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KAROL BORZA* 

THE UPPER JURASSIC - LOWER CRETACEOUS PARABIOSTRATI-
GRAPHIC SCALE ON THE BASIS OF TINTINNINAE, CADOSINIDAE, 
STOMIOSPHAERIDAE, CALCISPHAERUL1DAE AND OTHER MICRO-

FOSSILS FROM THE WEST CARPATHIANS 

(Tab. 1) 

A b s t r a c t : On the basis of succession of microfossils studied in thin 
sections, the author of the paper distinguished the following 16 zones for 
the Upper Jurassic up to the Lower Cretaceous in the West Carpathians: 
"fibrata" zone in the Upper Oxfordian, "moluccana" in the Early Upper 
Kimmeridgian, "borzai" in the Upper Kimmeridgian up to the lowermost 
part of the Lower Tithonian, "pulla-tithonica" for the lower part of the 
Lower Tithonian, "malmica" for the upper part of the Lower Tithonian. 
Chitinoidella zone is an important zone in the Middle Tithonian, it may 
be divided to "dobeni" subzone for smaller chitinoidel forms and "boneti" 
subzone for greater forms. There is Praetintinnopsella zone on transition 
of the Middle and Upper Tithonian. For the Upper Tithonian up to the 
Lower Valanginian standard calpionellid zones (cf. A 11 e m a n et al., 
1971; Crassicollaria, Calpionella, Calpionellopsis and Calpionellites zones) 
a r e fully accepted. Tintinnopsella zone is de l imited for the U p p e r Va­
l a n g i n i a n u p to t h e H a u t e r i v i a n . For t h e present, t h e r e a r e no i m p o r t ­
a n t microfossils in the B a r r e m i a n u p to the L o w e r Apt ian. Praecolomiella 
zone is character i s t ic of the U p p e r Apt ian, Colomiella zone r e p r e s e n t s t h e 
U p p e r m o s t A p t i a n u p to t h e L o w e r Albian. Cadosina oraviensis zone is 
typical of the Middle Albian. Calcisphaerula zone is character i s t ic of t h e 
U p p e r Albian. 

P e 3 io M e : B craTbc aiiTop BbwcnHji ÄJIÍI BepxHeii ropw - nn>i<Heiro MeJia 
i 6 cjieÄyioiiuix 30H B paitOHe 3ana,n.Hbix Kapria? na OCHOBC nocjieAOBaTejib-
HocTH MHKpoocTaTKoa H3y<-iaeMbix B mjiHCpax: 30iiy „fibrata" R Bepxiiew 
oKccpop/ie, ,,moluccana" B paícneM BepxHeM KHMMCPHÄ>KH, „borzai" B Bepx-
HeM KHMepH/UKH Bn.iOTb no caMOH HHŽKHCH lac™ HH>Kiiero THTOiHa, „pulla-
tithonica" AJIH Hn>Knej'i macTH nn>KHero THTOHa, „malmica" AJIH Bepxneii 
Mac.TH HHJKHero THTOHa. XIJIÍI cpe/inero THTOiia sinjineTCfl Ban<nofi 30na Chiti­
noidella, KOTopyío MOJKHO pa3.nejiHTb Ha cyG30Hy „dobeni" ÄJIÍI Menbiunx 
tpopM xHTHHOHAeji H cyú.iony „boneti" JUIÍÍ fíojibuiHx cpopM. Ha ncpexoÄe 
cpcÄHero n Bepxiiero THTOHa HaxoAHTOi 30Ha Praetintinnopsella. /J,JISI isepx-
HCrO THTOHa Bľl.HOTb JXO HH>KHCr0 ]!3 Jia'HJKHHa B nOJIHOH Mcpe npHHHMalOTCÍl 
CTanflapTUbíc Ka.inHOHe.iJiHAHbic 30!ibi (cp. A l l e m a n n et al., 1971; sonbi 
Crassiocollaria, Calpionella, Calpionellopsis n Calpionellites). 3ona Tin­
tinnopsella onpeÄeJieHa ÄJIH BepxHero BajiaiiÄHHa BIUIOTB AO roTepuBa. 
B Gapeiue BnjiOTb no Hn>i<nero arrra noi<a IICT 3iiaMHTejibHbix MHKpbocTaTKOB. 
/LIÍI Bepxiiero aiiTa xapanepna 30i-i.a Praecolomiella, 30na Colomiella 
npeÄCTaBjíaeT caivibiľi Bepxunii anT BnjiOTb no HH>KHĽTO am>6a. XIJJÍI opeAiiero 
ajibôa xapaKTepna 3ona Cadosina oraviensis. 3ona Calcisphaerula xapa-
KTepH3yeT Bepxunii a.ibó. 

Introduction 

Upper Jurassic and Lower Cretaceous sediments of t h e West Carpathians 
are represented predominant ly by limestones, m a r l y limestones, rarely by 
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quar tzy limestones and radiolarites, lithological character of which limits the 
possibility of application of common micropalaeomtologic research methods. 
This work is based on systematic s tudy of thin section material , whereby we 
have observed rock textures , their admixtures and. naturally, microfossil 

assemblage. 
The Upper Jurass ic and Lower Cretaceous sediments are relatively rich in 

various microfossils. A par t of them has relatively great s t rat igraphic distri­
bution and it is i r relevant for biostrat igraphy, another par t is applicable to 
biostrat igraphic division. The paper is aimed at application of t int innids and 
microproblematics (Cadosinidae, Stomiosphaeridae, Calcisphaemdidae) and se­
veral other microfos'sils for biostrat igraphy. 

Calpionellids are p lanktonic microorganisms limited to the Tethys realm. 
They occur in the region reaching from the East Mexico and Venezuela in the 
west to New Guinea in the east. Data on geographical distribution of calpio­
nellids can be found in the work of C o l o m (1965). It is very probable, tha t 
calpionellids formed in the Tethys ocean very large populations constantly mixed 
by marine currents without significant barriers , which appeared practically 
simultaneously in the whole area of their distribution. 

