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New biostratigraphical and car bon iso tope data are pre sented for the Up per Ju ras sic lime stones of the Raptawicka Turnia
Lime stone For ma tion (High-Tatric Unit, West ern Tatra Moun tains, Po land) from the Ma³y Giewont area. The Kimmeridgian,
Lower Tithonian and lower part of the Up per Tithonian have been iden ti fied on the ba sis of cal car e ous dinocysts and
calpionellids. Eight microfossil biozones are dis tin guished: acme Fibrata, acme Parvula, Moluccana, Borzai, Tithonica-acme
Pulla(?), Malmica, Chitinoidella and Crassicollaria (pars). The Kimmeridgian/Tithonian bound ary is in ferred at the top of the
Borzai Zone, 76 m above the base of the Raptawicka Turnia Lime stone For ma tion. The microfossil stra tig ra phy sug gests a late
Early Kimmeridgian age (acme Parvula Zone) for the ammonites de scribed by Passendorfer (1928). The taxon Taramelliceras
ex gr. compsum found 14 m above those ammonites is Late Kimmeridgian in age. Seven microfacies types (MF) are iden ti fied
in the Up per Ju ras sic lime stones of the Ma³y Giewont area. The Bositra-Saccocomidae MF oc curs across the Lower-Up per
Kimmeridgian bound ary. The pres ence of plank tonic and ben thic foraminifers was doc u mented in the Up per Ju ras sic de pos its
of the Raptawicka Turnia Lime stone For ma tion. The gen era Lenticulina Lamarck and Spirillina Ehrenberg are com mon in the
Kimmeridgian and Tithonian lime stones. The palaeobathymetric evo lu tion of the Kimmeridgian-Tithonian de po si tion re corded
in the Ma³y Giewont sec tions re veals: a transgressive ep i sode at the Early/Late Kimmeridgian bound ary in ter val, a trans gres -
sion peak in the Early Tithonian (Malmica Zone) and grad ual shallowing of the High-Tatric swell in the Late Tithonian. In te -
grated iso tope stra tig ra phy and biostratigraphy en abled cor re la tion with the pe lagic sec tion of the Sub-Tatric Suc ces sion in the
D³uga Val ley sec tion. The mid dle part of the Raptawicka Turnia Lime stone For ma tion (Up per Kimmeridgian) may be cor re lated
with the up per part of the Czajakowa Radiolarite For ma tion (red radiolarites) and Czorsztyn Lime stone For ma tion in the D³uga
Val ley (West ern Tatra Mts.) sec tion. The up per part of the Raptawicka Turnia Lime stone For ma tion (Lower Tithonian) cor re -
sponds mostly to the Jasenina For ma tion. The over all sim i lar ity of the d13C de creas ing val ues re corded in the
Kimmeridgian-ear li est Tithonian in ter val of the Ma³y Giewont (this study) and D³uga Val ley sec tions in di cates that the gen er ally
shal low-wa ter de pos its of the Raptawicka Turnia Lime stone For ma tion ac cu mu lated be low the zone that was in flu enced by
changes in the com po si tion of ma rine wa ter caused, for in stance, by in tense rainfall.

Key words: biostratigraphy, car bon iso tope stra tig ra phy, Raptawicka Turnia Lime stone For ma tion, High-Tatric Suc ces sion, 
Tatra Mts. 

INTRODUCTION

The Late Ju ras sic ep och in the Cen tral West ern Carpa thians
is re garded as a pe riod of max i mum palaeobathymetric and
palaeofacies dif fer en ti a tion (Vašièek et al., 1994). Dur ing the
Late Tithonian, the Tatric Ridge oc cu pied a mar ginal (north ern)
po si tion on the Al pine-Carpathian microcontinent (Vašièek et al.,
1994: text-fig. 3; Michalík, 2007). The High-Tatric Suc ces sion of
the West ern Tatra Moun tains be longs to the South Tatric Ridge
in the palaeo geo graphi cal scheme pro posed by Plašienka

(1995: fig. 9). Ac cord ing to Lefeld (1985 in Lefeld et al., 1985: p.
10–11), the fa cies of the High-Tatric Suc ces sion in the West ern
Tatra Moun tains are pre dom i nantly of geanticlinal char ac ter and
the Up per Ju ras sic strata of the Raptawicka Turnia Lime stone
For ma tion (RTL Fm) “...rep re sent open-oce anic, though not nec -
es sar ily deep, depositional con di tions...”. How ever, a de tailed
strati graphi cal sub di vi sion of the Up per Ju ras sic lime stones of
the RTL Fm was not achieved at that time, prob a bly be cause of
the scar city of macrofauna and in dex microfossils. 

