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Ab stract: Di ver si fied and abun dant cor als of the suborder Pachythecaliina (or der Hexanthiniaria) are de scribed
from Up per Barremian, biostromal reefs of the Emen For ma tion, Lovech Urgonian Group, north cen tral Bul garia.
The cor als are mostly of the phaceloid growth form and rep re sent 14 spe cies (six new), 12 gen era (three new),
be long ing to five fam i lies. Pachythecaliines oc cur with the small, monopleurid cy lin dri cal rudist Mathesia
darderi. The rudists fre quently are densely clus tered, oc cur be tween coral branches or are in con tact with them.
Other cor als, with the ex cep tion of the phaceloid Calamophylliopsis, and other rudists, are rare. Non-lam i nated
microbialite crusts pro vided ad di tional, struc tural sup port for bioconstruction de vel op ment. Microbialites (auto-
micrites) can be in ter preted as a prod uct of mi cro bial ac tiv ity, or al ter na tively, as a re sult of car bon ate pre cip i ta -
tion, brought about by non-liv ing or ganic sub strates (organomineralization s.s.). In ad di tion to microbialites, me-
ta zo ans are en crusted by heterotrophic skel e tal mi cro or gan isms, while photophilic and oligotrophic micro-
encrusters, usu ally com mon in other coral-bear ing lime stones of the Emen For ma tion, are very rare. The sec tion at 
the Rusalya Quarry (NW of Veliko Tarnovo), about 42 m thick, pro vides the sed i men tary and en vi ron men tal con -
text for the reefal biostromes. The ver ti cal bi otic and sed i men tary suc ces sion dis plays a gen eral shallowing trend:
from the outer car bon ate plat form with bioclastic lime stones con tain ing small boundstone patches (cor als, but not
pachythecaliines, Lithocodium aggregatum), to the in ner plat form with rudist biostromes. The pachythecaliine-
rich biostromes, 2.5 m thick, were de vel oped in a low-en ergy en vi ron ment, re ferred to the dis tal part of the
rudist-dom i nated area of the plat form. The de vel op ment of microbialites was fa cil i tated by a low sed i men ta tion
rate, and pos si bly by in creased nu tri ent level. Only poorly di ver si fied and non-phaceloid pachythecaliines oc cur in 
other coral-rich lime stones and marls of the Urgonian com plex in Bul garia. The as sem blage de scribed is the most
re mark able, Early Cre ta ceous coral com mu nity world wide, with re gard to pachythecaliines. Phaceloid pachythe-
caliines are only more com mon in the Up per Ju ras sic rocks, be ing par tic u larly di ver si fied in the Tithonian–Lower
Berriasian Štramberk Lime stone (Czech Re pub lic) and its equiv a lent in the Pol ish Outer Carpathians. How ever,
their sed i men tary con text dif fers from that de scribed for the cor als of the Emen For ma tion.
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IN TRO DUC TION

Pachythecaliina Eliášová, 1976 (= Amphiastraeina
Alloiteau, 1952) is an ex tinct suborder (Late Tri as sic–Late
Cre ta ceous) that has fo cussed the at ten tion of coral re -
search ers in the con text of the or i gin of cor als from the or -
der Scleractinia Bourne, 1900 in the Mid dle Tri as sic, and
their pos si ble re la tion ship to the or der Rugosa Milne-Ed -
wards et Haime, 1851. Many pachythecaliines dis play “ar-
chaic”, skel e tal fea tures, which are unique among post-Pala-
eozoic cor als. These cor als usu ally were or still are clas si -

fied in the Scleractinia. How ever, be cause of their skel e tal
ar chi tec ture, es pe cially in the Late Tri as sic Zardinophylli-
dae Montanaro Gallitelli, 1975 and the Ju ras sic–Cre ta ceous
Amphiastraeidae Ogilvie, 1897 – sim i lar to the late Palaeo-
zoic plerophyllines – some au thors clas si fied them di rectly
into the Rugosa (Koby, 1888; Ogilvie, 1897) or as sumed
their rugosan an ces try (Cuif, 1975, 1977, 1981, 2010; Mel-
nikova and Roniewicz, 1976; Stolarski, 1996). Alternati-
vely, pachythecaliines (in a nar row or broad mean ing) were



clas si fied as the sep a rate or der Hexanthiniaria Montanaro
Gallitelli, 1975 (Montanaro Gallitelli, 1975; Eliášová,
1976b, 1978; Roniewicz, 2008; Melnikova and Roniewicz,
2012; Morycowa, 2012).

Phaceloid (branched, built of par al lel coral lites, pseu-
docolonial) pachythecaliine cor als were mod er ately com -
mon in the Late Ju ras sic and lo cally di ver si fied tax o nom i -
cally (Tithonian–Lower Berriasian Štramberk Lime stone),
but were rare dur ing the Cre ta ceous. The coral com mu ni -
ties, dom i nated by di ver si fied, phaceloid pachythecaliines,
re cently dis cov ered in the Up per Barremian lime stones of
the Emen For ma tion in north cen tral Bul garia (Ko³odziej et
al., 2009, 2011b), are unique among post-Ju ras sic coral co-
mmunities. The aims of this pa per are the tax o nomic and
palaeoecological anal y sis of these cor als, as well as the in -
ter pre ta tion of the sed i men tary en vi ron ment of pachytheca-
liine-rich bioconstructions in the Emen For ma tion.

GEO LOG I CAL SET TING AND MA TE RIAL

Dur ing the Barremian–Early Aptian sev eral car bon ate
plat forms ex isted on the north ern, Tethyan mar gin, lo cated
in the pres ent ter ri tory of Bul garia (Lovech Urgonian Group,
Vratsa Urgonian Group, Russe For ma tion). In particular, the
Lovech Urgonian Group in the cen tral Fore-Bal kan (north
cen tral Bul garia) con tains di verse coral and rudist as sem -
blages. This Urgonian com plex con sists of four terrigene-
ous and four car bon ate for ma tions (Figs 1, 2; Khrischev,
1966; Nikolov, 1969; PeybernÀs et al., 1998; re view in
Minkovska et al., 2002; Nikolov et al., 2007). Coral com -
mu ni ties – from level-bot tom as sem blages to coral-mi cro-
bialite reefs – rep re sent both clear- and tur bid-wa ter en vi -
ron ments. Up to now, more than 100 coral spe cies were de -
scribed, mainly from soft marls, but were ana lysed more ra-
rely with re spect to their palaeo ec ol ogy (e.g., Toula, 1889;

292 B. KO£ODZIEJ ET AL.

Fig. 1. Gen eral lo ca tion of study area on geo log i cal map (1: 500 000) (af ter Cheshitev et al., 1989; mod i fied and cor rected) with lo ca -
tion of sam pling sites for cor als, rudists Mathesia darderi, as well as ammonites, used for lo cal biostratigraphy



Zlatarski, 1967, 1968a, b, c; Tchechmedjieva, 2001; Ida-
kieva, 2002, 2003, 2007, 2008; Idakieva and Ivanov, 2002;
Ko³odziej et al., 2007; see also Ilcheva and Motchurova-
Dekova, 2011). Di ver si fied coral as sem blages oc cur also in
pure or marly lime stones (Ko³odziej et al., 2011c). How -
ever, apart from the pres ent pa per, they have not yet been
the sub ject of de tailed, tax o nomic pub li ca tions.

The pachythecaliine cor als stud ied oc cur in lime stones
of the Emen For ma tion in the Veliko Tarnovo (also trans lit -
er ated as Veliko Turnovo, Veliko Trnovo, Veliko Tyrnovo)
area. They were col lected mainly in quar ries at Rusalya and
Vishovgrad. Sam pling was sup ple mented in the Zarapovo-
ecotrack and Hotnitsa-ecotrack, re ferred to be low as Zara-
povo and Hotnitsa, re spec tively (Fig. 1). This study also in -
cludes sam ples from Veliko Tarnovo, or its im me di ate vi -

cin ity, re ferred to be low as Veliko Tarnovo, col lected by the 
late Prof. Ryszard Marcinowski (War saw Uni ver sity), but
the ex act col lect ing lo ca tion is un known.

The Emen For ma tion, sit u ated in the mid dle part of the
Lovech Urgonian Group, was es tab lished by Khrischev
(1966) in the re gion of Emen vil lage, about 20 km NW of
Veliko Tarnovo (Fig. 1). The best out crops of this for ma tion 
oc cur be tween the Osum and Jantra Rivers, and the type
sec tion is lo cated at the Al ex an der Stambolijski Dam near to 
Gorsko Kosovo vil lage, 40 km west of Veliko Tarnovo. Pre -
vi ous stud ies showed that the lime stones of the Emen For ma -
tion were de pos ited on a shal low-wa ter, car bon ate plat form,
largely in an open la goon. In ter ca la tions of siliciclastic sed i -
ments are rel a tively rare (Khrischev, 1966; Khrischev and
Bakalova, 1974). Microfacies anal y ses, performed by Min-
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Fig. 2. Lithostratigraphic scheme of study area and strati graphic po si tion of sam pling sites



kovska (1996) in three sec tions re vealed sed i ments of (1)
the in ner plat form (the Preobrazhenski Monastir sec tion –
close to Veliko Tarnovo; cored wells), (2) ex ter nal parts of
the in ner plat form (the area around Emen vil lage), and (3)
var i ous fa cies, rep re sent ing the dis tal to the in ner part of the
car bon ate plat form (Al ex an der Stambolijski Dam sec tion).
In the Emen For ma tion bioclastic and coral-bear ing lime -
stones dom i nate, while rudist occurren- ces are un com mon
(Minkovska, 1996). The sec tion in Rusalya was stud ied for
the first time by the pres ent au thors (see Fenerci-Masse et
al., 2011).

In the study area, the Emen For ma tion grades lat er ally
into the siliciclastic Gorna Oryahovitsa For ma tion (Figs 2,
3B). The Emen For ma tion con sists here of two tongues
brack eted by marly units with ammonites ap pear ing to cor -
re spond to the up per part of the Lower Barremian (prob a bly 
Kotetishvilia compressissima Zone) and the mid dle part of
the Up per Barremian (Gerhardtia sartousiana Zone) (Khri-
schev, 1992; Ivanov, 1995; Ivanov and Nikolov, 1995; Sto-
ykova and Ivanov, 2000; Ivanov and Idakieva, 2009; see
also Fenerci-Masse et al., 2011).

The stra tig ra phy of the sam pling sites ranges from the
early Late Barremian (Toxancyloceras vandenheckii Zone;
site Hotnitsa) up to the early mid dle Late Barremian (Gerhar-
dtia sartousiana Zone; sites: Rusalya and Vishovgrad Quar ries, 
Zarapovo). The pres ence of the lat est Early Barremian Mouto-
niceras moutonianum Zone in Hotnitsa can not be ruled out.

More de tailed stud ies of the sed i men tary suc ces sion
were per formed in the Rusalya Quarry. The Vishovgrad
Quarry was in ac ces si ble for de tailed stud ies. Microfacies
stud ies were per formed on thin sec tions from all sam pling
sites. The re sults, pre sented here, are based on the study of
136 thin sec tions; 94 thin sec tions are of stan dard size (4 ×
2.7 mm) and 42 are large (6 × 5 mm). The spec i mens are de -
pos ited at the In sti tute of Geo log i cal Sci ences, Jagiellonian
Uni ver sity, Kraków (col lec tion UJ 225 P). Twenty thin sec -
tions from three sam ples, col lected by the late Prof. R. Mar-
cinowski, are housed at the In sti tute of Palaeo bi ol ogy, Pol -
ish Acad emy of Sci ences, Warszawa (col lec tion abbrevia-
ted as ZPAL Bu³g).

SED I MEN TARY SUC CES SION
AT RUSALYA QUARRY

As noted above, more de tailed stud ies of the sed i men -
tary suc ces sion bear ing pachythecaliine-rich biostromes
were per formed only in the Rusalya Quarry. In the fol low -
ing chap ter the re sults of field ob ser va tions and mi cro scopic 
anal y sis of the ma te rial from all sites are pre sented.

Sedimentological stud ies at Rusalya were car ried out
on a well-ex posed sec tion, about 42 m thick (Fig. 3). The
sec tion con sists of five main, lithological units (Fig. 4):

(1) ~10 m. Bioclastic packstone, rarely wackestones
and grainstones, con tain ing small, decimetre-scale bound-
stone patches, with ir reg u lar rims, built of small cor als and
cal ci fied sponges, en crusted by Lithocodium aggregatum
and mi cro bial struc tures with ve sic u lar, ‘bacinellid’ fab ric
(Fig. 4A, B). Co lo nial cor als and their frag ments are small
(usu ally no more than a few centi metres in size). As so ci ated 
biota in clude cal ci fied sponges (chaetetids, stromatoporo-
ids) and rare rudists. Pachythecaliine cor als (or other phace- 
loid cor als), abun dant in the coral-Mathesia-microbialite
biostromes (unit 4), have not been rec og nized in unit 1.

(2) ~15 m. Bioclastic lime stones interlayered with ru-
dist (mostly monopleurids) lime stones (Fig. 4C).

(3) ~8 m. Packstone-dom i nated, bioclastic lime stones
with chaetetids, stromatoporoids, subordinately with rudists 
and small, co lo nial cor als, but with out pachythecaliines
(Fig. 4D).

(4) ~2.5 m. Coral-rudist-microbialite biostromes and
pos si bly also low-re lief bioherms. The dom i nant metazoan
com po nents are large, phaceloid cor als: pachythecaliines
(Fig. 4E, see also Figs 11–13, 17–19, 22–24) and Calamo-
phylliopsis sp. and small monopleurid rudists Mathesia da-
rderi (Astre, 1933), densely clus tered lo cally (e.g., Fig. 4F;
see also Figs 5C, 6A). Microbialites are com mon (e.g., Fig.
7B, C, E; see also Fig. 23B, C). Ac cess to the up per part of
the sec tion was dif fi cult, there fore es tab lish ing a more de -
tailed pat tern of the lat eral dis tri bu tion of cor als and rudists,
as well as the lat eral ex ten sion and ge om e try of bioconstruc- 
tions (biostromes, low-re lief bioherms), re quires sup ple-
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Fig. 3. Gen eral view of Rusalya Quarry. A – view of south wall, show ing low er most part of sec tion with units 1, 2 and part of unit 3.
Max i mum height of wall is about 30 me ters. B – view of WNW wall with ap prox i mate bound aries be tween units 3, 4 and 5. Straight line
does not re flect ex act re lief of pachythecaliine-Mathesa biostrome. De pres sion be hind quarry is built of siliciclastics of Gorna Orya-
hovitsa For ma tion
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Fig. 4. Gen er al ized lithostratigraphic sec tion of Up per Barremian suc ces sion at Rusalya Quarry, show ing main lith o logic units, with
ex am ples of biofacies. A, B – unit 1: bioclastic lime stone with small boundstone patches (ar rows in A), built of small cor als, cal ci fied
sponges, Lithocodium aggregatum (B) and ‘bacinellid’, mi cro bial struc tures. C – unit 2: bioclastic lime stone with monopleurid rudists. D
– unit 3: bioclastic lime stone with chaetetid sponges. E, F – unit 4: coral-rudist-microbialite biostrome with phaceloid pachythecaliine
coral Pleurophyllia sp. (E) and monospecific, rudist clus ter of Mathesia darderi (F). G, H – unit 5: rudist biostromes, built of dense ag gre -
gates of elon gated, monopleurid rudists



mentary stud ies. Their de tailed de scrip tion, in clud ing mi -
crofacies anal y sis, is given in the next sec tion.

(5) ~6 m. Rudist biostromes, built by dense ag gre gates
of rudists, more di ver si fied and larger in size than those in
unit 4: large and small requieniids, elon gated, monopleurids 
and pos si bly Agriopleura sp. (Fig. 4G, H; J.-P. Masse, pers.
comm., 2012). Chaetetids oc cur subordinately.

PACHYTHECALIINE-RUDIST-
MICROBIALITE BIOCONSTRUCTIONS

The sim ple term biostrome or autobiostrome (sensu
Kershaw, 1994) can be used for the boundstones, ana lysed
at Rusalya, be cause field ob ser va tions in di cate the bed ded
na ture, al though own ing to dif fi cult ac cess to the up per part
of the sec tion at Rusalya, the oc cur rence of low-re lief bio-
herms can not be ex cluded. The term biostromal reef is ap -
plied here, in ac cor dance with the re cent, broad ap proach to
reef def i ni tion (Leinfelder et al., 1994; Insalaco et al., 1997; 
Wood, 1999; Stan ley, 2001; Rid ing, 2002; Kiessling et al.,
2002; Kiessling, 2009; Flügel, 2010). The broad term bio-
con struc tion rep re sents a more in clu sive term for more-or-
less clearly rec og niz able struc tures (Höfling, 1997; Rid ing,
2002). This term is also used here, be cause de ter mi na tion of 
the ex act mor phol ogy of reefal lithosomes (biostromes ver -
sus bioherms) was dif fi cult, ow ing to the state of the out -
crops at Zarapovo and Hotnitsa, and lim ited ac cess for study 
in the Vishovgrad Quarry.

The de scrip tions of pachythecaliine-rudists- mi crobia-
lite bioconstructions are based on field ob ser va tions and mi -
cro scopic stud ies (in clud ing the tax on omy of cor als and
some other fos sils) mainly of sam ples from Rusalya and
Vishovgrad. Pachythecaliines are clearly the most com mon
and di ver si fied cor als in the bioconstructions stud ied (see
Systematic Palae on tol ogy, Figs 10–24): 14 spe cies (six
new, eight in open no men cla ture), 12 gen era (four new,
three of them are dis tin guished for mally). Large, phaceloid
forms are of ten in growth po si tion (Figs 4F, 5A, B). The
most com mon (17 frag ments of large coralla; 15 of them
col lected in Rusalya) is Pleurophyllia bulgarica sp. nov.
reach ing about 70 cm in height. In con trast to Rusalya, sam -
pling at other sites was not ex ten sive, which also re flected
in the tax o nomic di ver sity, namely at Rusalya: eight gen era, 
nine spe cies; at Vishovgrad: four gen era, five spe cies; at
Hotnitsa: two gen era, two spe cies; at Zarapovo: one ge nus,
one spe cies. Anal y sis of 20 thin sec tions from three sam ples 
col lected by the late Prof. R. Marcinowski at the un known
site at Veliko Tarnovo re vealed three spe cies of pachytheca- 
liines, Calamophyliopsis sp. and one un de ter mined coral,
thus show ing a gen eral, “tax o nomic pat tern” as the rich
coral as sem blages from Rusalya. As so ci ated cor als, ex cept
for Calamophylliopsis sp. are rare. These cor als are small,
and only the phaceloid Calamophylliopsis sp. at tains a lar-
ger size of up to 40 cm (Fig. 8).

