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Biostratigraphic analysis of the Jurassic and Lower Cretaceous 
in the wider region of Ogulin, central Croatia 

L V elic and B. Sokac 

T\lis paper deals with a biostratigraphic analysis of the Jurassic and Lower 
Cretaceous of an uninterrupted succession of carbonate deposits from the Middle 
Liassic to Vraconian in the wider region of Ogulin, including the northeastern 
Velika Kapela and northwestern Mala Kapela Mountains, and the border region 
of Lika, Kordun and Gorski Kotar, in the middle part of central Croatia (Text-fig. 1). 

Results of our own investigations in the environs of Ogulin are applicable to 
the entire Dinaric karst region. thanks to a similar and uniform development of 
the Jurassic and Lower Cretaceous deposits, mostly consisting of shallow marine 
carbonate rocks - limestones and dolomites. With relation to biostrati~raphic 
problems, attention has been given to microfossil assemblages characterizmg the 
assemblage zones. This was the reason which compelled us to apply a biostrati­
graphic classification, and, in addition, a correlation with the chronostratigraphic 
one, at least where it seemed possible. 

The Jurassic deposits have been subdivided according to the most frequent, 
applicable biostrat1graphic classification in the Dinaric karst region, based upon 
the studies of Sartoni & Crescenti (1962), Nikler & Sokac (1968), 
Gus i c & al. (1971), Ve l i c (1977). The Lower Cretaceous of the area investigated, 
as well as the Dinarides in general, has mostly been presented as an undivided 
sedimentary complex. The biostratigraphic subdivision presented in this paper is 
based upon, and follows, the study of Ve l i c (1977), but it is a more detailed 
and a more complete one. 

The oldest deposits exposed correspond to the middle part of the Liassic, that 
is to the Orbitopsella praecursor subzone (Sarto n i & Crescenti 1962). In 
accordance with what has been done in previous biostratigraphic papers (S a rt o­
n i & Crescenti 1962, Nik 1 er & Sok a c 1968, Gus i c & al. 1971), it is 
co:cnprised within the Palaeodasycladus mediterraneus cenozone, as conceived by 
the two latter of the above mentioned authors and conformably to the Gu s i C's 
(1969b) opinion that the separation of the entire Liassic as a cenozone is not feasible. 
The microfossil assemblage of that subzone includes, in addition to Orbitopsella 
praecursor, also Labyrinthina recoarensis, Haurania amiji, H. deserta as characte­
ris1:ic specie$. 

'The »spotted limestones« (»Fleckenkalk«) zone (Ve 1 i c 1977), i. e. the Orbitop­
sella praecursor - to - Mesoendothyra croatica barren interzone, has been se­
parated as corresponding to the upper part of the Liassic, in spite of the lack of 
characteristic fossils, for it may be used as a fairly reliable marker-level due to 
its lithologic properties. 

In accordance with the biostratigraphic classification applied, and the tendency 
to divide the Dogger into two parts (Sok a c 1973, Ve l i c 1975, 1977), the lower 
part of the Dogger corresponds to the Mesoendothyra croatica cenozone (Ve l i c 
1977). In the outer Dinarides these deposits have mostly been treated as a separate 
lith.ologic complex, due to the lack of characteristic microfossils. Nevertheless, 
Ni kl er & Sokac (1968), Gu sic (1969b), and Gu sic & al. (1971) hinted at 
the possibility of establishing a cenozone. The microfossil assemblage of this 
cenozone contains only Mesoendothyra croatica as a characteristic form. According 
to ~he data given by Rado i c i c (1966), Gus i c (1969b), etc., Dictyoconus cayeuxi 
has been noticed as an index-fonn too, in the Lower Dogger of the outer Dinarides. 

The deposits of the upper part of the Dogger have been assigned to the Sel­
liporella donzellii cenozone (Ve Ii c 1977). This is essentially what corresponds to 
the Pf enderina salernitana cenozone of the previous authors (S art o n i & C re s­
cent i 1962, Nikler & Sokac 1968, Gusic 1969b, Gusic & al. 1971) and 
the subzone with Pfenderinas (Farin a cc i & Rado i c i c 1964), respectively. 
Ho~ever, the range of Pfenderina salernitana well exceeds the upper limit of the 
Dogger, occurring equally abundantly in the lower part of the Malm, too. Rare 
occurrences of that species within the next, lowermost Malmian, Macroporella 
sellii cenozone have already been noted by Sarto n i & Crescenti (1962); 
various later authors (Pol s a k 1965a, Rado i c i c 1966, Nik le r & Sok a c 
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1968, Gus i c 1969b, Gus i c & al. 1971, etc.) recorded that species not only from 
the upper part of the Dogger but also from the lower part of the Malm in Dinaric 
karst region. Contrary to ·that, Selliporella donzellii, though primarily ( S a r ton i 
& Crescenti 1962) described from the lower levels of the Dogger (that strati­
graphic position being accepted also by Farin a cc i & Rado i c i c 1~64), seems 
to be limited, in the Dinarides, to the upper part of the Dogger. This is also true 
for the area ~nvestigated, where this species is often accompanied by the other 
Upper Doggerian characteristic forms, such as Meyendorffina bath<Jnica and 
Teutloporella gallaeformis. Other microfossils occuring in the Upper Dagger keep 
occurring in the lower part of the Malm, too, such as Pfenderina saleTnitana, P. 
trochoidea, P. neocomiensis, and Praekurnubia crusei. This last species hasn't been 
known under this synonymy in the outer Dinarides. Gus i c (1969a) illustrated 
it as aff. Kurnubia sp. . 