The main ob jec tive of this study is to de velop a bio stra -
tigraphical scheme of the Up per Ju ras sic shal low-wa ter lime -
stones ex posed on the west ern slopes of Ma³y Giewont by
means of microfossils and to com pare the re sults with the car bon 
iso tope re cord for the Kimmeridgian-Tithonian in ter val. Our re -
sults can also be cor re lated with the ear lier pub lished data for the
West Carpathian sec tions, mainly for the Sub-Tatric Suc ces sion 
(Krížna) in the West ern Tatra Moun tains (Jach et al., 2014). 
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GEOLOGICAL SETTING 
AND PREVIOUS STUDIES

The thick-bed ded to mas sive Up per Ju ras sic lime -
stones of the High-Tatric Suc ces sion are ex posed on
the west ern slope of the Ma³y Giewont Mount (Fig. 1).
These lime stones be long to the RTL Fm of Callovian
through Hauterivian age (Lefeld, 1985 in Lefeld et al.,
1985: p. 25–34). Much ear lier, Passendorfer (1928),
on the ba sis of ammonites, doc u mented the Kimmeri -
dgian age of grey lime stones ex posed on the Ma³y
Giewont (west ern) moun tain side. Kotañski and Rad -
wañski (1960) iden ti fied “Lombardia microfacies” (=
Sacco coma micro facies) and found one spec i men of
Calpionella alpina in the lime stones lo cated above the
strata that yielded Kimmeridgian ammonites. Lefeld
and Radwañ ski (1960) de scribed the oc cur rence of
Saccocoma Agassiz in the Up per Ju ras sic and Lower
Cre ta ceous lime stones of the High-Tatric Suc ces sion, 
also in the Ma³y Giewont sec tion. The au thors con -
cluded that the “pseudo-ooids”, very com mon in these
lime stones, were formed prob a bly as a re sult of the
ac tiv ity of Cyanophyceae. 

Ac cord ing to Lefeld (1985 in Lefeld et al., 1985: p.
25–34), the lime stones of the RTL Fm are sub di vided
into three in for mal mem bers: lower (pink ish, lo cally
green ish Callo vian-Oxfordian lime stones), mid dle
(light grey Up per Oxfordian-Berriasian lime stones)
and up per rep re sented by dark brown, al most black
oncolitic lime stones that are Valanginian-Hauterivian
in age. A few poorly pre served calpionellids have been 
found in the lime stones cor re lated with the Tithonian -
-Berriasian (un di vided); how ever, these microfossils
were not lo cated on the gen er al ized lithostratigraphic
col umn (Lefeld, 1968: fig. 10). 

Borowska (2015) stud ied the stra tig ra phy of the
Tithonian-Aptian lime stones ex posed in the NiedŸ -
wiedŸ crag lo cated about 1.4 km west of the Ma³y
Giewont sec tions (Fig. 1B). In the NiedŸwiedŸ sec tion,
Lower to Mid dle Tithonian lime stones with Parasto -
mio sphaera malmica (Borza) and Haghimashella
arcu ata (Haeusler) 86 m thick, as well as the
Berriasian -Valan ginian lime stones (about 118 m
thick), have been re ported (Borowska, 2015: fig. 6).

MATERIALS AND METHODS

One of the ref er ence sec tions of the Raptawicka
Turnia Lime stone For ma tion was des ig nated on the
west ern slope of the Ma³y Giewont Mount (Lefeld, 
1985 in Lefeld et al., 1985: p. 26). Two sec tions were
stud ied on this moun tain side: (A) on the up per part of
the slope and (B) about 55 m west of the for mer one
(Fig. 1B and C, 2 and 3). Fur ther more, a few sam ples
were col lected from the lower part of the RTL Fm,
along the tour ist track lead ing to Giewont Mount (P in
Fig. 1C). The strati graphi cal lo ca tion of these sam ples
is shown in the low er most part of the sec tion B (P-626
to P-642 in Fig. 3). Sam pling of sec tion A took place in
July 2013 (64 sam ples, be tween MG-56 and MG-120)
while field work on sec tions B and P was car ried out in
1989–1990. Sixty-nine sam ples (G-1 to G-69) were
col lected from sec tion B and 17 sam ples from sec tion

P (P-626 to P-642). Sec tion B is cur rently heavily over grown by
veg e ta tion. Some parts of sec tion A are also not ac ces si ble for
ob ser va tion due to grass cover (Ap pen dix 1*).
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Fig. 1A – lo ca tion of the Tatra Mts. in south ern Po land; B – gen eral lo ca -
tion of the stud ied sec tions of the Raptawicka Turnia Lime stone For ma -
tion (A, B) on the west ern slope of Ma³y Giewont Mount, West ern Tatra
Mts.; the type sec tion of this for ma tion in the Koœcieliska Val ley is also
in di cated (RTL Fm, af ter Lefeld, 1985 in Lefeld et al., 1985); C – de tailed
lo ca tion of the stud ied sec tions (A, B) on the west ern slope of the Ma³y
Giewont Mount 