Apart from cor als, the monopleurid rudist Mathesia
darderi and microbialite crusts pro vided ad di tional, struc -
tural sup port for reef de vel op ment. Rudist as sem blage is
nearly monospecific, dom i nated by M. darderi, with small,
cy lin dri cal shells (50% of the av er age di am e ters rang ing

from 0.7 to 0.8 cm; Fenerci-Masse et al., 2011) with the
outer, calcitic shell layer and the in ner one, aragonitic con -
verted to neomorphic cal cite (Fig. 6; Fenerci-Masse et al.,
2011, figs 5–7, 11; see also Masse and Fenerci-Masse,
2010). They fre quently are clus tered densely and oc cur be -
tween coral branches, or are at tached di rectly to them (Figs
4F, 5C, 6, 12A, D, 14C, 16A; see also Fenerci-Masse et al.,
2011). Some small growth anom a lies were ob served in cor -
als or rudists (Fig. 6C). Out side Rusalya, M. darderi is com -
mon at Vishovgrad and in sam ples from Hotnitsa (Fig. 5C).
This spe cies was also rec og nized in thin sec tions from sam -
ples, col lected in Veliko Tarnovo by Prof. R. Marcinowski.
They were not found at Zarapovo, but this may be due to
sam pling bias be cause, only lim ited sam pling was perfor-
med at this site.

The cor als and rudists are en crusted by microbialites,
which oc cur also in semi-closed spaces (e.g., in interskeletal 
spaces be tween coral skel e ton el e ments; Figs 7D, 23 A–B)
and may par tially (mi cro bial “bridges”, e.g., Figs 14C, D,
18F) or com pletely fill space be tween skel e tons. Microbia-
lites show dense, non-lam i nated micritic microfabric (Figs
7A–E, 8A, B), thus at the scale of microstructure can be cat -
e go rized as pure leiolites. Poorly marked microlamination
(Fig. 18A) and micropeloidal (mostly within microcavities;
Fig. 9C, D) or clot ted microfabrics was ob served only lo -
cally. The crusts are termed here microbialite, but the more
in clu sive term automicrite can also be ap plied (see Mi cro-
bialites in the chap ter Palaeoenvironmental in ter pre ta tion).

Microbialites are “pure”, con tain micrometre-scale
“sparitic spots” of un cer tain or i gin (small bioclasts?) or in -
cor po rate vary ing amounts of skel e tal de bris. In thin sec -
tions, microbialites are easy to dis tin guish from allomicrites 
by their dark col our (e.g., Figs 7A, D, 8A, B, 23B, C).
Microbialites do not ex hibit bor ings or en crust ing mi cro or -
gan isms, ei ther ex ter nally or in ter nally, but fine bur row ing
traces are rel a tively com mon (Fig. 7B, C; com pare with Fig. 
9). Microbialite growth gen er ated small cav i ties, lo cally
with geopetal struc tures, filled with allochthonous micrite,
cal cite sparite ce ment, and rarely small grains (Figs 6A, 9).
Bioclasts are rare in cav i ties, ex cept for ostracods (Fig. 6E).
Microbialite growth be tween skel e tal el e ments (septa, wall,
dis sepi ments) oc curred only lo cally, “closed” interskeletal
space, which pre vented fill ing by sed i ment. There fore, the
space be tween skel e tal el e ments is largely filled with cal cite 
spar ce ment (e.g., Figs 5A, 10B, C, 12D, L, 13, 14C, 15D,
17A, 22B, C, H, 24B, C). Be cause septa are poorly preser-
ved (usu ally only slightly micritized), ob ser va tions of coral -
lite mor phol ogy are dif fi cult, par tic u larly in ver ti cal sec -
tions.

Small py rite or or ange-brown iron ox ides (Fig. 7E), and 
lo cally also do lo mite crys tals are scat tered within the mi cro- 
bialites, though very rarely within allomicrite in sam ples
from Vishovgrad (Figs 8B, 15F). The sur round ing sed i ment 
and biota ap pear un af fected by dolomitization, al though in
places the dis tinc tion be tween automicrite and allomicrite,
if dolomitized, may be dif fi cult. The pres ence of do lo mite
was sup ported by the stan dard stain ing of thin sec tions with
Aliz a rin Red-S (see Ad ams et al., 1984). In con trast to the
cal cite ce ment and allomicrite, do lo mite re mained un stained 
(Fig. 15F).
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With re gard to microfacies the pachythecaliine-bear ing
lime stones from all of the sam pling sites are sim i lar. The as -
so ci ated sed i ment is calcimudstone, bioclastic wackestone
and packstone. Quartz was ob served only within the tests of
some ag glu ti nated foraminifera. Most metazoan bioclasts
are frag ments of small rudists (Figs 6A, 7A, 12B, 248A, B).
Large meta zo ans, apart of cor als and rudists, in clude
sponges (cal ci fied and non-rigid; Figs 8, 22A, E), and com -
plete shells or frag ments of small gas tro pods, rec og niz able
mostly in thin sec tions (Figs 12A, 17A, C, D). Sponge spi-
cules oc cur lo cally within the microbialites (Fig. 9A, B).
Sponges, both non-rigid and cal ci fied, show dif fer en tial
pres er va tion even in spa tially close parts of the same spec i -
men (Fig. 9C, D, E). Well pre served skel e tons may pass lat -
er ally to micropeloidal ag gre gates (Fig. 9C, D). Some struc -
tures may be relicts of sponge spicules (Fig. 9G, H). Other
biota in cludes echinoderm plates, deca pod crus ta cean ap-
pendages, sim i lar to Carpathocancer? plassenensis (Schla-
gintweit et Gawlick, 2002) (Fig. 22G; cf. Schlagintweit et
al., 2007), small brachi o pods, ben thic foraminifera, in clud -
ing en crust ing/cryp tic forms (Figs 7F, H, 9F) and a few
orbitolinids, ostracods (rel a tively com mon, par tic u larly in
microcavities, Fig. 7D, E), en crust ing bryo zoans, serpulids
(Fig. 22A, F, G), Girvanella-like tubes and rare al gae. This
lat ter group in cludes dasycladacean green al gae: Zittelina
hispanica Masse, Arias et Vilas, 1993 (Fig. 18E), Neomeris
cretacea Steinmann, 1899 (Fig. 18F), but mostly Terque-
mella sp., that is re pro duc tive struc tures of un de ter mined
large al gae (I. I. Bucur, pers. comm., 2010). Crusts of cora-
lline red al gae were rec og nized only in two sam ples at
Zarapovo. In con trast to the lower part of the sec tion at Ru-
salya (Fig. 4B), thin crusts of Lithocodium aggregatum
(sensu Schlagintweit et al., 2010) and mi cro bial struc tures
with “bacinellid” fab ric (sensu Maurin et al., 1985; Schlag-
intweit and Bover-Arnal, 2013) with poorly de vel oped ve -
sic u lar mesh work, are rare (ex cept in sam ples from Zara-
povo) in most sam ples with pachythecaliines stud ied (Fig.
7F, G). Struc tures sim i lar to and con fused with L. aggre-
gatum, re cently re in ter preted as entobian bor ings (see sec -
tion Lithocodium/Bacinella in the next chap ter), as so ci ated
with bor ing foraminfer Troglotella incrustans Wernli et
Fookes, 1992 (Schmid and Leinfelder, 1996; Schlagintweit, 
2012), were not rec og nized in the lime stones stud ied. Large
bor ings in meta zo ans, mostly Entobia sp., are mod er ate to
sparse in abun dance. Only two large bi valve bor ings were
ob served, cut ting both meta zo ans and sed i ment.

PALAEOENVIRONMETAL
IN TER PRE TA TION

Gen eral in ter pre ta tion of sed i men tary set ting
at Rusalya

Anal y sis of sec tion at Rusalya, about 42 m thick, al lows 
place ment of biostromes dis cussed within a broader sed i -
men tary and en vi ron men tal con text. The dom i nance of
bioclastic packstones, the sparse rudists, the oc cur rence of
small cor als, the pres ence of encrustations of L. aggrega-
tum, “bacinellid” struc tures and the sub or di nate role of mi-
crobialites in di cate that the lower part of the sec tion (unit 1)

rep re sents the outer car bon ate plat form. Or gan isms and ma -
trix sed i ment in di cate a mildly mesotrophic en vi ron ment
and mod er ate hy dro dy nam ics, but higher than dur ing the
de vel op ment of the biostromes of unit 4 (see dis cus sion be -
low). Lime stones, sim i lar to those in unit 1, are com mon in
the sed i men tary suc ces sion of the Emen For ma tion at the
Al ex an der Stambolijski Dam stud ied by Minkovska (1996)
and by the pres ent au thors (un pub lished data). Our stud ies
of the sec tion at the Al ex an der Stambolijski Dam re vealed
dif fer ent fa cies, in clud ing lime stones with cor als, rudists, L. 
aggregatum and crusts with a “bacinellid” fab ric. Pachythe- 
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Fig. 5. Field pho to graphs of pachythecaliine and Mathesia-
bear ing lime stones from Vishovgrad Quarry (A, B) and Hotnitsa-
ecotrack (C). A – Pleurophyllia sp. in growth po si tion. Most coral -
lites are in lon gi tu di nal sec tion; note cal cite spar ce ment fill ing
most of interskeletal space, ex cept up per most part of coral bran-
ches. B – ?Aulastrea sp.; scale in mil li me ters. C – large mas sive
col ony of Metaulastrea sp. (Met) and densely clus tered, small
rudists Mathesia darderi (Ma)



caliines, other branch ing cor als and Mathesia darderi are
ab sent there. Changes in li thol ogy and bi otic as sem blages in 
units 2 and 3 and par tic u larly the re cur rent interlayers of
rudist lime stones, in di cate changes in en vi ron men tal pa ram -
e ters pos si bly con trolled by changes of sea-level, but still
re main ing in the depositional set ting of the outer car bon ate
plat form.

It has been sug gested pre vi ously that the pachytheca-
liine and Mathesia-rich biostromes stud ied (unit 4) de vel -
oped in the dis tal por tion of the rudist-dom i nated part of the
car bon ate plat form (Ko³odziej et al., 2009; Fenerci-Masse
et al., 2011). In the top most part of the sec tion, biostromes
of unit 5 built by dense rudist as sem blages, cover di rectly
the pachythecaliine-rich biostromes in di cat ing an in ner car -
bon ate plat form set ting. Thus, the ver ti cal, sed i men tary and
bi otic suc ces sion in the sec tion stud ied shows – with some
fluc tu a tions – a gen eral shallowing trend, from the outer- to
the in ner-plat form en vi ron ment. Palaeoenvironmental in -
fer ences, based on an anal y sis of cor als, rudists, microbia-
lites and other biota from the pachythecaliine-bear ing
bioconstructions, are dis cussed be low.

Cor als

The coral com mu ni ties in the bioconstructions dis -
cussed are dom i nated by phaceloid forms: pachythecaliines
and less com mon Calamophylliopsis sp. In phaceloid cor -
als, polyp tis sue does not ex tend be yond the mar gin of the
calice, so that such cor als are con sid ered pseudocolonies
(Coates and Jack son, 1985; Roniewicz and Stolarski, 1999). 
Phaceloid cor als were par tic u larly well adapted to deal with
high sed i men ta tion rates in low-en ergy set tings (e.g., Lein-
felder et al., 1994; Roniewicz and Stolarski, 1999; Dupraz
and Strasser, 2002; Helm and Schülke, 2006). Geister
(1995) cal cu lated the growth rate of the Late Ju ras sic pha-
celoid Aplosmilia sp. as about 10 mm/year. How ever, a low
rate of ac cu mu la tion of allochtonous sed i ment is as sumed
for lime stones dis cussed (but see dis cus sion be low on the

growth rate of microbialites). A low en ergy en vi ron ment at
the tran si tion from the in ner to outer plat form may be in -
ferred, on the ba sis of the abun dant, branch ing cor als in the
growth po si tion (even though microbialite crusts en hanced
the ri gid ity of the cor als) and ma trix-sup ported back ground
sed i ment (mostly bioclastic wackestone).

Phaceloid, epithecate cor als, with sim ple polyp or ga ni -
za tion, were highly de vel oped in the Late Tri as sic and Late
Ju ras sic (Roniewicz and Stolarski, 1999, and ref er ences
therein). Mod ern, phaceloid cor als are rare and epithecate,
sol i tary cor als oc cur in deep-wa ter and cryp tic hab i tats. Since 
the Late Cre ta ceous the de cline of epithecate cor als (in clud -
ing phaceloid ones), and the pro lif er a tion of non-epithecate
cor als are ob served. This evo lu tion ary trend prob a bly was
mainly driven by in creased bioerosion in coral en vi ron ments
(Roniewicz and Stolarski, 1999).

It is worth em pha siz ing that cor als, rep re sent ing Cala-
mophylliopsis (rel a tively com mon in the lime stones stud ied)
were de scribed in the lit er a ture from var i ous Ju ras sic–Cre -
ta ceous sed i ments , which im plies growth un der a dif fer ent
set of con di tions, in clud ing stress ful ones, such as higher se- 
diment and nu tri ent in put (for the Ju ras sic, see Leinfelder et
al., 1994; and ref er ences to sys tem atic pa pers in Roniewicz, 
1976; Turnšek, 1997; Morycowa, 2012; for the Cre ta ceous,
see ci ta tion lists in Löser et al., 2002). In the Barremian–
Albian of Ro ma nia, Calamophylliopsis is known from pure
lime stones con tain ing di verse cor als as so ci ated with photo-
trophic and oligotrophic microencrusters, from ‘Lithoco-
dium–Bacinella‘ fa cies, with poorly di ver si fied cor als, as
well as from siliciclastic-dom i nated se quences (Ko³odziej et 
al., 2011a). It is also com mon in marls of the Lovech Urgo-
nian Group (Idakieva and Ivanov, 2002; Idakieva, 2003).

Dur ing the Late Ju ras sic, the main pe riod of de vel op -
ment of phaceloid pachythecaliines (see the next chap ter,
the sec tion Spa tial and tem po ral pro lif er a tion of pachythe-
caliines), these cor als (mostly amphiastraeids) oc curred in
dif fer ent types of reef struc tures. They are known from co-
ral-microbialite reefs, with photophilic/oligotrophic mi cro-
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Fig. 6. Small rudist Mathesia darderi from pachythecaliine-rich boundstones. A – M. darderi ag gre gated in clus ter and two branches of 
coral Pleurophyllia sp. B – rudist, at tached to coral skel e ton (lon gi tu di nal sec tion). C – growth anom aly (ar row) of coral skel e ton at
bound ary with rudist. D – ju ve nile rudist (ar row), closely at tached to coral skel e ton. Note two lay ers of rudist shell: in ner layer orig i nally
aragonitic, and outer, calcitic layer. A – Vis 52/1, B – Ru 19-08/1, C – Ru, D – Vis 47/2



encrusters (e.g., Eliášová, 1975, 1981; Insalaco et al., 1997;
Ko³odziej, 2003), and from coral thick ets with out mi cro bial
and/or the crusts men tioned above (e.g., Roniewicz, 1966;
Insalaco et al., 1997). Of par tic u lar sig nif i cance is the com -
mon oc cur rence of spec i mens of phaceloid Pleurophyllia.
Among Late Ju ras sic as sem blages it was one of the most
com mon, amphiastraeid cor als, but ex cept for in the Titho-
nian–Lower Berriasian Štramberk Lime stone (see be low),
its re cord from the Lower Cre ta ceous is rare. In the list of ci -
ta tions on Cre ta ceous cor als, Löser et al. (2002) men tioned
only two spe cies of Pleurophyllia, and sparse re cords
world wide.

A strictly actualistic ap proach to the palaeo ec ol ogy of
fos sil cor als can not be ap plied, ow ing to evo lu tion ary chan-
ges and the dif fer ent, en vi ron men tal pref er ences of many,
mod ern reef cor als (e.g., ad ap ta tion to high en ergy and an
oligotrophic re gime; see Wood, 1999). Coral com mu ni ties
from the biostromes stud ied are dom i nated by phaceloid
forms. The ques tion un der de bate is whether phaceloid cor -
als were photosymbiotic or not. Some Late Tri as sic phace-
loid cor als (Retiophyllia, Pachysolenia) are con sid ered to
have been zooxanthellate, on the ba sis of sta ble iso tope
com po si tion (Stan ley and Swart, 1995). Stud ies of sta ble
iso topes of the or ganic ma trix from skel e tons of the Up per
Tri as sic sol i tary, pachythecaliine coral Pachythecalis ma -
jor, re cently per formed by Muscatine et al. (2005), in di cate
that this spe cies was photosymbiotic. The au thors hy poth e -
size that photosymbiosis may have played a role in scle-
ractinian skeletogenesis, af ter the dis ap pear ance of the
Rugosa in the Perm ian.

On the other hand, Re cent, low-in te grated or pseudoco- 
lonial cor als are highly re sis tant to sed i men ta tion and feed
largely or en tirely heterotrophically (Dryer and Lo gan,
1978, fide Sanders and Baron-Szabo, 2005 and Silvestri et
al., 2011). These ob ser va tions have been used in the in ter -
pre ta tion of fos sil phaceloid cor als. Kiessling et al. (2009)
sug gest that the oc cur rence of Early Jurrasic cor als from
south ern France, mostly phaceloid forms, within siliciclas-
tic sed i ments may in di cate, that these pos si bly were mostly
azooxanthellate. Thus, the un re solved ques tion of whether
phaceloid cor als were zooxanthellate or not rep re sents ob -
sta cle to the at tempt to un ravel the palaeoenvironmental pa -
ram e ters, con trol ling growth of the cor als, stud ied here.
However, rapid cal ci fi ca tion does not al ways cor re late with
a zooxantellate sta tus of cor als (Mar shall, 1996; Wood,
1999). Some branch ing azooxanthellate spe cies, rep re sent -
ing for ex am ple Lophelia, Madrepora, Oculina or Tuba-
straea, re veal a rapid growth rate, as much as 26 mm/year
(Sabatier et al., 2012, and ref er ences therein).

Phaceloid pachythecaliines were com mon and highly
di ver si fied dur ing sed i men ta tion of the Tithonian–Early
Berriasian Štramberk Lime stone from the Czech Re pub lic
(17 gen era, 35 spe cies) and Štramberk-type lime stones from 
Po land (see next chap ter, sec tion Spa tial and tem po ral pro -
lif er a tion of pachythecaliines). These reef lime stones are
char ac ter ized by the com mon oc cur rence of microbialites
(typ i cally lam i nated, with a micropeloidal microfabric),
phototrophic microencrusters and di ver si fied macrobiota
(e.g., Morycowa, 1974; Eliášová, 1981; Eliáš and Eliášová,
1984; Ko³odziej, 1997; Bucur et al., 2005; for ref er ences

see also Vašíèek and Skupien, 2004). How ever, the fac tors
that gov erned pro lific growth and di ver si fi ca tion of pachy-
thecaliines dur ing this time and at this part of the north Te-
thyan mar gin are un known. Cuif and Stolarski (1999) have
hy poth e sized that for ma tion of the epithecal wall with out
septa (wall-based cor als) in pachythecaliines and Re cent
Gyunia might be an ad ap ta tion to a stress ful en vi ron ment.
How ever, in con trast to pachythecaliine cor als from the
Emen For ma tion, those from the Štramberk Lime stone are
as so ci ated with di ver si fied cor als and other biota, al though
short-term stress ful events may be dif fi cult to re veal.