St ra t igraphic importance of calpionellids is widely known thanks to C o-
l o m ' s work (1948). In last decades various authors often paid an attention to 
the problem's of detailed s trat igraphic classification of the Upper Jurassic and 
the Lower Cretaceous on the basis of calpionellids. There are frequent discre­
pancies in vertical distribution of individual genera. It can be seen in synoptic 
table published by M a g n é et S i g a l (1965). Lately, besides the other authors, 
especially the works of R e m a n e (1963, 1964. 1965. 1969. 1974) a re impor tant 
from t h e s trat igraphic and palaeontologic points of view. 

Great success in calpionellid (stratigraphy was reached in 1970 a t the II 
Planktonic Conference in Rome, where th ree papers on strat igraphic distri­
bution of calpionellids (A 11 e m a n n, 1970; C a t a l a n o - L i g o u r i, 1971; 
F a r e s - L a sin i e r, 1971) were presented. In addition to the cited papers, 
resul ts of R e m a n e 's works (1963, 1964, 1969 and 1968 in L e H é g a r a t -
R e m a n e, 1968) and papers delivered in discussion proved agreement of 
composition and succession of calpionellid associations in very distant regions. 
On the basis of th is fact, s tandard zones of the western Medi ter ranean province 
(Al l e m a n n - C a t a l a n o - F a r e s - R e m a n e . 1971) have been 
established. Fur the r papers demonstrated ( R u s u , 1970; K r e i s e l - F u r-
r a z z o l a B e r m u d e z , 1971; D r a g a s t a n - M u t i u - V i n o g r a ­
dov, - 1973; B o r z a. 1969, 1974; M a n t o v a n i - M a s e 11 i, 1976; F u r-
r a z o l a B e r m u d e z - K r e i s e l , 1973; P o p , 1974,1976,1980; T r e j o, 
1975 and others) tha t ment ioned zones are applicable to much larger geo­
graphical area and they serve las a basis for fur ther more detailed classification 
of calpionellid zones. 

More detailed division to subzones occurs in the works of R e m a ,n e (1963. 
1964, 1968 in L e H é g a r a t - R e m a n e, 1968), A l l e m a n n - G r u n 
- W i e d m a n n (1975), T r e j o (1975), P o p (1974. 1976, 1980) and others. 
In spite of this, it seems to m e useful to preserve zones in a broader 'sense. 

St ra t igraphic ammonite-calpionellid correlation has been carried out by 
B a r t h e l et al . (1966); L e H é g a r a t - R e m a n e (1968). A l l e m a n n 
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— G r u n — W i e d m a n n (1975), E n a y — G e y s s a n t (1975) and B u s-
n a r d o - T h i e u l o y - M o u l l a d e et al. (1979). 

First a t tempt to divide the Upper Jurass ic and Lower Cretaceous sediments 
in the West Carpathians on the basis of calpionellids has been carried out by 
S c h e i b n e r (in H o u š a — S c h e i b n e r — S t r a n i k , 1963). Later 
on, B o r z a (1969, 1974, 1980) paid an attention to this problem. Lately, micro-
fossil-ammonite correlation from the West Carpathian region is presented in 
the following works : B o r z a — G a š p a r í k o v á — M i c h a l i k — V a ­
š í č e k (1980, 1984), B o r z a - F e d o r - M i c h a l í k - V a š í č e k (1983), 
B o r z a — M i c h a l í k — V a š í č e k (1981) and V a š í č e k — M i c h a ­
l í k - B o r z a (1983). 

Similarly as calpionellids, little known unilocular calcareous tests denoted 
as "fibrospheres", "stomio'spheres" or "cadosines" have been mentioned in li­
tera ture for m a n y years. Originally they were taken for foraminifers. Lately, 
owing to insufficient explanation of their origin they have been placed to 
Incertae sedis. 

These microfossils have been described in last decades from the Jurassic 
and Cretaceous sediments from the East Mexico in t h e west to t h e East-Indian 
Islands in t h e east, i. e. in t h e same way as calpionellids which accompany 
them (cf. C o l o m , 1955; W a n n e r , 1940; V o g l e r , 1941; B o n e t, 1956; 
D u r a n d D e 1 g a, 1957; L e i s c h n e r, 1959; B o r z a , 1961, 1964, 1969, 
1980; N a g y , 1966, 1971; N o w a k , 1963 a, 1963 b, 1965, 1966, 1968, 1976 and 
others). Their mass occurrence in t h e Upper Jurass ic and Lower Cretaceous 
sediments and ascer ta inment of assemblage differentiation in profile's enable 
to judge of their application for correlation purposes as calpionellids. However, 
it must be pointed out, that nowadays this group is not worked out so much 
as calpionellids are. Majority of species has greater s trat igraphic distr ibution 
than calpionellids and, therefore, they are less apt for detailed division. Same 
species are, however, well applicable for detailed biostratigraphic classification 
(cf. V o g l e r , 1941; N a g y, 1966, 1971; N o w a k, 1966, 1968, 1976; B o r z a , 
1969,1980; L i n e c k a j a, 1974 and others). 

It is evident, t h a t within this group chronological succession of species, at 
least in essential features, is well determinable. But it is a mistake, t h a t t h e 
same species are often cited by different a u t h o r s u n d e r different species names 
and, that is why, parallelization of fauna succession is sometimes obscure. 