F – lime stone beds that yielded the Kimmeridgian ammonites (Passen dorfer,
1928), cf. site a in the sec tion B, Fig ure 3; P – lo ca tion of the sam ples P-626 to
P-642 col lected along the tour ist trail lead ing to Giewont Mount (see Fig. 3)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1333

https://gq.pgi.gov.pl/rt/suppFileMetadata/25580/0/2955


In
 te

 g
ra

te
d

 b
io

stra
tig

ra
p
h
y a

n
d

 ca
r b

o
n

 iso
 to

p
e

 stra
 tig

 ra
 p
h
y o

f th
e

 U
p
 p
e
r J

u
 ra

s
 s
ic s

h
a

l lo
w

 w
a

 te
r c

a
r b

o
n

 a
te

s
 o

f th
e

 H
ig

h
-T

a
tric

 U
n

it...
8

9
5

 ,gnil pmas ,yg oloh tiL .2 .giF seicaforcim  dna yhpargitartsoib  A noi tces fo 
 y³aM fo epols nr etsew( tnoweiG  nr etseW eht ni tnuoM artaT  ees ,snia tnuoM C ,B1 .giF )

smib  – etirapsorcimartnioib  , smoib  – etirapsorcimocnoartnioib  , sib  – etirapsartnioib  – mb , etircimoib  , sob  – etirapsocnooib  , smpb  – etirapsorcimlepoib  , sboi  – etirapsoibocnoartni  , smbi – 
etirapsorcimoibartni  , smoi  – etirapsorcimocnoartni  , smpi  – etirapsorcimlepartni  – sibo , etirapsartnioibocno  , smbo  – etirapsorcimoibocno  – sbo , etirapsoibocno  , smio  – etirapsorcimartniocno ,

sio  – etirapsartniocno  , smo  – etirapsorcimocno  – spo , etirapslepocno  – so , etirapsocno  – mop , etircimocnolep  (  fo noi ta ci fi ssalc no desab 9591 ,kloF  – .nitihC ;) alledionitihC



8
9
6

A
n
d
rze

j P
s
z
c
z
ó
³k

o
w

s
k
i, J

a
c
e

k G
ra

b
o

w
s
k
i a

n
d

 A
n

d
rz

e
j W

ila
m

o
w

s
k
i

 ,gnil pmas ,yg oloh tiL .3 .giF seicaforcim  dna yhpargitartsoib P dna B noi tces fo 
 y³aM fo epols nr etsew( tnoweiG  nr etseW eht ni tnuoM artaT  ees ,snia tnuoM C ,B1 .giF )

 smiob  – etirapsorcimartniocnooib , mob  – etircimocnooib  , smob  – etirapsorcimocnooib  ,  – mpb etircimlepoib , smboi  – etirapsorcimoibocnoartni  ,
moi  – etircimocnoartni  , soi  – etirapsocnoartni  , mbo  – etircimoibocno  , mpbo  – etircimlepoibocno  , smbio –  etirapsorcimoibatniocno  , smbpo  – etirapsorcimoiblepocno  ,

smbp  – etirapsorcimoiblep  , sbp  – etirapsoiblep  , smbop  – etirapsorcimoibocnolep  ,  – smop etirapsorcimocnolep ,  ees snoi ta nal pxe rehto rof 2 er ugiF  



Thin-sec tions for biostratigraphical in ves ti ga tions were pre -
pared at the In sti tute of Geo log i cal Sci ences, Pol ish Acad emy
of Sci ences, Re search Cen tre in War saw (sec tions P and B)
and in the Pol ish Geo log i cal In sti tute – Na tional Re search In sti -
tute (sec tion A). Scan ning pho to mi cro graphs were taken at the
In sti tute of Geo log i cal Sci ences, Pol ish Acad emy of Sci ences,
War saw Re search Cen tre. 

Sta ble iso tope anal y ses were per formed on 40 bulk rock
sam ples. Pow dered bulk-car bon ate sam ples were re acted with
100% H3PO4 at 70°C in an on line, au to mated car bon ate re ac -
tion de vice (Kiel IV) con nected to a Finnigan Mat Delta Plus
mass spec trom e ter at the In sti tute of Geo log i cal Sci ences, Pol -
ish Acad emy of Sci ences in War saw. Iso to pic val ues are re -
ported in per mile rel a tive to the VPDB scale and ref er enced to
the val ues of NBS19 stan dard (d13C = 1.95‰, d18O = –2.20‰).
The reproducibility and ac cu racy of the mea sure ments was
mon i tored, by rep li cate anal y sis of NBS19 stan dard (n = 235).
Reproducibility for d13C and d18O val ues was 0.032‰ and
0.086‰ (±1s), re spec tively.

RESULTS

BIOSTRATIGRAPHY

Biostratigraphical sub di vi sion of the RTL Fm ex posed on
the west ern slope of the Ma³y Giewont Mount (Fig. 1C) is based
on the plank tonic microfossils, mainly cal car e ous dinoflagellate
cysts and calpionellids, be cause macrofauna is scarce in these
Up per Ju ras sic lime stones. How ever, the in dex plank tonic
micro fossils are also un com mon in the shal low-wa ter Kimme -
ridgian and Tithonian lime stones stud ied (Lefeld, 1968). The
sub di vi sion of the Up per Oxfordian-Tithonian in ter val based on
saccocomid skel e tal sec tions pro posed by Benzaggagh et al.
(2015) for the west ern Tethyan realm, al though in ter est ing, has
been cor re lated with the ammonite zones, only. 

MICROFOSSIL ZONES 

In the Ma³y Giewont sec tions, the fol low ing zones based on
cal car e ous dinoflagellate cysts (Reháková, 2000a, b; Jach et
al., 2014) are dis tin guished in the lime stones of the RTL Fm
stud ied: acme Fibrata (af ter Jach et al., 2014), acme Parvula,
Moluccana, Borzai, Tithonica-acme Pulla(?) and Malmica
(Figs. 2–4).  