Most of the Late Ju ras sic coral as sem blages were de -
scribed from the Up per Oxfordian and Kimmeridgian
(Leinfelder et al., 2002; Mar tin-Garin et al., 2012). How -
ever, pro lif er a tion of pachythecaliines in the Tithonian was
not strictly time con trolled. By com par i son, among 42 spe -
cies from coral-bear ing lime stones of the Carpathian Fore -
land, com pa ra ble in age, only one be longs to Pachytheca-
liina (Morycowa, 2012). Dur ing that time, this area was lo -
cated within a palaeolatitude po si tion, sim i lar to that of the
car bon ate plat forms with sed i men ta tion of the Štramberk
Lime stone. The pos si ble rea sons for en vi ron men tal dif fer -
ences may be due to the fact that the for mer area was lo cated 
slightly far ther north, on the SW mar gin of the East Eu ro -
pean Craton, and was less af fected by Late Ju ras sic/ear li est
Cretacous tec ton ics. In an other ex am ple, in the Kimmerid-
gian to Valanginian, biostromal reefs (sim i lar to the Štram-
berk Lime stone, with re gard to lithofacies; Ivanova et al.,
2008) in SW Bul garia, Roniewicz (2008) rec og nized di ver -
si fied coral com mu ni ties (50 gen era, 72 spe cies), but only
four gen era and five pachythecaliine spe cies.

Some cerioid/pseudocerioid amphiastraeids, such as
Amphiastrea, were op por tu nis tic or gan isms. The Mid dle–
Late Ju ras sic Amphiastrea piriformis Greg ory, 1900 is
known from var i ous lithologies/en vi ron ments, in clud ing
tur bid, siliciclastic en vi ron ments, with fluctuacting sa lin ity.
These cor als were adapted to a high nu tri ent level and to the
ac tive re moval of sed i ment (Fürsich et al., 1994; Dupraz
and Strasser, 2002). Sim i larly, cerioid/plocoid heterocoe-
niids are known from dif fer ent sed i ments, in clud ing silici-
clastics (e.g., Morycowa, 1964a; 1971; Beauvais, 1982;
Morycowa et al., 1994), im ply ing broad, en vi ron men tal ad -
ap ta tion.

By con trast to the Emen For ma tion in the study area,
apart of the amphiastraeid Metaulastrea, Amphiastrea and
heterocoeniid Latusastrea, other pachythecaliines are un -
known within the di ver si fied coral as sem blages in marls
and lime stones of the Lovech Urgonian Group and Vraca
Urgonian Group, as in di cated by pub lished re sults (see ref -
er ences in Geo log i cal set ting and ma te rial), and the un pub -
lished re sults of re cent stud ies, in clud ing the anal y sis of a
huge coral col lec tion (coll. V. Zlatarski) housed at the Na -
tional Mu seum of Nat u ral His tory in So fia.

Rudists

Dur ing the Cre ta ceous, cor als co ex isted with rudists in
a range of en vi ron men tal over lap. How ever, there is a gen -
eral pat tern in their dis tri bu tion on the Urgonian and other
Cre ta ceous car bon ate plat forms. Rudist as so ci a tions char ac -
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ter ized dif fer ent set tings, de pend ing on morphotype, but oc -
curred mainly in the in ner car bon ate plat form en vi ron ment;
bioclastic lime stones are re fer able to the outer plat form,
while coral fa cies to the tran si tion be tween the in ner and
outer plat form. The bi otic dis tri bu tion pat tern was largely
con trolled by changes in en vi ron men tal con di tions, forced
by ex ter nal fac tors, such as wa ter tur bid ity, nu tri ent level
and hy dro dy namic re gime (e.g., Masse and Philip, 1981;
Gili et al., 1995a, b; Skelton et al., 1997). In the mixed, car -

bon ate-siliciclastic Urgonian, sys tem in Bul garia, rudists
(poorly known in con trast to cor als) may co-oc cur with cor -
als, but usu ally they oc cur in sep a rate lithosomes. More -
over, rudists are ab sent in the marls, while cor als may be
highly di ver si fied there.

Apart from the lime stones dis cussed, Mathesia darderi
is un known from other de pos its of the Urgonian com plex in
Bul garia. M. darderi is in cluded in the rudist fam ily Mono-
pleuridae that, in gen eral, played a lim ited role on the Early
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Fig. 7. Microbialites and some microfossils from pachythecaliine-Mathesia-microbialite boundstones. A – ?Paracarolastraea sp. and
geopetally filled growth cav ity. Ar rows in di cate bound ary be tween automicrite (m) and allochtonous micrite (alm); r in di cates rudists and
their frag ments. B – microbialites, poorly lam i nated lo cally, de vel oped on and be tween coral branches; ar rows show burrrowings or small
growth cav i ties. C – small bur rows (ar rows) in microbialite, de vel oped be tween coral branches. D – microbialite crusts on coral septa,
mostly de vel oped on their left side; ar rows in di cate ostracods. E – growth cav ity within microbialites filled with ostracods and py rite crys -
tals. F – Lithocodium aggregatum (La), mi cro bial crusts (m) and en crust ing foraminifera (f). G – coral, en crusted by Lithocodium
aggregatum (La). H – hyaline foraminifer, ex hib it ing fine spines (?Ramulina sp.) within microbialites. A – Vis 40/1, B – Ru 34/3, C – Ru
22/2, D – Vis 2/3, E – Ru 14-08/2, B – Ru 34/3, G – Ru 30-09, H – Ru 9-10



Cre ta ceous car bon ate plat forms of the Med i ter ra nean re -
gion. Lo cally, how ever, monopleurids were abun dant and
may have a sig nif i cant, con struc tional po ten tial, es pe cially
dur ing the Early Valanginian and Late Aptian–Albian, with
M. darderi as a key spe cies. Rel a tively thick lithosomes (up
to 3 m) are usu ally formed by dense, monospecific as sem -
blages (Fenerci-Masse, 2006 fide Masse and Fenerci-
Masse, 2010; Fenerci-Masse et al., 2011; Skelton and Gili,
2012).

The monospecific ge nus Mathesia is known from the
Late Barremian to Mid dle Albian. The first Late Barremian
oc cur rences have re cently been rec og nized in Bul garia and
Spain. Dur ing the Late Barremian to Early Aptian, this ge -
nus was pres ent only lo cally and later was wide spread
(Fenerci-Masse et al., 2011) es cap ing the mid-Aptian cri sis, 
when 90% of spe cies and 70% of the Med i ter ra nean rudist
gen era dis ap peared (Masse, 1989; Skelton and Gili, 2012).
The eco log i cal changes, re corded in Mathesia through time, 
re flect a dis place ment from the dis tal, rudist-dom i nated part 
to the prox i mal part of car bon ate plat forms (Fenerci-Masse
et al., 2011). In the Albian of south ern Spain, M. darderi
build dense, monospecific as sem blages, found interbedded
with intertidal stromatolites and muddy sed i ments (Fenerci- 
Masse, 2006; see Fenerci-Masse et al., 2011). In SE Spain,
M. darderi oc curs within the up per most Barremian rudist-
rich (Requieniidae, Monopleuridae) packstones and wacke- 
stones, with dasycladalean al gae, above marls and dasyclad- 
rich lime stones and be low lower Aptian orbitolinid-rich marly
lime stones with quartz (Fenerci-Masse et al., 2011). Thus,
with re gard to the sed i men tary con text, in clud ing biofa cies
(lack of cor als), this oc cur rence dif fers from the Mathesia-
bear ing lime stones of the Emen For ma tion in Bul garia.

Rudists that are in con tact with cor als were at tached to
the skel e ton of phaceloid cor als, which, un like branch ing
ramose forms (like re cent Acropora), were not cov ered by
liv ing tis sue (ex cept for the tips of branches). Growth anom -
a lies, ob served both in cor als and in rudists, are very rare,
and sug gest rare, di rect tis sue con tact (in vivo in ter ac tion).
How ever, some kind of synecological re la tion ship be tween
rudists and cor als is plau si ble. Synecological in ter ac tions in
coral-rudist as so ci a tions, such as the one from the Campa-
nian of Spain (Götz, 2003), have been de scribed only rarely
in the lit er a ture. Pro tu ber ances of rudist shells were ex -
plained by Götz (2003) as pos si ble de fence re ac tions of the
rudist against the coral cnidia. How ever, both groups might
have bene fited from this co ex is tence. Rudists might pro vide 
hard sub strates for coral set tle ment, while rudists were sta -
bi lised by en crust ing cor als (Götz, 2003). A sim i lar re la -
tion ship may be as sumed for the coral-rudist as so ci a tion
stud ied, even though in di ca tions for in vivo as so ci a tion are
only hy po thet i cal.

Phys i cal ero sion dur ing the growth of cor als and rudists 
was rather neg li gi ble, be cause of the in ferred, low en ergy
level. Com mon, small rudist frag ments are rather a re sult of
in trin sic (shell struc ture/min er al ogy), than ex trin sic (hy dro -
dy nam ics, bioerosion), taphonomical fac tors. Frag men ta -
tion of rudists, due to their com po si tion, that is ar agon ite
(orig i nally) in ner and calcitic outer shell lay ers, may be an
im por tant, synsedimentary mod i fier of the orig i nal rudist
biocoenosis (Sanders, 1999).

Other macrobiota

In gen eral, apart from pachythecaliine cor als and M.
darderi, macrobiota and their re mains are not com mon in the
bioconstructions stud ied. There fore, small gas tro pods are of
spe cial in ter est, as they are com mon com po nents of the
biocoenosis de scribed. Tax on omy and feed ing be hav iour of
these gas tro pods are un known. They were pos si bly graz ers or 
sed i ment feed ers, bas ing on as sumed abun dant, or ganic mat -
ter in the microbialites. An in creased nu tri ent level may also
en hance pri mary pro duc tion of fleshy al gae, fa vour ing her -
biv o rous gas tro pods (see Dupraz and Strasser, 2002).

Microbialites

A char ac ter is tic fea ture of the bioconstructions analy-
sed are dense, nearly al ways non-lam i nated, micritic crusts,
oc cur ring on and be tween skel e tal meta zo ans, as well as
within semi-closed microcavities. Their gen e sis may have
in fer ences for the en vi ron men tal in ter pre ta tion of the depo-
sitional en vi ron ment. These crusts are called here microbia- 
lites, the term used in a broad mean ing, i.e. as a re sult of
organomineralization s.l., de fined as microbially-in duced and 
microbially-in flu enced min er al iza tion (Dupraz et al., 2009).
Automicrite is a more in clu sive term and can be ap plied both
for ‘clas si cal’, mi cro bial fab rics, as well as for microcrystal-
line car bon ates, which orig i nated in as so ci a tion with non-liv -
ing or ganic macromolecules, that is re lated to organomine-
ralization s.s. (Trichet and Défarge, 1995). Some au thors pro -
pose use of the term automicrite in stead of microbialite, if the 
or i gin of autochtonous micrite is un known (e.g., Reitner and
Neuweiler, 1995; Bourque, 1997; Neuweiler et al., 1999;
Webb, 2001; Schlager, 2003). Automicrite that re sulted from
organomineralization s.s. was rec og nized by Neuweiler et al.
(1999) in ex cep tion ally well pre served, or ganic frac tions in
the Albian car bon ate mud mounds of Spain. Ac cord ing to
these au thors, the Late Ju ras sic rep re sents an im por tant pe -
riod of organomineralization s.s. and re sulted in the pre cip i ta -
tion of automicrite, which is fre quently re ferred to as mi cro -
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Fig. 8. Calamophylliopsis sp. Ar rows in di cate geopetally filled
growth cav i ties or small bur rows. ZPAL Bulg 1/1



bial crusts, com mon in coral- and sponge-microbialite reefs
(e.g., Leinfelder et al., 1993, 1994; Leinfelder, 2001; Dupraz
and Strasser, 2002; Olivier et al., 2004; Matyszkiewicz et al.,
2012; Pleº et al., 2013). Dis crim i na tion be tween these dif fer -
ent pro cesses and prod ucts in fos sil ma te rial is a chal lenge for 
fu ture re search (Rid ing, 2000).

At tri bu tion of microbialites from the Emen For ma tion
to one of the ma jor cat e go ries of stromatolites, thrombo-
lites, dendrolites, or leiolites can not be strictly ap pli ca ble
here. These cat e go ries are based on macrofabrics, namely
lam i nated, clot ted, den dritic and apha ni tic re spec tively (Ke- 
nnard and James 1986; Schmid, 1996; Rid ing, 2000), which 
are not rec og niz able mac ro scop i cally in the ma te rial stud -
ied. These main cat e go ries are also used in the clas si fi ca tion 
of microbialites, based on a com bi na tion of macrostructure
and microstructure (Schmid, 1996; Flügel, 2010, fig. 9.1B).
In such an ap proach, microbialite crusts in the biostromes
stud ied can be clas si fied largely as leiolite mi crobialites,
i.e., microbialites with dense microstructure.

The pres ence, mostly on coral branches, of dif fer en tially
pre served non-rigid and cal ci fied sponges raises the ques tion
of pos si ble con tri bu tion of non-rigid sponges to microbialite
for ma tion. Sponge spicules, oc cur ring lo cally within mi cro-
bialites, re tic u late microfabric, sim i lar to sponge struc tures
rec og nized in Tri as sic sponge-mi cro bial stromatolites (Szulc, 
1997, 2000, fig. 21g), as well as a lat eral tran si tion from well
pre served sponge to micritic/micropeloidal microfabric, in di -
cate that some microbialites might be the re sult of sponge
soft-tissue diagenesis. Microbially in duced car bon ate pre -
cip i ta tion (microbialite for ma tion) in side de cay ing Re cent
and fos sil sponge tis sue is well doc u mented (e.g., Reitner,
1993; Reitner and Neuweiler, 1995; Delecat and Reitner,
2005; Reolid, 2007). In creased al ka lin ity in duces dis so lu tion
of si li ceous spicules and may be re spon si ble for the lack of
microscleres in some fa cies (Delecat and Reitner, 2005).

Foraminifera, oc cur ring within microbialites may be an
ad di tional ar gu ment in the dis cus sion of the pos si ble con tri -
bu tion of sponges to microbialite for ma tion. They are sim i -
lar to those re ported from fos sil and mod ern sponge mesh-
works (e.g., Guilbault et al., 2006; Reolid, 2007) or in hab it -
ing cav i ties (e.g., Helm, 2005; Helm and Schülke, 2006, fig. 
11l; Schlagintweit and Veliæ, 2012, fig. 7g, h). Alternati-
vely, these foraminifera may be in ter preted as loosely at -
tached to microbialite crusts. Automicrite oc curs lo cally be -
tween coral skel e tal el e ments, thus in di cat ing de vel op ment
of microbialites also in aphotic con di tions (com pare Albian
microbialites: Neuweiler, 1993, 1995). Apart from the cal -
ci fi ca tion of de cay ing sponges (sponge ‘con tainer automic-
rites’), these or gan isms, as well as the soft tis sue of other
meta zo ans may be pri mary sources of or ganic ma te rial (Rei- 
tner and Neuweiler, 1995; Neuweiler et al. 1999).

Micropeloids, which are rare in the lime stones stud ied,
may be sim i lar in or i gin to the dense microbialite crusts.
Many au thors re gard peloids as in situ growth prod ucts, re -
lated to ran domly dis trib uted nu cle ation cen ters, or as a re -
sult of bac te rial deg ra da tion of or ganic mat ter (e.g., Reid,
1987; Neuweiler, 1993; Rid ing and Tomás, 2006, and ref er -
ences therein).

Bryo zoans, serpulids, rare L. aggregatum and ‘bacinel-
lid’ crusts, spo rad i cally red al gae and ju ve nile rudists di -

rectly en crust cor als or rudists. Ex cept some foraminifera of 
un cer tain mode of at tach ment and ge neric sta tus, dis cussed
above, microbialites are never en crusted by microencrus-
ters. That sug gests that they were only par tially lithified and
hard sub strate was not avail able for lar val set tle ment. Such
an in ter pre ta tion is sup ported by the lack of bor ings in
microbialites (ex cept for rare, large bi valve bor ings in meta -
zo ans, microbialites and sed i ment ma trix). Sim i larly, a lack
of metazoan encrusters on microbialites was ob served by
Webb (1999) in Car bon if er ous patch reefs, and by Neuwei-
ler (1993) in Albian microbialites. Ac cord ing to Webb
(1999), this im plies that some automicrites (= microbialites
s.l.) have not been lithified at the sed i ment-wa ter in ter face,
but were formed as synsedimentary pre cip i tates within sed i -
ment. The pres ence of bur rows also in di cates that the stud -
ied microbialites were not rigid, but only semi-con sol i dated, 
when bur row ing took place (cf. Rid ing, 2000; Rid ing and
Tomás, 2006). In con trast to these ex am ples, inter growths
of skel e tal microencrusters and microbialites were re corded
for ex am ple in the Late Ju ras sic reefs, in di cat ing the pres -
ence of a hard sub strate and in ter rup tions of microbialite
growth (Olivier et al., 2003). Growth cav i ties in the ma te rial 
stud ied are small; their pres ence is marked by geopetal fill -
ings and cryp tic ostracods (cf. Aubrecht et al., 2002; Shen
and Webb, 2005).

In Re cent reefs, en hanced microbialite growth is char -
ac ter is tic for en vi ron ments with higher nu tri ent lev els and
el e vated al ka lin ity (Camoin and Montaggioni, 1994; Ca-
moin et al., 1999, 2006; Sprachta et al., 2001), which is also 
ac cepted for fos sil coral reefs (e.g., Leinfelder et al., 1994;
Dupraz and Strasser, 2002; Olivier et al., 2004). Sed i men ta -
tion of allochthonous de pos its and microbialite growth rate,
in re la tion to the growth of metazoan con struc tors, is cru cial 
for the de vel op ment of a constratal or superstratal growth
fab ric, which has ar chi tec tural, palaeo eco logi cal, sedimen-
tological and diagenetic im pli ca tions (Insalaco, 1998). Mi -
crobialite growth is fa voured by a low ac cu mu la tion rate,
but the growth rate is dif fi cult to es ti mate, be cause there are
no mod ern an a logues for fos sil, reefal microbialites. Mi-
crobialites from cryp tic caves of Liz ard Is land dis play very
low net growth rates of 10 to 15 mm/1000 years (Reitner,
1993). How ever, in shal low-wa ter reefs, where cor als are
closely intergrown with microbialites, they might have
grown as fast as the cor als, about 1–2 mm/year, as pos tu -
lated by some au thors (see Schmid, 1996; Schmid et al.,
2001). Seard et al. (2011) ob served microbialite growth
rates, rang ing from 7 to 12 mm/year. Such un usu ally rapid
growth rates prob a bly re sult from their de vel op ment dur ing
a pe riod of en vi ron men tal change (sea-level rise), while in
more sta ble en vi ron ments, they are sig nif i cantly lower
(Seard et al., 2011; Heindel et al., 2012).

As dis cussed above, phaceloid cor als were well adapted 
to high sed i men ta tion rates, soft, muddy sub strates and
low-hy dro dy namic re gimes. A low back ground sed i men ta -
tion rate is as sumed for the biostrome for ma tion ana lysed.
How ever, the growth of phaceloid cor als also might be fa -
voured by a higher growth rate of microbialites. How ever, it 
was not a dom i nant in flu ence on the de vel op ment of pha-
celoid cor als, becuase ex cept for Calamophylliopsis (sub-
or der Faviina), only phaceloid pachythecaliines were rec og -
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nized. If coral ac cre tion oc curred at a rate, sim i lar to that of
microbialite growth, then lim ited, pos i tive re lief, that is, a
constratal coral growth fab ric (sensu Insalaco, 1998) may
be in ferred.