The lower part of the Malm corresponds to the Macroporella sellii cenozone 
(Nik le r & Sok a c 1968). Sarto n i & Crescenti (1962) have established 
the Kurnubia palastiniensis cenozone with the Macroporella sellii subzone in its 
lower part. A similar subdivision has been adopted by Gus i c & al. ( 1971), with 
the Macroporella sellii subzone, for the lowermost part of the Malm, within the 
Kurnubia palastiniensis cenozone. However, a few years before that, N i k 1 e r & 
Sok a c (1968) already proposed a tripartite subdivision of the Mahn, which is 
identical to the situation in the present area investigated (see also Ve l i c & 
Sok a c 1974, Ve 1 i c 1977). Nomination of the cenozone after Kurnubia palastini­
ensis seems to be inappropriate, for it is present also in the younger Malmian 
deposits. It occurs in all the three Malmian cenozones, with maximu:111 develop­
ment in the terminal levels of the Macroporella sellii cenozone and the basal part 
of the Cylindroporella anici cenozone, respectively. Contrary to that, Macroporella 
sellii is limited to the lower part of the Malm only, as has been evidenced in 
numerous cross-sections, both within and outside the area investigated (throughout 
the outer Dinarides). At that level it is accompanied by Griphoporel la minima, 
which is, however, less frequent. The two species are characteristic forms of that 
cenozone only. Microfossil assemblage contains also: Kurnubia palastiniensis, Prae­
kurnubia crusei, Pfenderina salernitana, P. trochoidea, Pseudocyclam1?1.ina lituus, 
Trocholina elongata, Protopeneroplis striata, Nautiloculina ool.ithica, and very 
abundant Cladocoropsis mirabilis. 

The middle part of the Malm corresponds to the Cylindroporella anici cenozonc 
(Nik le r & Sok a c 1968). In the bipartite subdivision of the Malm (into the 
Lower and Upper Malm) it would correspond to the lower part of the Upper 
Malm. Gus i c & al. (1971) treated it as a subzone of the Kurnubia pal.astiniensis 
cenozone within the Lower Malm. Within the area investigated, the central position 
of that cenozone in the biostratigraphic subdivision of the Malm is very well 
documented. In addition to the characteristic, but not very frequent species, Cy­
lindroporella anici, Pseudoclypeina cirici has been found in alinost every cross· 
-section, and because of its limited stratigraphic position and abundant occurence 
it may well be considered as a characteristic form of that cenozone, too. The · 
central position of the Cylindroporella anici cenozone is evidenced also by the 
vertical distribution of the other Malmian microfossils. Its lower limi 1: is defined 
either by the appearance of the above mentioned characteristic forms of that 
cenozone, or by the disappearance of the forms of the previous, !v.:1.acroporella 
sellii, cenozone. Further on, detailed micropaleontological analyses have proved the 
absence of Clypeina jurassica within the range of the C. anici cenozone. This may 
best be seen in comparing the occurences of Pseudoclypeina cirici aIId Clypeina 
jurassica. The first Clypeina jurassica appears immediately above the Iast P. cirici 
occurence, and this is how the upper limit of the C. anici cenozone has been 
defined. However, if further investigations reveal a joint occurence of both C. ju­
rassica and P. cirici, then the first appearances of C. jurassica should be considered 
critical for establishing the boundary between the C. anici and C. jurassica ceno­
zones. Within the C. anici cenozone the other microfossils have been found, too, 
such as Kurnubia palastiniensis, Praekurnubia crusei, Cladocoropsis nr-irabilis, and 
the first appearances of Parurgonina caelinensis. 

The upper part of the Malm has been assigned to the Clypeina jurassica cenozone 
(Nik 1 er & Sok a c 1968), which corresponds to the life-range of the namesake 
species. On the base of vertical ranges of both C. jurassica and the aberrant tin-
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tinnines, abundantly documented by numerous finds, two subzones have been 
established by Velie (1977), within this cenozone: the Clypeina jurassica s. str. 
subzone, and Clypeina jurassica and Campbelliella milesi milesi subzone. S art on i 
& C re s c en ti (1962) divide the Upper Malm into two cenozones: the lower 
C. jurassica and Vaginella striata cenozone, corresponding to the range Kimme­
ridgian-Lower Tithonian, and the upper, Salpingoporella apenninica cenozone in 
the Upper Tithonian. De Castro (1962) distinguishes the lower, C. jurassica, 
and the upper, V. striata, cenozones. Farin a cc i & Rado i c i e (1964) include 
the corresponding deposits into the C. jurassica and Bankia striata cenozone, 
which is, in turn, further subdivided into three zones: the first, C. jurassica zone, 
the second, C. jurassica and aberrant tintinnines zone, and the third, the zone with 
aberrant tintinnines, which by its upper parts enters the Lower Cretaceous. N i­
k le r & Sokac (1968) and Velie & Sokac (1974) ascribed this part of the 
maim to the C. jurassica cenozone, while Gu~ i e (1969b), using the bipartite sub­
division of the Malm, ascribed the entire Upper Malm to the single, C. jurassica 
cen<>zone. Gu~ i e & al. (1971), using also the bipartite subdivision of the Malm, 
consider the Upper Malmian to correspond to the C. jurassica cenozone, whose 
uppermost levels are distinguished as the Campbelliella milesi subzone, to which 
a transitional, i. e. Uppermost Jurassic-Lowermost Cretaceous age, has been ascri­
bed. 