The acme Fibrata Zone: al though the Oxfordian-low er -
most Kimmeridgian lime stones were not in ves ti gated in de tail,
Colomisphaera fibrata (Nagy) was found (Fig. 5A) in a few sam -
ples taken along the tour ist trail, 2.5–4.5 m above the base of
the Raptawicka Turnia Lime stone For ma tion (Figs. 1C and 3,
sam ples P-631 to P-634). 

Be tween the acme Fibrata Zone and the next iden ti fied
biozone (acme Parvula Zone) there are lime stones ~29 m thick, 
which did not yield in dex cal car e ous dinoflagellate cysts (Fig.
3). Those Up per Oxfordian-Lower Kimmeridgian lime stones
con tain rel a tively fre quent foraminifera (Conoglo bige rina sp.,
Lenticulina spp., Spirillina sp., Nodosariidae). Colomi spha era
cf. lapidosa (Vogler) oc curs in the up per most part of the lime -
stones. Microoncoids and peloids are com mon, with mi cro bial
fil a ments and (oc ca sion ally) cal car e ous nannofossils in side.  

The acme Parvula Zone is rec og nized in sec tion B, only
(Fig. 3, sam ples G-3 to G-20). The fol low ing taxa oc cur in these
sam ples: Cadosina parvula Nagy (Fig. 6A), Cd. cf. parvula

Nagy, Colomisphaera lapidosa (Vogler) (Fig. 6B), C. cf. lapi -
dosa (Vogler), C. nagyi (Borza) (Fig. 6C, D) and C. pieniniensis
(Borza). The taxon C. pieniniensis was found also in sec tion A
(Fig. 7A, sam ple MG-59), in the in ter val lo cated be low the
Moluccana Zone, prob a bly cor re spond ing to the acme Parvula
Zone, al though the nom i nal in dex spe cies was not iden ti fied
(Fig. 2). 

Sam ple G-19 was col lected from the up per most part of the
acme Parvula Zone (Fig. 3); this lime stone bed prob a bly yielded 
the Kimmeridgian ammonites found by Passen dorfer (1928).
The lime stone is oncobiosparite with mi nor amount of small
peloids, which con tain thin mi cro bial fil a ments (Fig. 5B). The fol -
low ing microfossils were iden ti fied in the thin- sec tion G-19: 

Colomisphaera nagyi (Borza) (Fig. 6D)
C. carpathica (Borza) 
C. lapidosa (Vogler) (Fig. 6B)
Schizosphaerella minutissima(?) (Colom)
The pres ence of Colomisphaera nagyi (Borza) in di cates the  

Late Kimmeridgian age of this sam ple (Borza, 1969, 1984;
Reháková, 2000a). How ever, Reháková et al. (2011) have
shown that the taxon C. nagyi (Borza) oc curs from the up per -
most Oxfordian to the low er most Tithonian in the Veliky
Kamenets sec tion (Carpathians, West ern Ukraine). It seems
that the ear lier opin ion con cern ing an ex clu sively Late Kimme -
ridgian age of C. nagyi (Borza, 1984; Reháková, 2000a, b) is no 
more valid. Ivanova and Keupp (1999) in cluded this taxon in
Pirumella thayeri (Bolli) Lentin and Wil liams (subfamily
Obliquipitho nelloideae Keupp, 1987). Re cently, the acme Par -
vula Zone was cor re lated with the up per part of the Lower
Kimmeridgian in the West ern Tatra sec tions of the  Sub-Tatric
Suc ces sion (Jach et al., 2014: fig. 17). 

The Moluccana Zone is dis tin guished in both stud ied sec -
tions A and B (Figs. 2–4). The oc cur rence of Stomiosphaera
moluccana Wan ner (Fig. 7C) was re corded in the sam ples col -
lected from both sec tions stud ied (Figs. 2 and 3), but Colo -
misphaera sublapidosa (Vogler) (Fig. 7B) was found in the sec -
tion A, only. In these sec tions the Moluccana Zone com prises
lime stones 15 and 17.5 m thick, re spec tively. Ivanova and
Keupp (1999) in cluded St. moluccana Wan ner in the taxon
Orthopithonella gustafsonii (Bolli) Lentin and Wil liams. The
Moluccana Zone is Late Kimmeridgian in age (Nowak, 1968;
Borza, 1984; Rehá ková, 2000a; Jach et al., 2014). 

The Borzai Zone (up per most Kimmeridgian) is rep re -
sented by one lime stone bed with Carpistomiosphaera borzai
(Nagy) (Fig. 7F) in sec tion A (Fig. 2, sam ple MG-89). In sec tion
B, how ever, this zone com prises lime stones 4.5 m thick. The
fol low ing taxa were iden ti fied in the thin-sec tion G-44: Carpisto -
miosphaera borzai (Nagy) (Fig. 7E), Colomisphaera sublapi -
dosa (Vogler) and Stomiosphaera moluccana Wan ner (Fig.
7D). Ivanova and Keupp (1999) in cluded the taxon C. borzai in
the spe cies Pirumella piriformis (Keupp) Lentin and Wil liams.
The Borzai Zone was cor re lated with the up per part of the
ammonite Beckeri Zone (Øehánek and Cecca, 1993). 

