, D – Ve 44), E, F – Protopeneroplis ultragranulata (Gorbachik) (E –Li 33A, F – Ve 46), G, H – Charentia cuvillieri Neumann (G – 
Ve 40, H – Li 33A), I – Haplophragmoides joukowskyi Charollais, Broennimann et Zaninetti (Li 40), J – Dobrogelina sp. (Lia 56.2b), K – 
Istriloculina emiliae Neagu (Ve 46), L – Neotrocholina valdensis Reichel (Re 41A), M – Patellina turriculata Dieni et Massari (Re 41A),
N, O – Meandrospira favrei (Charollais, Brönnimann et Zaninetti) (N – Li 53, O – Re 46), P – Mayncina cf. bulgarica Laug, PeybernÀs &
Rey (Ve 49), Q, R. Trocholina alpina (Leupold) (Q – Ve 35, R – Ve 26), S, T – Earlandia conradi Arnaud-Vanneau (S – Li 22, T – Lia
34.1a), V – Ammobaculites celatus Arnaud-Vanneau (Li 50). All scale bars 100 µm



the pres ence of the Mid dle and Up per Callovian Substages
for the sec tions stud ied can not be proved. The strati graphic
range of the spe cies G. oxfordiana ac cord ing to ex tended
studies is from the Bajocian to low er most Kimmeridgian
(Farinacci et al., 2000 – vide Schlagintweit et al., 2003) and
the new in for ma tion calls for a new biostratigraphical in ter -
pre ta tion. More over in the first sam ple from the Rebro sec -
tion, only 0.2 m above the Polaten–Slivnitsa For ma tion
boundary the cal car e ous dinoflagellate spe cies Colomispha- 
era fibrata (Nagy) with the range Oxfordian has been
found.

Oxfordian Stage–Lower Kimmeridgian Substage

Sev eral foraminiferal spe cies have been re corded from
this in ter val: Trocholina conica (Schlumberger) (sensu
Mancinelli & Coccia, 1999), Globuligerina oxfordiana
(Grigelis), Ophthalmidium strumosum Gümbel, Spirillina
helvetica Kübler et Zwingli, Paalzowella feifeli Paalzow,
Paalzowella turbinella Gümbel, Ammobaculites irregularis 
Gümbel, Textularia jurassica Gümbel, Protopeneroplis
striata Weynschenk, Dentalina sp., Lenticulina sp. The first 
eight spe cies do not reach the Late Kimmeridgian.

Up per Kimmeridgian Substage–Tithonian Stage

In sec tions of Rebro and Lyalintsi, the Up per Kimme-
ridgian substage and Tithonian stage have been determin-
ed on the ba sis of the pres ence of rare cal car e ous dinocysts.
In both sections Stomiosphaera moluccana Wan ner and
Colomisphaera nagyi Borza, which are in dex spe cies for
the Up per Kimmeridgian Substage, have been found, as
well as rare Carpistomiosphaera tithonica Nowak. The first 
oc cur rence of the last one is at the base of the Tithonian
Stage and the spe cies is known from the low er most Lower
Tithonian. In the stud ied sec tions nu mer ous frag ments of
the pe lagic cri noid ge nus Saccocoma Agassiz have been
found. “Saccocoma-Coeno-Zone” reaches from the Kim-
meridgian to the low er most Early Tithonian (Diersche,
1980 – fide Gawlick & Schlagintweit, 2006). Our bio-
strati graphi cal data in di cate that in the ana lysed sec tions,
the Saccocoma bear ing lime stones (F 4–5) were formed
from the Kimmeridgian to the Late Tithonian.

In the sec tion Lyalintsi typ i cal of this in ter val is the ap -
pear ance of the foraminifers’ spe cies Mohlerina basiliensis
(Mohler). In the sec tion Velinovo the foraminiferal as so ci a -
tion con tains more nu mer ous and more di ver si fied forami-
niferal spe cies: Labyrinthina mirabilis Weynschenk, Kur-
nubia palastiniensis Henson, Mesoendothyra izjumiana
Dayn, Trocholina alpina (Leupold), Protopeneroplis stria-
ta Weynschenk, Siphovalvulina variabilis Septfontaine,
Redmondoides lugeoni (Septfontaine), and Pseudocyclam-
mina lituus (Yokoyama). The spe cies Protopeneroplis
striata Weynschenk dis ap pears in this in ter val, whereas Si-
phovalvulina variabilis Septfontaine, Redmondoides lu-
geoni (Septfontaine), and Pseudocyclammina lituus (Yoko-
yama) reach to the Early Cretaceous.

Berriasian Stage

Some spe cies with range from the Up per Tithonian as
Protopeneroplis ultragranulata (Gorbachik), Nautiloculina 
bronnimanni Arnaud-Vanneau et PeybernÀs, Charentia
cuvillieri Neumann are found to gether with typ i cal for the
Berriasian stage spe cies as: Haplophragmoides joukowskyi
Charollais, Broennimann et Zaninetti, Dobrogelina ovidi
Neagu, Hechtina praeantiqua Bartenstein et Brand, Moe-
siloculina danubiana Neagu, Istriloculina emiliae Neagu,
as well as rich as so ci a tion of rep re sen ta tives of the ge nus
Trocholina, in clud ing spe cies char ac ter is tic for Berriasian.
In this in ter val also Earlandia conradi Arnaud-Vanneau
and Earlandia brevis Arnaud-Vanneau ap pear, which reach 
the Aptian.

Valanginian Stage

The Valanginian age of sed i ments in the sec tions stud -
ied has been de fined on the ba sis of the first ap pear ance of
the spe cies: Meandrospira favrei Charollais, Brönnimann et 
Zaninetti as well as the pres ence of the as so ci a tion: Mean-
drospira favrei Charollais, Brönnimann et Zaninetti, Pate-
llina turriculata Dieni et Massari, and Neotrocholina val-
densis Reichel.

Valanginian age in the sec tion Lyalintsi at lev els 420 m
and be tween 421–427 m is also sug gested by the pres ence
of dasycladale spe cies Montenegrella cf. tuberifera (Sokaè
et Veliæ) (de ter mi na tion by I. Bucur). Montenegrella tube-
rifera is known from Valanginian to Aptian.

Strati graphic bound aries in the stud ied sec tions

Micropalaeontological anal y sis in di cates that the strati -
graphi cal bound aries be tween stages and substages are
within fol low ing in ter vals:

Lower Kimmeridgian/Up per Kimmeridgian
 Rebro ca. 60–67 m
 Lyalintsi ca. 87–92 m
 Velinovo ca. 66–71 m
Tithonian/Berriasian
 Rebro ca. 169–180 m
 Lyalintsi ca. 220–247 m
 Velinovo ca. 214–223 m
Berriasian/Valanginian
 Rebroabove ca. 216 m
 Lyalintsiabove ca. 307–314 m
 Velinovoabove ca. 275 m

Change in tax o nom i cal com po si tion of coral fauna in
the Kimmeridgian–Valanginian in ter val

In the Lyalintsi sec tion, first coral as sem blages can be
placed in the Up per Kimmeridgian (Sapunov et al., 1985,
and new biostratigraphic data herein). Based on the biostra-
tigraphy of the se quence in Lyalintsi, 25 spe cies (22 gen era) 
are ob served in the Up per Kimmeridgian–Tithonian (be -
tween 102 m – first coral level – and ca. 220–247 m), 20
spe cies (20 gen era) were iden ti fied in the Berriasian (be -
tween 220–247 and 307–314 m), and 62 spe cies (45 gen era) 
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in the Valanginian (be tween 307–314 and 557 m) (Fig. 4;
Roniewicz, 2008).