As far as succession of stomiospherides in different regions is the same, N o-
w a k (1968 p. 282) distinguished t h e following six zones in Těšín beds: 1, 
Stomiosphaera moluccana zone (Upper Kimmeridgian), 2. Colomisphaera pulla 
zone (Lower — ? Middle Tithonian), 3. Parastomiosphaera malmica zone (Lower 
— Middle Tithonian), 4. Colomisphaera cieszynica and C. carpathica zone (? 
Middle — ? Upper Tithonian), 5. Colomisphaera minutissima and C. carpathica 
with t intinnids and Cadosina semiradiata zone (Upper Tithonian — Berriasian), 
6. Stomiosphaera echinata zone (Hauterivian). As N o w a k (1. c.) points out 
the significance of distinguished zones for correlation is not identical. Especially 
zones Nos. 1—4 are applicable and, maybe, t h a t in t h e course of t ime zone No. 6 
will get a greater importance. Zone No. 5 is of lesser importance. Later on, 
N o w a k (1976, p. 99) ar ranged the zones in a following way: 1. "moluccana" 
zone (Upper Kimmeridgian), 2. "borzai" zone (Upper Kimmeridgian — Lower-
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most Tithonian). 3. "malmica" zone (Lower Tithonian), 4. "cieszynica" zone 
(Middle Tithonian), 5. Calpionellidae BONET zone (Upper Tithonian — Berria-
sian). 

Succession of microfossils and distinguishing of the Upper Jurassic and Lower 
Cretaceous zones 

Since the Upper Jurassic and Lower Cretaceous sediments are very rich in 
various microfossils, we can not pay an attention to all of them in this paper. 
We are aimed just at those, which help to a greater or smaller extent to solve 
biostrat igraphic problems. We give them chronologically in the way as individual 
species occur (cf. Tab. 1). 

1. Z o n i n g of t h e C a l l o v i a n u p t o t h e L o w e r T i t h o n i a n 

Protoglobigerinae sporadically as rodk-formiing microorganisms are known 
from the Bathonian up to the Kimmeridgian. According to C o l o r n (1955) 
they are pelagic foraminifers wi th two development maxima, the first during 
the Middle Dogger and the second during the Middle Malm. D r a g a s t a n — 
M u t i u — V i n o g r a d o v (1975) place Protoglobigerinae to Kimmeridgian 
base. 

Cadosina parvula NAGY appears during the Oxfordian, it is more abundan t 
in the Kimmeridgian and the Lower Tithonian when it gradually decreases. 
It is mentioned by N a g y (1966) in the similar strat igrahic position. 

Colomisphaera fibrata (Nagy) is characteristic of the Oxfordian. According 
to N a g y (1971) it reaches two max ima during the Oxfordian: the first one 
is Early — Lower Oxfordian, the second one is Upper Oxfordian. In the West 
Carpathian region we have established hi therto occurrence only in the Upper 
Oxfordian sediments. It is so expressive and characteristic form, tha t it cannot 
be confused wi th another species. It is a suitable form for "fibrata" zone. 

Colomisphaera pieniniensis (BORZA) is a rare form in the Upper Oxfordian 
up to the Kimmeridgian. 

Colomisphaera minutissima (COLOM) appears during the Upper Oxfordian, 
it is more abundan t in the Kimmeridgian when it gradually decreases and passes 
to the Berriasian. In accordance wi th N o w a k (1968) by means of this species 
the Upper Tithonian up to Berriasian zone may be characterized. 

A typical fossil of the Kimmeridgian is Saccocoma sp., which occurs as fat-
as the Upper Tithonian (Crassicollaria zone). D r a g a s t a n — M u t i u — 
V i n o g r a d o v (1975) delimited Saccocoma zone for the Kimmeridgian up to 
the lower par t of the Lower Tithonian. In the upper par t of the Kimmeridgian 
Colomisphaera nagyi (BORZA) occurs rarely and in the Upper Kimmeridgian 
Stomiosphaera moluccana WANNER appears, it passes as far as the Lowermost 
Tithonian. Somewhat later, in the Upper Kimmeridgian Carpiostomiosphaera 
borzai (NAGY) apperas. By means of the both forms N o w a k (1976) diffe­
rent iated the Upper Kimmeridgian "moluccana" zone and "borzai" zone for 
the Upper Kimmeridgian up to the Lowermost Tithonian. According to N o-
w a k (1976, p. 107) the Kimmeridgian — Tithonian boundary runs in the 
uppermost par t of "borzai" zone. 
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T a b l e 1 
Stratigraphic distribution of microfossils in the Upper Jurassic 

of the West Carpathians 
Lower Cretaceous 

OXF0R-
DIAN 

T fTHONIAN 

LOWER MIDDLE UPPER 

BERR1A-
5IAN 

VALANGI-
NÍAN 

HOTERI 
VIAN 

BARRE-
MIAN LOWER MIDDLE UPPER 

Protoglobigerinne 
Cadosina parvula — — 
Colomisphaera f ib ra ta 
Colomisphaera pienimensis — 
Colomisphaera minut iss ima — 
Saccocama sp. 
Colomisphaera corpath ica 
Colomisphaera nagy i 
Stomiosphaera moluccana -
Carp is lomiosphaera borzai 
Colomisphaera pu l la — 
Carpistomiosphaera t i thonica -
Poraslo i ispha 
Chi t ino ide l la dobei 
Ch i t ino ide l la coiomi — 
Chi l ino ide l la s loven ica 
Chi t ino ide l la t i t hon i ca -
Cadosina lusca (usca 
Cadosina semiradiata semirad io ta 
Chit inoidel la bonet i 
Ch i l ino ide l la bermudezi 
Ch i t ino ide l la cubensis 
Praet in l innopsel la andrusovi 
Semichitinoidelia sp. — 
Tinl innopsel la c a r p a l h i c a 
Crass ico l lana intermedia 
Calpionel la a lp ina 
Tinl innopsel la remanei 
C r a s s i c o l l a r i a b r e v i s 
Crass ico l la r ia massul in iana ~ 
Crass ico l la r ia porvu la — 

ss ico l la r ia coiomi 
Colo nsphai lei 

Calpionel la e l l ip t ica — 
Calpionel lopsis simplex 
Calp ionel lopsis oblonga 
Lorenz ie l la hungar ica 
Stomiosphaera wanner i 
Lorenziel la p i ica ta 