The Tithonica-acme Pulla(?) Zone is ten ta tively dis tin -
guished in sec tion B only (Figs. 3 and 4); this zone com prises
Lower Tithonian lime stones 9 m thick. How ever, the thick ness
of this com pound zone was es ti mated based mainly on the po -
si tion of the strata oc cur ring be tween the Borzai and Malmica
zones. The fol low ing taxa were rec og nized in these lime stones:
Colomisphaera cf. pulla (Borza) (Fig. 8A), Colomisphaera lapi -
dosa (Vogler, 1941), C. sublapidosa (Vogler) (Fig. 8B), Stomio -
sphaera cf. moluccana Wan ner, 1940 and Colomisphaera car -
pa thica (Borza) (Fig. 8C).

The Malmica Zone (Lower Tithonian) is doc u mented in
both sec tions stud ied (Figs. 2 and 3). This zone com prises lime -
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stones 12 m thick in sec tion A, and 11 m thick in sec tion B. The
in dex taxon – Parastomiosphaera malmica (Figs. 8D, E and
9A–C) – is com mon in both sec tions. In the thin-sec tion G-56
(sec tion B, Fig. 3), a spec i men of Nannoconus globulus mi nor
Bralower, 1989 (Fig. 8E, F) was found in side the test of
Parastomiosphaera malmica (Borza). The spec i men’s di men -
sions are as fol lows: width 6.8 µm and height 5.3 µm. As sam -
ple G-56 was taken from the lower part of the Lower Tithonian
Malmica Zone, the pres ence of N. globulus mi nor changes the
known strati graphi cal range of this nannofossil. Ac cord ing to
Bralower et al. (1989), N. globulus mi nor ap peared in the Up per
Tithonian (M19n magnetozone). Michalík et al. (2009) have
shown the first oc cur rence (FO) of this taxon in the M18r
magnetozone (bed C27E, above their J/K bound ary). Casellato
(2010: fig. 16) in di cated the FO of N. globulus mi nor in the Up -
per Tithonian (up per most in ter val of the M20n magnetozone).

Ear lier, how ever, N. globulus mi nor was re ported from the
Boneti Subzone in the Kryta Val ley of the Sub-Tatric Suc ces -
sion of the West ern Tatra Moun tains (Pszczó³kowski, 2009),
within the lower in ter val of the M20n magnetozone (Grabowski
and Pszczó³kowski, 2006). In the Brodno sec tion (Pieniny
Klippen Belt, Slovakia), the Malmica Zone cor re sponds to the
M21r and M21n (lower in ter val) magnetozones (Michalík et al.,
2009). 

The Chitinoidella Zone (Lower/Up per Tithonian) is rec og -
nized in both sec tions (Figs. 2 and 3). In sec tion A, this zone
(pars) com prises lime stones about 1.5 m thick, but they are
nearly 4.5 m in sec tion B (Fig. 3). The spec i mens of Chitino -
idellidae are scarce and poorly pre served (Fig. 9D–F). More -
over, Colomisphaera sublapidosa (Vogler) oc curs in the
Chitino idella Zone. 
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Fig. 4. Cor re la tion of the three sec tions (A, B and P; Fig. 1C) lo cated on the west ern slope of Ma³y Giewont Mount
 in the West ern Tatra Moun tains

For other ex pla na tions see Fig ures 2 and 3



The Crassicollaria Zone (Up per Tithonian), rec og nized in
sec tion A only, is com posed of lime stones ~5 m thick (Fig. 2).
The calpionellids are very scarce and poorly pre served, usu ally
oc cur ring in side the microoncoids (Fig. 10A). Only two taxa
could be iden ti fied: Tintinnopsella carpathica (Murgeanu and
Filipescu) (Fig. 10B) and Crassicollaria cf. parvula Remane
(Fig. 10C). Colomisphaera carpathica (Borza) oc curs in the
thin-sec tion MG-116, but calpionellids were not ob served. The
lack of Crassicollaria brevis and Calpionella alpina in the sam -
ples/thin-sec tions MG-109 to 114 sug gests a rather low strati -
graphi cal po si tion of these lime stone beds in the Crassicollaria
Zone (Remanei Subzone?). 

PLANKTONIC FORAMINIFERS

The Conoglobigerina microfacies oc cur in the lower part of
the Raptawicka Turnia Lime stone For ma tion (lower mem ber,
Oxfordian, Fig. 3). In con trast, plank tonic fora minifers are un -

com mon in the Kimmeridgian-Tithonian lime stones ex posed on 
the Ma³y Giewont slope (Fig. 11). The Kimmeridgian lime stones 
con tain rep re sen ta tives of the ge nus Conoglobigerina
Morozova, emended by Simmons et al. (in: BouDagher-Fadel
et al., 1997; Fig. 11B, C, E), and also Haeu sle rina Simmons,
BouDagher-Fadel, Ban ner and Whittaker 1997 (Fig. 11D). Ac -
cord ing to Hart et al. (2012), dif fer en ti a tion be tween
Conoglobigerina and Globuligerina Bignot and Guyader is dif fi -
cult or even im pos si ble and the sta tus of Haeuslerina is also de -
bat able. The spec i mens iden ti fied as Compactogerina cf.
stellapolaris (Grigelis) (Fig. 11A), Conoglo bigerina cf. terquemi
(Iovèeva and Trifonova) (Fig. 11F) and Conoglobigerina sp. oc -
cur in the Lower Tithonian lime stones; in con trast, plank tonic
foraminifers were not found in the Up per Tithonian strata (Fig.
2, sec tion A).  