The situation present in the area investigated shows a closest similarity with the 
view expressed by De Castro (1962) and with the tripartite subdivision of the 
MahnashasbeenproposedbyNikler & Sokac (1968)and Velie & Sokac 
(197 4). It is the same as that given by Ve Ii e (1977). · 

The Clypeina jurassica s. str. subzone (Velie 1977) ranges from the first 
appearance of Clypeina jurassica to the first appearance of aberrant tintinnines. 
Clypeina jurassica, which has its maximum development there, is the main bio­
stra "tigraphic marker. It has been found in all sections, being distributed in equal 
abundance throughout the range of the subzone, accompanied by Clypeina inopi­
nata., Salpingoporella grudii, S. annulata, Kurnubia palastiniensis, Parurgonina cae­
linensis, Pseudocyclammina lituus, Labyrinthina mirabilis, Protopeneroplis striata 
and Cladocoropsis mirabilis. The upper boundary, marked by the appearances of 
first aberrant tintinnines, which is at the same time the lower boundary of the 
next, Clypeina jurassica and Campbelliella milesi milesi subzone (Velie 1977). 
Bios tratigraphic markers of that subzone are both Clypeina jurassica, which is still 
fairl::y frequent, and numerous species of the aberrant tintinnines: Campbelliella 
mile-si milesi, C. milesi elongata,. Daturellina costata, D. contracta, Favelloides 
liliiformis, Zetella mirabilis, Metacyclina glandiformis, Tintinnopsella simplex, T. 
besici, T. ricta, T. dalmatica, T. lata, T. bacinensis, T. scadrica, T. gracilis, T. cyt­
tarocyliformis, and T. kapelensis. All species are equally useful as biostratigraphic 
markers, but C. milesi milesi is the most frequent. Within the microfossil assem· 
blage of this subzone the other significant species have been found, too, such as 
Kurnubia palastiniensis, Parurgonina caelinensis, Cladocoropsis mirabilis, Salpingo­
porella annulata, Actinoporella podolica, and Griphoporella perf oratissima. 

The stratigraphic position of the aberrant tintinnines has appeared as a special 
biostratigraphic problem, within the uppermost Malmian deposits. Some authors 
keep finding this group of microfossils from Tithonian to Valanginian, or in the 
basal Lower Cretaceous (Farinacci 1963, Farinacci & Radoi cie 1964, 
Tur n ~ e k 1965, Rado i c i e 1969, and earlier, and Gu~ i c & al. 1971). Our own 
investigations both in the environs of Ogulin and wider throughout the Outer 
Dinarides have shown the position of the aberrant tintinnines to be within ·. the 
Tithe>nian. This corresponds to the results of many other authors, e. g. Fa v re & 
Rieb a rd (1927), Caroz zi (1954), Sartoni & Crescenti (1962), PoUak 
(1965a), Ramal ho (1968), Barthel (1969), Luperto-Sinni & Richetti 
(1973), Bernier (1974), Ve Ii e (1977), etc., so the aberrant tintinnines may be 
considered to be reliable markers for the entire range of the C. jurassica and 
C. milesi milesi subzone, i. e. the uppermost Malm (Upper Tithonian). 

In addition, there exists the prc:>blem of the systematic position of the above 
mentioned group of microfossils, first described by Favre & Richard (1927) 
as »Organism C« and supposed to belong to Pteropods. We have chosen to follow 
R a d o i c i C's (1969a, and earlier) <>pinion on their being aberrant tintinnines, in 
spite of different opinions as to their true nature (e. g.: Pteropods - C a r oz z i 
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1954; Teredinids - Farinacci 1963; algae - Barthel 1969, Luperto-Sin­
n i & Riche t ti 1973, Bernier 1974; incertae sedis - Ram al ho 1968). 

In the western part of the area investigated the biostratigraphic subdivision 
outlined above could not be applied due to the different facies developments of 
the middle and upper parts of the maim, being represented by the Upper Kim­
meridgian to Lower Tithonian Leme~-beds (siliceous or cherty micrite limestones 
containing ammonites) and Tithonian reef and subreef deposits (cont:aining nu­
merous remains of megafossils, e. g. Sphaeractinids and other hydrozoans, chaete­
tids, bryozoans, anthozoans, pelecypods, brachiopods, etc.). The C. anici and C. 
jurassica cenozones certainly are the lateral equivalents of those fades. . 

The problem of the stratigraphic subdivision of the Lower Cretaceous has been 
even more complex, because of almost uniform lithologic properties of the sedi­
ments (mainly limestones of the sublittoral depositional environments). Here, too, 
the lack of characteristic megafossils within the area investigated as well as in the 
Outer Dinarides in general, compelled the biostratigraphic investigations to rely 
mainly on microfossils. This resulted in the more detailed biostratigraphic sub­
division of the Lower Cretaceous as has been proposed by Ve l i c (1977) and 
adopted in the present paper. Besides, a correlation with the chronostratigraphic 
subdivision has to be established, as far as possible, thanks to the presence of 
characteristic microfossils. The results obtained have revealed some differences 
in the interpretation of the stratigraphic position, or vertical range, of certain 
microfossils with regard to previously accepted views. 

The oldest Lower Cretaceous deposits in Ogulin environs are supposed to belong 
to the Berriasian. It is represented by a dolomite complex, about 150 m thick, 
mainly composed of dolomite and containing rare lenses of micrite limestones. 
No mega- or microfossil form has been found. That complex· has been separated 
in range from the upper limit of the Tithonian up to the beginning of the Va­
langinian. 

Neocomian ( = cenozone Clypeina? solkani, Ve l i c 1977). Microfossil assemblage 
of the Neocomian age contains different species of dasyclad algae and microfora­
minifera of different stratigraphic positions. Thanks to those of a s:rnall strati­
graphic range, the subdivision of the Neocomian, i. e. the separation the Valan­
ginian and Hauterivian, seems to be possible. The Valanginian microfossil assem­
blage contains the followin~ forms: Clypeina? solkani, C. martelli, Macroporella 
istriana, M. pygmaea, Salpmgoporella annulata, Actinoporella podolica, Pseudo­
textulariella salevensis, P. courtionensis, P.? scarsellai, Cuneolina camposaurii, C. 
tenuis, Sabaudia minuta, Thaumatop<Jrella parvovesiculif era, Bacinella irregularis, 
and Favreina salevensis. Within the Hauterivian microfossil assemblage there have 
been determined: Clypeina? solkani, Salpingoporella annulata, Epimastopora? ce­
kici, Cuneolina camposaurii, C. tenuis, Pseudotextulariella? scarsellai, Sabaudia mi­
nuta, Nezzazata simplex lfermanica, Orbitolinopsis capuensis, Thaumatoporella par­
vovesiculifera, Bacinella trregularis, and Favreina salevensis. 