In the Lyalintsi sec tion, coral fauna in the Kimme-
ridgian–Valanginian in ter val is dom i nated by the Late Ju -
ras sic gen era. How ever, as in other Cre ta ceous as sem blages 
“typ i cal Cre ta ceous” coral fauna ap pears in the Hauterivian
(Roniewicz & Morycowa, 1993). Up to the bound ary zone
be tween the Tithonian and Berriasian, these are ex clu sively
Late Ju ras sic gen era; how ever, such typ i cally Ju ras sic ones
as Isastrea, Thamnasteria and Stylina are lack ing. The first
Cre ta ceous taxon, Felixigyra cf. duncani Prever, ap pears at
182 m (lat est Tithonian). Felixigyra is known only from the
Lower Cre ta ceous; to date known only from Barremian–
Albian (Morycowa & Decrouez, 2006). This ge nus was also 
re ported from the Tithonian (Turnšek & Mihajloviæ, 1973),
but ac cord ing to new biostratigraphic data these sed i ments
be long to the Lower Cre ta ceous (Dr. D. Turnšek, personal
information, 1991).

In the Valanginian part of the sec tion, apart from Ju ras -
sic taxa, typ i cally Cre ta ceous cor als were found. The new
ge nus and spe cies (Roniewicz, 2008), iden ti fied at the
339 m level, rep re sents the Cre ta ceous fam ily Aulastreopo-
ridae. An other spe cies, Cladophyllia clemencia de Fromen-
tel (fre quent in the in ter val of 359–377 m) has been known
to date only from the Hauterivian (Löser et al., 2002).

Anal y ses of the world wide strati graphic dis tri bu tion of
Cre ta ceous cor als show that 23 scleractinian gen era are
known from the Berriasian and 106 from the Valanginian
(Löser, 1998). Valanginian cor als from Lyalintsi rep re sent
the most di ver si fied coral fauna  of  that age in the world,
ob served in one suc ces sion. How ever, it should be stressed
that one of the rich est Me so zoic coral fau nas from the
Štramberk Lime stone in Moravia (Czech Re pub lic) is of the 
Tithonian–Lower Berriasian age, and, at least in the case of
Štramberk-type lime stones from the Pol ish Flysch Carpa-
thians, these coral-bear ing lime stones can partly rep re sent
even the Valanginian (Ko³odziej, 2003; Ivanova & Kolo-
dziej, 2004). Al though in terms of age and tax o nom i cal di -
ver sity cor als from Lyalintsi could be com pa ra ble with cor -

als from “Štramberk fa cies” there is an im por tant dif fer -
ence. Štramberk Lime stone from Moravia and Štramberk-
type lime stones from Po land con tain highly di ver si fied cor -
als from the suborder Pachythecaliina (17 gen era, 35 spe -
cies, and 14 gen era, 22 spe cies re spec tively; e.g., Ogilvie,
1897; Eliášová, 1975, 1978; Ko³odziej, 2003). In Lyalintsi
this coral group is rep re sented only by 4 gen era and 5 spe -
cies. The unique mor pho log i cal fea tures of these cor als sug -
gest that the Pachythecaliina should be clas si fied to the or -
der Hexanthiniaria, and not to Scleractinia (Eliášová, 1978;
Roniewicz, 2008).

FA CIES DE SCRIP TION

Sedimentological and palaeontological anal y ses al low
to rec og nize eleven fa cies (F) rep re sent ing (i) homoclinal
ramp, (ii) the in ner plat form (la goon, tidal flat), (iii) reefs
and peri-reefal/bioclastic shoal en vi ron ments, and (iv) plat -
form slope. La goonal and intertidal en vi ron ments can show
high microfacies vari abil ity within small area (see Flügel,
2004). There fore, fa cies F 9, F 10 and F 11, dis tin guished in
the Velinovo sec tion, may pos si bly be re garded as mi cro-
fa cies rather than facies.

De scrip tions of the fa cies are pre sented in or der which
gen er ally re flects changes in a ge om e try of the in ves ti gated
plat form: from an ini tial, homoclinal ramp to a rimmed plat -
form. An in ter pre ta tion of the palaeonvironmental evo lu tion 
is pre sented in the next chapters.

Homoclinal ramp (F 1–F 3)

F 1. Peloidal and peloidal-bioclastic wackestones to
grainstones with Globuligerina (Figs 8, 9 A)

This facies oc cu pies the low er most parts of all the sec -
tions. Be sides var i ous types of peloids, the allochems in -
clude rare bioclasts (echinoderms, bi valves, cal ci fied spicu-
les of si li ceous sponges), as well as rare Globuligerina tests, 
glauconite and quartz grains in the low er most part of the
sec tions. Some bioclasts are glauconized and ferruginized.

F 2. Peloidal-bioclastic packstones to grainstones with
chert nod ules (Figs 8, 9 B–D)

This fa cies is also rep re sented in all three sec tions. The
main com po nents are peloids. Other allochems in clude bio-
clasts: frag ments of echinoderms, bi valves, cal ci fied sponge 
spicules, very rare Saccocoma os si cles, “Tubiphytes” mo-
rronensis Crescenti, and rare, mac ro scop i cally vis i ble be-
lemnites, micritized grains, small micritic intraclasts (stron-
gly micritized bioclasts?), small oncoids and “pelagic”
ooids.

F 3. Peloidal-bioclastic packstones to fine grained
rudstones with “Tubiphytes” (Figs 8, 9 E–F)

This fa cies oc curs only in thin in ter vals. Apart of pe-
loids, rel a tively nu mer ous are echinoid frag ments and
“Tubiphytes” morronensis. In Rebro (Re 19) also a frag -
ment of coral was found, which is the ear li est oc cur rence of
coral frag ment in all the stud ied sec tions. In Velinovo some
beds are slightly or strongly dolomitized.
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Fig. 8. Field pho to graph from Lyalintsi show ing lime stones of
F 1–F 3 in the lower, left side of pho to graph, and mas sive reefal
(?) lime stones in the up per part



Rimmed plat form: plat form slope (F 4 and F 5)

F 4. Peloidal-Saccocoma wackestones and packstones
with chert nod ules (Fig. 11 A–C) and F 4a. Peloidal
wackestones with radio lar ians (Fig. 11 D)

These fa cies are mainly rep re sented at the Rebro sec -
tion, and rarely at the Lyalintsi sec tion. They are char ac ter -
ized by an abun dant ac cu mu la tion of ant ler-like brachial
plates and other el e ments at trib uted to non-stalked cri noids

Saccocoma ex hib it ing syntaxial overgrowths. Saccocoma
are ac com pa nied by peloids, rare foraminifers, cal ci fied
sponge spicules and sparse radio lar ians. In one bed (Re 38)
radio lar ians dom i nate (F 4a). Some beds (mainly wacke-
stones) from the sec tions Rebro and Lyalintsi are red dish.
The lime stones re veal in dis tinct nod u lar ap pear ance. There
are nu mer ous sty lo lites filled with in sol u ble ma te rial
stained by red Fe-ox ides, and lo cally filled by do lo mite
rhombs.
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Fig. 9. Mi cro pho to graphs of microfacies F 1–F 3: A – recrystalized peloidal and peloidal-bioclastic wackestones to grainstones with
Globuligerina (F 1; Lia 2.1), B – peloidal-bioclastic packstones with cal ci fied sponge (F 2; Re 12), C, D – peloidal-bioclastic grainstone
with micritized “pe lagic” ooids (F 2; Re 3), E, F – peloidal-bioclastic grainstone/fine grained rudstone with “Tubiphytes” (T), echinoid (e) 
and coral (c) frag ments (F 3; Re 19)



F 5. Bio-lithoclastic grainstones to rudstones with
Saccocoma (Figs 10, 11 E–F)

The main allochems are bioclasts which rep re sent small 
frag ments of cor als (up to 5.0 mm in size), echinoderms
(Saccocoma oc cur less fre quently than in F 4), and rarely
foraminifers, “Tubiphytes” morronensis, frag ments of un -
iden ti fied shells and cal ci fied sponge spicules. Some
bioclasts are par tially si lici fied. Other grains in clude peloids 
and intraclasts; they are usu ally small, but some of them at -
tain sev eral centimeters.