Cadosi 
nielli 

minuta 
dadayi 

darder i 
Colomisphaera vogleri • 
Colomisphaera heliosphaera • 
Colpionell i tes coronata • 
Calpionel l i tes caravacaensis 
Cadosina fusca c ieszyn ica 
Cadosina semi rad ia ta olzae 
Stomiosphaera echinata 
. .Hedbergel la" sp. — — 
Praecolomiel la t re jo i -

l ieri 
bon 

Parach i t i no ide l la c 
Parach i tmo ide l la o rna ta 
Def landrone l la veracruz 
De f l and rone l l a tenuis -

a — 
Colo liella ecla 

coahu i l ens i s — 
Co lp ione l lopse l la maldonadoi 
Colomiel la s e m i l o r i c a l a — 
Cadosina o rav iens is 
Cadosina co l l osa — - -
Ca l c i sphae ru la i nnom ina ta -
P i t h o n e l l a o v a l i s — -
Stai 

During the Lower Tithonian Colomisphaera pulla (BORZA) and almost si­
multaneously Carpistomiosphaera tithonica NOWAK appear. Both species are 
found in the lower part of the Lower Tithonian. N o w a k (1968) originally 
established "pulla" zone for the Lower — ? Middle Tithonian, but later N o-
w a k (1976) did not mention it. It is necessary to point out, that both forms 
are conspicuous in the West Carpathians, sometimes they may replace each 
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other, however, it is i rrelevant for biostrat igraphy. The both forms are suitable 
for creation of "pulla-tithonica" zone (for the lower par t of the Lower Tithonian). 
Later on, during the Lower Tithonian Parastomiosphaera malmica (BORZA) 
appears, it in tervenes as far as the Middle Tithonian. It is marked, abundant 
form, suitable for creation of a zone. N o w a k (1976) places "malmica" zone 
above "borzai" zone in the Lower Tithonian. 

2. Z o n i n g of t h e M i d d l e T i t h o n i a n u p t o t h e L o w e r 
V a l a n g i n i a n 

Chitinoidels (Chitinoidella zone) are typical of the Middle Tithonian. Small 
forms Chitinoidella dobeni BORZA, Chitinoidella colomi BORZA, Chitinoidella 
slovenica BORZA and Chitinoidella tithonica BORZA are characteristic of the 
lower part . The most abundant form is Chitinoidella dobeni BORZA after which 
a lower subzone — "dobeni" can be named. Cadosina fusca fusca WANNER and 
Cadosina semiradiata semiradiata WANNER appear in this association, they 
t ransfer as far as the Lower Albian. They occur more frequently in the upper 
part of Calpionella zone and in Calpionellopsis zone. Above the small chitinoidel 
forms there are bigger forms, such as Chitinoidella boneti DOBEN, Chitinoidella 
bermudezi (FURRAZOLA BERMUDEZ), Chitinoidella cubensis (FURRAZOLA 
BERMUDEZ) and they form "boneti" subzone. Sporadic forms of Chitinoidella 
boneti DOBEN occur together wi th first calpionellid associations with hyaline 
test. 

Praetintinnopsella andrusovi BORZA appears on the Middle — Upper Titho­
nian boundary. Gradual transit ion from Chitinoidella boneti DOBEN with micro-
granular tex ture of test wall through Praetintinnopsella andrusovi BORZA 
with internal hyaline and external microgranular layer to small variety Tintin-
nopsella carpathica (MURGEANU et FILIPESCU) is observed. Semichitinoidella 
sp. occurs sporadically with Praetintinnopsella andrusovi BORZA. This t ransient 
zone is denoted as Praetintinnopsella. 

Calpionellids play an important role in the s t ra t igraphic classification during 
the Upper Tithonian up to the Lower Valanginian. In 1971 A 11 e m a n n—C a t a-
1 a n o—F a r e s—R e m a n e established s tandard zones of the western Medi­
te r ranean province. The published results may be well correlated with strat i-
graphic distribution of calpionellids in the West Carpathians <cf. B o r z a, 1969, 
1974, 1980). We distinguish the following zones for the Upper Tithonian up to 
the Lower Valanginian: 

a) Crassicollaria zone. The lower boundary of the zone is defined by appearan­
ce of first Calpionellidae with total hyaline test. Small variety Tintinnopsella 
carpathica (MURGEANU et FILIPESCU) with very fine collar observable only 
in well preserved material appears as first one. Soon the genus Crassicollaria 
appears, the first forms are somewhat obscure, but in a short t ime the genus 
becomes mult iform and dominant. Crassicollaria intermedia (DURAND DELGA) 
is represented especially in the lower par t of the zone, Crassicollaria brevis RE-
MANE and Crassicollaria massutiniana (COLOM) occur in the upper part . Rare 
species in this zone are small variety Tintinnopsella carpathica (MURGEANU 
et FILIPESCU) on the base, Tintinnopsella remanei BORZA in the lower par t of 
the zone, Calpionella alpina LORENZ in the central and upper parts . Crassi-
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collaria parvula REMANE and Crassicollaria colomi DOBEN in the upper part 
of the zone. 