Do lo mite crys tals, rec og nized in the sam ples from Vis-
hovgrad, pos si bly are re stricted to microbialites, which in di -
cates the syngenetic na ture of do lo mite for ma tion and a pos -
si ble link with mi cro bial ac tiv ity or organomineralization
s.s. (cf. Wright and Wacey, 2005; Mastandrea et al., 2006;
Bontognali et al., 2010).

At el e vated nu tri ent lev els, bioerosion gen er ally is con -
sid ered to be en hanced (Hallock, 1988; and Sanders and
Baron-Szabo, 2005 for re view). How ever, in creased bioero- 
sion is not ob served in the ma te rial stud ied. Macroborings
in metazoan skel e tons are mod er ate or scarce, and ab sent in
microbialites. A higher nu tri ent level, con stant or ep i sodic,
raises the ques tion about wa ter ox y gen a tion. Ep i sodes of
low ox y gen con cen tra tions are gen er ally in voked to ex plain
microbialite de vel op ment in Late Ju ras sic reefs (Leinfelder
et al., 1994; Betzler et al., 2007). How ever, in the ma te rial
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Fig. 9. Dif fer en tial pres er va tion of sponges from pachythecaliine-Mathesia-microbialite boundstones A, B – sponge spicules (s) within 
dark-col oured microbialites (m); alm allochtonous micrite, fill ing small growth cav i ties; d (in B) in di cate do lo mite crys tals within
microbialites (com pare Fig. 15F). C–E – dif fer en tial pres er va tion of rigid (cal ci fied) sponges. Micropeloids in C and D, pos si bly re sulted
from deg ra da tion of sponge tis sue. Note micropeloids in intraskeletal space (ar row in D). F – non-rigid sponge, en crusted by nubeculariid
foraminifera (n) and microbialites with Ramulina-like foraminifera (R). G – re tic u late microfabric, and H – nee dle-like struc tures, pos si -
bly re sulted from dis so lu tion of sponge spicules. A – Vis 2/3, B –Vis 2, C, D – Ru 7257/1, E – Ru 34/3, F – Vis 47/2, G, H – Zar 996/3



stud ied here, the fauna, al though not highly di ver si fied,
does not sup port the con cept of a poorly ox y gen ated bot -
tom. More over, some Ju ras sic microbialites could have
formed in oxic wa ters (Olivier and Boyet, 2006; Olivier et
al., 2011).

Lithocodium/Bacinella

Lithocodium aggregatum and as so ci ated, mi cro bial
struc tures, with a ‘bacinellid’ fab ric (“Bacinella irregula-
ris”) are an im por tant is sue in palaeoenvironmental in ter -
pre ta tion of Up per Ju ras sic and Lower Cre ta ceous shal low
wa ter lime stones. Dif fi cul ties in the in ter pre ta tion of depo-
sitional en vi ron ment are due to their un clear, sys tem atic po -
si tion and en vi ron men tal de mands. Lithocodium aggrega-
tum Elliot, 1956 was var i ously in ter preted, among oth ers as
al gae, calcimicrobes or en crust ing foraminifera, while Baci- 
nella irregularis Radoièiæ, 1959 was mostly in ter preted as
mi cro bial struc tures. Some au thors as sumed that both taxa
rep re sent dif fer ent parts of one or gan ism (for re view see
Schmid and Leinfelder, 1996; Rameil et al., 2010; Schlag-
intweit et al., 2010; Schlagintweit and Bover-Arnal, 2012,
2013). Re cently, new in ter pre ta tions have been pro posed
for taxa, tra di tion ally la belled as L. aggregatum and B. irre-
gularis. Schlagintweit et al. (2010) and Schlagintweit and
Bover-Arnal (2013), based on stud ies of Aptian ma te rial,
in ter preted L. aggregatum as ulvophycean green alga with
heterotrichale en crust ing thallus, and B. irregularis as an
euendolithic chlorophycean alga. Most of struc tures de -
scribed as B. irregularis are, ac cord ing to these au thors, ve -
sic u lar, mi cro bial crusts with “bacinellid” fab rics. L. aggre-
gatum may de velop also a cryp tic stage with net-like struc -
ture (Schlagintweit and Bover-Arnal, 2012) which can be
mis in ter preted with “bacinellid” struc tures. Most of the
struc tures de scribed as B. irregularis are, ac cord ing to these 
au thors, ve sic u lar, mi cro bial crusts with “bacinellid” fab -
rics. L. aggregatum may de velop also a cryp tic stage with a
net-like struc ture (Schlagintweit and Bover-Arnal, 2012),
which can be mis in ter preted as “bacinellid” struc tures. For a 
sum ma riz ing di a gram, show ing dif fer ent, mor pho log i cal
and tax o nomic in ter pre ta tions, see Huck et al. (2012, fig. 8). 
Fur ther in ter pre ta tive com pli ca tions arise, be cause many
crusts (in par tic u lar in the Up per Tri as sic and Up per Ju ras -
sic rocks), de ter mined in the lit er a ture as L. aggregatum, are 
in fact sponge bor ings in microbialites or other car bon ate
sub strates (Cherchi and Schroeder, 2010, 2013; Schlagint-
weit, 2010).

Oc cur rences of L. aggregatum s.s., Lithocodium-like
entobian bor ings and “bacinellid” struc tures in the Late Ju -
ras sic–ear li est Creataceous, coral-microbialite reefs are
commonly in ter preted as an in di ca tor of shal low-wa ter, al -
though data from the lit er a ture in di cate that L. aggregatum
s.s. was adapted also to outer-shelf/ramp en vi ron ments (see
dis cus sion in Bover-Arnal et al., 2011; Schlagintweit and
Bover-Arnal, 2012; Huck et al., 2012). These mi cro-
encrusters are also as sumed to be an in di ca tor of oligotro-
phic or mildly mesotrophic, reefal and la goonal en vi ron -
ments (e.g., Leinfelder et al., 1993; Dupraz and Strasser,
2002; Olivier et al., 2004; Ivanova et al., 2008). How ever
such an in ter pre ta tion seems to be ap pro pri ate, only when

they are as so ci ated with other microencrusters and oc cur as
sub or di nate com po nents in Late Ju ras sic–Early Cre ta ceous
coral reefs and la goonal fa cies (e.g., Rameil et al., 2010).
Dur ing the mid-Cre ta ceous time, in par tic u lar in the Early
Aptian, a lo cal “bloom” of so-called “Lithocodium-Baci-
nella” fa cies (a de scrip tive term) oc curred (Immenhauser et
al., 2005; Huck et al., 2010). It is as sumed that the Aptian
“Lithocodium-Bacinella” fa cies show a more com plex, bio-
tic pat tern, con trolled by fluc tu at ing nu tri ent lev els, sea-wa -
ter al ka lin ity, el e vated sea wa ter tem per a tures, sea wa ter
acid i fi ca tion and low sed i men ta tion rates, su per im posed on
global per tur ba tions of neritic eco sys tems (Neuweiler and
Reitner, 1992; Immenhauser et al., 2005; Huck et al., 2010;
Rameil et al., 2010; Bover-Arnal et al., 2011; Huck et al.,
2012).

In the pachythecalline-bear ing lime stones stud ied, cor -
als and other meta zo ans are rarely en crusted by L. aggre-
gatum and “bacinellid” struc tures, but in stead they are
mostly en crusted di rectly by microbialites or by heterotro-
phic mi cro or gan isms and small rudists, fol lowed by mi cro -
bial crusts. The stud ies of Late Ju ras sic coral reefs re vealed
that the lack of phototrophic-dom i nated or gan isms in the
first layer of encrustation in di cates more tur bid wa ters
and/or a higher nu tri ent level (Leinfelder et al., 1993; Du-
praz and Strasser, 2002; Olivier et al., 2004; Helm and
Schülke, 2006). Sim i lar, en vi ron men tal con trols can be as -
sumed for the Early Cre ta ceous coral reefs, which in con -
trast to the Late Ju ras sic reefs, are stud ied less ex ten sively in 
this re spect. Even though the tax o nomic in ter pre ta tion of
some struc tures, de scribed as L. aggregatum and B. irregu-
laris (= “bacinellid” struc tures), have been re cently re-in ter -
preted, the en vi ron men tal in fer ences ap pear to be still valid,
when these or gan isms oc cur as a mod er ate com po nent of
coral reefs, and not as a dom i nant bioconstructor, as in some 
Aptian oc cur rences. How ever, as con cluded by Schlagint-
weit et al. (2010, p. 541), “…the paleoenvironmental signi-
ficance of Lithocodium aggregatum oc cur rences must be
care fully viewed in each case study”.

Con clud ing re marks

The unique as so ci a tion of pachythecaliines and Mathe-
sia form ing biostromes oc curs within a palaeogeographi-
cally lim ited area. The re sult ing bioconstructions (biostro-
mes and pos si bly also low-re lief bioherms), un known else -
where, im ply par tic u lar en vi ron men tal fac tors driv ing their
growth and microbialite for ma tion. Lithocodium and ‘baci-
nellid’ struc tures are mod er ately com mon in unit 1 at Ru-
salya. Ob vi ously the shift from the outer car bon ate plat form 
(unit 1) to wards the more in ner plat form set ting (unit 4) has
lead to the change of en vi ron men tal fac tors, such as low er -
ing of the hy dro dy namic re gime and pos si bly in creas ing nu -
tri ent level. These changes fa voured growth of phaceloid
pachythecaliine cor als, nearly monospecific rudist as sem -
blage (Mathesia darderi), fa cil i tated growth of microbia-
lites, but lim ited growth of L. aggregatum and “bacinellid”
struc tures. Dif fi cul ties in de ci pher ing en vi ron men tal con -
straints are, among other fac tors, due to the lack of com pa -
ra ble, fos sil biocoenoses. Mathesia up to now was known
from de pos its lack ing, or with rare cor als. Phaceloid pachy-
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thecaliines were rare in the Early Cre ta ceous, whereas Late
Ju ras sic taxa were rel a tively com mon, but oc curred in var i -
ous, sed i men tary set tings, as in di cated by host li thol ogy and 
as so ci ated biota. By com par i son with the cor als stud ied,
highly di ver si fied, phaceloid pachythecaliines, known from
the Tithonian–Lower Berriasian Štramberk Lime stone and
Štramberk-type lime stones (Czech Re pub lic, Po land), are
as so ci ated with di ver si fied cor als and other biota, in clud ing
phototrophic/oligotrophic microorganims.

In the best ex posed sec tion at Rusalya, the pachytheca-
liine-rich biostromes at tain only a thick ness of about 2.5 m.
Thus, it is tempt ing to view de vel op ment of this biofacies
dur ing a short time in ter val and as a po ten tial, lo cal, strati -
graphic marker. How ever, strati graphic data from Hotnitsa
and lim ited sam pling in Hotnitsa and Zarapovo do not per -
mit un am big u ous, strati graphic im pli ca tions. How ever, de -
vel op ment of this biofacies ap pears to have occured largely
dur ing the mid dle Late Barremian.

GEN ERAL RE MARKS
ON MOR PHOL OGY, SYS TEM AT ICS AND
DIS TRI BU TION OF PACHYTHECALIINA

Mor phol ogy and microstructure

The suborder Pachythecaliina Eliášová, 1976, in par tic -
u lar the Late Tri as sic fam ily Zardinophyllidae Montanaro
Gallitelli, 1975 (= Pachythecaliidae Cuif, 1975), and the Ju -
ras sic–Cre ta ceous Amphiastraeidae Alloiteau, 1952, con -
tains skel e tal fea tures non-typ i cal for scleractinian cor als: a
thick wall (pachytheca), and septa, com monly deep in the
calice and ar ranged in bi lat eral sym me try (quasi-ra dial in
the adult stage of some taxa). Pachythecallines, ex cept most
heterocoeniids, are sol i tary or their skel e ton in di cates pol -
yps that orig i nally were poorly in te grated. They are mostly
of the phaceloid, cerioid or pseudocerioid growth form.
Amphiastraeids, the most com mon pachythecaliines (Ro-
niewicz and Stolarski, 2001; Stolarski and Russo, 2001), re -
pro duced asex u ally, by unique Taschenknospung (‘pocket’- 
bud ding). Other fam i lies, clas si fied into Pachythecaliina,
share only some fea tures with their sup posed rel a tives, the
zardinophyllids (Montanaro Gallitelli, 1975; Cuif, 1975,
1981) and amphiastraeids (Eliášová, 1975, 1976b, 1978;
Melnikova and Roniewicz, 1976; Ko³odziej, 1995, 2003;
Roniewicz and Stolarski, 2001; Stolarski and Russo, 2001;
see also Amphiastraeina and Heterocoeniina, gen er ally cha- 
racterized in Baron-Szabo, 2002; Löser, 2009; and http://
www.corallosphere.org).

The skel e ton microstructure has been de bated fo cus sing 
on trabecular ver sus non-trabecular microstructure of septa
and wall. Most post-Tri as sic pachythecaliines have badly
pre served skel e tons and di ag nos tic microstructural char ac -
ters are not well rec og nized. The dom i nant view is that the
wall (pachytheca) is built by hor i zon tal mod ules with cir-
cumferential cal ci fi ca tion cen ters (Cuif, 1975; Roniewicz
and Stolarski, 2001; Stolarski, 2003; Cuif, 2010). Change in 
the style of biomineralization, from hor i zon tal mod ules,
hav ing cir cumfer ential cal ci fi ca tion cen tres, to a strictly tra- 
becular one (ver ti cal trabeculae, with ax i ally ar ranged cal ci -

fi ca tion cen ters) was ob served in the Up per Tri as sic am-
phiastraeid Quenstedtiphyllia fritschi (Volz, 1896) (see Ro-
niewicz and Stolarski, 2001). Septal micro struc tures of
pachythecaliines s.s. were con sid ered both as non-trabecu-
lar (Cuif, 1975, 2010; see also Stolarski, 2003), and mini-
trabecular (see dis cus sion in Ko³odziej, 1995; Roniewicz
and Stolarski, 2001). Roniewicz et al. (2007, p. 593) de -
fined the microstructure of Tri as sic pachythecaliines as
“Wall epithecal, thick and mod u lar in struc ture; septa thin
and built of cen trip e tally grow ing trabeculae, or septal
microstructure fibronormal (in re la tion to the midseptal
plane); septal faces not or na mented”. How ever, if we take
into ac count also pachythecaliines s.l. (sensu Stolarski and
Russo, 2001), not all post-Tri as sic pachythecaliines, par tic -
u larly heterocoeniids do fit with such def i ni tion. Wall can
be thin (e.g., Donacosmilia), and in con trast to the zardi-
nophyllids, even in amphiastraeids, septal faces can show
or na men ta tion (e.g., Fig. 16D, E). Dif fer ences in micro -
struc tures be tween amphiastaeids and heterocoeniids are
dis cussed be low. More over, tra di tional ter mi nol ogy dealing 
with skel e tal microstructure (thick-trabecular, minitrabe-
cular; Roniewicz and Morycowa, 1993), pos si bly re quires
mod i fi ca tion, ow ing to the new model of skel e tal coral
growth, pro posed by Stolarski (2003).

The microstructure of the wall and septa in post-Tri as -
sic pachythecaliines has been in ter preted var i ously. In Ju -
ras sic–Cre ta ceous amphiastraeids, the wall is built up of
“…well ar ranged mod ules of the shape of hor i zon tal spi-
nes” (Roniewicz and Stolarski, 1999, pp. 144–145; see also
Ogilvie, 1897; Morycowa, 1964b; Eliášová, 1975; Ko-
³odziej, 1995; Roniewicz and Stolarski, 2001). The pachy-
theca – a wall di ag nos tic for Pachythecaliina – im plies that
it is built by fi brous microstructure. In fact, in most pachy-
thecaliines, the microstructure of the septa and wall is un -
known, ow ing to the poor state of pres er va tion. More over,
dif fer en ti a tion in diagenetic al ter ations of the wall in am-
phiastraeids and re lated fam i lies might sug gest an orig i nal
vari abil ity in mi crostructure (Eliášová, 1976b; Roniewicz
and Stolarski, 1999; Ko³odziej, 2003). A wall in pachythe-
caliines (in clud ing heterocoeniids) is com monly termed as
“wall de vel oped in ad vance to septa” (Cuif, 1975, 2010;
Cuif and Stolarski, 1999; Roniewicz and Stolarski, 2001;
Stolarski and Russo, 2001) or “wall de vel oped prior to
septa” (see Ko³odziej, 1995).

In par tic u lar, there is a con tro versy, con cern ing the mi -
crostructure of heterocoeniid skel e tons, which was in ter -
preted in dif fer ent ways. Septa have been de scribed as built
by large trabeculae (Morycowa, 1971; Roniewicz and Mo-
rycowa, 1993) or minitrabeculae (Ko³odziej, 1995). It is
worth em pha siz ing that septa in heterocoeniids (even the
pri mary sep tum) can be thin ner than the lower limit of thick
trabeculae. The di am e ter of thick trabeculae sensu Ronie-
wicz and Morycowa (1993, p. 235) is “…over 50 µm (usu -
ally more than 100 µm) to ca. 300 µm”. More over, there are
in di ca tions sug gest ing that the mod u lar struc tures of am-
phiastraeid Amphiastrea and heterocoeniid Latusastrea are
sim i lar (Ko³odziej, 1995). Im por tant dif fer ence be tween
these two groups is a trabecular(?) microstructure of a peri-
theca, a skel e tal struc ture, oc cur ring in some heterocoe-
niids, but un known in other pachythecaliines. Rel ics of
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more di verse, than usu ally thought, septal and wall micro -
struc tures were ob served in some pachythecaliines s.l.
(Eliášová, 1976b; Ko³odziej, 2003, figs 3, 4).

Clas si fi ca tion and phy log eny

Fol low ing Roniewicz and Stolarski (2001), some au -
thors dis tin guish the suborder Pachythecaliina in stead of the 
suborder Amphiastraeina (Stolarski and Roniewicz, 2001;
Stolarski and Russo, 2001; Ko³odziej, 2003; Roniewicz,
2008; Melnikova and Roniewicz, 2012; Morycowa, 2012).
Oth ers still ac cept the pri or ity of Amphiastraeina. How ever, 
the pos si ble re la tion ships of Tri as sic pachythecaliines with
amphiastraeids and re lated fam i lies are sel dom dis cussed by 
these au thors (e.g., Baron-Szabo, 2002, 2006; Turnšek et
al., 2003; Löser, 2008c, 2012; Löser et al., 2009).