BENTHIC FORAMINIFERS

Ben thic foraminifers are mod er ately com mon in the lime -
stones of the RTL Fm. In the sec tions stud ied, rep re sen ta tives
of the gen era Lenticulina Lamarck (Fig. 12A–E) and Spirillina
Ehrenberg (Fig. 12I, J) are com mon. More over, the pres ence of 
the fol low ing taxa was re corded: Dentalina cf. jurensis (Güm -
bel) (Fig. 12F), Ophthalmidium sp. ex gr. O. carinatum-
 tenuissimum (Fig. 12G), Lingulina sp. cf. L. franconica (Güm -
bel) (Fig. 12H), Glomospira variabilis (Kübler and Zwingli) (Fig.
12K), Reophax sp. (Fig. 12L), Paalzowella feifeli (Paalzow)
(Fig. 12M), Protomarssonella cf. dumortieri (Schwager) (Fig.
12N), Pseudomarssonella cf. bipartita Redmond (Fig. 13A),
Redmondoides sp. (Fig. 13B), Textularia sp. cf. T. catenata
Cushman (Fig. 13C), Textularia jurassica Gümbel (Fig. 13I),
Paleogaudryina heersumensis (Lutze) (Fig. 13D), Paleo gau -
dryina sp. aff. P. heersumensis (Lutze) (Fig. 13E), Ammoba -
culites sp. cf. A. coprolithiformis (Schwager) (Fig. 13F), Ammo -
ba culites sp. (Fig. 13G) and Troglotella incrustans(?) Wernli
and Fookes (Fig. 13H). 

The strati graphi cal value of the above-listed taxa is lim ited,
be cause of their wide range usu ally em brac ing the Kimme -
ridgian-Tithonian in ter val, in places also a part of the Lower Cre -
ta ceous (Krajewski and Olszewska, 2007; Olszewska, 2010;
Olszewska et al., 2012). How ever, these ben thic foraminifers
pro vide ad di tional in for ma tion about the depositional en vi ron -
ment of the Up per Ju ras sic lime stones stud ied. Ac cord ing to
Mišík (1998), the microoncoids of the Kimmeridgian-Tithonian
oc cur ring in the RTL Fm con tain ex clu sively plank tonic mi cro or -
gan isms. How ever, some Tithonian microoncoids have been
de vel oped around the ben thic foraminifers (Fig. 13C).

KIMMERIDGIAN AMMONITES 

Passendorfer (1928) found a few ammonites, brachi o pods
and aptychi in the Ma³y Giewont area. His fauna was col lected
from a grey lime stone, ~50 m above the Bathonian red lime -
stone (Passendorfer, 1951). Ow ing to J. Lefeld’s in for ma tion
(pers. comm., 1989), the ex act po si tion of that Kimmeridgian
fauna may be lo cated 51 m above the base of the Raptawicka
Turnia For ma tion (Figs. 1C and 3, sec tion B, site a).
Passendorfer (1928) iden ti fied the fol low ing ammonite taxa:
Oppelia pseudoflexuosa Favre, Aspidoceras cf. episoides Fon -
tannes, Phylloceras sp. cf. tortisulcatus d’Orbigny, Haplo ceras
sp., Oppelia sp., Perisphinctes sp. and Simoceras sp. Lefeld
and Radwañski (1960: p. 601) men tioned the taxon Sower -
byceras cf. tortisulcatum (d’Orbigny), in stead of Phylloceras sp.
cf. tortisulcatus d’Orbigny. 
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Fig. 5A – SEM pho to mi cro graph of Colomisphaera fibrata
(Nagy), Oxfordian, sam ple P-631 (shown in sec tion B, Fig. 3); B
– SEM pho to mi cro graph of a small peloid (80 x 67 µm in cross -
-sec tion), which con tains a few thin mi cro bial fil a ments (f);
thin-sec tion G-19, sec tion B (Fig. 3), Lower Kimmeridgian 



Ac cord ing to Passendorfer (1928), this as sem blage cor re -
sponds to the Aspidoceras acanthicum beds of Kimmeridgian
age (Oppelia tenuilobata and Waagenia Beckeri zones).
Passendorfer (1928: p. 495) re ferred to the prob lem con cern ing 
the sep a ra tion of “O. compsa from O. pseudoflexuosa” men -
tioned by Fontannes (1879), but could not take a stand in that
dis cus sion. Baudouin et al. (2011) in cluded Oppelia pseudo -
flexuosa Favre, 1877 in the taxon Taramelliceras compsum
(Oppel, 1863), as the 3rd stage of on tog eny (macroconchs of T. 
compsum from 30 to 40 mm across). Checa Gon za lez (1985)
in cluded Aspidoceras episoides Fontannes, 1879 in the syn on -
ymy of Schaireria episa (Oppel). The strati graphi cal range of
Schaireria episa was re stricted to the Lower Tithonian (Checa
Gon za lez, 1985; see also Ohmert and Zeiss, 1980). How ever,
Berckhemer and Hölder (1959) and Hölder and Ziegler (1959)
re ported this taxon (as Aspidoceras episum) also from the Up -
per Kimmeridgian Beckeri Zone (Fig. 14). A few spec i mens