b) Calpionella zone. Base of the lower boundary of the zone is defined by 
morphological alteration in Calpionella alpina LORENZ passing from big, some­
what elongated varieties to smaller spherical forms and by "explosion" of these 
small forms, which outlast during the whole Berriasian. Calpionella alpina LO­
RENZ markedly dominant in the lower par t of the zone is accompanied by 
Crassicollaria parvula REMANE, sporadic individuals of Crassicollaria colomi 
DOBEN on the base and small accessory varieties of Tintinnopsella carpathica 
(MURGEANU et FILIPESCU). Colomisphaera tenuis (NAGY) occurs rarely in 
this par t of the zone. Association wi th Calpionella alpina LORENZ was replaced 
during the Berriasian by association wi th Tintinnopsella carpathica (MURGE­
ANU et FILIPESCU), which achieved great morphological variat ion and became 
predominant . It is accompanied by Calpionella alpina LORENZ and, in addition, 
Crassicollaria parvula REMANE, Cadosina fusca fusca WANNER and Cadosina 
semiradiata WANNER seldom occur. Calpionella elliptica CADISCH appears 
with slight retardation, it has ra ther limited strat igraphic distribution, owing to 
this fact it has been considered by some authors a zone form (A 11 e m a n n, 
1970; C a t a l a n © — L i g o u r i, 1971; A l l e m a n n — G r i i n — W i e d -
m a n n, 1975 and others). In this zone (lower par t of the Berriasian) Remaniella 
cadischiana (COLOM) and Tintinnopsella longa (COLOM) occur rarely. Calpio-
nellid association in the Berriasian is accompanied by nanocones which t ransfer 
as far as the Lower Albian. 

c) Calpionellopsis zone. The lower boundary of Calpionellopsis zone is defi­
ned by first appearance of Calpionellopsis simplex (COLOM). This form is rare 
in the lowermost par t of the zone. Calpionellopsis oblonga (CADISCH) appears 
soon after Calpionellopsis simplex (COLOM) from which it is derived. Calpio­
nellopsis oblonga (CADISCH) later becomes a dominant form and it passes to 
further zone. Tintinnopsella carpathica (MURGEANU et FILIPESCU) is still 
frequent in this zone, sporadically Cadosina fusca fusca WANNER and Cado­
sina semiradiata semiradiata WANNER occur more "frequently. Calpionella al­
pina LORENZ is ra re in the lower and central parts , Lorenziella hungarica 
KNAUER et NAGY in the central and upper parts . Lorenziella plicata REMANE 
and Sturiella oblonga BORZA as well are rare, they have stratigraphically limi­
ted distribution. Remaniella cadischiana (COLOM), Remaniella dadayi (KNAU­
ER) and Tintinnopsella longa (COLOM) become important in the upper part of 
the zone. Here Stomiosphaera ivanneri BORZA appears , it is rare and it passes as 
far as the Upper Barremian. In tHe upper par t of Calpionellopsis zone and an 
the following Calpionellites zone as well Cadosina minuta BORZA occurs, it 
has relatively limited strat igraphic distribution. 

d) Calpionellites zone. The lower boundary of the zone is characterized by 
occurrence of Calpionellites darderi (COLOM). Calpionellids are ra re in the 
Valanginian; genus Calpionellites does not become predominant . In this zone C. 
oblonga (CADISCH), Remaniella dadayi (KNAUER), Tintinnopsella carpathica 
(MURGEANU et FILIPESCU), Lorenziella hungarica KNAUER et NAGY 
Calpionellites caravacaensis ALLEMANN, Calpionellites coronata TREJO and 
Tintinnopsella longa (COLOM) occur in this zone. Calpionellids become gradually 
rare. In this zone Colomisphaera vogleri (BORZA) appears, it outlasts the Aptian 
and Colomisphaera heliosphaera (VOGLER) — the Lower Albian. The upper 
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boundary of the zone is not clear, it is defined by extinction of family Calpio-
nellidae (the Lower Valanginian). However,; it seems, that the longest life has 
Tintinnopsella carpathica (MURGEANU et FILIPESCU), its rare occurrences 
outlast as far as the Hauterivian, it has not been found in the Barremian. We 
place the period where only Tintinnopsella carpathica (MURG. et FILIP.) occur 
t o Tintinnopsella zone. Its upper boundary runs in the Upper Hauter ivian. 

It should be noted, tha t the Tithonian — Berriasian, Berriasian — Valanginian 
boundaries determined on the basis of ammoni te zones do not coincide with 
calpionellid zones. 

3. Z o n i n g of t h e U p p e r V a l a n g i n i a n u p t o t h e A l b i a n 

For the t ime being, we have not determined important microf ossils in the upper 
par t of the Valanginian up to the Barremian, on the basis of which a more de­
tailed classification may be dome. 

During the Upper Valanginian appear : Stomiosphaera echinata NOWAK pass­
ing to the Lower Aptian and Cadosina fusca cieszynica NOWAK and Cadosina 
semiradiata olzae NOWAK having even greater strat igraphic range and passing 
to the Lower Albian. 

Nanocones occur from the Berriasian up to the Lower Albian. They are rock-
-forming, however, on their basis a boundary between the stages cannot be 
determined ( B r ô n n i m a n n , 1955; T r e j o , 1960; B a l d i B e k e, 1965: 
G e e l , 1966; M a n i v i t et al., 1969 and others), 

During the Early Upper Aptian Praecolomiella trejoi BORZA, Praecolomiella 
boneti BORZA, Parachitinoidella cuvillieri TREJO, Parachitinoidella ornata 
BORZA, Deflandronella veracruzana (TREJO), and Deflandronella tenuis (TRE­
JO) appear (B o r z a, 1979). Genus Praecolomiella, after which the zone has been 
named, is the most abundant in this association. 

During the Upper Aptian Colomiella recta BONET appears, it passes to the 
Lower Albian. During the Lower Albian Colomiella mexicana BONET is the most 
frequent species, Colomiella coahuilensis TREJO, Colomiella semiloricata TREJO 
and Calpionellopsella maldonadoi TREJO occur rarely ( B o r z a , 1978). We 
have distinguished Colomiella zone for the Uppermost Aptian up to the Lower 
Albian. 

In the uppermost par t of Colomiella zone section belonging to the species 
Cadosina oraviensis BORZA appear. It has abundant occurrence in the Middle 
Albian and it passes t o the Upper Albian. In addition, Cadosina callosa KNAUER 
appears during the Middle Albian. We have delimited C. "oraviensis" zone for 
the Middle Albian. 