Usu ally the fol low ing fam i lies are in cluded in the Pa-
chythecaliina (= Amphiastraeina): (1) the Late Tri as sic Zar-
dinophyllidae (re cent find ing also in the Lower Ju ras sic;
Melnikova, 1975; Melnikova and Roniewicz, 2012), and
Late Tri as sic–Cre ta ceous (2) Amphiastraeidae [two am-
phiastraeid gen era Quenstedtiphyllia Melnikova, 1976 and
Sichuanophyllia Deng Zhanqiu et Zhang Yansheng, 1984 (=
Lubowastraea Melnikova, 1986) are known from the Up per
Tri as sic], and Ju ras sic–Cre ta ceous (3) Carolastraeidae Eliá-
šová, 1975, (4) Donacosmiliidae Krasnov, 1970, and (5)
Intersmiliidae Melnikova et Roniewicz, 1975. More proble-
matic is the sys tem atic po si tion of the fam ily Heterocoe-
niidae Oppenheim, 1930, which is usu ally clas si fied in the
sep a rate suborder Heterocoeniina Beauvais, 1977. Pre vi -
ously heterocoeniids were clas si fied in dif fer ent suborders;
some heterocoeniids were clas si fied within the Amphia-
straeidae (Vaughan and Wells, 1943; Wells, 1956; see Ko³o-
dziej, 1995). L. Beauvais (1974, 1976) be lieved that there are 
sim i lar i ties (also in microstructure) be tween Amphiastra-
eidae and Heterocoeniidae and later L. Beauvais (1981) clas -
si fied Amphiastraeidae to gether with Heterocoeniidae in a
new suborder Distichophyliina, a suborder not rec og nized in
cur rent coral clas si fi ca tions. By con trast, M. Beauvais (1977,
1982) in cluded Heterocoeniidae in the new suborder He-
terocoeniina. Eliášová (1976b) ac cepted both Amphiastrae-
ina and Heterocoeniina. How ever, she clas si fied them toge-
ther with the new suborder Carolastraeina (not rec og nized in
cur rent coral clas si fi ca tions), and Tri as sic Pachythecaliina in 
the sep a rate or der Hexanthiniaria (see be low). Hence, she
as sumed mor pho log i cal sim i lar i ties and phylo gen etic re la -
tion ships for these coral groups. Ko³odziej (1995) pro posed
to in clude Heterocoeniidae (superfamily Heterocoenioidea)
in Amphiastraeina, and later into Pachythecaliina (Ko³odziej, 
2003), a view, which is also held in the pres ent ac count. Sto-
larski and Russo (2001) con sid ered heterocoeniids as “sup -
posed pachythecaliines”. Baron-Szabo first clas si fied het ero-
coeniids into Heterocoeniina (e.g., Baron-Szabo and Steuber,
1996; Baron-Szabo, 1998), later into Amphiastraeina (Baron-
Szabo, 2002, 2006). Tax o nom i cal difficulities, con cern ing
heterocoeniids, are well ex em pli fied by Latusastrea Orbigny, 
1849, a ge nus, which be tween 1940–1990 was clas si fied
within five suborders (Turnšek and Löser, 1989). The sub-
or der Heterocoeniina was ac cepted re cently in scleractinian
sys tem at ics by Morycowa and Marcopoulou-Diacantoni

(2002), Idakieva (2003), Morycowa and Decrouez (2006), Ro- 
niewicz (2008), and by Löser (e.g., 2008a, b, c, 2009, 2010).

Co-oc cur rence (in the lime stones stud ied) of pachythe-
caliines s.s. (sensu Stolarski and Russo, 2001), that is, am-
phiastraeids (five gen era, six spe cies), and pachythecaliines
s.l., that is, carolastraeids (one ge nus, two spe cies), inter-
smiliids (one ge nus, one spe cies), donacosmiliids (one ge -
nus, one spe cies), and heterocoeniids (four gen era, four spe -
cies), in di cates sim i lar en vi ron men tal pref er ences. The oc -
cur rence of four heterocoeniid gen era, dis play ing the phace- 
loid growth form, which is rare in this fam ily, should be em -
pha sized. The co-oc cur rence with other four pachythecal-
line fam i lies is not con clu sive ev i dence of phylo gen etic re -
la tion ships; how ever, it is one more piece of ev i dence,
support ing such an in ter pre ta tion. A sim i lar co-occurence of
five pachythecaliine fam i lies is known from the Tithonian–
Lower Berriasian Štramberk Lime stone (Czech Re pub lic)
and its equiv a lent in the Pol ish Outer Carpathians. Only
heterocoeniids are rare there, but in gen eral they were rare
and poorly di ver si fied in the Ju ras sic and the ear li est Cre ta -
ceous. Cer tainly, tax o nomic vari abil ity of pachythecalii-
nes in the lime stones stud ied is higher, as some of find ings
were not de scribed here, ow ing to a poor state of pres er va -
tion or not enough, avail able thin sec tions. Fur ther sam pling 
in the ac tive quarry at Rusalya should pro vide more data on
these unique an tho zo ans dur ing their Cre ta ceous acme.

Taschenknospung, a pe cu liar type of bud ding, is only
well rec og nized in amphiastraeids. Pos si bly it oc curs also in 
some heterocoeniids, as in di cated by the re la tion ship of par -
ent and daugther coral lites in Thecidiosmilia morycowae
(see Ko³odziej, 1995). On the other hand, strongly develo-
ped, lat eral, septal or na men ta tion or even septal out growths
are an im por tant fea ture of heterocoeniids, but only for
some gen era, while oth ers can have septa with poor or na -
men ta tion. In Heterosmilia gen. nov., a heterocoeniid ge nus 
es tab lished in this pa per, only the pri mary sep tum has
strong, septal out growths, while other septa lack or na men -
ta tion. Strong, septal out growths are not com mon in sclerac- 
tinians, but oc cur also in other coral groups (e.g., Mory-
cowa, 1971; Stolarski et al., 2004), in clud ing Rhipido-
gyrina, which have true, aphophysal septa (Eliášová, 1973).

In sum mary, intersmiliids, carolastraeids, donacosmi-
liids and heterocoeniids are “…much eas ier clus tered with
pachythecaliines than with other co eval scleractinians” (Sto-
larski and Russo, 2001, p. 253), even tak ing into ac count
microstructural dif fer ences. In par tic u lar, some heterocoeniid 
gen era are mor pho log i cally closer to amphiastraeids than to
end mem bers of a spec trum of Heterocoeniidae. Heterocoe-
niids in clude some co lo nial gen era with high in te gra tion
level, which dis tin guishes them from other pachythecalii-
nes. How ever, pro gres sive trends of in creased in te gra tion are 
ob served in sev eral groups of reef-build ing, mod u lar in ver te -
brates, including cor als (e.g., Coates and Ol i ver, 1973;
Coates and Jack son, 1985; Roniewicz and Stolarski, 1999;
Wood, 1999). Some of the di ag nos tic char ac ter is tics for
pachythecaliines might have been lost in some lin eages (see
Stolarski and Russo, 2001). A good ex am ple is bi lat eral sy-
mmetry of the septal ap pa ra tus. Such a septal pat tern is cha-
racteristic for amphiastraeids. How ever, Quenstedtiphyllia
Melnikova (subfamily Quenstedtiphylliinae) has quasi-ra -
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dial sym me try in the adult stage (Ronie- wicz and Stolarski,
2001). Re cently, Löser (2012) has dis tin guished a new, am-
phiastraeid ge nus Hexamphiastrea, similar to Metaulastrea
(= Amphiaulastrea), but show ing ra dial sym me try (see also
Amphiaulastrea suprema in Morycowa and Marcopoulou-
Diacantoni, 1997, 2002). Dif fer ences in mor phol ogy of the
septa be tween the new ge nus and other amphiastraeids, as
well as the lack of in for ma tion about Taschenknospung
budding, raise a ques tion about the sys tem atic po si tion of
Hexamphiastrea. Still, it is mor pho log i cally clos est to am-
phiastraeids than to other cor als.

Even as sum ing dif fer ences in the microstructure be -
tween dif fer ent pachythecaliine groups, the pos si bil ity of
phylo gen etic re la tion ships is not ex cluded (cf. Roniewicz
and Stolarski, 2001, p. 36), be cause evo lu tion of the skel e -
ton microstructure of pachythecaliines also should be taken
into ac count. There fore, it seems rea son able to con sider a
com bi na tion of fea tures, when phylo gen etic re la tion ships
are stud ied. Mo lec u lar data on mod ern cor als sup port the
usefulness of skel e ton microstructure and mor phol ogy in
clas si fi ca tions at the fam ily level, but on the other hand,
found their group ing into suborders to be de bat able (e.g., Ro- 
mano and Palumbi, 1996; see also Stolarski and Roniewicz,
2001). It is par tic u larly im por tant, if we con sider clas si fy ing
pachythecaliines within a sep a rate or der (see be low).

Po si tion of Pachythecaliina within Anthozoa

The other de bat able ques tion is the po si tion of pachy-
thecaliines within the class Anthozoa and their pos si ble re -
la tion ship to Palaeozoic cor als. These cor als were usu ally,
or still are, clas si fied within the or der Scleractinia. How -
ever, rec og ni tion of the unique, skel e tal fea tures of pachy-
thecaliines led to their also be ing con sid ered as rugosan cor -
als (Koby, 1888; Ogilvie, 1897) or sur vi vors of the Rugosa
(Alloiteau, 1957; Cuif, 1975, 1977, 1981, 2010; Melnikova
and Roniewicz 1976; Stolarski, 1996; Cuif and Stolarski,
1999). Montanaro Gallitelli (1975) dis tin guished the new
or der Hexanthiniaria, in ter me di ate be tween the Rugosa
(plerophyllines) and the or der Scleractinia, and clas si fied
here a new Up per Tri as sic fam ily Zardinophyllidae. Later
Eliášová (1976b) in cluded in the Hexanthiniaria in the sub-
or der Pachythecaliina (with the fam ily Pachythecalidae
Cuif, 1975, a youn ger syn onym of Zardinophyllidae), Am-
phiastraeina (Pachythecaliina sensu Roniewicz and Stolar-
ski, 2001), Carolastraeina and Heterocoeniina. Re cently,
this sys tem atic po si tion of Pachythecaliina was ac cepted by
Roniewicz (2008), Morycowa (2012) and Melnikova and
Roniewicz (2012). It is also ac cepted in the pres ent pa per.
How ever, the con cept of Pachythecaliina should be re-ex -
am ined with re gard to its di ag nos tic fea tures, both in terms
of skel e tal mor phol ogy, septal pat tern and sig nif i cance of
the microstructure as di ag nos tic fea ture of the pachytheca-
liines The broad range of septal pat tern in pachythecaliines,
from (1) “rugosan”-like in Zardinophyllum, and (2) coral -
lites with few or only one rec og niz able sep tum (Pachythe-
cophyllia, Monoaulastrea; see Ko³odziej, 2003; Löser et
al., 2009) to (3) scleractinian-like septal pat tern as in the
adult stage of Carolastraea and Paracarolastraea at the end 
of the spec trum is a chal lenge in es tab lish ing the di ag nos tic

cri te ria for pachythecaliines. How ever, as dis cussed above,
some “typ i cal” pachythecaliine skel e tal fea tures could have
been lost in some lin eages.

Fur ther re search is needed, par tic u larly in deal ing with
septal in ser tion. Montanaro Gallitelli (1974, 1975) and Sto-
larski (1996) ob served in Zardinophyllum a rather broad,
intraspecific vari abil ity in metaseptal in ser tion, how ever,
with out a typ i cal rugosan, septal pat tern. In ter est ingly, the
draw ings, pre sented by Lebanidze (1991), show septal in -
ser tion in amphiastraeid Mitrodendron ogilviae Geyer,
1955 sim i lar to the one in the Rugosa, but it was never ver i -
fied and doc u mented in pho to graphs. Stolarski (1996) hy -
poth e sized that some rugosans might have sur vived the P/T
ex tinc tion in ref uges and re al ized their po ten tial, with mod i -
fi ca tions to their skel e ton min er al ogy and septal in ser tion.
Thus some Perm ian, scleractiniamorphs might be the an ces -
tors of some Tri as sic cor als (see ref er ences above), whereas
other scleractinian lin eages might have evolved from soft-
bod ied (corallimorpharian-like) an ces tors, as is com monly
as sumed (e.g., Stan ley, 2003). The dis cov ery of Late Cre ta -
ceous, sol i tary cor als with an orig i nal calcitic skel e ton in di -
cates that some scleractinian cor als in deed may se crete skel -
e tons of dif fer ent car bon ate poly morphs (Stolarski et al.,
2007). The long last ing dis cus sion on Tri as sic cor als, rep re -
sent ing the fam ily Zardinophyllidae (= Pachythecaliidae),
and their sup posed re la tion ship to some Late Palaeozoic
cor als is still not ex pressed in the com monly ac cepted,
higher-rank clas si fi ca tion. Re cently, Cuif (2010) sum ma -
rized some ideas on the pos si ble re la tion ships be tween
some scleractinians and rugosans and called for a re-ex am i -
na tion of the pres ent con cept of the Scleractinia. The hy -
poth e sis on the phylo gen etic re la tion ships be tween the skel -
e tal Palaeozoic cor als and cor als from the suborder Pachy-
thecaliina/Amphiastraeina (or in gen eral Scleractinia) was
chal lenged by re search ers of rugosans and other Palaeozoic
cor als, in clud ing Perm ian scleractiniamorphs (Ol i ver,
1980a, b, 1996; Fedorowski, 1997; Scrutton, 1997; Ezaki,
2004).

Spa tial and tem po ral pro lif er a tion
of phaceloid pachythecaliines

The first pachythecaliines – the Zardinophyllidae and
two gen era from the Amphiastraeidae – are known from the
Up per Tri as sic (Montanaro Gallitelli, 1974, 1975; Cuif,
1975; Roniewicz and Stolarski, 2001). Since the Late Ju ras -
sic, pachythecaliines be came more com mon, but still were
poorly di ver si fied. Usu ally only some spe cies oc cur in Ox-
fordian–Kimmeridgian coral as sem blages (e.g., Roniewicz,
1966: two gen era, two spe cies; Roniewicz, 1976: five ge-
nera, seven spe cies). How ever, they are highly di ver si fied
and abun dant (and largely phaceloid) in the Tithonian–
Lower Berriasian Štramberk Lime stone in Czech Re pub lic,
Outer Carpathians (17 gen era, 35 spe cies; Ogilvie, 1897;
Geyer, 1955; Eliášová, 1974, 1975, 1976a, b, 1978) and in
peb bles/boul ders (so called exotics) of the Štramberk-type
lime stones from Po land (14 gen era, 22 spe cies; Ogilvie,
1897; Geyer, 1955; Morycowa, 1964b, 1974; Ko³odziej,
1995, 2003). Ow ing to the dis placed char ac ter of these
lime stones (huge olistoliths in Štramberk, peb bles and boul -
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ders in the Pol ish Carpathians), the pre cise age of par tic u lar
coral spec i mens/taxa from these lime stones can not be spec i -
fied. On the ba sis of calpionellids, a Tithonian–Early Ber-
riasian age is com monly ac cepted for the coral-bear ing
limestones (Morycowa, 1968, 1988; Houša, 1990; Cibo-
rowski and Ko³odziej, 2001), but it is pos si ble that reefs
were de vel oped mainly dur ing the Late Tithonian. Lo cally
sed i men ta tion of Štramberk-type lime stones in the Pol ish
seg ment of north ern part of Tethys (mostly in la goonal fa -
cies) con tin ued un til the Valanginian (see Morycowa, 1988; 
Ivanova and Ko³odziej, 2010). In most pa pers on cor als
from the Štramberk Lime stone, the age was de ter mined as
Tithonian (see Vašíèek and Skupien, 2004 for ref er ences).
For the rea sons men tioned above, cor als from the Štramberk 
Lime stone are usu ally re corded in the lit er a ture and da ta -
bases as Ju ras sic, not Cre ta ceous fauna. How ever, for the
dis cus sion of evo lu tion ary trends it is im por tant that un til
the Valanginian, coral as sem blages have a “Late Ju ras sic
char ac ter” (Roniewicz and Morycowa, 1993), re cently ex -
em pli fied by a de tailed study of cor als from the con tin u ous,
Kimmeridgian–Valanginian suc ces sion in SW Bul garia
(Roniewicz, 2008).

Dur ing the Barremian and Aptian, a time span with the
high est coral de vel op ment in the Early Cre ta ceous (Löser,
1998), phaceloid pachythecaliines were rare. Only a wide -
spread pro lif er a tion of heterocoeniids, mostly with a ce-
rioid-plocoid type of col ony, is ob served in the Cre ta ceous
(see ci ta tion lists in Löser et al., 2002). The rich est Early
Cre ta ceous as sem blage of pachythecaliines, ex cept for
heterocoeniids, was de scribed by Baron-Szabo and Steuber
(1996) from the Aptian of Greece. They rec og nized 10 gen -
era and 13 spe cies (in clud ing two heterocoeniid gen era and
two spe cies), but only two gen era and three spe cies are
phaceloid.

In sum mary, a pro lific de vel op ment of phaceloid pa-
chythecaliines in the Tithonian and Berriasian, pos si bly
mainly in the Late Tithonian (Czech Re pub lic, Po land), in
the Late Barremian (Bul garia), and to a smaller ex tent in the 
Aptian (Greece), oc curred in palaeogeographically restric-
ted ar eas, with poorly known, en vi ron men tal con straints.

SYS TEM ATIC PALAE ON TOL OGY
(by Bo gus³aw Ko³odziej)

Ab bre vi a tions: UJ 225 P – x 1 – x re fers to the sam pling site
(Ru – Rusalya, Vis – Vishovgrad, Zar – Zarapovo, Hot – Hotnitsa)
and the spec i men num ber from the col lec tion UJ 225 P (In sti tute
of Geo log i cal Sci ences, Jagiellonian Uni ver sity, Kraków); UJ 225 
P – x/1 – num bers 1, 2, 3 etc. re fer to the thin sec tion num ber from
a given sam ple; ZPAL – Bu³g 1/1 – num ber of the sam ple (Bu³g
1/x) and thin sec tion (Bu³g 1/1), housed at the In sti tute of Palaeo -
bi ol ogy, Pol ish Acad emy of Sci ences, Warszawa.

Mea sure ments used in de scrip tions are ab bre vi ated as fol -
lows: d – coral lite di am e ter (in mm); c–c – dis tance be tween coral -
lite axes (in mm); s – num ber of septa; S1... Sn – septa of succee-
ding size or ders; num ber of the sam ple in bold – sam ples pre -
sented on fig ures; ( ) – less fre quent val ues are given in brack ets.

Or der HEXANTHINIARIA Montanaro-Gallitelli, 1975
Suborder PACHYTHECALIINA Eliášová, 1976

Fam ily AMPHIASTRAEIDAE Ogilvie, 1897
Subfamily AMPHIASTRAEINAE Ogilvie, 1897

Re marks: Roniewicz and Stolarski (2001) es tab lished the new
subfamily Quenstedtiphylliinae con tain ing the ge nus Quenstedti-
phyllia Melnikova, 1975 from the Up per Tri as sic. This subfamily
dif fers from the subfamily Amphiastraeinae by one-zonal (tab u lar) 
endotheca and coral lites with quasi-ra dial sym me try in the adult
stage. In the case of poorly pre served spec i mens, skel e tal struc -
tures in lon gi tu di nal sec tion (e.g., type of endotheca) are dif fi cult
to de ci pher. Re cently, Löser (2012) es tab lished the ge nus Hexam-
phiastrea with the type spe cies Amphiaulastrea suprema Mory-
cowa et Marcopoulou-Diacantoni (Morycowa and Marcopoulou-
Diacantoni, 1997, 2002). Hexamphiastrea is close to Metaulastrea
Dietrich and Amphiastrea Étallon but has hexameral sym me try
and thick rhopaloid septa. How ever, ow ing to the septal mor phol -
ogy of Hexamphiastrea, its clas si fi ca tion in the Amphiastraeidae
is un der ques tion.