iden ti fied as Simoceras sp. and sim i lar to Simoceras doublieri
d’Orbigny (Passendorfer, 1928: p. 494), were not fig ured. Later, 
Passendorfer (1951) men tioned Simoceras aff. doublieri
d’Orbigny as oc cur ring in the ammonite as sem blage dis cussed. 
As shown in Fig ure 14, Nebrodites (Nebrodites) doublieri
(d’Orbigny) was re ported to oc cur from the top most part of the
Strombecki Zone through out the Divisum Zone of the Lower
Kimmeridgian (Olóriz Sáez, 1978). In It aly, its range was shown
in the lower part of the Compsum/Acanthicum Zone (Up per
Kimmeridgian – Sarti, 1985, 1986, 1993). 

In terms of the mod ern ammonite zonation, the ex ist ing data 
still do not al low ex act def i ni tion of the age of the Kimmeridgian
fauna re ported by Passendorfer (1928, 1951). The co-oc cur -
rence of Taramelliceras compsum (sensu Baudouin et al.,
2011) and N. (Nebrodites) aff. doublieri may in di cate the strati -
graphi cal in ter val com pris ing the Divisum and Compsum/Acan -
thicum Zones (Fig. 14). How ever, the pres ence of Aspidoceras
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Fig. 6. Cal car e ous dinoflagellate cysts from the Lower Kimmeridgian strata ex posed 
in sec tion B (Fig. 3) on the west ern slope of Ma³y Giewont Mount

 A – Cadosina parvula Nagy, thin-sec tion G-6; B – Colomisphaera lapidosa (Vogler), thin-sec tion 
G-19; C, D – C. nagyi (Borza), thin-sections G-8 and G-19, re spec tively
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Fig. 7. Cal car e ous dinoflagellate cysts from sec tions A (A–C, F) and B (D–E)

A – Colomisphaera pieniniensis (Borza), thin-sec tion MG-59 (Lower Kimmeridgian); B – C.
sublapidosa (Vogler), thin-sec tion MG-87 (Up per Kimmeridgian); C – Stomiosphaera moluccana
Wan ner, thin-sec tion MG-88 (Up per Kimmeridgian); D – St. moluccana Wan ner, thin-sec tion G-44
(up per most Kimmeridgian); E – Carpistomiosphaera borzai (Nagy), thin-sec tion G-44 (up per most
Kimmeridgian); F – Ca. borzai (Nagy), thin-sec tion MG-89 (up per most Kimmeridgian) 
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Fig. 8. Cal car e ous dinoflagellate cysts and Nannoconus from the Lower Tithonian
 lime stones of the Ma³y Giewont area, sec tion B (Fig. 3)

A – Colomisphaera cf. pulla (Borza), thin-sec tion G-46; B – C. sublapidosa (Vogler), thin-sec tion
G-47; C – C. carpathica (Borza), thin-sec tion G-49; D – Parastomiosphaera malmica (Borza),
thin-sec tion G-54; E – P. malmica (Borza, 1964) with Nannoconus globulus mi nor Bralower (N) in de -
posit fill ing the dinocyst (thin-sec tion G-56, crossed polars); F – en larged frag ment of Fig ure 7E
show ing N. globulus mi nor Bralower (N)



In te grated biostratigraphy and car bon iso tope stra tig ra phy of the Up per Ju ras sic shal low wa ter car bon ates of the High-Tatric Unit... 903

Fig. 9. Tithonian microfossils from the Ma³y Giewont area

A, B – Parastomiosphaera malmica (Borza), thin-sec tions MG-99A and MG-101, re spec tively
(Lower Tithonian, sec tion A); C – P. malmica (Borza), thin-sec tion G-57 (Lower Tithonian, sec tion
B); D – Dobeniella sp., Chitinoidella Zone, Tithonian (thin-sec tion MG-106, sec tion A); E –
Chitinoidella cf. elongata Pop, thin-sec tion MG-107, sec tion A (Chitinoidella Zone, Tithonian); F –
Borziella cf. slovenica (Borza), thin-sec tion G-66, sec tion B (Chitinoidella Zone, Tithonian) 



cf. episoides [= Sch. cf. episa (Oppel)] is not in ac cor dance with
this in ter pre ta tion and sug gests a youn ger age of the whole
ammonite as sem blage. The whorl cross-sec tion of the spec i -
men (Passendorfer, 1928: pl. XXX, fig. 4b) is also sim i lar to that
of Schaireria neumayri Checa, a spe cies cre ated 57 years af ter