Clypeina? solkani has been the most significant Neocomian form. This dasyclad 
species was first described by Conrad & Rado i c i c (1972) frorn the Upper 
Barremian-Lower Aptian near Solkan, Slovenia (Yugoslavia), emphasizing at the 
same time that in the Outer Dinarides it occurs more frequently within the Va­
langinian-Aptian time-span. It has been cited in numerous papers as Munieria 
baconica, which included perhaps also the poorly preserved remains of some other 
similar species. Con r a~ & Rado i c i c (1972) have pointed out that different 
microfossil remains have been lumped together under that name, some of which 
belong to the dasycladaceans and other to the characeans, and that the true 
Munieria baconica represents, in fact, a ch.aracean. All this confusion seems to be 
caused by Caro z z i (1955), who pictured several fragmentary sections of .poorly 
preserved dasycladaceans labelled as Munieria baconica, which has been quickly 
adopted by many subsequent authors, for tiny algal fragments found in the Upper 
Malmian and Lower Cretaceous (mostly Neocomian). Another problem is the 
stratigraphic position of that species. The authors, as already mentioned before, 
assign a rather large stratigraphic range: from Valanginian to Aptian. However, 
»munierias« from various localities in the Outer Dinarides have been cited in the 
Neocomian (Radoicic 1958, 1960, Bahun & Zupanic 1965, Bahun 1968, 
Ve l i c 1973, etc.) or Barremian-Aptian (Po U a k 1963, 1965a). Newly .. C.? solkani 
has been found in the Berriasian-Valanginian of the Pyrenees (Pe y be r n es 1976) 
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and Provance (Masse 1976) and in the Neocomian of the two regions in the 
Outer Dinarides: !stria (Sok a c & Ve l i c, 1978) and Mt. Velika Kapela (Ve l i c 
1977). Evidently, most finds are of the Neocomian age; as is also the case in the 
area investigated; therefore the Upper Barremian-Lower Aptian age of the type 
locality might give rise to certain doubts, and a thorough revision of the type 
locality appears desirable, because there is no characteristic Upper Barremian­
LoW"er Aptian form cited by the authors. Anyway, within the area investigated, 
this species is certainly the most important biostratigraphic marker of the Neoco­
mian, due to its restricted vertical and widely spread horizontal occurrence. 
The occurrences of Sabaudia minuta in the lower part of Valanginian are equally 
important, as they are the oldest to be known, at least in the Outer Dinarides. 
This species has been known in the stratigraphic range from the Upper Hauterivian 
to the Lower Cenomanian (Ch a r o 11 a is & al. 1965, Dec r o u e z 1976). 

Barremian ( = II K1 cenozone, Ve 1 i c 1977). From the biostratigraphic point 
of view the presence of rather large dasycladaceans is a characteristic property 
of the Barremian deposits. The dasycladaceans mostly belong to the genus Sal­
pingoporella, varying among the species S. muehlbergii, S. genevensis, S. melitae 
and S. cemi, which are limited mostly to the Barremian, by their stratigraphic 
position. The mentioned species have been accompanied by the other dasycladacean 
forms, such as Clypeina pejovicae, Selliporella danilovae, Acroporella radoicicae, 
Macroporella pygmaea, and Cylindroporella sp. and foraminifers: Cuneolina cam­
posa.urii, C. laurentii, Pseudotextulariella? scarsellai, Sabaudia minuta, S. auruncen­
sis, Orbitolinopsis capuensis, Debarina hahounerensis, Nezzazata simplex, Involu­
tina sp., and Trocholina sp. 0. capuensis appears only in the lower part of this 
cenozone. Biostratigraphically, the most significant is the first occurrence of D. 
hahounerensis, S. auruncens1s, and small nezzazatids, i. e. Nezzazata simplex. 

Aptian ( = cenozone Palorbitolina lenticularis and Salpingoporella dinarica, Ve­
l i c 1977). The Aptian deposits have been separated in the range from the begin­
ning of »the Lower Orbitolina limestone« to the base of »the Upper Orbitolina 
limestone«, i. e. from the first occurrences of Palorbitolina lenticularis to the beds 
lying immediately below the first occurrences of Orbitolina (Mesorbitolina) texana 
texana (after Schroeder 1975, and earlier) or 0. (M.) texana (after Mou 1-
1 ad e & Saint-Marc 1975). Thanks to the presence of many index-forms of 
Orbi tolinas, a subdivision of the Aptian deposits in the area investigated seems 
to be possible. 