Ge nus Metaulastrea Dietrich, 1926
Type spe cies: Aulastrea pompeckji Dietrich, 1926

Re marks: Löser (2008c) re placed Amphiaulastrea Geyer, 1955
with Metaulastrea. Metaulastrea was pro vi sion ally es tab lished by
Dietrich (1926), but it is valid, ac cord ing to the In ter na tional Code
of Zoo log i cal No men cla ture (Ride et al., 1999; see Löser, 2008c).
Ac cord ing to Löser (2008c), the type spec i men of the type spe cies
(Aulastraea conferta Ogilvie, 1897), se lected by Geyer (1955),
does not rep re sent Amphiaulastrea. From the Cre ta ceous, seven
spe cies of Metaulastrea (=Amphiaulastrea) are known (see ci ta -
tion lists in Löser et al., 2002). Thus, apart from Amphiastrea
(about ten spe cies), it is the most di ver si fied ge nus among the Cre -
ta ceous amphiastraeids.

Metaulastrea cf. rarauensis (Morycowa, 1971)
Fig. 10

Ma te rial: Six sam ples, six thin sec tions.
Mea sure ments: Morphometric mea sure ments are pre sented in
Ta ble 1.

Ta ble 1

Di men sions (in mm) of Metaulastrea cf. rarauensis
(Morycowa, 1971)

Sample number
UJ 225 P -

d c–c s

Vis 5 4-5 × 7–10 6–9 up to 45

Vis 10 6-7 × 7–11 (5) 6–8 (9) up to 50

Vis 26 6-9 × 9–12 7–10 ?

Vis 44 4-6 × 6–9 5–7 up to 43

Ru 3-10 4-5 × 5–7 5–6 up to 40

Ru 14 5–11 5–7 up to 35

Re marks: The sam ples stud ied are de ter mined in open no men cla -
ture as Metaulastrea cf. rarauensis (Morycowa). M. rarauensis,
de scribed from Lower Aptian of Ro ma nia (Morycowa, 1971), was 
also rec og nized from the Valanginian to Aptian of Greece, Ukra-
ine, Turkmenistan and Azerbaidjan, but mostly was not il lus trated
(see Löser et al., 2002). New spe cies, es tab lished by Baron-Szabo
(Baron-Szabo and Steuber, 1996) as Amphiaulastraea keuppi, is
con sid ered as a youn ger syn onym of M. rarauensis. This spe cies is 
also known from Barremian–Lower Aptian marls of the Lovech
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Urgonian Group (Idakieva, 2003). The pe riph eral part of the cali-
cular space (con tain ing shorthest septa) in the sam ples stud ied is
com monly filled with cal cite spar ce ment and the septa are recrys-
tallized. As a re sult, the ex act count ing of septa is dif fi cult. Dif fer -
ences in mea sure ments re vealed in the spec i mens seem to re flect
intraspecific vari abil ity, rather than the pres ence of more spe cies.
How ever, more thin sec tions are re quired to ob tain de tailed mea -
sure ments.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya,
Vishovgrad).

Ge nus Amphiastrea Etallon, 1859
Type spe cies: Amphiastrea basaltiformis Etallon, 1859

Amphiastrea sp.
Fig. 11

Ma te rial: One sam ple (UJ 225 P – Ru 9-08), one thin sec tion.
Mea sure ments (in mm): d = 6–7 (8), c–c = 5–7, s = up to 23.
Re marks: Lo cally, the min ute in ter stices be tween ad ja cent coral -
lites are filled with sed i ment. These in ter stices may be due to a
poor state of pres er va tion or may re flect subcerioid (with closely
packed basaltiformes coral lites). Amphiastrea, usu ally de scribed
as a cerioid coral, dis plays in fact a pseudocerioid growth form,
with each coral lite hav ing its own wall (Morycowa and Lefeld,
1966; Melnikova and Roniewicz, 1976; Roniewicz and Stolarski,
1999, 2001). Such a growth form can be rec og nized, only if the
lat eral sur faces of coral lites can be ob served as cov ered by epi-
theca (see Ogilvie, 1897; Geyer, 1955; Morycowa, 1964b).
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya).

Ge nus Pleurophyllia de Fromentel, 1856
Type spe cies: Pleurophyllia trichotoma de Fromentel,

1856

Re marks: Pleurophyllia is rarely re ported from the Cre ta ceous,
whereas in the Late Ju ras sic it was a rel a tively com mon ge nus
among amphiastraeids. Löser  et al. (2002) cited only a few re -
cords of this ge nus in the Cre ta ceous and only two spe cies, P.
trichotoma de Fromentel and P. skuviensis Turnšek. Ac cord ing to
Roniewicz (2008), P. skuviensis de scribed by Turnšek (in Turnšek 
and Mihajloviæ, 1981) from the Barremian–Lower Aptian of Ser -
bia rep re sents the ge nus Cladophyllia Milne Ed wards et Haime,
1851. P. trichotoma, de scribed by Sikhuralidze (1979) from Geor -
gia, is pos si bly from the Up per Ju ras sic, not the Albian. Other
Lower Cre ta ceous spec i mens are de ter mined in open no men cla -
ture, but they are too poorly doc u mented to con firm their tax o -
nomic de ter mi na tions. In the lime stones stud ied, Pleurophyllia
bulgarica sp. nov. is the most com mon coral.

Al though a phaceloid corallum is char ac ter is tic for this ge nus, 
a densely packed to subcerioid growth form may oc cur lo cally in

the spec i mens stud ied. This is in ac cor dance with the re cent rede-
scription of the syntype of the type spe cies Pleurophyllia tricho-
toma by LathuiliÀre (2012a): “Prob a bly phaceloid corallum (the
pol ished syntype shows on one side a sin gle coral lite and on the
other face, in cor re spon dence, a set of three coral lites not yet sep a -
rated)”. It is worth em pha siz ing that a mixed growth form of co-
rallum oc curs in some other pachythecaliine taxa. A dendroid-
phaceloid to subcerioid growth form oc curs in amphiastraeids
Aulastrea Ogilvie, 1897, Hykeliphyllum Eliášová, 1975 (e.g.,
Geyer, 1955; Eliášová, 1975), and in Pleuroaulastrea variabilis
gen. et sp. nov, de scribed be low, and in par tic u lar in ?Pleuro-
phyllia sp. These ex am ples give ev i dence of the high po ten tial of
some pachythecaliines for vari abil ity of growth form, which might 
be fa voured by low, bi o log i cal in te gra tion in these cor als. Ac cord -
ing to Coates and Ol i ver (1973), who dis cussed rugosan cor als,
cerioid corallum is only a com pact, phaceloid corallum. Many Re -
cent and fos sil cor als show a re sponse of growth forms to en vi ron -
men tal fac tors (e.g., Young, 1999a and lit er a ture therein). How-
ever, mixed, cerioid-phaceloid growth forms are not com mon in
scleractinian cor als (LathuiliÀre, 1989, 1996). A chang ing growth
pat tern may have no sys tem atic sig nif i cance, but may be in ter -
preted as a par tial death of the col ony, due to sed i men ta tion or pre -
da tion (LathuiliÀre, 1989), or re flects only close pack ing, which
re sulted from space com pac tion. Mixed growth forms of cor als oc -
cur more com monly in the Rugosa. Partly phaceloid/partly cerioid
coralla oc cur in rugosan Lithostrotionidae (e.g., Nudds, 1979) and
Phillipsastreidae (e.g., Wrzo³ek, 2007). Some rugosan cor als show
changes in col ony type – from cerioid to fasciculate (branch ing) –
dur ing re gen er a tion (Fedorowski, 1980; Poty, 1981; Young,
1999b).
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Fig. 10 Metaulastrea cf. rarauensis (Morycowa). A, B – coral lites with well de vel oped marginarium. C – coral lite with poorly de vel -
oped marginarium. UJ 225 P; A – Vis 10/1, B – Vis 26/1, C – Vis 44/1

Fig. 11. Amphiastrea sp. Ar row in di cates inter-coral lite in ter -
stice filled with sed i ment. UJ 225 P – Ru 9-08/1



Pleurophyllia bulgarica new spe cies, Ko³odziej
Fig. 12

Holotype: UJ 225 P – Ru 14-08.
Paratypes: UJ 225 P – Ru 19-08, Ru, 21, Ru 30, Ru 7257, Ru
8837, Ru 8860.
Et y mol ogy: bulgarica – from the coun try name Bul garia.
Type lo cal ity: Rusalya, Bul garia.
Type level: Lower part of mid dle Up per Barremian, Emen For ma -
tion, Bul garia.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: Pleurophyllia of coral lite di am e ters rang ing from (4) 5 
to 9 (12) mm and num ber of septa up to 49.
Ma te rial: 17 sam ples, 30 thin sectionsn (13 large), one pol ished
slab.
Mea sure ments: Morphometric mea sure ments are pre sented in
Ta ble 2.

De scrip tion: Phaceloid corallum. Lo cally, coral lites are close to
each other, re sult ing in a subcerioid growth form. Coral lites in
trans verse sec tion are more or less elon gated, rarely round. Septa
ar ranged in bi lat eral sym me try, de fined by lon ger septa on one
side of coral lite, but with the pri mary sep tum usu ally only slightly
lon ger and thicker than oth ers. Septa smooth and thin, al though
thick septa may oc cur in some coral lites. Lonsdaleoid septa pres -
ent. Endotheca two-zonal, built by large tabuloid dis sepi ments in
the cen tral part and ve sic u lar dis sepi ments in the nar row pe riph -
eral zone. Marginarium in coral lites rarely ob served. Dis con tin u -
ous “ex fo li a tion” of wall rec og nized in one coral lite. Taschen-
knospung bud ding.

Re marks: As in many other spe cies, de scribed in the pres ent pa -
per, dif fer ences in the num ber of septa de pend partly on the state
of pres er va tion. At the pe riph eral part of coral lites, septa are dif fi -
cult to count also, be cause they are poorly and ir reg u larly de vel -
oped there (pos si bly also as septal spines like in heterocoeniids; cf. 
Morycowa, 1971; Ko³odziej, 1995). Pleurophyllia bulgarica sp.
nov. dif fers from P. trichotoma (known from the Up per Ju ras sic and 
Berriasian) in larger coral lite di am e ters and more abun dant septa.
For ex am ple, P. trichotoma, de scribed by Roniewicz (1966): d 6–8,
s 20 (24); Eliášová (1975): d 5–7 (8.5), s 20 + S3; Ko³odziej
(2003): d (5) 6–8, s 20–30. Other known spe cies of Pleurophyllia
have smaller di am e ters and smaller num bers of septa. P. tricho-
toma shows bi lat eral sym me try, de fined by a well de vel oped, pri -
mary sep tum, which in the new spe cies is poorly de vel oped, al -
though bi lat eral sym me try is well marked. On the other hand, a
“main sec tor”, as in Hykeliphyllum Eliášová and Psudopistophyl-
lum Geyer does not oc cur. A skel e tal struc ture, re sult ing from “ex -
fo li a tion” (poorly pre served marginarium?) of a wall, sim i lar to
the one ob served in Paracarolastraea zlatarskii gen. et sp. nov.,
was rec og nized only in one coral lite (Fig. 12K). The great est dif -
fer ences are in the spec i men from Hotnitsa, where the “main sec -
tor” is more clearly de vel oped (Fig. 12F, G).
Dis tri bu tion: Lower and mid dle parts of Up per Barremian (Hot-
nitsa, Rusalya, Vishovgrad).

?Pleurophyllia sp.
Fig. 13

Ma te rial: One sam ple (UJ 225 P – Ru 7262), one large thin sec -
tion.
Mea sure ments (in mm): d = (4) 5–7 (8), s = up to 31.
Re marks: The coral shows mixed phaceloid (Pleurophyllia-like)
to subcerioid (Amphiastrea-like) growth forms. The small piece of 
the sam ple does not per mit de ter mi na tion of whether it is a frag -
ment of a pseudocerioid-dom i nated or phaceloid-dom i nated coral- 
lum. Coral lites are par tic u larly poorly pre served in the phaceloid
part. The interskeletal space is filled here with sparite ce ment, thus 
anal y sis of the septal ap pa ra tus is not pos si ble, but the margina-
rium can be rec og nized in some coral lites. The re la tion be tween
coral lites of the subcerioid and phaceloid parts of the corallum ex -
cludes the pos si bil ity of fu sion of two dif fer ent cor als. As de -
scribed above, the subcerioid growth form may lo cally oc cur in
Pleurophyllia bulgarica sp. nov. and in the type spe cies of Pleuro- 
phyllia.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya).

Ge nus Aulastrea Ogilvie, 1897
Type spe cies: Aulastrea schäferi Ogilvie, 1897

?Aulastrea touli new spe cies, Ko³odziej
Fig. 14

Holotype: UJ 225 P – Vis 2.
Et y mol ogy: touli – in hon our of Franz Toula, 19th Aus trian coral
re searcher of Cre ta ceous cor als in Bul garia.
Type lo cal ity: Vishovgrad, Bul garia.
Type level: Lower part of mid dle Up per Barremian, Emen For ma -
tion, Bul garia.
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Ta ble 2

Di men sions (in mm) of Pleurophyllia bulgarica sp. nov.

Sample number
UJ 225 P - 

d s

Holotype Ru 14-08 (5) 6–7 × 6–8 (11) up to 32

Paratype Ru 19-08 (4) 5–8 × 7–9 (10) up to 38

Paratype Ru 21 (4) 5–7 × 6–9 up to 32

Paratype Ru 30 4–6 × 4–8 (9) up to 39

Paratype Ru 7257 (4) 5–6 (7) × 6–9 (12) up 49

Paratype Ru 8837 (4) 5–7 × 7–9 up 41

Paratype Ru 8860 4–7 × 6–8 (9) up to 38

Ru 1-10 4–8 ?

Ru 2 (4) 5–7 × (6) 7–10 up 34

Ru 4-08 5–6, longest up to 10 up 32

Ru 7-08 4–6 × 5–10 up to 32

Ru 13-08 5–9 × (5) 8–12 up to 41

Ru 15-08 5–8 × 6–10 up to 40

Ru 17-08 4–8 × 6–10 up to 32

Ru 249 5–10 up to 35

Vis 1673 6–11 up to 34

Hot 1 6–10 up to 35

Fig. 12. Pleurophyllia bulgarica sp. nov. A–K – trans verse sec tions, L – lon gi tu di nal sec tion. A, B, D – r in di cates small rudists, mostly
Mathesia darderi (Astre), par tic u larly nu mer ous in D. B – densely packed coral lites. C – two coral lites with septa of vari able thick ness. F,
G – coral lites with quasi main sec tor. H, K – coral lites with ‘ex fo li a tion’ of wall (com pare Fig. 17). J – coral lites with Taschenknospung
bud ding. UJ 225 P; A – Ru 14-08/2, B – Ru 8860/1, C – Ru 8837/1, D – Ru 7257/3, E, I – Ru 30/1, F, G – Hot 1/2, H, J – Ru 19-08/2, K –
Ru 4-08/1, L – Ru 249/1. A – holotype, B, C, E, H, I, J – paratypes
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Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: Dom i nantly phaceloid, lo cally phaceloid-dendroid to
subcerioid corallum. Coral lites from about 7 mm to 21 mm in di -
am e ters, and up to 50 septa.
Ma te rial: One sam ple (UJ 225 P – Vis 2), four large thin sec tions,
three pol ished slabs.
Mea sure ments (in mm): d = 7–21, s = highly vari able, up to at
least 50.
De scrip tion: Phaceloid, lo cally a phaceloid-dendroid to subce-
rioid corallum. Lo cally coral lites form com pact clus ters. Coral lites 
oval. Septa ar ranged in bi lat eral sym me try. Septa on one side of
coral lite are lon ger, but a pri mary sep tum is only slightly lon ger
and slightly thicker. Lonsdaleoid septa pres ent. Com plete margi-
narium de vel oped around the septal ap pa ra tus only in some coral -
lites; in oth ers, marginarium is poorly de vel oped (“mar ginal pock -
ets”). Endotheca in pe riph eral zone built of ve sic u lar dissepi-
ments; in cen tral part poorly pre served, but pos si bly built of tabu-
loid dis sepi ments. Taschenknospung bud ding.
Re marks: The new spe cies is ten ta tively as signed to the ge nus
Aulastrea. It dif fers from Aulastrea in its growth form. Aulastrea
has a mas sive subcerioid to dendroid-phaceloid corallum, with
short branches and a con i cal lower part (see Ogilvie, 1897; Geyer,
1955; Eliášová, 1975; Schäfer and Senowbari-Daryan, 1980; Lat-
huiliÀre, 2012b). In con trast to Aulastrea, there is a lack of a dis -
tinct, thick, pri mary sep tum. The septal pat tern is sim i lar to the
one, oc cur ring in Pleurophyllia bulgarica sp. nov. Aulastrea is
poorly known from the Lower Cre ta ceous (see ci ta tion lists in
Löser et al., 2002). The best doc u mented in the Cre ta ceous are
Aulastrea schaeferi Ogilvie, 1897 and Aulastrea cf. macer Eliá-
šová, 1975 de scribed by Baron-Szabo (in Baron-Szabo and Steu-
ber, 1996) from the Aptian of Greece, pre vi ously known only from 
the Up per Ju ras sic/ear li est Cre ta ceous.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Visho-
vgrad).

Ge nus Pleuroaulastrea new ge nus, Ko³odziej
Type spe cies: Pleuroaulastrea variabilis sp. nov.,

Ko³odziej

Et y mol ogy: In re la tion to Pleurophyllia and Aulastrea.
Di ag no sis: Corallum phaceloid, lo cally subcerioid. Coral lites
round or slightly oval, and highly vari able in di am e ter. Septa ar -
ranged in bi lat eral sym me try, de fined by long ax ial pri mary sep -

tum. Lat eral septal faces cov ered by small gran ules. Marginarium
pres ent. Lonsdaleoid septa pres ent. Endotheca un known. Taschen- 
knospung and parricidal bud ding.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Re marks: Pleuroaulastrea gen. nov. dif fers from Aulastrea in the 
gen eral corallum growth form (see re marks on ?Aulastrea touli sp. 
nov.). In the new ge nus, the marigarium is poorly de vel oped and
not com plete. Coral lites are highly vari able in size. The septal pat -
tern in small coral lites is close to Pleurophyllia. Apart from Ta-
schenknospung, parricidal bud ding oc curs, re sult ing in a par tial,
subcerioid growth form, built of small po lyg o nal coral lites. Fig ure
16A, B shows recrystallized coral lites with parricidal bud ding.
This bud ding type is sim i lar to the one, oc cur ring in Mitrodendron
Quenstedt, 1880 (Roniewicz, 1966, text-fig. 15; pl. 16, fig. 1c;
Melnikova and Roniewicz, 1976, fig. 4; Roniewicz, 2008, fig. 3c),
in which new budds ap pear on the endothecal el e ments. It dif fers
from the parricidal bud ding in Intersmilia Eliášová, 1974, where
septa of a par ent in di vid ual con tinue into a daugh ter one (Melni-
kova and Roniewicz, 1976, fig. 4; see also re marks on Intersmilia
aff. diaboli Eliášová, 1974 in the pres ent pa per).