Rimmed plat form: reef (F 6, 6a) and
peri-reef/bioclastic shoal fa cies (F 7)

F 6. Coral-mi cro bial boundstones (Figs 8, 12, 13 A–G)
Coral-mi cro bial boundstones seem to be de vel oped

mainly as biostromes or low bioherms. The pres ence of
small bioconstructions or coral thick ets be tween main coral- 
bear ing in ter vals can not be ex cluded. Only in one place do
boundstones show mas sive ap pear ance (Fig. 8). Cor als are
rare, and pos si bly microencruster–early ce ment crusts dom -
i nate, but more de tailed stud ies are necessary.

Cor als are nu mer ous, di ver si fied and of ten pre served in
life po si tion. Phaceloid (pseudocolonial), and thin lamellar
(platy) cor als dom i nate (for more de tails see the next chap -
ter). Mi cro bial crusts and microencrusters are of ten present
and lo cally abun dant. They are rep re sented by Lithoco-
dium aggregatum Elliott, Bacinella irregularis Radoièiæ
(much rarer than Lithocodium), “Tubiphytes” morronen-
sis Crescenti, Koskinobullina socialis Cherchi et Schro-
eder, Radiomura cautica Senowbari-Daryan et Schäfer –
mostly of prob lem atic or i gin (see Leinfelder et al., 1993;
Schmid, 1996). Al gae are rep re sented by green al gae: Thau- 
matoporella parvovesiculifera (Raineri), frag ments of dasy- 
cladales, and rivulariaceans cyanobacteria. As in other reefs 
in the Tethyan do main al gae are much rarer than in la goons
(e.g., Bucur et al., 2005). Apart from cor als other macro-
fau nas are rare. Growth cav i ties filled with early ce ment and 
fine peloidal-bioclastic sed i ments oc cur com monly. Lo cally 
microencrusters and ce ment crusts dom i nate the frame -
work. In such boundstones microencrusters are dom i nated
by “Tubiphytes” morronensis, Radiomura cautica and
small sclerosponges (Murania reitneri? Schlagintweit,
?Calcistella jachenhausensis Reitner, ?Cylicopsis sp.). Cor -

als are bored by bi valves and foraminifer Troglotella
incrustans Wernli et Fookes as so ci ated with Lithocodium
aggregatum encrustations (cf. Schmid & Leinfelder, 1996;
Ko³odziej, 1997). The rate of macroborings is low to mod -
er ate. Apart from microencrusters cor als are en crusted by
stromatolitic or thrombolitic mi cro bial crusts show ing
dense or micropeloidal microfabric. In some samples dolo-
mitization was recognized.

F 6a. Diceratid-Bacinella boundstones (Fig. 14)
Boundstones are lo cally formed by diceratid rudists as -

so ci ated with Bacinella irregularis co-oc cur ring with Thau- 
matoporella parvovesiculifera. They oc cur in Lyalintsi
within the in ter val 210–270 m but mainly as iso lated blocks, 
so their po si tion can not be ex actly es tab lished.

F 7. Bio-lithoclastic grainstones to rudstones (Fig. 13 H)
Bioclasts are rep re sented by cor als en crusted mainly by

Lithocodium aggregatum and microbialites, echinoderms
(ex clud ing Saccocoma), sclerosponges, bryo zoans, frag -
ments of thick-wall bi valves, serpulids, foraminifers, “Tubi- 
phytes”, and al gae. Lithoclasts rep re sent reef de bris (in clud -
ing de bris of microbialites), up to 20 mm in di am e ter. Some
beds are partly dolomitized.

Rimmed plat form: la goon and tidal flat (F 8–F 11)

The microfacies group as signed to la goon and tidal flat
en vi ron ments has been rec og nized only in the mid dle and
up per part of the Velinovo sec tion.

F 8. Foraminiferal-al gal-peloidal grainstones, rarely
packstones to wackestones (Fig. 15 A–E)

This is the most com mon fa cies of the stud ied la goonal
sed i ments. It is char ac ter ized by nu mer ous ben thic fora-
miniferal tests, rivulariacean-like cyanobacteria, and rarely
frag ments of dasycladalean al gae. Other grains in clude:
peloids, ir reg u lar lumps, oncoids, and pisoids with thick nu -
clei and densely-spaced fi brous laminae. Larger bioclasts
are rep re sented by micritized small gas tro pods and bi valve
frag ments. Grains are of ten linked by micritic-peloidal
bridges. In some sam ples fenestral struc tures oc cur, and
voids are filled by blocky ce ment and also by crys tal silt. Ir -
reg u larly dis trib uted do lo mite (or dedolomite) rhombs were
observed in some thin sections.

F 9. Mudstones with dedolomite rhombs (Fig. 15 G)
The ma trix is com posed of micrite with dis persed cal -

cite pseudo morphs af ter do lo mite.

F 10. Intraclastic brec cia (Fig. 15 F)
Ir reg u lar, small micritic intraclasts oc cur within the mi-

critic ma trix. Fenestral pores oc cur in some intraclasts. Rare 
foraminiferal tests have been de tected, how ever it is pos si -
ble that some micritic grains are micritized foraminifera.

F 11. Dolomites (Fig. 15 H)
These dolomites are in ter preted as synsedimentary/

early diagenetic dolomites at trib uted to tidal flat en vi ron -
ment.
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Fig. 10. Pol ished slab of bio-lithoclastic rudstones with Sacco-
coma (F 5). Note light lithoclasts of shal low-wa ter lime stones



PALAEONVIRONMENT OF
CORAL–MI CRO BIAL BUILD UPS

Coral reef in ter vals and coral-bear ing lime stones in the
Lyalintsi sec tion oc cur within the in ter val be tween 102 and
557 m (to tal thick ness of coral boundstones at tains at least

100 m) within the con tin u ous suc ces sion fragmentarily ex -
posed. It of fers a unique op por tu nity to study coral as sem -
blages and their palaeoenvironment dur ing the Late Kim-
meridgian–Valanginian time span. The in ter pre ta tion pre -
sented here is based on anal y ses of the tax on omy of sclerac- 
tinians and their growth forms, as so ci ated biota (par tic u -
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Fig. 11. A–B. Mi cro pho to graphs of peloidal-Saccocoma wacke- to packstones (F 4): A – Re 34, B – Re 28), C–D – peloidal wackestone
with cal ci fied radio lar ians and rare Saccocoma (F 4a; Re 38), E–F – bio-lithoclastic fine-grained rudstone with Saccocoma (F 5), F – note
intraclast with coral and sty lo lites within ma trix (E – Lia 72.2, F – Lia 54.2)



larly microencrusters), microbialites, sed i men tary ma trix,
as well as spa tial re la tion ships with lithological suc ces sions
in the Rebro and Velinovo sections.

Abun dant cor als, par tic i pa tion of microbialites, mi cro-
encrusters and early ce ment crusts in the reef frame work
jus tify us ing the term reef for the ana lysed coral-mi cro-
bialite build ups, mainly biostromes. A broad mean ing of
this term is now com monly ac cepted (see Insalaco et al.,
1997; Wood, 1999; Rid ing, 2002; Flügel, 2004). Coral as -
sem blages do not form reefs, when their skel e tons are
spaced more than twice the di am e ter of the skel e tons apart,
and thus do not sig nif i cantly in flu ence phys i cal sed i men ta -
tion pro cesses. Those lithosomes should be re garded as
level bot tom com mu ni ties (Rid ing, 2002; see also Sanders
& Baron-Szabo, 2005), and such coral as sem blages cer -
tainly oc cur in Lyalintsi and Rebro within facies called here
as peri-reef facies.