The Lower Aptian (Bedoulian) has been separated in an entire vertical range 
of the· Lower Orbitolina limestone. The beginning of this limestone marks a 
transition from the Upper Barremian to Lower Aptian. In the lowermost part of 
the Lower Orbitolina limestone (of about 20 m thick) only Palorbitolina lenticularis 
has been found. Then follows th.e main part of the mentioned limestones (about 
80---100 thick), containing the Lower Aptian index-forms of Orbitolinas, such as 
Praeorbitolina cormyi, P. wienandsi, and Orbitolina (Mesorbitolina) lotzei. That 
situation suggests a supposition that Polarbitolina lenticularis in this region is only 
of th.e Lower Aptian age, i. e. somewhat »younger« in relation to its stratigraphic 
position in the southwestern Europe, where it has been found both in the Upper 
Barremian and entire range of the Lower Aptian (Schroeder 1962, 1963a, 1963b, 
1964b, 1975, Hof k er 1963, 1966, etc.). Was there a possibility of migration of 
P. lenticularis from the western to eastern regions of the Tethys during the Upper 
Barremian and Lower Aptian period of time? There is nothing for it but to sup· 
pose! In the orbitolinid assemblage there has been registered Palaeodictyoconus 
barremianus, too, both with »barremianus« and »Cuvillieri« forms (after A r n au d -
Van n ea u & Schroeder 1976). Palaeodictyoconus actinostoma has been sup­
posed to be present too, but we haven't got any oriented axial section to determine 
it for sure. The Lower Orbitolina limestone, 1. e. Lower Aptian, is the most fos­
siliferous unit within the Lower Cretaceous, and contains, besides Orbitolinas, 
numerous microfossils, but of a larger stratigraphic range, such as Cuneolina 
camposaurii, C. laurentii, Pseudotextulariella? scarsellai, Sabaudia minuta, S. aurun­
censis, Debarina hahounerensis, N ezzazata simplex, N. simplex simplex, Ovalveolina 
reicheli, Trocholina friburgensis, Coptocampylodon fontis = Carpatophorella fontis 
Drag as tan (1971), Coptocampylodon elliotti, Aczcularia endoi, Thaumatoporella 
pa_rvovesiculifera, Bacinella irregularis, Lithocodium aggregatum, Pseudocyclam­
mma sp., Everticyclammina sp., lnvolutina sp., Nautiloculina sp., Valvulammina 
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sp., Praealveolina sp., and Praekurnubia sp. One of the most significant Aptian 
index-forms, in general, is Salpingoporella dtnarica. Locally, in the environ of Tounj, 
laterally to the Lower Orbitolina limestone, there has been existing a reef fades 
composed mostly of limestones with numerous megafossil remains of h:ydrozoans, 
bryozoans, anthozoans, pelecypods, etc. The presence of some microfossils such 
as Saccocoma sp., Hedbergella sp. and lagenids, both in the Orbitolina and reef 
limestones, suggests the direct influence of an open sea during the Lower Aptian 
age. 

The Upper Aptian (Gargasian) occupies a part of the Aptian deposits coiqprised 
between the upper limit of the Lower and the beginning of the Upper Orbitolina 
limestones, which, in fact, corresponds to the maximum development of S4lpingo­
porella dinarica, whose debris sometimes build up parts of beds or even entire 
beds. Sometimes, in the uppermost parts of these deposits the mentioned species 
has been accompanied by Orbitolina (M esorbitolina) texana parva. Besides, the 
Upper Aptian m1crofossil assemblai;:e has been characterized by presence of the 
fqrms registered in the Lower Apt1an, too, and some others, such as Cuneolina 
camposaurii, C. laurentii, Pseudotextulariella? scarsellai, Sabaudia minuta, S. au­
runcensis, Debarina hahounerensis, Chry salidina cf. gradata, V alvularnmina aff. 
picardi, Nezzazata simplex, N. simplex simplex, Acroporella radoicicae, Triplopo­
rella marsicana marsicana, Thaumatoporetla parvovesiculifera, Bacinella irregularis, 
Coptocampylodon fontis, C. clliotti, Nauziloculina sp., and Everticyclammina sp. 

From the biostratigraphic point of view, besides Orbitolinas, in the entire range 
of the Aptian deposits, the most interesting problem has been that of the strati­
graphic position of Salpingoporella dinarica. The need for a revision of the strati­
graphic position of that species was put :forth by Gu~ i c (1974), who stated that 
the joint occurrence of S. dinarica and P. lenticularis would point to a somewhat 
older age than it has been claimed by Radoicic (1967, foot-note on p. 123), i.e., 
the Lower Albian must be excluded and even the Upper Aptian is to be considered 
problematic. Our own results in the region of Ogulin enable a still more precise 
definition of its stratigraphic position. As has already been mentioned above, S. 
dinarica ranges from the first appearance of P. lenticularis up to ii:nmediately 
below the occurrence of 0. (M.) texana te.xana. Above that level, i. e. together with 
0. (M.) texana texana, S. dinarica has not been found, so far. Evidently, the 
question of where the upper limit of S. clinarica should be put depends largely on 
how the appearance of 0. (M.) texana texana is interpreted chronostratigraphically. 
It certainly must be considered in the u.ppermost Aptian, which means that, de­
finitely, S. dinarica does not enter into the Albian, but certainly occurs already in 
the Lower Aptian and reaches its maximu.m development in the Upper Aptian. The 
appearance of Nezzazata simplex simplex: in the deposits of that cenozone is also 
biostratigraphically significant. 0 mar a & Strauch (1965) consider this form 
to have its maximum development in the Upper Cretaceous. Reis s (1957) men­
tioned the presence of small and rare Nezzazatids in the Lower Cretaceous (Albian) 
of Galilea, and Sarto n i & Crescenti (1962) assigned to N ezzazata simplex 
the stratigraphic range Albian-Turonia:n. The above mentioned finds, together 
with P. lenticularis and S. dinarica, would thus represent the oldest occurence of 
that form, assignable, chronostratigraphically, to the Aptian. In connection with 
that, it is worth mentioning that transitional forms between N. simplex; germanica 
and N. simplex simplex, determinable as N. simplex, have been noticed throughout 
the Lower Cretaceous in the surroundings of Ogulin. This agrees completely with 
Om a r a's & St r au c h's (1965, p. 552, fig. 3) supposed phylogeny of the Nez- · 
zazatidae, where the Hauterivian N. simplex germanica is thought to represent 
the initial form giving rise to all later Nezzazatidae. Valvulammina picardi also 
appears earlier (i. e. in the Aptian) than it has generally been held, in spite of the 
impossibility of the precise specific determination of the forms present in the 
Aptian deposits in the surroundings of Ogulin. Ovalveolina reicheli occurs in the 
Lower Orbitolina limestones (Lower Aptian). Compared with its stratigraphic po­
sition given by De Castro (1966) in the Lower Albian, then F o u.. r cad e & 
Rao u 1 t (1973) and Schroeder & al. (1974) in the Upper Aptian, our specimens 
are the oldest ones, i. e. from the Lower Aptian. Rare appearances of Chrysalidina 
cf. gradata in the Upper Aptian correspond to Gu~ i e's (1975) opinion <>f its earlier 
occurrence than the Lower Albian. 
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Albian. The Albian deposits ha.ve been subdivided in two parts which approxi­
matively correspond to the Lower and Upper Albian. The Lower Albian corresponds 
to the entire range of the Upper Orbitolina limestone, while the Upper Albian 
ranges from the upper limit of the Upper Orbitolina limestone up to the base of a 
dolomite zone of the Vraconian aJJd Lower Cenomanian age. 