During the Upper Albian Calcisphaerula innominata BONET occurs very 
frequently, it is accompanied by Pithonella ovalis (KAUFMANN), Pithonella 
trejoi BONET, Bonetocardiella conoidea (BONET) and Stomiosphaera sphaerica 
(KAUFMANN). Genus Calcisphaerula, after which we have named the zone, 
is dominant in this association. 
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Conclusions 

In conclusion we may state, tha t : 
a) the Upper Jurassic and the Lower Cretaceous sediments may be classified 

on the basis of rnicrofossils ra ther in detail. Their advantage is that they occur 
often very frequently, therefore, in major i ty of cases, they can be easily deter­
mined even from the small rock pieces; 

b) on the basis of miorofossil succession we have distinguished '16 zones in 
the Upper Jurassic and the Cretaceous; 

c) more detailed division can be carried ou t on the basis of t int innids from the 
Middle Tithonian up to the Lower Valamginian and then in the Upper Aptian up 
to the Lower Albian; 

d) unilocular microorganisms classed to Incertae sedis have in majority of 
cases greater strat igraphic range. They m a y be well applied to detailed classi­
fication of sediments from the Oxfordian up to the Middle Tithonian; 

e) boundaries of the stages determined on the ammoni te basis do not coincide 
with the zones determined on the basis of studied rnicrofossils. 

Translated by O. Mišániová 

REFERENCES 

ALLEMANN, F., 1970: Berriasiam Calpionellids in Southern Spain. Abs. II Plankt. 
Coinf. Roma. 

ALLEMANN, F. - CATALANO, R. - FARES, F. - REMANE, J., 1980: Standard 
Calpionellid zonation (Upper Tithonian-Valanginian) of the Western Mediterranean 
Province. Proceed. II Plankt. Gomf., Roma 1970, (Roma) II, pp. 1337-1340. 

ALLEMANN, F. - GRUN, W. - WIEDMANN, J., 1975: The Berriasian of Caravaca 
(Prov. of Murcia) in the subbetic zone of Spain and its importance for defining this 
stage and the Jurassic-Cretaceous boundary. Mém. Bur. Rech. géol. min. (Paris), 88, 
pp. 14-22. 

BÁLDI-BEKE, M., 1965: The genus Nannoconus (Protozoa, inc. sedis) in Hungary. 
Geologica hung.. Ser. paleont. (Budapest), 30, pp. 149—170. 

BARTHEL, K. W. - CEDIEL, F. - GEYER, O. F. - REMANE, J., 1966: Der subbe-
tische Jura von Cehegin (Pnovimz Murcia, Spanien). Mitt. Bayer. St. Paläont. hist. 
Geol. (Miinchen), 6, pp. 167—211. 

BONET, F., 1956: Zoinificacion microfauniistica de las cailizas cretacicas del Este de 
Mexico. Bol. Asoc. mex. Geol. petrol. (Mexico), 7, 7—8, pp. 389—488. 

BORZA, K.. 1961: Das Vorkommen der Gattungen Stomiosphaera WANNER Cadosina 
WANNER ur.d Pithonella LORENZ in den Westkkarpaten. Geol. Sbor. Slov. Akad. 
Vied (Bratislava), 12, 1, pp. 7-16. 

BORZA, K., 1964: Die Gattung Stomiosphaera WANNER 1940 in den Westkarpaten. 
Geol. Sbor. Slov. Akad. Vied (Bratislava), 15, 2, pp. 189-195. 

BORZA, K., 1969: Die Mikrofazies und Mikrofossilien des Oberjuras unci der Unter-
kreide der Klippenzone der Westkarpaten. Vydav. Slov. Akad. Vied (Bratislava), 
pp. 9-301. 

BORZA, K., 1974: Die stratigraphische Verwendung vom Calpionelliden in den West­
karpaten. Sect. Stratigraphy and Paleontol. Proceed. X t h Congress CBGA, 1973, 
(Bratislava), pp. 31—35. 

BORZA, K., 1978: Vorkommen der Gattung Colomiella BONET (obereš Apt - unteres 
Alb) in den Westkarpaten. Geol. Zbor. — Geol. carpath. (Bratislava), 29, 2. pp. 
337-344. 

BORZA, K., 1979: Tintinnina aus clem oberen Apt unci unteren Alb der Westkarpaten. 
Geol. Zbor. — Geol. carpath. (Bratislava), 30, 3, pp. 341—361. 



548 BORZA 

BORZA, K., 1980: Vzťah vnútorných Karpát k bradlovému pásmu, mikrofáoie a mi-
krofosílie vrchnej jury a spodnej kriedy. Manuscript, archív Geol. Úst. Slov. Akad. 
Vied (Br/atislava), 392 pp. 

BORZA, K., - FEDOR, J. - MICHALÍK, J. - VASÍCEK, Z., 1983: Litologicko-strati-
graíické a tektonické pomery a chemicko-technologické vlastnosti ložiska, cemen-
tárenských surovín — Butkov. Manuskript archív Geol. Úst. Slov. Akad. Vied (Bra­
tislava), 287 pp. 

BORZA, K. - GASPARlKOVÁ, V. - MICHALÍK, J. - VASICEK, Z., 1980: Upper 
Jurassic — Lower Cretaceous sequence of the Krížna-nappe (Fatric) in the Strá-
žovce section, Strážovské vrchy Mts. Geol. Zbor. — Geol. carpath. (Bratislava), 31, 
4, pp. 541-562. 

BORZA, K. - GASPARÍKOVÁ, V. - MICHALÍK, J. - VASÍCEK, Z., 1984: The Bio-
stratigraphy of the Hauterivian/Barremian boundary beds im Krížna nappe, Western 
Carpathians (Czechoslovakia), (in press). 