Com po si tion of coral fauna in the sec tion Lyalintsi

Tax o nom i cal di ver si fi ca tion of coral fauna re sulted in
va ri ety of growth forms, the spec trum of which cor re sponds 
to ba sic forms typ i fied by Coates and Jack son (1985) in the
re cent fauna: sol i tary, phaceloid (= pseudocolonial), co lo -
nial multiserial (in dif fer ent shapes: ramose, lamellar evol-
ving into submassive with flat calicular sur face, and mas -
sive hav ing con vex calicular sur face), and co lo nial uniserial
(dendroid with zig zag ter mi nal bud ding). The above list is
here com pleted by a dis tinc tion be tween phaceloid epithe-
cate and non-epithecate cor als, the for mer be ing typ i cal of

Me so zoic cor als, while the latter of recent shal low-wa ter
corals.

Al though coral shapes seem to be an a log i cal to those
ob served in the re cent, abun dance of phaceloid and lamellar 
cor als in com bi na tion with par tic u lar skel e ton struc tures in
Me so zoic cor als causes that in ter pre ta tion of their en vi ron -
ments is not sim ple. The fol low ing struc tures have no
equiv a lents in re cent reef cor als: (1) com mon epithecal wall
in sol i tary and phaceloid gen era (Roniewicz & Stolarski,
1999), (2) com mon bal cony- or flange-like struc tures on the 
septal flanks, that is pennules co alesc ing into menianes
(Gill, 1967; Morycowa & Roniewicz, 1995), and (3) reg u lar 
struc tural po ros ity of septa. Growth forms, func tional mor -
phol ogy and their palaeoenvironmental significance are
further discussed in more detail.

In the Lyalintsi sec tion, the tax o nom i cal coral spec trum
com prises 72 spe cies (in clud ing 6 new, 24 de ter mined to the 
ge neric level, and 1 to the fam ily level) of 50 gen era (three
new) as signed into 23 fam i lies (one new) (Roniewicz,
2008), show ing the high est tax o nom i cal di ver sity in the
Valanginian part of the sec tion. The ma jor ity of these cor als 
be longs to the or der Scleractinia, and 5 spe cies from 4 gen -
era of the suborder Pachythecaliina rep re sent the or der He-
xantiniaria (com pare the sys tem atic pa per on the cor als
from Lyalintsi by Roniewicz, 2008). The Ta bles 1–3 show
dif fer en ti a tion of growth forms, col ony shapes and skel e tal
pe cu liar i ties of this fauna. Their palaeoenvironmental signi- 
ficance is further considered.

Among above men tioned growth forms the pseudoco-
lonial phaceloid (Ta ble 1) and lamellar cor als (Ta ble 2) are
the most char ac ter is tic of the Ju ras sic/Early Cre ta ceous, and 
these are the most di ver si fied and com mon in the Lyalintsi
suc ces sion. Pseudocolonial, phaceloid cor als are rep re -
sented by ap prox i mately 35% spe cies and 28% gen era and
nearly all of them show a per ma nent epithecal wall. These
cor als are as so ci ated with co lo nial cor als of var i ous types:
meandroid, plocoid, thamnasterioid, and only one cerioid
un iden ti fied actinastraeid coral (Ta ble 2). Ramose col o nies
are over 30 cm high and their branches have di am e ter from
below 10 mm to approximatelly 30 mm.

Cor als of lamellar col ony form are a group sig nif i cant
for palaeo eco logi cal con sid er ations. In Lyalintsi this group
is rep re sented by 33% spe cies and 37% of gen era, usu ally
thin-lamellar or frondose cor als (Ta ble 2). The col o nies ex -
tend subhorizontally on the sub strate in the form of thin
lamellae, some times set in tiers, or form thick lamellae (ca.
3–5 cm), or submassive bod ies up to 20 cm in thick ness
with a flat up per sur face (es pe cially in the Valanginian
rhipidogyrinans and rarely in sin gle beds in the Tithonian,
or in the Berriasian.
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Fig. 12. Frag ment of coral biostrome formed by branch ing coral, 
Lyalintsi

Fig. 13. Mi cro pho to graphs of reefal (F 6; A–G) and peri-reefal fa cies (F 7; H); Lyalintsi: A – Microsolena agaricformis bored by
lithophagid bi valves (Lia 75a/19), B – “Tubiphytes” morronensis and ce ment crusts be tween coral branches of Stylosmilia octonaria (Lia
73/17), C –Mi cro bial “bridge” con nect ing coral branches (30257c), D – Growth cavitiy filled by ce ment, Cr– coral, m – mi cro bial crust
(NMNHS F 30257c), E – Branch ing coral en crusted by Thaumatoporella parvovesiculifera (Tp), Bacinella irregularis (B) and
Lithocodium aggregatum (L) as so ci ated with bor ing foraminifer Troglotella incrustans (Tr) (NMNHS F 30202a), F – Microencruster-ce -
ment crusts frame work; R – Radiomura cautica, T – “Tubiphytes” morronensis, C–?Cylicopsis sp., M – Murania reitneri? (Lia 49.2), G –
Radiomura cautica en crust ing coral skel e ton (NMNHS F 30254a), H – bioclastic grainstone (F 7) with stylolite stained by Fe-ox ides, and
filled by do lo mite rombs
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A sig nif i cant num ber of spe cies, all from the fam i lies
Microsolenidae and Latomeandridae (Ta ble 3) are char ac -
ter ized by septa cov ered with pennules that may in di cate ad -
ap ta tions to fil ter ing mode of feed ing (see be low). More -
over, cor als with a reg u lar, struc tural po ros ity of septa of the 
microsolenid gen era enu mer ated above, and haplareid gen -
era (Ta ble 2) are com mon, al though not es pe cially di ver si -
fied tax o nom i cally (Ta ble 3). In both groups, the most fre -
quent are colonial corals with lamellar shapes.

Mas sive cor als (con vex col ony sur face) and sol i tary
forms con sti tute to gether 18% of all gen era, but are not
com mon in com par i son with other types.

Reef type

In gen eral char ac ter of coral as sem blages and as so ci -
ated biota, the ana lysed ma te rial has more in com mon with
Ju ras sic coral–mi cro bial reefs, than with Early Cre ta ceous
(Urgonian) reefs. It is in agree ment with a gen eral ob ser va -
tion that Berriasian and Valanginian cor als are sim i lar to
Late Ju ras sic ones; a new type of coral fauna ap peared in the 
next stage of coral evo lu tion in the Hauterivian (Roniewicz
& Morycowa, 1993).