The Lower Albian ( = cenozone Orbitolina (Mesorbitolina) ex gr. texana, Ve 1 i c 
1977), i. e. the Upper Orbitolina limestone, in the area investigated, coincides with 
the vertical range of Orbitolina (Mesorbitolina) texana texana, after Schroeder 
(1975, and earlier) or 0. (M.) texana, after Maullade & Saint -Marc (1975). 
As to the chronostratigraphic position of that form there has not been an uniform 
opinion. In southwestern Europe and North Africa, where the orbitolinid bio­
stratigraphy has been investi~ated very thoroughly, the beginning of the mentioned 
fornl has been mostly considered to be in the middle of the Gargasian (e. g. 
Sc bro ede r 1964, 1975; J a ff r ezo & Sch roe.de r 1972; F ourca de & al. 
1972; Fourcade & Raoul t 1973; Schroeder & al. 1974; Peybernes 
1~76, etc.). According to the study of Mou 11 ad e & Saint -Marc (1975) the 
first occurence of 0. (M.) texana has been registered in the uppermost Gargasian, 
i. e. immediately below the Aptian-Albian boundary. The results we have in the · 
surroundings of Ogulin are very close to those of Mou 11 ad e & S a in t -M arc 
(1975), and we consider 0. (M.) te:cana texana to be mostly a Lower Albian index­
-form, the more so as it has been accompanied by the other forms which have not 
been found in deposits of an earlier age than the Lower Albian, such as Cuneolina 
pavonia, C. pavonia parva, and Nummoloculina heimi. In addition, it could be 
supposed that the strata containing 0. (M.) texana texana, in the Dinarids, are 
probably somewhat younger in age than those in SW Europe, similarly as those 
con~ainin~ P. lenticularis. This agrees with the M o u 1 ad e & S a int -M a re's 
(1975) opinion, too, for the »Oriental« Mesogean regions. Specific or subspecific 
determination of Mesorbitolinas from the area investigated is very difficult, be­
cause of very bed preservation of their embryonic apparatuses. Taking into con­
sideration the above, we could only suppose the presence of 0. (M.) texana texana, * 
0. ( M.) texana parva, 0. (M.) texana mrnuta, and 0. (M.) subconcava in the Lower 
Albian of the surroundings of Ogulin. Very abundant appearance of those forms 
clearly marks the boundary of that cenozone (i. e., Lower Albian) with the pre­
vious one ( = Aptian). The biostratigraphic problem of that cenozone is particularly 
influenced by the simultaneous coexistence of forms characteristic of the Lower 
Cretaceous and of those which w<>uld reach their maximum development in the 
Upper Cretaceous. The upper limit of the cenozone, i. e. the boundary Lower-Upper 
Albian, is marked by the disappearance of the first mentioned group of micro­
fossils, including Mesorbitolinas. Mesorbitolinas occur throughout the Lower Albian, 
with. maximum development in the lower part. Small Cuneolinas, C. camposaurii 
and C. laurentii, have their maxilnum development here, as well as the two Sa­
baudia species, S. minuta and S. auruncensis, although S. minuta is present in the 
Upper Albian, too. Pseudotextulariella? scarsellai, which occurs throughout from . 
the Neocomian (Valan~an) also has here its maximum development, as well as 
Debarina hahounerensis (occuring from the Barremian) and Cylindroporella bar­
nesii. In addition to the above mentioned microfossils, which disappear at the end 
of the Lower Albian (except S. mi11uta), characteristic of either this unit alone or 
of previous ones also, there appear forms which would reach their maximum 
development later, i. e. in the Upper Cretaceous. Most of these have been considered 
as exclusively the Upper Cretaceow microfossils. Among them, Cuneolina pavonia 
parva is the most frequent and accompanied by C. pavonia, C. hensoni(?), Num­
moloculina heimi, Valvulammina picardi, Nezzazata simplex simplex, Trochospira 
avnimelechi, Chrysalidina cf. gra<l.ata, Hemicyclammina sigali, Coptocampylodon 
fontis, C. elliotti, and Salpingoporella turgida. 

The Upper Albian deposits( = V K cenozone, Velie 1977) represent, in a way, 
not only the final part of the Lower Cretaceous, but also make a transition toward 
the Upper Cretaceous. The biological maxima of numerous Lower Cretaceous 
organisms, attained in the Aptian and Lower Albian, in the surrounding of Ogulin, 

* For a biostratigraphic purpose there is no difference if one prefers to use a 
subspecific determination (after S ch roe de r 1975, and earlier) or a specific one 
(after Moullade & Saint-Marc 1975). 
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as well as in the whole karst region of the Dinarides, abruptly cease to exist here 
resulting in a pronounced impoverishment. The beginning of the Cenomanian, in 
turn, is marked by a new change in the abundance of biota, leading to renewed 
flourishing in the neritic and littoral realms of the Upper Cretaceous. In the 
deposits of that cenozone, which is supposed to correspond to the Upper Albian, 
the microfossil assemblage appears impoverished as regards the number of species. 
Present are mostly forms of a larger stratigraphic range, such as Cuneolina pavo­
nia parva, C. pavonia, Sabaudia minuta, Nummoloculina heimi, Nezzazata simplex 
simplex, Valvulammina picardi, Chrysalidina cf. gradata, Salpingoporella tur~ida, 
etc. The Upper Albian characteristic forms have been found among the primitive 
Orbitolinas. According to the criteria given by Dec r o u e z & Mou 11 ad e (1974) 
and Decrouez (1976), the Upper Albian to Vraconian form »Valdanchella« der­
courti, »Coskinolina« sp., and Naupliella sp. were determined, as well as Orbito­
linopsis sp. 