BORZA, K. - MICHALÍK, J. - VASÍCEK, Z.. 1981: Lithogenesis, paleoecology and 
biostratigraphy of the Jurassic-Lower Cretaceous sequence in the Krížna-mappe of 
Strážov Highland (Central Western Carpathians). Zem. Plyn Nafta (Hodonín). 26, 
4, pp. 625-638. 

B R O N N I M A N N , P., 1955: Microfossils increate sedis from the Upper Jurassic and 
Lower Creataceous of Cuba. Miciopaleanbology (New York), 1, 1, pp. 28—51. 

BUSNARDO, R. - THIEULOY, J. P. - MOULLADE, M. et al., 1979: Hypostratotype 
Mesogéen de ľétage Valanginian (sud-est de la France). Les stratotypes francias 
(Paris), 6, pp. 5-143. 

CATALANO, R. - LIGUORI, V. 1971: Facies a Calpionelle delia Sicilia occidentale. 
Proceed. II. Plainkt. Conf., Roma 1970, (Roma), I, pp. 167-210. 

COLOM, G., 1948: Fossil tintinnids: loricated Infusoria of the order of the Oligotri­
chia. J. Paleont. (Tulsa), 22, pp. 233-263. 

COLOM, G., 1955: Jurassic-Cretaceous pelagic sediments of the Western Mediterranean 
zone and the Atlantic area. Micropaleontology (New York), 1, 1 pp. 109—124. 

COLOM, G., 1965: Essais sur la biologie, la distribution géographique et stratigi-aphii-
que des Tintinnoidieins fossiles. Eclogae geol. Helv. (Basel), 58, pp. 319—334. 

DRAGASTAN, O. - MUTIU, R. — VINOGRADOV, C, 1973: Zonelle microfaciale si 
limita jurasic-cretacic in Carpatii Orientali (Muntii Haghimas si in platforma moe-
sica). Stud. Cere. Geol. Georg., Ser. Geol. (Bucuresti), 18, 2, pp. 509-533. 

DRAGASTAN, O. - MUTIU, R. - VINOGRADOV. C. 1975: Les zanes micropaleonto-
logiques et la limite Jurassdque-Crétacé dans les Carpates orientales (Monts de 
Haghimas) et dans la plate-forme moesienne. Mém. Bur. Rech. géol. mim. (Paris). 
86, pp. 188-203. 

DURAND DELGA, M., 1957: Quelques remarques sur les fibrospheres. Publ. Serv. 
Carte géol. l'Algérie. Nouv. Sér., Bull. 13, Trav. Collab. (Alger), pp. 153-164. 

ENAY, R. — GEYSSANT, J. 1975: Faunes ďammonites du Tithonique des chaines 
bétiques (Espagne méridionale). Mém. Bur. Rech. géol. miin. (Paris), 86, pp. 39—55. 

FARES. F. — LASNIER, J., 1971: Les Tintinnoidiens fossiles — leur position strati-
graphique et leur repartition en Algére du Nord. Proceed. II Plankt. Conf., Roma 
1970, (Roma), I, pp. 539-555. 

FURRAZOLA BERMUDEZ, G. - KREISEL. K. 1973: Los tintinidos fósiles de Cuba. 
Rev. technol. (Habána), 11, 1, pp. 27—45. 

GEEL. T.. 1966: Biostratigraphy of Upper Jurassic and Cretaceous sediments near 
Caravaca (SE Spain) with special emphasis on Tintinnina and Nannoconus. Geol. 
Mijnb. (Amsterdam), 45, 11. pp. 375-385. 

HOUSA. V. - SCHEIBNER, E. - STRANÍK, Z., 1963: Tithonian stratigraphy of West 
Carpathians. Geol. Sbor. Slov. Akad. Vied (Bratislava), 14, 1, 3—17. 

KREISEL, K. 1972: Die fossilen Tintinniidein Kubas und ihre Vergeselschaftungen. Wis-
sensch. Zeitschr. Ernst-Moritz-Anndt-Univ. Greifwald, Math.-Naturwiss. Reihe Greif-
wald), 2, pp. 153-158. 

KREISEL, K. - FURRAZOLA BERMUDEZ, G. 1971: Notas preliminares sobre la 
distribution de Tintinidos fósiles en Cuba. Public. Esp. (Haibana). 5, pp. 5—24. 

LE HÉGARAT, G. - REMANE, J., 1968: Tithonigue supérieur et Berriasien de l'Ar-
děche et de l'Hérault. Ooa-relátion des Ammomites et des Calpionelles. Geobios 
(Lyon), 1, pp. 7—70. 



THE JURASSIC - CRETACEOUS MICROFOSSILS 549 

LEISCHNER, W. 1959: Zur Mikrofazies kalkalpiner Gesteine. Sitz.-Ber. Osterr. Akad. 
Wiss. (Wien), I, 168, pp. 839-882. 

LINECKAJA. L. v., 1974: Stratigraphy of limestone beds of Upper Jurassic amd Lower 
Cretaceous of Tetys USSR (Carpathians, Crimea, Caucasus, Big Balchan, Kopet-
-Dag, south-west spur Gdssariain Mountain-Range) in the light of study little known 
group of Nannoplancton (Tintinnoidae, Stomiosphaera, Cadosina and Globochaete). 
Sect. Stratigraphy and Paleotol. Proceed. X t h Congress CBGA, 1973, (Bratislava), 
pp. 108-115. 

MAGNÉ, J. — SIGAL, J., 1965: Les Calpionelles du Crétacé inférieur. Mém. Bur. Rech. 
géol. min. (Paris), 34, pp. 461—478. 

MANIVIT, H. - CHAROLLAIS, J. - STEINHAUSER, N., 1969: Associations de manno-
fossiles calcaires dans les formations néocomiennes des chaines subalpiines entre 
lArve et ITsere (France). Proc. I Plankt. Conf. Microfossils, Geneva, (Leiden), 2, 
pp. 383-396. 