This sim i lar ity jus ti fies us ing the Ju ras sic case stud ies
in the in ter pre ta tion of the stud ied reefs also of Berriasian–
Valanginian age. In the Late Ju ras sic, par tic u larly in the
Oxfordian, cor als, sponges and microbialites com monly
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Fig. 14. Pol ished slab of diceratid-Bacinella boundstone (F 6a),
Lyalintsi

Fig. 15. Mi cro pho to graphs of microfacies of la goon and tidal flat en vi ron ments (F 8–F 11) from Velinovo: A, D – Al -
gal-foraminiferal-peloidal grainstone (F 8), A – note micritic-peloidal “bridges” be tween bioclasts and micritized grains (Ve 40), B – F 8
with lo cally nu mer ous gas tro pods (Ve 43), C – peloidal-bioclastic wackestone with pisoids (Ve 45), D – peloidal-bioclastic wackestone
with fenestral voids (Ve 47), E – foraminiferal-al gal grainstones with vadose silt (Ve 41), F – intraclastic brec cia (F 9; Ve 51), G –
mudstone with dedolomite rhombs (F 8), H – do lo mite (F 11)

Ta ble 1

Dif fer en ti a tion of coral growth forms in the Lyalintsi
se quence (the most fre quent in bold)

Growth form
Number of

species/genera
Common taxa

solitary > 6/5
Haplaraea, Montlivaltia,
Pleurosmilia, Rhipidogyra,
Trocharaea

phaceloid epithecate,
common corals
corallite diameters
1.5-25 mm

25/14

Calamophylliopsis,
Cladophyllia, Latomeandra,
Misistella, Stylosmilia,
Thecosmilia 

colonial: plocoid,
thamnasterioid
meandroid, cerioid

10/8
Actinaraea, Microphyllia,
Microsolena, Pseudocoenia,
Solenocoenia, “Thamnarea”

colonial uniserial 2/2 Enallhelia, Tiaradendron

Ta ble 2

Dif fer en ti a tion of col ony shape in the coral fauna from the
Lyalintsi se quence (the most fre quent in bold)

Colony shape
Number of

species/genera
Common taxa

ramose diameter of
branches from <10 mm 
to 25 mm

7/7
Actinaraea, Microphyllia,
Microsolena, Pseudocoenia,
Solenocoenia, “Thamnarea”

lamellar common
corals (thickness up to
5 cm)

24/19
Actinaraea, Dimorphastrea,
Microsolena, Protoseris,
Synastrea

thick-lamellar to
submassive (thickness
to 20 cm)

Comoseris, Complexastrea,
Microsolena, Ogilvinella,
Placogyra, Pruvostastraea

massive 6/4 Bilaterocoenia, Comoseris,
Cyathophora, Pseudocoenia

Ta ble 3

Pennular septa and septal struc tural po ros ity in the coral
fauna from the Lyalintsi se quence

(the most fre quent in bold)

Septal
structure

Percent
of

species
Taxa

septa pennular 15%

Comophyllia, Comoseris, Dermoseris,
Dimorphastrea, Latomeandra, Microphyllia, 
Microsolena, Ovalastrea, Periseris,
Protoseris, Synastrea, “Thamnarea”,
Trocharea

septa regularly
porous

6.5%
Actinaraea, Comoseris, Dermoseris,
Haplaraea, Microsolena, Synastrea,
Trocharea
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formed a va ri ety of reef types in dif fer ent en vi ron men tal
set tings (e.g., Leinfelder, 1993; Leinfelder et al., 1994,
1996, 2002; Insalaco et al., 1997). In some Mid dle Ju ras sic
(Bajocian: Geister & LathuiliÀre, 1991; Olivier et al., 2006), 
Late Ju ras sic (Oxfordian: e.g., Dupraz & Strasser, 2002;
Olivier et al., 2004; LathuiliÀre et al., 2005), and Early Cre -
ta ceous (e.g., Hauterivian: Götz et al., 2005) coral reefs,
fau nal and lithological changes are well re corded. They
were con trolled by en vi ron men tal changes in such fac tors as 
wa ter depth or nu tri ent con tent.

Sur pris ingly, al though the reefs al ter nately with drew
and re ap peared within the Lyalintsi sec tion, when the coral-
mi cro bial biostromes re newed they did not show (with rare
ex cep tions) sig nif i cant differences from those ear lier depo-
sited.

When com pared with Oxfordian coral reefs (Insalaco et 
al., 1997: eight types of reefs) the build ups from the
Lyalintsi sec tion, mainly biostromes, seem to rep re sent
tran si tional reef type be tween biostromal units dom i nated
by platy microsolenids within lime stone fa cies (Oxfordian
type I), and coral-mi cro bial reefs dom i nated by mas sive,
branch ing ramose and phaceloid fa cies (Oxfordian type IV). 
How ever, in Lyalintsi lamellar forms rarely dom i nate (102,
257 and 359 m lev els), and in the re main ing as sem blages
ramose col o nies and phaceloid cor als dom i nate, with the ad -
di tion of submassive col o nies, massive colonies being rare.

In the Bul gar ian reefs, abun dant cor als co-oc cur with
microencrusters and ce ment crusts. Microencruster-ce ment
crust frame work ap pears to be char ac ter is tic es pe cially to
the Late Ju ras sic–ear li est Cre ta ceous in the Neotethyan
realm and was de scribed in de tails from the North ern Cal -
car e ous Alps (Schlagintweit & Gawlick, 2008). Bound-
stones of this type oc cur also in Štramberk-type lime stones
(Tithonian–ear li est Cre ta ceous) in Ro ma nia and in the Pol -
ish Flysch Carpathians (Sasaran, 2006, figs 3.7, 3.14;
Hoffmann et al., in press). Microencruster frame work con -
tains mainly “Tubiphytes” morronensis, Radiomura cau-
tica and thin sclerosponge crusts (in Bul gar ian reefs Mura-
nia reitneri? is common).

Palaeoenvironmental in ter pre ta tion

The li thol ogy of sed i ments from the ana lysed sec tions
as well as char ac ter of coral as sem blages in Lyalintsi sug -
gest reef de vel op ment in an en vi ron ment of an outer plat -
form, sep a rated from an in ner plat form by bioclastic shoals.
Coral struc tures, as so ci ated or gan isms and sed i ment fea -
tures in Lyalintsi se quence con trib ute to the in ter pre ta tion
of the nu tri ent avail abil ity, depth and hy dro dy nam ics of the
reef en vi ron ment con sid ered.

Tro phy. In Lyalintsi, microbialites, microencrusters
and ce ment crusts sig nif i cantly con trib uted to the build ups
growth fab ric. De tailed quan ti ta tive anal y ses of mi cro-
encrusters were not per formed, but microfacies anal y sis re -
vealed that in about 40% of ob served thin sec tions encrus-
tations of Lithocodium aggregatum are pres ent on coral
skel e tons. This light-de pend ent mi cro or gan ism, is in ter -
preted as an in di ca tor of oligotrophic and well-il lu mi nated
wa ters (Leinfelder et al., 1993; Dupraz & Strasser, 2002;
Olivier et al., 2004).

Mi cro bial over growth, usu ally show ing peloidal mi cro- 
fab ric, oc curs as the sec ond layer of encrustation or di rectly
covers coral skel e tons. Early lithification of intra-reef
biopelmicrite is ev i denced by nu mer ous growth cav i ties
filled with biopelmicrite/biopelsparite or with sparitic ce -
ment. The microbialites, gen er ally in ter preted as re flect ing
nu tri ent-richer con di tions, can de velop to gether with photo- 
trophic or gan isms in side the reefs, where met a bolic prod -
ucts of heterotrophic bac te ria were fu elled with or ganic
mat ter pro duced by phototrophs (Dupraz & Strasser, 2002).

In the case of ana lysed reefs, the mi cro bial de vel op -
ment was con trolled mainly by authigenic fac tors. No
microbialite dom i nated in ter vals have been iden ti fied
within the Lyalintsi sec tion, sug gest ing lack of sig nif i cant
changes in nu tri ent lev els; nei ther in Lyalintsi, nor in the
Rebro and Velinovo sec tions (allogenic fac tors dis cussed
by Sanders and Baron-Szabo, 2005). Oligotrophic or mildly 
mesotrophic en vi ron ment of ana lysed reefs is also sug -
gested by rel a tively rare macroborings, Terebella lapillo-
ides Münster and rare con cen tra tions of macrofauna (dice-
ratid bi valves). How ever small heterotrophic mi cro or gan -
isms: serpulids, bryo zoans, en crust ing sclerosponges, as
well frag ments of echinoderms and bivalves are visible in
thin sections.