Fmally, the problem concerning the boundary Lower-Upper Cretaceous has to 
be briefly touched upon, for this has been the subject of rather numerous and 
contradictory opinions in the Outer Dinarides. In the area investigated, this 
boundary has been put below the dolomitic zone in which, in addition 
to a similar microfossil assembla$e as in the Upper Albian, small rudistids (ra­
diolitids) have been found. In neighbouring regions, the same criterion for putting 
the boundary between the Lower and Upper Cretaceous has been used by B ah u n 
& Zupan1c (1965), Ivanovic & al. (1967), Bahun (1968), Velie (1973, 
1977), and Ve 1 i c & Sok a c (1978). Unlike that, in the regions of Istria and 
Hercegovina it was placed by Polsak (1965b) and Polsak & Sl iskovic 
(1966) between dolomite deposits assigned to the Upper Albian and the Cenomanian 
limestone with rudistids. The differences and the problems arose from the impos­
sibility of establishing a precise chronostratigraphic position for this dolomitic 
zone using either megafossils or microfossils. As far the surroundings of Ogulin 
are concerned, the finds of small rudistids in the dolomitic zone are considered 
crucial in placing the boundary between the Lower and Upper Cretaceous below 
the dolomitic zone, which mostly belongs to the Lowermost Cenomanian, as it has 
been overlain by the Lower Cenomanian limestones, containing Orbitolina (Conic­
orbitolina) cuvillieri and 0. (C.) conica. 

Received 17 March 1977. 
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TABLA - PLATE I 

1 Pseudoclypeina cirici Rado i c i c 
Srednji dio malma (middle part of the Malm); 
Musulinski Potok (Bjelsko). 12,Sx 

2-7 Clypeina? solkani Con rad & Radoicic 
Neokom (otriv); Neocomian (Hauterivian); 
Kamenica (Tounj). 27x 

8--10 Salpingoporella melitae Rado i c i c 
Barem (Barremian); Rebrovici (Tounj). 21x (8, 10), 27x (9) 





TABLA - PLATE II 

1 Salpingoporella muehlbergii (Lo re n z) 
Barem (Barremian); Polojska Kosa. 23,Sx 

2-3 Salpingoporella genevensis (Conrad) 
Barem (Barremian); Gornje Dubrave (2), 20x, Tobolic (3) , 16x. 

4-7 Cylindroporella barnesii Johnson 
Alb (Albian); Ogulin. 20x. 



.....
 

.....
 



TABLA - PLATE III 

1-3 Mesoendothyra croatica Gus i c 
Donji doger (Lower Dogger); Drefoica (1) 44x, (3) 114x; Miskovica, Velika Ka­
pela; iz prijelaznih slojeva donji-gornji doger (from transitional Lower-Up­
per Dogger deposits) (2) 44x. 

4-5 Debarina hahounerensis Four cad e & al. 
Donji alb (Lower Albian); Perjasica (4), Luketic Korito (Ogulin) (5) . 44x. 

6-8 Praekurnubia crusei Red mo 11 d 
Donji maim (Lower Malm); Jasenak (6) 44x, Primislje (7) 44x, Drefoi ca (8) ?Ox 

9 ?Praekurnubia sp. 
Donji apt (Lower Aptian) ; Gornje Dubrave. 44x. 



.....
. 
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TABLA - PLATE IV 

1-2 Pseudotextulariellp. salevensis C ha r o 11 a is & al. 
Valendis (Valangi~ian); Perjasica (1) 112x, Kamenica (2) 62x. 

3 Ovalveolina reicheli D e C a s t r o 
Donji apt (Lower'·Aptian); Rebrovici. 44x. 

4 Ovalveolina reicheli De Ca s tr o, Palorbitolina lenticularis (B I um en­
b a ch), Nezzazata simplex simplex 0 rn a r a, Lituolidae, Textulariidac. 
Donji apt (Lower Aptian); Gornje Dubrave. 30x. 

5 Trocholina cf. f riburgensis (Gu i 11 au m e & Reiche I) 
Donji apt (Lower Aptian) ; Perjasica. 44x. 

6 Saccocoma sp. 
Donji apt (Lower Aptian); Skradnik. 44x. 

7-8 Hedbergella sp. 
Donji apt (Lower Aptian); Potok (Tounj) (7) llOx, Skradnik (8) 44x. 

9 H edbergella sp., Praeorbitolina cormyi S c h r o e d e r 
Donji apt (Lower Aptian); Perjasica. 41x. 





TABLA - PLATE V 

1-3 Dictyoconus cayeuxi Luc as 
Donji doger (Lower Dagger); Neum (Hercegovina). 44x. 

4-5 Parurgonina caJtinensis Cu vi 11 i er & al. 
Gornji maim (Upper Malm); Primislje. 32x. 

6-7 Orbitolinopsis cdpuensis (De Ca stro) 
Donj.i barem (Lower Barremian); Skradnik (6), Tounj (7) . 62x. 

8 Orbitolinopsis sp. 
Donji alb (Lower Albian); Donje Dubrave. 66x. 

9 Naupliella insolita D ecro u ez & Moullade 
Gornji alb (Upper Albian); Polojska Kosa. 32x. 

10 »Valdanchella« dercourti Decrou ez & Moullade 
Gornji alb (Upper Albian); Dreznica. 32x. 