Pleuroaulastrea variabilis new spe cies, Ko³odziej
Figs 15, 16

Holotype: UJ 225 P – Vis 1.
Et y mol ogy: variabilis – for its high vari abil ity in coral lite di am e -
ter and corallum growth form.
Type lo cal ity: Vishovgrad, Bul garia.
Type level: Lower part of mid dle Up per Barremian, Emen For ma -
tion, Bul garia.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: Pleuroaulastrea with highly vari able coral lite size,
from 4–8 mm in the subcerioid/densely phaceloid part of the
corallum to 10–27 mm in the phaceloid part. Num ber of septa rel a -
tively small, up to 29.
Ma te rial: One sam ple (UJ 225 P – Vis 1), seven thin sec tions (two 
large), eight pol ished slabs.
Mea sure ments (in mm): d = 4–8 in subcerioid/densely phaceloid
part of corallum 10–27 in phaceloid part of corallum, s = up to 29
(in large coral lites).
De scrip tion: Phaceloid corallum. Lo cally coral lites, re sult ing
from parricidal bud ding, are close to each other, re sult ing in sub-
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Fig. 13. ?Pleurophyllia sp., dis play ing, mixed subcerioid (A) to phaceloid growth form (B). Ar rows in di cate coral lite, link ing subcerioid 
and phaceloid parts of corallum. UJ 225 P – Ru 7262/1



cerioid growth form. Coral lites round or slightly oval. Di am e ter of 
coral lites is highly vari able in di am e ter; they are sig nif i cantly
smaller in the subcerioid part of corallum. Septa ar ranged in bi lat -
eral sym me try, de fined by long, ax ial, pri mary sep tum. Lat eral
faces of larger septa are cov ered by small gran ules. Marginarium
well or poorly de vel oped. Lonsdaleoid septa pres ent. Endotheca
un known. Taschenknospung and parricidal bud ding.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Vishov-
grad).

Fam ily CAROLASTRAEIDAE Eliášová, 1976

Re marks: Un til now Carolastraeidae con tained only one ge nus
Carolastraea Eliášová, 1976 with three spe cies. Löser (2009) in -
cluded this ge nus in the Amphiastraeidae.

Ge nus Paracarolastraea new ge nus, Ko³odziej
Type spe cies: Paracarolastraea zlatarskii sp. nov., Ko³odziej

Et y mol ogy: Paracarolastraea – for sim i lar ity to Carolastraea
Eliášová, 1976.
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Fig. 14. ?Aulastrea touli sp. nov., holotype UJ 225 P – Vis 2. A – pol ished slab of holotype spec i men. Coral lites strongly recrystallized;
interskeletal space com monly filled with cal cite spar ce ment, in par tic u lar in pe riph eral parts of coral lites. B – dendro-phaceloid to
subcerioid part of corallum with Taschenknospung bud ding (Vis 2/2). C, D – coral lites with poorly de vel oped marginarium; ar rows in di -
cate small rudists (r) and small microbialite ‘bridges’ (m) be tween coral branches (C – Vis 2/2, D – Vis 2/1). E – coral lite with broad
marginarium (Vis 2/2). F – lon gi tu di nal sec tion show ing large, ve sic u lar dis sepi ments at the pe riph eral part of endotheca. At left side,
trans verse to slightly oblique sec tion dis plays small parricidal bud (ar row) (Vis 2/4)
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Fig. 15. Pleuroaulastrea variabilis gen. et sp. nov, holotype UJ 225 P – Vis 1. A–C – pol ished slabs of holotype spec i men, show ing high 
vari abil ity in coral lite ar range ment and size. B – pol ished slab, show ing (black ar row) lo cal, densely, packed po lyg o nal coral lites
(subcerioid growth form). White ar rows show densely packed rounded coral lites. C – trans verse sec tion, made five mil li me ters above the
sur face on Fig ure B, with densely packed rounded coral lites (black ar row). White ar rows show loosely packed branches (com pare with B). 
D – two coral lites with well de vel oped marginarium and bi lat eral sym me try, de fined by long pri mary sep tum (Vis 1/2). E – coral lite with
de stroyed, in ner parts of septa (Vis 1/1). F – do lo mite crys tals in mi cro bial automicrite (see Fig. 9B) in sam ple UJ 225 P – Vis 2/2. Af ter
stain ing of the thin sec tion with Alizarine Red-S, only coral skel e ton (c) and automicrite show red dish color



Di ag no sis: Phaceloid corallum. Septa ar ranged in six subequal
sys tems, in ra dio-bi lat eral sym me try. Larger septa are rhopaloid.
A slightly en larged, pri mary sep tum is pres ent in some coral lites.
The wall is thick. Around the outer wall sur face of some adult
coral lites there oc cur struc tures, re sult ing from a wall “ex fo li a -
tion”. These con sist of one or more “lay ers”, more or less par al lel
to the wall, and usu ally do not con tin u ously sur round it. Endotheca 
poorly pre served (one-zonal?). Bud ding extracalicular mar ginal
and by septal di vi sion.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Re marks: The new ge nus is sim i lar to Carolastraea (Eliášová,
1976a). It dif fers in the pres ence of septal di vi sion and struc tures,
re sult ing from a wall “ex fo li a tion” (Fig. 17A–J) and in show ing
some anal ogy with marginarium in amphiastraeids. How ever, in
con trast to the interseptal space in many coral lites, the space be -
tween the wall and these struc tures is filled by sed i ment, not by
sparite ce ment, im ply ing that there were no dis sepi ments, which
might close the space. In this re spect, it dif fers from marginarium,
which com monly con tains dis sepi ments or septa (com pare Meta-
ulastrea cf. rarauensis, Fig. 10). Melnikova and Roniewicz (1976, 
p. 98) dis cuss ing the wall struc ture in Mitrodendron ogilviae
Geyer and Pleurophyllia trichotoma de Fromentel from the Kim-
meridgian of Po land, stated: “The wall de vel ops in re sult of suc -
ces sive ac tions of skel e tal se cre tion (pl. XXVIII, figs 1, 2), it is
‘multilamellar’ as was as sumed by Beauvais (1974)”. Melnikova
and Roniewicz (1976, pl. 23, fig. 1) showed (ver ti cal sec tion)
struc tures termed as “ru di ments of calicular bor der” sim i lar to
those de scribed in the pre set pa per and named here as struc tures
re sulted from wall “ex fo li a tion”.

Paracarolastraea zlatarskii new spe cies, Ko³odziej
Figs 17, 18 A–D

Holotype: UJ 225 P – Ru 34.
Paratypes: UJ 225 P – Ru 20-08, Ru 32, Ru 33.
Et y mol ogy: Named in hon our of Dr. Vassil Zlatarski, a re searcher 
of fos sil and re cent cor als.
Type lo cal ity: Rusalya, Bul garia.
Type level: Lower part of mid dle Up per Barremian, Emen For ma -
tion, Bul garia.
Strati graphic dis tri bu tion: Lower and mid dle parts of Up per
Barremian.
Ma te rial: Six sam ples UJ 225 P – Ru 20/08, Ru 31, Ru 32, Ru 33,
Ru 34, Hot 1171; 16 thin sec tions (two large).
Di ag no sis: Paracarolastraea with coral lite di am e ter of 3–5 (6)
mm, and 24 septa ar ranged in three size or ders; very rare septa of
the fourth or der.
De scrip tion: Phaceloid corallum, only in places coral lites are
closely packed. In all sam ples coral lite di am e ter is sim i lar, rang ing 
from 3 to 5 (6) mm. Septa ar ranged in six subequal sys tems, in ra -
dio-bi lat eral sym me try. Usu ally four of six S1 are lon ger and
thicker than oth ers. Larger septa (S1 and some S2) are com monly
thick ened at the in ner mar gin (rhopaloid septa). A slightly enlar-
ged pri mary sep tum oc curs in some coral lites (Fig. 17B, J). Septa
S2 are S3 usu ally well de vel oped, septa S4 rare. Septal faces are
smooth or show faint, ir reg u lar gran u la tions. Many adult coral lites 
(up to 30% per thin sec tion) con tain struc tures re sult ing from “ex -
fo li a tion” of the outer wall These struc tures usu ally dis con tin u -
ously sur round the wall. Endotheca poorly pre served (uni-zonal?). 
Bud ding extracalicular mar ginal and by septal di vi sion. Septal
bud ding re sults in for ma tion of two (Fig. 18A) or more daugh ter
coral lites (Fig. 18B–D).
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Fig. 16. Pleuroaulastrea variabilis gen. et sp. nov; holotype UJ 225 P – Vis 1. A, B – coral lites with parricidal bud ding. Ar rows in A
show rudist shell (r). C–E – coral lite with short septa pos si bly due to state of pres er va tion; in D and E (en large ment of C), septa show
gran u lar or na men ta tion. B–E – thin sec tion Vis 1/4



Re marks: With re spect to di am e ter of coral lites and num ber of
septa the new spe cies is sim i lar to Carolastraea gracea Baron-
Szabo, 1996 [coral lites di am e ter (2.5) 3–4; num ber of septa (20)
24] from the Aptian of Greece (Baron-Szabo and Steuber, 1996).
How ever, other fea tures (‘ex fo li a tion’ of a wall, septal in crease)
jus tify clas si fi ca tion of the new spe cies in the new ge nus Paraca-
rolastraea. The septal di vi sion shows sim i lar ity to the one, re -

ported in some Up per Tri as sic scleractinian cor als (Roniewicz,
1989), and in the mid dle Perm ian scleractiniamorph, Numidia-
phyllum (Ezaki, 2004), where both bi par tite, as well as hexapartite
and tri par tite in creases oc cur.
Dis tri bu tion: Lower and mid dle parts of Up per Barremian (Ru-
salya, Hotnitsa).
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Fig. 17. Paracarolastraea zlatarskii gen. et sp. nov. A–J – trans verse sec tion. K – lon gi tu di nal sec tion. Most of coral lites on A–J show
sin gu lar (A, B, J) or mul ti ple (C–I) wall struc tures, re sult ing from ‘ex fo li a tion’ of coral lite wall. In G and H, these struc tures con tin u ously
sur round coral lite re sult ing in for ma tion of some kind in ner coral lite. In B, coral lites are highly vari able in size and densely packed lo -
cally. UJ 225 P; A, C, D – Ru 34/4, B – Ru 34/3, E, F – Ru 34/4a, G – Ru 34/7, H, I, K – Ru 34/2. A–G, J – holotype, H, I– paratype



?Paracarolastraea sp.
Figs 6A, 18E–G

Ma te rial: Two sam ples (UJ 225 P – Vis 30, Vis 40), three thin
sec tions.
Re marks: Two spec i mens show sim i lar i ties to Paracarolastraea
zlatarskii sp. nov., with re spect to di am e ter and num ber of septa,
but they lack struc tures re sult ing from ‘ex fo li a tion’ of the wall.
More over, septal bud ding, re sult ing in the for ma tion of even five

daugh ter coral lites (Fig. 18E–H), is more com mon, al though only
three thin sec tions were stud ied. In one thin sec tion, a unique ag -
gre ga tion of coral lites oc curs. Densely packed coral lites are sur -
rounded lo cally by a com mon wall (pos si bly the wall of the par ent
in di vid ual). More se rial sec tions are needed to re veal the ex act in -
crease pat tern in this spec i men, as well as its tax on omy (Paracaro- 
lastraea zlatarskii or a new spe cies).
Dis tri bu tion: Lower part of mid dle Up per Barremian (Vishov-
grad).
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Fig. 18. A–D. Septal in crease in Paracarolastraea zlatarskii gen. et sp. nov. In C and D, septal in crease re sulted in or i gin of four daugh -
ter coral lites (num bered from 1 to 4); m in A in di cates poorly lam i nated, microbialite crust. UJ 225 P; A – Hot 1171/1, B, D – Ru 32/1, C –
Ru 32/2. E–I. ?Paracarolastraea sp. E–H – septal in crease re sulted in or i gin of a few daugh ter coral lites. In H densely packed coral lites
are sur rounded lo cally by com mon wall (ar row). a and m in E and F show dasyclad al gae (E – Zittelina hispanica Masse, Arias et Vilas, F
– Neomeris cf. cretacea Steinmann) and microbialite crust re spec tively. I – coral lite with thick wall. Ar row pos si bly in di cates early stage
of blastogeny. UJ 225 P; E, G –Vis 40/1, F– Vis 30/1, I – Vis 30/2



Fam ily DONACOSMILIIDAE Krasnov, 1970
Ge nus Donacosmilia de Fromentel, 1861

Type spe cies: Donacosmilia corallina de Fromentel, 1861

?Donacosmilia sp.
Fig. 19

Ma te rial: One sam ple (UJ 225 P – Ru 7270), one large thin sec -
tion.
Mea sure ments (in mm): d = (7) 8–10 (11), s = 41–47 (60) in adult
coral lites.
Re marks: Phaceloid corallum with some coral lites, show ing
slightly marked, bi lat eral sym me try. Rare, lonsdaleoid septa pres -
ent. The spec i men de scribed dif fers from the best known, Late Ju -
ras sic spe cies Donacosmilia corallina de Fromentel and D. eta-
lloni (Koby, 1888) (e.g., Turnšek, 1972, 1997; Melnikova and
Roniewicz, 1976; Buzcu and BabayiÈit, 1998) in hav ing smaller
coral lite di am e ters and a greater num ber of septa. D. massaliensis
Morycowa et Masse, 1998, from the Up per Barremian of Pro vence 
in France, shows smaller coral lite di am e ters (6–7.5 mm) and less
nu mer ous septa (32 S1–S3 plus S4) (Morycowa and Masse, 1998). 
In the avail able frag ment of corallum (15 coral lites), no margina-
rium was ob served in coral lites. Thus, the ge neric at tri bu tion of
this spe cies is un cer tain.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya).

Fam ily INTERSMILIIDAE Melnikova et Roniewicz, 1976
Ge nus Intersmilia Eliášová, 1974

Type spe cies: Intersmilia malevola Eliášová, 1974

Re marks: Intersmilia is a rare ge nus, known to oc cur since the
Lower Ju ras sic (?Hettangian–Sinemurian; Melnikova and Ronie-
wicz, 1976, 2002), but mostly from the Up per Ju ras sic/ear li est
Cre ta ceous (Eliášová, 1974; Roniewicz, 1976; Ko³odziej, 2003;
Roniewicz, 2008).

Intersmilia aff. diaboli Eliášová, 1974
Fig. 20

Ma te rial: One sam ple (ZPAL Bu³g 3), eight thin sec tions.
Mea sure ments (in mm): d = 6–8 (9), s = 12.
Re marks: With re spect to coral lite di am e ters, the spec i men is
sim i lar to Intersmilia diaboli Eliášová [d = (6) 8–9 (10)]. How -
ever, the num ber of septa in I. diaboli is from 12 to 24 (S1–S3,
spo rad i cally S4). It is pos si ble that septa S3 oc cur also in the spec i -
men stud ied, but they are un rec og niz able, ow ing to the state of
pres er va tion. The wall is dark in color, par tic u larly in its outer
part. The wall shows a rather com plex, in ner struc ture, but no dou -
ble-layer struc ture as in I. diaboli was rec og nized. Ac cord ing to
Eliášová (1974) Intersmilia dis plays intracalicular mar ginal bud -
ding. How ever the pub lished pic tures do not sup port this. It ap -
pears rather, as stated by Melnikova and Roniewicz (1976), that
the bud ding is lat eral. Parricidal bud ding was not ob served by
Eliášová (1974), nei ther in I. diaboli, nor in I. malevola Eliášová,
1974. It was recog- nized in one coral lite of the sam ple, stud ied
here, and in the Kimmeridgian I. irregularis Roniewicz, 1976 (see
Melnikova and Roniewicz, 1976). In the spec i men stud ied (Fig.
20C), as in I. irregularis, the septa of the par ent in di vid ual conti-
nue into the daugh ter one (Melnikova and Roniewicz, 1976, fig. 4).
Sym me try of the septal ap pa ra tus in Intersmilia was de scribed by
Eliášová (1974) as ra dial. How ever, pic tures of I. malveola and
par tic u larly of I. diaboli (Eliášová, 1974¸ pl. 1, fig. 1, pl. 2, fig. 2,
pl. 3, fig. 1, pl. 4, figs 1, 2) per mit rec og ni tion of a lon ger, pri mary
sep tum. Ac cord ingly, the septal sym me try should be rather char -
ac ter ized as ra dio-bi lat eral.
Dis tri bu tion: The sam pling site can not be ex actly lo cated (Ve-
liko Tarnovo or its close vi cin ity), there fore a gen eral Barremian
age is as sumed for the stud ied spec i men. I. diaboli is known from
Tithonian–Lower Berriasian of the Štramberk Lime stone.
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Fig. 19. ?Donacosmilia sp. A–C – trans verse sec tions of coral lites; note lack of marginarium and slightly bi lat eral sym me try. UJ 225 P – 
Ru 7270/1

Fig. 20. Intersmilia aff. diaboli.  A–C – trans verse sec tions of coral lites; note dark color of wall. C – parricidal bud ding (ar row). ZPAL
Bu³g 3; A – 3/6, B – 3/4, C – 3/2



Fam ily HETEROCOENIIDAE Oppenheim, 1930

Re marks: The four spe cies, de scribed be low, rep re sent four pha-
celoid gen era. In con trast to other pachythecaliines, the phaceloid
growth form is rare in Heterocoeniidae. The sys tem atic po si tion of 
phaceloid gen era Cuneiphyllia (one spe cies; Eliášová, 1978) and
Pachythecophyllia (one spe cies; Ko³odziej, 2003) from the Štram- 
berk Lime stone and Štramberk-type lime stones re spec tively, orig -
i nally at trib uted to the Heterocoeniidae, ap pears to be prob lem atic, 
but cer tainly they rep re sent pachythecaliines.

Ge nus “Pseudopistophyllum” Geyer, 1955
Type spe cies: Pseudopistophyllum berckhemeri Geyer,

1955

Re marks: The new spe cies, de scribed be low, is ten ta tively as -
signed to the ge nus “Pseudopistophyllum” Geyer, 1955. This spe -
cies rep re sents a new ge nus and was for the first time il lus trated by 
Ko³odziej et al. (2011b) and de ter mined in for mally as Gen. nov. 2. 
sp. nov. 1. Re cently Löser et al. (in press) pro posed es tab lish ment
of a new ge nus, based on a new spe cies, rec og nized in the Up per
Albian of Spain (see also Löser, 2009, fig. 101; Löser et al., 2011). 
Apart from the Span ish and Bul gar ian spe cies, the new ge nus in -
cludes also the spe cies, de scribed from Slovenia by Turnšek (in
Turnšek and Buser, 1976), as Pseudopistophyllum quinquesep-
tatum. This spe cies was rec og nized in a lime stone block of pos si -
ble Late Ju ras sic age, oc cur ring in Senonian brec cias (Turnšek and 
Buser, 1976). The new ge nus dif fers from Pseudopistophyllum in
hav ing a dif fer ent, septal pat tern. In Pseudopistophyllum septa are
de vel oped on all sides of the wall, al though the septa on one side
are much lon ger. In the new ge nus, in spec i mens from Bul garia,
Slovenia and Spain, 3–5 septa are strongly de vel oped on one side
of coral lites; other septa are ab sent, or if pres ent, very rare and
short (septal spines?). The ge nus is clas si fied here in the Heteroco- 
eniidae. In gen eral, the septal pat tern and poor de vel oped septa of
the new ge nus are sim i lar to those, oc cur ring in some heterocoe-
niids, such as Latusastrea and Thecidiosmilia. New buds were es -
tab lished in the wall of the par ent coral lite, but in con trast to
amphiastraeids, fur ther growth was out side of a calice of par ent in -
di vid u als.