A par tic u lar coral skel e tal struc ture, that is a reg u lar
septal po ros ity of the microsolenid and haplareid cor als (Ta -
ble 3) is sup posed to be the re sult of re duced car bon ate de -
po si tion in volved by light de fi ciency, or some what raised
tro phy (Insalaco, 1996; Rosen et al., 2002, and lit er a ture
therein). An aug mented nu tri ent level, ac com pa nied by
lower back ground sed i men ta tion can be also in ferred from
the more fre quent bi valve bor ings within those lamellar
corals than in others.

Typ i cal microsolenid biostromes built of lamellate col -
o nies char ac ter is tic of the Late Ju ras sic and Early Cre ta -
ceous (Insalaco, 1996; Rosen et al., 2002) are lack ing in the
sec tion. Nev er the less, cor als from the or der Microsolenina
(Ta ble 3: microsolenids and latomeandrids) oc cur as a per -
ma nent el e ment in het er o ge neous as sem blages through out
the whole suc ces sion. This suborder is char ac ter ized by
septal faces pro vided with pennules and menianes (Gill,
1967; Morycowa & Roniewicz, 1995). In these fea tures
microsoleninan cor als re sem ble re cent agariciids, par tic u -
larly Leptoseris fragilis Milne Ed wards et Haime, the cor als 
liv ing on deep slopes (be low 100 m) of the re cent reefs or
on the sea floor (Che va lier, 1987; Schlichter, 1992, and ref -
er ences therein). Per analogiam, microsoleninan cor als,
lamellar and pro vided with menianes (skel e tal struc tures
op ti miz ing heterotrophic nu tri tion), are con sid ered to be in -
dic a tive of light de fi cient con di tions caused by depth or tur -
bid ity (Morycowa & Roniewicz, 1995; Geister & Lathui-
liÀre, 1991; Gill et al., 2004; “euphotic floor model”: Rosen
et al., 2002; com pare also Sanders & Baron-Szabo, 2005).
Al though the stud ied cor als from the suborder Microso-
lenina do not form dis tinct reefal units, they could show ex -
tended growth dur ing short ep i sodes.

Depth and wa ter dy nam ics. We sup pose that growth
and de mise of reefs within the ana lysed sec tion were mainly 
con trolled by sea-level fluc tu a tions and as so ci ated changes
in il lu mi na tion, depositional en ergy, rate of back ground
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sed i men ta tion, and ac com mo da tion space. Sea-level rise ev -
i dently dis turbed reef growth dur ing the mo bile stage of the
plat form evo lu tion in the Late Kimmeridgian–Tithonian as
ev i denced by in ter vals of deeper wa ter lime stones with
Saccocoma (F 4, F 5) or radio lar ians (F 4a) in the Lyalintsi
suc ces sion. These lime stones (Gintsi For ma tion) form a
thick interval in the Rebro section.

In the Valanginian, a pre vail ing num ber of coral beds
with co lo nial ramose and phaceloid epithecate coral as so ci -
a tions in life po si tion sug gests a per sis tency of mod er ate hy -
dro dy namic con di tions dur ing a con sid er able span of time,
how ever other en vi ron men tal fac tors could influence their
taphonomy.

Sim i lar as sem blages dom i nated by ramose and phace-
loid cor als are known in the Mid dle Ju ras sic reefs (France:
Olivier et al., 2006), in the Late Ju ras sic Eu ro pean reefs,
mainly the Oxfordian (Eng land, France, Swiss: types III and 
VIII of Insalaco et al., 1997), and the Early Kimmeridgian
(Cen tral Po land: Roniewicz & Roniewicz, 1971). In con -
trast to the re cent reefs dom i nated by ramose co lo nial cor -
als, the Me so zoic reefs built of phaceloid cor als were de vel -
oped mainly in pro tected plat form-in te rior set tings. Such
cor als can be pre served in situ if they con tin u ously baf fled
sed i ment dur ing their growth Some au thors even sug gest
that branch ing cor als were adapted to en hanced sed i men ta -
tion be cause with their high growth rate they were able to
keep pace with sed i ment ac cu mu la tion (e.g., Leinfelder et
al., 1994, 1996; Helm & Schülke, 1998, 2006; LathuiliÀre 
et al., 2005).

The pres ence of bioclastic ma trix (grainstones–pack-
stones) and the ab sence of microbialites be tween branches
of some cor als from Lyalintsi, ev i dence ep i sodes of higher
en ergy and higher back ground sed i men ta tion. Constratal
growth fab ric of scleractinians oc curs when ver ti cal coral
ac cre tion oc curred at sim i lar rate to back ground sed i men ta -
tion. As a re sult, constratal fab ric would be more sen si tive
to ex trin sic sedimentological fac tors and more likely to be
bur ied (Insalaco, 1998). Ad di tion ally, microbialites which
con trib uted to reef for ma tion strength ened the growth fab ric 
(e.g., Bajocian coral-mi cro bial biostromes; Olivier et al.,
2006).

In the Lyalintsi sec tion dis tinct ho ri zons with coral
biostromes could be ob served, but un for tu nately, lat eral
changes are hardly rec og niz able in the field. The sam ples
col lected be tween main coral-bear ing beds con tain frag -
ments of cor als. Such de pos its can rep re sent peri-reef de -
pos its. On the other hand, thick coral-bar ren in ter vals sug -
gest with drawal of reefs or their poorer de vel op ment dur ing
long span of time. High en ergy and high ac cu mu la tion rate
could sig nif i cantly re duce de vel op ment of cor als and mi cro- 
bialites. How ever, even in such stress ful en vi ron ment reefs
could de velop. Reef type VIII in the clas si fi ca tion of
Insalaco et al. (1997) is rep re sented by reefal thick ets which 
could oc cur among more sta ble sed i ments within hy dro dy -
namic quiet ar eas pro tected by sand shoals, and over the
shoals them selves. The pres ence of bioclastic grainstones
with coral frag ments as well coral col o nies in the sec tions
Velinovo (Sapunov et al., 1985) and Rebro in di cates that
sea-level fluctuations resulted in the migration of reefal
facies.

DIS CUS SION

The Early Oxfordian is char ac ter ized by gaps, con -
densed se quences, and lack of larger reefs. Change in ac cu -
mu la tion rates oc curred in the Mid dle Oxfordian (Norris &
Hal lam, 1995; Rais et al., 2007, and ref er ences therein). On
the stud ied part of the Moesian Plat form the Oxfordian ma -
rine car bon ates over lie the ero sional sur face of the oncoid-
bear ing lime stones of the Bajocian–Early Bathonian Pola-
ten For ma tion. Above Bathonian, Oxfordian has been rec -
og nized, while Callovian is lack ing, con trary to ear lier lit er -
a ture (Sapunov et al., 1985). In all the stud ied sec tions, de -
pos its show uni form char ac ter (Fig. 16 – phase 1). Peloidal
wacke-packstones with rare Globuligerina, and ad mix ture
of quartz in the low er most part (F 1) were de pos ited on a
homoclinal ramp. Small thick ness (from 0.2 to 6 m) and
synsedimentary min er al iza tion within F 1 in di cate a lower
de po si tion rate of the low er most Oxfordian sed i ments. The
pres ence of Globuligerina suggests a deeper setting of
deposition.

In the Early Kimmeridgian sed i men ta tion shows still
uni form char ac ter (F 2 – peloidal-bioclastic packstones to
grainstones with chert nod ules). The lime stones were, most
prob a bly, formed at the up per part of the homoclinal ramp
un der in flu ence of open-ma rine con di tions (rare Sacco-
coma), where autochthonous and allochthonous com po -
nents were mixed (Fig. 16 – phase 2).