11-12 Primitivne orbitolinide gornjega alba u zajednici sa Salpingoporella turgidu 
(Rado i c i c). 
Primitive Orbitolinas of the Upper Albian accompanied by Salpingoporella 
turgida (Rado i c i c). 
Perjasica. 17x. 





TABLA - PLATE VI 

1-6 Palorbitolina lenticularis (BI um en b a ch) 

l Donji apt (Lower Aptian) ; Polojska Kosa. 88x. 

2 Donji apt (Lower Aptian); Perj asica. 72x. 

3 Donji apt (Lower Aptian); Polojska Kosa. 33x. 

4 Granica barem-apt (Barremian-Aptian boundary); Ogulin. 55x. 

5-6 Donji apt (Lower Aptian); Gornje Dubrave. (5) 22x, (6) 35x. 





TABLA - PLATE VII 

1-3 P aleodictyoconus barremianus (Mou I I ad e) 
Juvenilne forme, do11ji apt (juvenile forms, Lower Aptia 11); Perj asica ( I) 44x, 
(3) 92x, Tounj (2) 44x. 

4-5 Paleodictyoconus barremianus (Mo u I I a d e) 
Adultne forme, do11ji apt (adult forms, Lower Aptia11); Perjasica (4) 114x, Ogu­
li11 (5) SSx . 

6-7 Paleodictyoconus actinostoma A r 11 au d - Van 11 e a u & Schro e d e r 
Juvenil11e fonne , do11ji apt (juvenile form s, Lower Aptian); Skrad11ik (6) Si x , 
Fotok (7) 44x . 

8 Paleodic1yoco11us actinostuma Ar 11 au d - V a 11 11 e a u & Sch ro e d c r 
Donji apt (Lower Aptin11); Gornje Dubrave 33x. 
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TABLA - PLATE VIII 

1, 5 Praeorbitolina wienandsi Schroeder 
Donji apt (Lower Aptian); Perjasica, (1) 26x, (5) 35x. 

2-4 Praeorbitolina cormyi Sch roe de r 
Donji apt (Lower Aptian); (2) PrimiSlje, 120 x, (3) Polojska Kosa, 44x, (4) Per­
jasica, 68x. 

6 .Praeorbitolina wienandsi Schroeder 
Donji apt (Lower Aptian); Klek, 68x. 

7 .Praeorbitolina wienandsi Schroeder 
Embrionalni aparat primjerka sa sl. 6, poveean na 175x. 
(Embryonic apparatus of the specimen from fig. 6, 175x). 





TABLA - PLATE IX 

1-2 Orbitolina (Mesorbitolina) lotzei Schroeder 
Presjeci embrionalnoga aparata, don.ii apt (Sections of embryonic apparatus, 
Lower Aptian); Gornje Dubrave (1), Skradnik (2), 117x. 

3-7. Orbitolina (M.) lotzei Schroeder 
Donji apt (Lower Aptian); Polojska Kosa (3), 44x, Perjasica (4-5) 44x, (6) 78x, 
(7) 70x. 

8-5> Orbitolina (Mesorbitolina) texarza parva Doug I ass 
Gornji apt (Upper Aptian); Perj asica (8) 54x; 
Donji alb (Lower Albian); Drefoica (9) 78x. 





TABLA - PLATE X 

1 Orbitolina (Mesorbitolina) texa.na parva Doug 1 ass 
Donji alb (Lower Albian); Poloj , 44x. 

2--4 Orbitolina (Mesorbitolina) texana minuta Doug 1 ass 
Donji alb (Lower Albian); Perjasica (2) 44x, Krakar (3) 44x, Gornje Dubrave 
(4) 54x. 

5-7 Orbitolina (Mesorbitolina) texana texana (Roemer) 
Donji alb (Lower Albian) ; Perj asica, 44x. 





TABLA - PLATE XI 

1-2 Orbitolina (Mesorbitolina) texana texana (Roemer) 
Vertikalni presjeci embrionalnoga aparata, donji alb (vertical sections of 
embryonic apparatus, Lower Albian); Poloj , llSx. 

3 Orbitolina (M.) texana texana (Roemer) 
Donji alb (Lower Albian) ; Primislje, 44x. 

4 Orbitolina (M.) subconcava Ley mer i e 
Donji alb (Lower Albian); KatiCi (Generalski Stol) , 44x. 





TABLA - PLATE XII 

Crte.Zi obrisa pocetnih stadija i embrionalnih aparata najvafoijih vrsta orbitolinida 
iz apta i alba okolice Ogulina, ilustriranh na prethodnim tablama. 

DraYVings of contours of initial parts and of embryonic apparatuses of the most 
important species of Orbitolinas from the Aptian and Albian of the surroundings 

of Ogulin, illustrated on foregoing plates. 

1, 2 Paleodictyoconus barremianus (Mou 11 ad e) 44x (tab.-Pl. VII , figs. 1, 4). 

3 Paleodictyoconus actinostoma Arn au d - Vann ea u & Schroed e r, 44x 
(tab.-Pl. VII/7). 

4 Palorbitolina lenticularis (Bl u men b a ch) , 60x (tab.-Pl. Vl/l). 

5 Praeorbitolina cormyi Sch r o e de r, 68x (tab.-Pl. VIII/4). 

(> Praeorbitolina wienandsi Sch roe de r, 68x (tab.-Pl. VIII/6). 

7 Orbitolina (Mesorbitolina) lotzei Schroeder, 44x (tab.-Pl. IX/l) . 

S Orbitolina (M.) texana parva Douglass, 54x (tab.-PI. IX/8) . 

9 Orbitolina (M.) texana minuta Doug I ass, 44x (tab.-Pl. X/3). 

10, 11 Orbitolina (M.) texana texana (Roemer), 44x (tab.-Pl. X/S, XI/1) . 

12 Orbitolina (M.) subconcava Le y mer i e, 44x (tab.-Pl. XJ/4) . 
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