MANTOVANI, M. G. - MASETTI, D., 1976: Le microfacies a Calpionelle delia serie 
di Vas (Bassa Valle del Piave). Ann. Univ. Ferrara, Ser. 9. Sci geol. paleon.t. (Fer­
rara), 5. 11, pp. 195-211. 

NAGY, I., 1966: Sur le role stratigraphique des genres Stomiosphaera et Cadosina 
dans le Jurassique supérieure de la Montaigne Mecsek. Fôldt. Kozl. (Budapest), 96, 
1, pp. 86-104. 

NAGY, I., 1971: Rasčlenenije verchnejurskich otloženij gor Mecsek po iskopajemym 
organizmam. Ann. Inst. Geol. Publ. Hung. (Budapest), 54, 2, pp. 319—332. 

NOWAK, W., 1963 a: Sportrzeženie nad wystepowaniem niektorých planktonicznych 
mikroorganizmów w utworaich górnego malmu i neokomu Karpat Bielskich. Kwart. 
geol. (Warszawa), 7, 3, pp. 552—554. 

NOWAK, W., 1963 b : Wyspepowanie Pithonella ovalis (KAUFMANN) w Zachodnich 
Karpatách flyszowych. Rocz. Pol. Tow. geol. (Krakow), 33, 3, pp. 229—239. 

NOWAK, W., 1965: Stomiosfery wastw cieszyriskich oraz uwagi o mozliwošci wyzy-
skania ich dla celów korelacji stratygraficznej. Kwart. geol. (Warszawa), 9, 2, pp. 
443-444. 

NOWAK, W., 1966: Cadosina WANNER, 1940 (incertae sedis) z polskich Karpat flyszo­
wych. Spraw. Posiedz. Komis. Oddz. PAN w Krakowie (Kraków), pp. 468—470. 

NOWAK. W., 1968: Stomiosphaerids of the Cieszyn Beds (Kimmeridgian-Hauterivian) 
in the Polish Cieszyn Silesia and their stratigraphical value. Rocz. Pol. Tow. gaol. 
(Kraków), 38, 2-3, pp. 275-314. 

NOWAK, W., 1976: Parastomiosphaera malmica (BORZA) from the Polish Carpathians 
and their stratigraphical value for Lower Tithonian deposits. Rocz. Pol. Tow. geol. 
(Kraków), 46, 1-2, pp. 89-134. 

POP, G., 1974: Les zones de Calpiionellides Tithonique-Valanginiennes du sillon de 
Resita (Carpates Méridionales). Rev. roum. Géol. Géophys. Géogr., Ser. Géol. (Bu-
carest), 18, pp. 109-125. 

POP, G., 1976: Tithonian Valanginian Calpianellid zones from Cuba. D. S. Sedint. 
(Bucuresti), 62, pp. 237-266. 

POP, G., 1980: Zones, sous-zones et ensembles caractéristiques de Calpioneliidae 
Tithonique-Néooomiennes. Ann. Inst. Géol. Géophys. (Bucarest), 56, pp. 195—203. 

REMANE, J., 1963: Les Calpionelles dans les couches de passage jurasique-crétacé 
de la fiosse vocontienme. Trav. Lab. Géol. Grenoble (Grenoble), 39, pp. 25—82. 

REMANE, J., 1964: Untersuchungen zur Systematík und Stratigraphie der Calpionellen 
in den Jura-Kreide-Grenzschichten des Vocontischen Troges. Palaeontographica, 
Abt. A (Stuttgart), 123, pp. 1-57. 

REMANE, J., 1965: Neubearbeitung der Gattung Calpionellopsis COL, 1948 (Protozoa, 
Timtimnina?). Neu. Jb. Geol. Pialäont, Abh. (Stuttgart), 122, pp. 27-49. 

REMANE, J., 1969: Les possibilités actuelles pour une utilisation stratigraphique des 
Calpionelles (Protozoa ilncertae sedis. Ciliata). Proc. I. Plankt. Conf. Microfossils. 
Geneve 1967 (Leiden), 2, pp. 559-573. 

REMANE, J., 1974: Les Calpionelles II. Cours de IIP' cycle en sciences de la terre 
Paleontologie. Univ. Geneve (Geneve), p. 1—58. 

RUSU, A., 1970: Biozonele de Calpionele din tithoimc-neocomianul zonei Svinita 
(Banat). Stud. Cere. Geol. Geofiz. Geogr., Ser. Geol. (Bucuresti), 15, 2, pp. 489-498. 

TREJO, M., I960: La família Nannoconidae y su alcaince estratif.ico en America (Pro­
tozoa, i-ncertae sedis). Bol. Asoc. mex. Geól. petrol. (Mexico), 12. 9—10, pp. 259—321. 



550 BORZA 

TREJO, M., 1975: Los Tintinidos mesozoicos de Mexico. Mém. Bur. Rech. géol. min. 
(Paris), 86, p. 95-104. 

TREJO, M., 1976: Tintinidos Mesozoicos de Mexico (Taxonomie y datos Paleobio-
logicos). Bol. Asac. mex. Geól. petrol. (Mexico), 27, 10-12, pp. 329-449. 

VAŠÍČEK, Z. - MICHALÍK, J. - BORZA, K, 1983: To the "Neocomian" biostrati-
graphy in the Krížna-Nappe of the Strážovské vrchy Mountains (Northwestern 
Central Carpathians). Zitteliana (Munchen), 10. pp. 467-483. 

VOGLER, J., 1941: Oberer Jura und Kreide von Misol (Niederländisch-Ostindien). 
Paleontographica suppl. B. (Stuttgart), 4, 4, pp. 246-293. 

WANNER, J., 1940: Gesteinbildende Foraminiferen aus Malm und Unterkreide des 
ostlichen Ostindischen Archipels. Paläont. Z. (Berlin), 22, 2, pp. 75—99. 

Review by J. MICHALÍK Manuscript received April 25, 1984 