Later, but still in the Early Kimmeridgian, rel a tively
uni form sed i men ta tion con tin ued, al though the grad ual dif -
fer en ti a tion of en vi ron ments was rec og nized at this time
(Fig. 16 – phase 2). Peloidal-bioclastic packstones and
grainstones with cherts (F 2) oc cur in all of the stud ied sec -
tions, whereas peloidal packstones to rudstones with “Tubi- 
phytes” morronensis (F 3) oc cur in more shal low-wa ter set -
tings in the Lyalintsi and Velinovo suc ces sions. All these
microfacies are char ac ter is tic of the Yavorets For ma tion,
which were prin ci pally de pos ited in the deeper set tings
(Sapunov et al., 1985). De spite these lithological sim i lar i -
ties only sed i ments from Rebro were tra di tion ally at trib uted
to the Yavorets For ma tion, whereas these ones from Lyali-
ntsi and Velinovo were pre vi ously as signed to the Slivnitsa
For ma tion (Sapunov et al., 1985).

Si li ceous sponges, pre served mainly as iso lated cal ci -
fied spicules, were pos si ble sil ica source for chert for ma -
tion. Al though sponge spicules and chert nod ules oc cur in
the Rebro, Lyalintsi and Velinovo sec tions, no sponge
reefal units oc cur. Si li ceous sponge biostromes and sponge- 
microbialite mud-mounds were ex ten sively de vel oped at
the north ern mar gin of the Tethys dur ing the Mid dle and
Late Oxfordian. The Late Ju ras sic sponge reefs are very rare 
or ab sent in the east ern part of the north ern Tethys, the
south ern hemi sphere and the Pa cific realm, which is ex -
plained as a re sult of the lack of deeper epeiric seas and
wide flooded shelves. Dur ing the Kimmeridgian, ex cept for
the area of the south ern Ger many, the north ern Tethys un -
der went a sig nif i cant change from si li ceous sponge fa cies to 
coral fa cies. In the Tithonian only scat tered sponge reefs oc -
cur (Leinfelder et al., 2002). The lack of broad car bon ate
shelves/ramps should be also taken into con sid er ation when
in ter pret ing the absence of sponge facies in the studied area.
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Af ter the rel a tively uni fied sed i men ta tion on the
homoclinal ramp, a rimmed plat form orig i nated around the
Late Kimmeridgian, when first coral lime stones ap peared.
Coral growth in flu enced the car bon ate plat form mor phol -
ogy and re sulted in en vi ron men tal lat eral fa cies dif fer en ti a -
tion over a rel a tively small area (re cent dis tance be tween

Rebro and Velinovo is about 13 km). Two stages of the
rimmed car bon ate plat form evo lu tion have been rec og -
nized: a mo bile stage (Fig. 16 – phases 3, 4, 5), and a sta ble
one (Fig. 16 – phase 6; Ivanova et al., 2006). The sea-level
oscilations dur ing the mo bile stage was pos si bly con trolled
mainly by tec ton ics as sud den change of fa cies (F 4 – F 6 –
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Fig. 16. Main phases of the ramp–plat form evo lu tion from Oxfordian to Valanginan. Lo ca tion of the ana lysed sec tions and dis tri bu tion
of de scribed main fa cies are shown



F 4) sug gests. The tran si tion be tween both stages occurred
around the Jurassic/Cretaceous boundary.

Fa cies dif fer en ti a tion is well rec og niz able dur ing a mo -
bile stage. The sec tion in Rebro is char ac ter ized by deeper
wa ter sed i ments: peloidal-Saccocoma wackestones and
packstones with chert nod ules (F 4), and spo rad i cally by
peloidal wackestones with radiolaria (F 4a). Sapunov et al.
(1985) have taken into ac count the red dish col our and in dis -
tinct nod u lar ap pear ance of these lime stones and re ferred
them to the Gintsi For ma tion (the Ammonitico Rosso litho-
fa cies). Prin ci pally, the Ammonitico Rosso is com posed of
pe lagic and con densed lime stones de pos ited on sub merged
el e va tions or cur rent-swept struc tural highs (e.g., Reha-
kova, 1995; Clari & Martire, 1996). In the stud ied case the
lime stones acumulated on a plat form slope set ting, where
they are interbeded with car bon ate grav ity mass flows (F 5 – 
bio-lithoclastic grainstones to rudstones with Saccocoma)
con tain ing clasts of lime stones im ported from the shal low-
wa ter part of the platform (Lyalintsi).

The in ter vals of lime stones with Saccocoma (Gintsi
For ma tion) rec og nized in the Lyalintsi sec tion interbedded
with shal low-wa ter lime stones of the Slivnitsa For ma tion
ev i dence re cur rent sea level rises dur ing the mo bile stage of
the plat form evo lu tion in the Tithonian. This re sulted in in -
ter rup tion of reef de vel op ment (Fig. 16 – phases 3 and 5). In 
the sec tion Velinovo rel a tive sea-level rise is re flected by
the oc cur rence of in ter vals with sed i ments char ac ter is tic for
bioclastic shoals or peri-reef fa cies (F 7) de pos ited in the
vicinity of reefs (or coral thickets).

The sec ond stage of the plat form evo lu tion – from
Berriasian to Valanginian – was more tec toni cally sta ble,
with out con sid er able ver ti cal fa cies changes, but still show -
ing lateral vari a tions (Fig. 16 – phase 6). Reefal, peri-reefal
or bioclastic shoals sed i ments dom i nate in the Lyalintsi sec -
tion, whereas the Rebro sec tion is dom i nated by bioclastic
car bon ates, how ever pos si bly de pos ited in the more dis tal
part of the plat form. The pres ence of coral col o nies in situ
were also ob served in the Velinovo (Sapunov et al., 1985)
and Rebro sections.

Fa cies dif fer en ti a tion be tween the outer plat form, reefal 
zone and the in ner plat form ev i dences the ex is tence of a
bar rier be tween Lyalintsi and Velinovo, pos si bly de vel oped 
as bioclastic shoals (oo lites were not iden ti fied), which ob -
vi ously formed an ef fec tive mor pho log i cal bar rier iso lat ing
the in ner plat form from the outer platform with reefs.

The strati graphic dis tri bu tion of the stud ied reefal lime -
stones is in con trast to the global re stric tion of coral reefs
de vel op ment, es pe cially in the Valanginian (with some ex -
cep tions, e.g., the Štramberk Lime stone of mostly Tithonian 
age). A world wide trans gres sion con tin ued through the
Kimmeridgian and the Early Tithonian. Reefs formed dur -
ing that time are much rarer than in the Oxfordian. The mid -
dle Tithonian with drawal of reefs in most ar eas is cor re lated 
with global sea-level fall. Fur ther shallowing trend caused a
de cline of the “Reef Age” dur ing the lat est Tithonian–
Berriasian time. Reefs grew when ever third-or der sea-level
rise opened “the reef win dow” (Leinfelder et al., 2002).
How ever, sea level-curves pro posed by var i ous au thors dif -
fer (see Hal lam, 2001). Sea-level curve pre sented by Haq et
al. (1987) shows sev eral rapid sea-level os cil la tions dur ing

the Tithonian, but these au thors, as well as Hal lam (1988),
agree that the Tithonian sea-level peak was followed by a
fall in the earliest Cretaceous.

In the stud ied reefs, cor als show the high est tax o nom i -
cal di ver sity in the Valanginian. Reefal coral-mi cro bial bio-
stromes, low bioherms or coral thick ets were formed in an
en vi ron ment of mod er ate en ergy, and mod er ate or ep i sod i -
cally a high rate of sed i men ta tion, as sug gested by nu mer -
ous phaceloidal cor als in growth po si tion. Lo cally, mi cro-
encrusters and ce ment crusts were im por tant part of reef
frame work. In con trast to the reef de scribed by Schla-
gintweit and Gawlick (2008) the microencruster-ce ment
frame work is in Bul gar ian reefs often associated with
corals.