“Pseudopistophyllum” triseptatum new spe cies, Ko³odziej
Fig. 21

2011b. Gen. nov. 2. sp. nov. 1. – Ko³odziej et al., fig. 1g, h.

Holotype: UJ 225P – Zar 996.
Paratype: UJ 225P – Zar 2-08.
Et y mol ogy: triseptatum – named af ter oc cur rence of three dom i -
nated septa.
Type lo cal ity: Zarapovo, Bul garia.
Type level: Lower part of mid dle Up per Barremian, Emen For ma -
tion, Bul garia.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: “Pseudopistophyllum” with lon ger di am e ter rang ing
from (2) 2.5 to 3 (4) mm and a shorter one from (1.5) 2 to 2.5 (3)
mm. Three, rarely four septa oc cur on one side of a coral lite. Other 
septa are ab sent or very rare and short (septal spines?).
Ma te rial: Two sam ples (holotype UJ 225P – Zar 962, paratype UJ 
225P – Zar 2-08), eight thin sec tions (two large).
Mea sure ments (in mm): Long d = (2) 2.5–3 (4), small d = (1.5)
2–2.5 (3), s = 3–4; other septa rare or ab sent.
De scrip tion: Phaceloid corallum. Lo cally coral lites are densely
packed re sult ing in a pseudocerioid growth form. Septa rare, ar -
ranged in bi lat eral sym me try de fined by 3–4 long septa on one
side of the coral lite wall. On the op po site side, septa (septal spi-
nes?) are ab sent or very rare and, if pres ent, very short (septal

spines?). The pri mary sep tum is usu ally stron gest of all. In young
coral lites, only one sep tum can be rec og nized. A marginarium was 
rec og nized only in a few coral lites. Endotheca un known. New
buds were es tab lished in a wall, but their growth, in con trast to
Taschenknospung, was out side of the par ent coral lite.
Re marks: The new spe cies dif fers from the one de scribed by
Löser et al. (in press; see also Löser, 2009, fig. 101) in hav ing
smaller coral lite di am e ter, and in the num ber and char ac ter of the
septa. In the spe cies, de scribed by Löser et al. (in press) there are
4–5 dis tinct septa, which have rhopaloid, T-shaped tips. Pseudo-
pistophyllum quinqueseptatum has larger coral lites (3–6 mm) and
a unique, septal pat tern, with 5 long septa, reach ing al most the op -
po site side of the wall. As in some other pachythecaliines, in par -
tic u lar heterocoeniids, the num ber of septa is dif fi cult to counted
(e.g., Morycowa, 1971; Ko³odziej, 1995, 2003; Löser, 2009; Löser 
et al., 2009).
Dis tri bu tion: Lower part of mid dle Up per Barremian (Zarapovo).

Ge nus Heterosmilia new ge nus, Ko³odziej
Type spe cies: Heterosmilia spinosa sp. nov., Ko³odziej

Et y mol ogy: Heterosmilia – in di cat ing its sim i lar ity to het ero-
coenid cor als.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: Phaceloid corallum. Bi lat eral, septal sym me try, with
mostly dis tinct septa of sub se quent or ders. Pri mary sep tum dis -
plays strong, lat eral out growths. Other septa lack ing or na men ta -
tion. Lonsdaleoid septa pres ent. Large dis sepi ments are clearly
vis i ble in trans verse sec tions, but endotheca un known. Bud ding
extracalicular, lat eral.
Re marks: The new ge nus shows sim i lar i ties both with Heterocoe- 
niidae as well as with Amphiastraeidae and even Intersmiliidae.
Strong septal out growths are char ac ter is tic for many heterocoe-
niids (e.g., Ko³odziej, 1995; Schöllhorn, 1998; Löser, 2008a, b,
2010), but are ab sent in amphiastraeids and intersmiliids. Trans -
verse sec tions through the type spe cies, i.e. Heterosmilia spinosa
show some sim i lar i ties to the sol i tary Hexasmiliopsis Löser, 2008
(see be low re marks on H. spinosa).

Heterosmilia spinosa new spe cies, Ko³odziej
Fig. 22

2011b. Gen. nov. 1. sp. nov. 1. – Ko³odziej et al., fig. 1f.

Holotype: UJ 225P – Ru 20-09.
Paratype: UJ 225P – Ru 6-08.
Et y mol ogy: spinosa – named for spiny-like lat eral out growths in
the pri mary sep tum.
Type lo cal ity: Rusalya, Bul garia.
Type level: Lower part of mid dle Barremian, Emen For ma tion,
Bul garia.
Strati graphic dis tri bu tion: Lower part of mid dle Up per Barre-
mian.
Di ag no sis: Heterosmilia with coral lites of (7) 8–10 (11) in di am e -
ter. Septal pat tern mostly reg u lar: 6 S1 and 6 S2 in adult coral lites.
One or two sec tors in some coral lites are much wider than oth ers.
Septa S3, if de vel oped, pres ent only in two sec tors on both sides of 
the pri mary sep tum.
Ma te rial: Four sam ples (UJ 225P – Ru 6-08, Ru 11-08, Ru 20-8,
Ru 22-09), six thin sec tions (three large).
Mea sure ments: Morphometric mea sure ments are pre sented in
Ta ble 3.
De scrip tion: Phaceloid corallum. Septa ar ranged in bi lat eral sym -
me try de fined by the pres ence of the pri mary sep tum, and in some
coral lites the pres ence of two wider sec tors. In adult coral lites,
septal ap pa ra tus shows six septa S1 and six S2. Only two S3 are
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de vel oped in two wider sec tors (if pres ent) on both sides of the pri -
mary sep tum. Septa S2 in these two sec tors are lon ger, giv ing im -
pres sion that there are eight septa S1. Septa are thicker at the wall
and thin ner at the in ner mar gin. A pri mary sep tum shows strong,
septal out growths. Or na men ta tion on lat eral faces of other septa is
lack ing. Large dis sepi ments pres ent and may form reg u lar zones
(Fig. 22G). Endotheca un known. On ba sis of re la tions of par ent
and daugh ter coral lites, bud ding pos si bly is extracalicular, lat eral.
Re marks: Dis sepi ments, ob served in trans verse sec tion, are well

de vel oped. If the interseptal space is filled with sed i ment (not by
cal cite ce ment), it pro vides a better im age of septal pat tern and
septal or na men ta tion. Trans verse sec tions through Heterosmilia
spinosa sp. nov. dis play sim i lar coral lite mor phol ogy and septal
pat tern, as in some trans verse sec tions through the cen tral part of
the sol i tary heterocoeniid Hexasmiliopsis saldanai (Löser, 2008b,
fig. 4a). Apart from the type spec i mens, two oth ers (Ru 11-08, Ru
22-09) are at trib uted to this spe cies. How ever, the poor state of
pres er va tion does not per mit de tailed mea sure ments.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya).

Ge nus Hexasmilia de Fromentel, 1870
Type spe cies: Hexasmilia ferryi de Fromentel, 1870

Re marks: This poorly known ge nus (Up per Barremian–Santo-
nian) was re cently re viewed by Löser (2008a). Hexasmilia dif fers
from Heterocoenia Milne Ed wards and Haime, 1848 in its phace-
loid growth form and the pres ence of strong septal out growths.
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Fig. 21. “Pseudopistophyllum” triseptatum sp. nov. A – loose, phaceloid corallum. B – densely packed coral lites. C –row of four coral -
lites with 3–4 rec og niz able septa, ar ranged in same di rec tion. D – coral lites with thick wall and one prom i nent sep tum and two other
poorly de vel oped septa. E, F – coral lites with poor marginarium. G – coral lites with ‘pock ets’ (ar rows) in wall, which pos si bly cor re spond 
to early stage of new calice for ma tion; fur ther growth is ex ter nal, as shown in H and I (ar row). UJ 225 P; A–E, H –Zar 996/6; F, I – Zar
2/08/1, G – Zar 996/5. A–E, G–H–holotype, F, I – paratype

Ta ble 3

Di men sions (in mm) of Heterosmilia spinosa sp. nov.

Sample number d s

Holotype UJ 225P - Ru 20-09 (8) 9–10 (11) 12 +S3

Paratype UJ 225P - Ru 6-08 (7) 8–10 12? +S3



Three spe cies were in cluded by Löser (2008a): H. ferryi de Fro-
mentel, H. pachythecalia (Kuzmicheva, 1980), and new spe cies H. 
elmari.

?Hexasmilia sp.
Fig. 23

Ma te rial: One sam ple (UJ 225P – Ru 7862), three thin sec tions
(one large).
Di men sions (in mm): d = (5) 6–7, s = 12 + S3.
Re marks: The spec i men from Bul garia is sim i lar to Hexasmilia
elmari Löser, 2008, which shows some vari abil ity, ex pressed in
dif fer en tially de vel oped, septal ap pa ra tus. The spec i men stud ied
dis plays trans verse sec tions, sim i lar to H. elmari (com pare Löser,
2008a, fig. 4, fig. 5.6, 5.8; and Fig. 23A, B in this pa per) with six
S1, in clud ing a pri mary sep tum. In other sec tions of H. elmari

(Schöllhorn, 1998, pl. 21, fig. 8; Löser, 2008a, fig. 5.1, 5.4, 5.5),
there is a prom i nent, pri mary sep tum with strong septal out -
growths, while other septa are poor and less reg u larly de vel oped.
It is pos si ble that more thin sec tions through the Bul gar ian spec i -
men will re veal greater, mor pho log i cal vari abil ity. The septal di vi -
sion, ob served by Löser (2008a) in H. elmari, was not ob served in
the spec i men stud ied.
Dis tri bu tion: Lower part of mid dle Up per Barremian (Rusalya).

Ge nus Hexapetalum Eliášová, 1975
Type spe cies: Hexapetalum impium Eliášová, 1975

Re marks: The poorly known ge nus Hexapetalum was orig i nally
placed by Eliášová (1975) among the Amphiastraeidae, later in the 
sep a rate fam ily Hexapetallidae (Eliášová, 1976b; Kuzmicheva,
1980). Ko³odziej (2003) trans ferred this ge nus to the Heterocoe-
niidae.
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Fig. 22. Heterosmilia spinosa gen. et sp. nov.; A–E – holotype, UJ 225 P – Ru 20; F–H – paratype, UJ 225 P – Ru 6-08. A – coral lite
with 6 septa S1, 6 S2; note that only in two sec tors (ar rows) septa S3 are de vel oped. See also dif fer ent size of sec tors on E. B–H – trans -
verse sec tions, show ing coral lites with well pre served (B, F, G, H) and not pre served (C–E) dis sepi ments. Ar rows on H show lonsdaleoid
septa. Microfossils: s sponge, se serpulids, a dasyclad alga Zittelina hispanica Masse, Arias et Vilas, c re main of crus ta cean Carpatho-
can cer? plassenensis (Schlagintweit et Gawlick). A–B – Ru 20/1, C–D – Ru 20/2, E – Ru 20/3, F–H – Ru 6-08/1



?Hexapetalum sp.
Fig. 24

Ma te rial: Three sam ples, six thin sec tions.
Mea sure ments: Morphometric mea sure ments are pre sented in
Ta ble 4.

Re marks: Six septa S1 are well de vel oped. Septa S2 are poorly
and ir reg u larly de vel oped, septa S3 very rare or ab sent. One sep -
tum S1 is more or less lon ger. In a poorly pre served spec i men Bu³g 
2, only six septa S1 are rec og niz able. Septa S1, if well pre served,
show septal out growths or spiny or na men ta tion. Bud ding lat eral,
extracalicular. Wall mor phol ogy in some coral lites dis play ex ter -
nal con cav i ties and in ter nal invaginations, cor re spond ing to septa
(Fig. 23B, C). In this re spect, the spec i mens de scribed are sim i lar
to Hexapetalum impium Eliášová, H. pium Eliášová (Eliášová,
1975, pl. 9, fig. 2a; Eliášová, 1976b, pl. 2, figs 2, 3; Ko³odziej,
2003, fig. 21), H. pachythecallium Kuzmicheva and Heteroceonia
spp. (Beauvais, 1982; Baron-Szabo, 1998; fig. 2; Löser, 2009, fig.
174). In par tic u lar, in Hexapetalum pium, the septa and wall show
clear, struc tural con ti nu ity. The spec i men, de scribed here, has
strong, septal, gran u lar or na men ta tion (in well pre served coralli-

tes), in which it dif fers from other cor als, de scribed as Hexapetalum.
Dis tri bu tion: lower part of mid dle Up per Barremian (Rusalya);
Barremian (Veliko Tarnovo or its close vi cin ity).

CON CLU SIONS

1. The Up per Barremian lime stones of the Emen For -
ma tion of the Lovech Urgonian Group in the Veliko Tar-
novo area (Fore-Bal kan, north ern cen tral Bul garia) con tain
bioconstructions (pos si bly mostly biostromes) with a dis -
tinc tive coral com mu nity, dom i nated by di ver si fied cor als
of the ex tinct suborder Pachythecaliina. Its higher sys tem -
atic po si tion is de bat able, but fol low ing some other coral
spe cial ists, these cor als are clas si fied here not in the Scle-
ractinia, but in the or der Hexanthiniaria. The cor als descri-
bed are mostly of the phaceloid growth form, with Pleuro-
phyllia bulgarica sp. nov. par tic u larly fre quent. Other cor -
als, ex cept for the phaceloid Calamophylliopsis, are rare.

2. Small, monopleurid, cy lin dri cal rudists Mathesia
darderi, fre quently densely clus tered, and non-lam i nated
microbialites pro vided ad di tional, struc tural sup port for
biocon struc tion growth. Other macrofauna are only mod er -
ately com mon and di ver si fied. Lithocodium aggregatum
(pos si bly chlorophycean alga) and mi cro bial, ‘bacinellid’
struc tures are rare, al though they are com mon in many other 
coral-bear ing lime stones of the Lovech Urgonian Group.

3. The as so ci a tion of phaceloid pachythecaliine cor als
and M. darderi, ac com pa nied by microbialites, is unique,
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Fig. 23. ?Hexasmilia sp. A – trans verse sec tion of coral lite, with thick septa S1 and septal out growths, par tic u larly strongly de vel oped
on pri mary sep tum (B). C – coral lite with dif fer ent, septal pat tern (lack in ter nal invaginations of the wall); m on B, C in di cate microbialite
crusts. UJ 225 P; A, B –Ru 7862/1, C – Ru 7862/2

Fig. 24. ?Hexapetalum sp.; A – trans verse sec tion of coral lite with thick septa S1 and dis tinct, gran u lar, septal or na men ta tion; UJ 225 P
– Ru 2-08/1. B, C – coral lites, show ing ex ter nal con cav i ties of wall (ar rows on C); UJ 225 P – Ru 40-08/2

Ta ble 4

Di men sions (in mm) of ?Hexapetalum sp.

Sample number d s

UJ 225P - Ru 40-08 4 (5) 6S1 + S2 +S3

UJ 225P - Ru 2 (4) 5 (6) 6 S1 + S2 +S3

ZPAL Bu³g 2 (3) 4–5 (6) 6 S1 + S2



worldwide. The re sult ing bioconstructions are known only
from the Emen For ma tion and show lim ited, re gional ex -
tent, from Veliko Tarnovo to about 20 km NW. Biostrati-
graphic data in di cate that this biofacies was de vel oped,
mainly dur ing the early mid dle Late Barremian (Gerhardtia
sartousiana Zone).

4. The sec tion at the Rusalya Quarry, about 42 m thick
pro vides, the sed i men tary and en vi ron men tal con text of the
reefal biostromes. Bioclastic packstones of unit 1 con tain
small boundstone patches, with cor als (but not pachytheca-
liines or other branch ing cor als), cal ci fied sponges (mainly
chaetetids) and encrustations of L. aggregatum. Units 2 and
3 con sist of bioclastic lime stones (rare cor als) interlayered
with rudist lime stones. Pachythecaliine-Mathesia-mi cro-
bialite biostromes (unit 4) de vel oped in a nar row 2.5-m-
thick in ter val, are cov ered by biostromes, built mostly of
large, monopleurid rudists (unit 5). The sed i men tary suc ces -
sion shows, with some fluctuactions, a gen eral shallowing
trend, from the outer to in ner car bon ate plat form. Pachy-
thecaliine-rich biostromes were de vel oped on the dis tal part
of the rudist-dom i nated area of the car bon ate plat form, in a
low-en ergy set ting, with low rates of net, back ground sed i -
men ta tion and pos si bly a higher nu tri ent level. This en vi -
ron ment fa voured growth of phaceloid pachyhecaliines, a
nearly monospecific rudist com mu nity (M. darderi), and
microbialite de vel op ment, but lim ited growth of phototro-
phic/oligotrophic microencrusters.

5. It is hy poth e sized that some of microbialites (sensu
lato) re sulted from de cay ing sponges. Do lo mite, rec og nized 
in the microbialites (Vishovgrad site), is in ter preted as re -
sult ing from pre cip i ta tion, linked to mi cro bial ac tiv ity or
organomin er al iza tion s.s.

6. Tax o nomic di ver sity and abun dance of phaceloid
pachythecaliines show a spa tially and tem po rally re stricted
pat tern. They are only more com mon in the Tithonian–
Lower Berriasian Štramberk Lime stone (Czech Re pub lic)
and its equiv a lent in the Pol ish Carpathians. How ever, the
li thol ogy and as so ci ated biota im ply that pachythecaliines
from the Emen For ma tion de vel oped in a dif fer ent, en vi ron -
men tal set ting. Other coral-bear ing de pos its of the mixed,
siliciclastic-car bon ate Urgonian com plex in Bul garia con -
tain di ver si fied coral com mu ni ties, but pachythecaliines are
very poorly di ver si fied and phaceloid pachythecaliines are
ab sent.

7. Four teen spe cies (in clud ing six new and eight in
open no men cla ture), rep re sent ing twelve gen era (four new,
three of them are dis tin guished for mally) and five fam i lies
(Amphiastraeidae, Carolastraeidae, Intersmiliidae, Donaco- 
smiliidae, Heterocoeniidae), are de scribed. Four heterocoe-
niid spe cies (two new) from four gen era (one new) are pha-
celoid, thus dis play ing a growth form, gen er ally rare in this
fam ily. This sug gests sim i lar, en vi ron men tal de mands for
phaceloid heterocoeniids and other phaceloid pachythecalii-
nes and may sup port phylo gen etic re la tion ships be tween them.
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