The en vi ron ment was rather oligotrophic or mildly
mesotrophic as in di cated by the ab sence of pure mi cro-
bialite reefs, a lack of siliciclastic in ter ca la tions, poor
developement of heterotrophic macrofauna, and low to
mod er ate bor ings in ten sity. All that sug gest that the nu tri ent 
level was rather low and nu tri ent fluc tu a tions were not sig -
nif i cant con trols in reef development.

Autocyclicity is as sumed to be fun da men tal for reef de -
vel op ment dur ing the sec ond stage. High car bon ate pro duc -
tion and/or re gres sive eustatic events not com pen sated by
sub strate sub si dence re duced ac com mo da tion space. High
en ergy en hanced ac cu mu la tion rate, re duced or elim i nated
cor als and microbialite growth (cf. Leinfelder et al., 1996,
2005). Bioclastic ma te rial in Rebro ap pears to have de rived
mainly from Lyalintsi reefal zone. Within such shoals
short-time patch reefs could ex ist dur ing shoal sta bil ity and
within pro tected ar eas (reef type VIII ac cord ing to the clas -
si fi ca tion of Insalaco et al., 1997).

Microfacies rec og nized in the Velinovo sec tion – de -
vel oped dur ing the sta ble stage of the plat form – rep re sent
la goon and intertidal en vi ron ments (F 8–F 11). Spo radic
input of car bon ate ma te rial from bioclastic shoals or their
land ward mi gra tion is ev i denced by lo cal oc cur rence of F 7, 
how ever much rarer than in the pre vi ous mo bile stage. Fora- 
miniferal-algal grainstones are char ac ter is tic of high-en ergy 
open la goon (e.g., Bucur et al., 2005). Rare dasycladaleans
and rare frag ments of other macrofauna (only gas tro pods
are lo cally nu mer ous) sug gest more re stric tive la goonal en -
vi ron ment. The pres ence of crys tal silt in some sam ples in -
di cates me te oric-vadose diagenesis, pos si bly due to short
subaerial ex po sure in a supratidal zone. Microfacies F 8–10
can be in ter preted as de pos its of a tidal flat (cf. Schlag-
intweit et al., 2003). In con trast to dolomitization oc cur ring
lo cally within sed i ments of the outer plat form, dolomites
from this zone are pos si bly a re sult of the synse-
dimentary/early diagenetic dolomitization of lagoonal and
tidal flat limestones.

At the top of the Valanginian lime stones, a karstified
sur face is de vel oped and rep re sents a bound ary with the
Turonian (Late Cre ta ceous) de pos its. Dur ing the Hauteri-
vian most part of the Moesian car bon ate plat form was
drowned. How ever, the Hauterivian shal low-wa ter sed i -
men ta tion still oc curred on small shoals of the West ern
Fore-Bal kan and the East ern Moesian Plat form (Nikolov et
al., 1998; Minkovska et al., 2002). Plat form drown ing was
ini ti ated lo cally in the Late Valanginian as in di cate our new
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ob ser va tions of the sec tion in Berende Izvor. Sed i men tary
suc ces sion from this lo cal ity was also de pos ited on the
Drag o man Plat form, but dur ing Mid–Late Cre ta ceous was
not in cluded in the Lyubash monocline. New data based on
microfacies anal y sis of the up per most part of the sec tion
overling la goonal sed i ments (Ivanova & Koleva-Rekalova,
2004) re vealed outer plat form de pos its ev i denc ing an deep -
en ing event. This event is re corded, be cause in con trast to
Velinovo, Late Valanginian age was rec og nized in the up -
per most part of the Berende Izvor sec tion (Ivanova &
Koleva-Rekalova, 2004, and un pub lished data of D. Iva-
nova). If this event is not re lated to a lo cal tec ton ics it could
be cor re lated with sea level rise in the early Late Valangi-
nian (van de Schootbrugge et al., 2000).

Re cently, Tchoumatchenco (2002, 2006) has pro posed
a se quence strati graphic sub di vi sion of the Ju ras sic–low er -
most Cre ta ceous de pos its of the west ern Bul garia, in clud ing 
the Lyubash Mt, though with out de tailed dis cus sion. A se -
quence strati graphic anal y sis was be yond of scope of this
pa per. More ex ten sive stud ies are needed to re veal both ver -
ti cal and lat eral changes within the stud ied sec tions, as well
as com par a tive stud ies in ad ja cent ar eas. These will al low a
more re li able re con struc tion in terms of sequence strati-
graphy.

CON CLU SIONS

1. Three sec tions stud ied: Rebro, Lyalintsi and
Velinovo (SW Bul garia) rep re sent the Drag o man Block, a
west ern part of the Moesian Car bon ate Plat form, since
Mid–Late Cre ta ceous form ing the Lyubash unit, a part of
the Srednogorie, Balkanides. Micropalaeontological stud ies 
of foraminifera and cal car e ous dinoflagellate cysts in di cate
the Oxfordian–Valanginian age of the ana lysed se quences.
Mid dle to Late Callovian age of the low er most part of the
stud ied sec tions, as sumed in the older lit er a ture, has not
been confirmed.

2. Eleven fa cies have been dis tin guished and at trib uted
to depositional en vi ron ments. Ma rine sed i men ta tion started
on a car bon ate homoclinal ramp in the Oxfordian and till
Early Kimmeridgian car bon ate sed i men ta tion was dom i -
nated by fine-grained peloidal-bioclastic wackestones to
grainstones. The low er most part of Oxfordian de pos its ex -
hib its fea tures of sed i men ta tion at lower rates. Since the
Late Kimmeridgian when the rimmed plat form was es tab -
lished, fa cies pat tern un der went dif fer en ti a tion into (i) the
in ner plat form (la goon and tidal flat fa cies), (ii) reef and
peri-reef/bioclastic shoal environments, and (iii) the plat-
form slope.

3. Sedimentatary suc ces sions dis play gen er ally a
shallowing-up ward trend. Two stages in the evo lu tion of the 
rimmed plat form are pos tu lated. Dur ing the first mo bile
stage (Late Kimmeridgian to Tithonian/Berriasian bound -
ary) rel a tive sea-level fluc tu a tions, pos si bly con trolled
mainly by lo cal tec ton ics, have been the pri mary cause of
ver ti cal fa cies changes. Sea-level rise in ter rupt ing reef de -
vel op ment is ev i denced by in ter ca la tions of lime stones with 
Saccocoma. In the sec ond, a more sta bile stage (Berriasian
to Valanginian) high car bon ate pro duc tion (not bal anced by 

sub si dence) and/or eustatic re gres sive events de creased ac -
com mo da tion space, lim it ing reef de vel op ment and en hanc -
ing car bon ate ex port to dis tal parts of the plat form. The
Rebro sec tion dur ing de vel op ment of the car bon ate plat -
form was dom i nated by slope de pos its (dur ing the first
stage) and peri-reef, rarely reefal fa cies (sec ond stage); the
Lyalintsi sec tion was dom i nated by reef and peri-reef fa -
cies; and the Velinovo sec tion is characterized mainly by
deposits of the inner platform (lagoon and tidal flat).

4. Reefs are de vel oped mainly as coral-mi cro bial
biostromes and rep re sent en vi ron ment of mod er ate en ergy
and sed i men ta tion. They con tain highly di ver si fied sclerac-
tinian cor als dom i nated by phaceloid and lamellar forms,
pre served of ten in life po si tion. Microbialites, microen-
crusters and ce ment crusts con trib uted to the reef frame -
work. No boundstones dom i nated by microbialites were
rec og nized, which to gether with rel a tively rare macrobo-
rings, rare con cen tra tions of heterotrophic macrofauna, in -
di cate oligotrophic or mildly mesotrophic en vi ron ment. The 
high est de vel op ment of reefs in Lyalintsi is ob served in
Valanginian part of the se quence stud ied which is in con -
trast to general worldwide reefs decline at that time.
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