E. Passendorfer’s pub li ca tion (Checa Gon za lez, 1985). In the
Cor dil leras Beticas (Spain), Schaireria neumayri is known from
the Kimmeridgian (Compsum Zone) to the Lower Tithonian
(Checa Gon za lez, 1985: p. 186). 
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Fig. 10. Calpionellids oc cur ring within microoncoids from the Up per Tithonian lime stones
of the sec tion A of the Ma³y Giewont area

A – Tintinnopsella carpathica (Murgeanu and Filipescu), thin-sec tion MG-110, Crassicollaria Zone;
B – en larged frag ment of Fig ure 9A: Tintinnopsella carpathica (Murgeanu and Filipescu), thin-sec -
tion MG-110; C – Crassicollaria cf. parvula Remane, thin-sec tion MG-115, Crassicollaria Zone 
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Fig. 11. Conoglobigerinidae from the Kimmeridgian-Tithonian strata 
of the Raptawicka Turnia Lime stone For ma tion, Ma³y Giewont area, 

West ern Tatra Moun tains (scale bar = 100 µm)

A – Compactogerina cf. stellapolaris (Grigelis), thin-sec tion MG-95 (sec tion A), Lower Tithonian; B –
Conoglobigerina sp. cf. C. bathoniana (Pazdrowa), thin-sec tion MG-81 (sec tion A), Up per Kimme -
ridgian; C – Conoglobigerina sp. cf. C. bathoniana (Pazdrowa), thin-sec tion G-4 (sec tion B), Lower
Kimmeridgian; D – Haeuslerina sp. cf. H. parva (Kuznetsova), thin-sec tion MG-65 (sec tion A), Lower
Kimmeridgian; E – C. sp. ex gr. C. bathoniana-oxfordiana, thin-sec tion MG-58 (sec tion A), Lower
Kimmeridgian; F – C. cf. terquemi (Iovèeva and Trifonova), thin-sec tion G-50 (sec tion B), Lower
Tithonian 
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Fig. 12. Ben thic foraminifers from the Kimmeridgian-Tithonian 
lime stones of the Ma³y Giewont area

A – Lenticulina cf. uhligi (Wiœniowski), thin-sec tion MG-56 (sec tion A), Lower Kimmeridgian; B – L. sp., thin-sec tion G-38 (sec tion B),
Up per Kimmeridgian; C – L. cf. muensteri (Reuss), thin-sec tion MG-84 (sec tion A), Up per Kimmeridgian; D – L. cf. muensteri (Reuss),
thin-sec tion MG-91 (sec tion A), Lower Tithonian; E – L. cf. biexcavata (Mjatliuk, 1939), thin-sec tion MG-95A (sec tion A), Lower
Tithonian; F – Dentalina cf. jurensis (Gümbel), thin-sec tion G-45 (sec tion B), Lower Tithonian; G – Ophthalmidium sp. ex gr. O.
carinatum-tenuissimum, thin-sec tion G-33 (sec tion B), Up per Kimmeridgian; H – Lingulina sp. cf. L. franconica (Gümbel), thin-sec tion
G-61 (sec tion B), Lower Tithonian; I – Spirillina sp. ex gr. S. tenuissima-polygyrata, thin-sec tion G-42 (sec tion B), up per most
Kimmeridgian; J – S. sp., thin-sec tion G-41 (sec tion B), Up per Kimmeridgian; K – Glomospira variabilis (Kübler and Zwingli), thin-sec -
tion G-37 (sec tion B), Up per Kimmeridgian; L – Reophax sp., thin-sec tion G-58 (sec tion B), Lower Tithonian; M – Paalzowella feifeli
(Paalzow), thin-sec tion G-45 (sec tion B), Lower Tithonian; N – Protomarssonella cf. dumortieri (Schwager), thin-sec tion MG-60 (sec -
tion A), Lower Kimmeridgian
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Fig. 13. Ben thic foraminifers from the Kimmeridgian-Tithonian lime stones of the Ma³y Giewont area (con tin u a tion)

A – Pseudomarssonella cf. bipartita Redmond, thin-sec tion G-57 (sec tion B), Lower Tithonian; B – Redmondoides sp., thin-sec tion G-53 (sec -
tion B), Lower Tithonian; C – Textularia sp. cf. T. catenata Cushman (as a microoncoid nu cleus), thin-sec tion G-69 (sec tion B), Chitinoidella
Zone, Tithonian; D – Paleogaudryina heersumensis (Lutze), thin-sec tion G-35 (sec tion B), Up per Kimmeridgian; E – Paleogau dryina sp. aff. P.
heersumensis (Lutze), thin-sec tion G-56 (sec tion B), Lower Tithonian; F – Ammobaculites sp. cf. A. coprolithiformis (Schwager), thin-sec tion
MG-63 (sec tion A), Lower Kimmeridgian; G – Ammobaculites sp., thin-sec tion G-34 (sec tion B), Up per Kimmeri dgian; H – Troglotella incrustans
(?) Wernli and Fookes coated by mi cro bial fil a ments 0.3–1.0 µm in di am e ter (Cyanobacteria), thin-sec tion G-67 (sec tion B), Chitinoidella Zone,
Tithonian; I – Textularia jurassica Gümbel, coated by mi cro bial fil a ments 0.3–1.0 µm in di am e ter, thin-sec tion G-68 (sec tion B), Chitinoidella
Zone, Tithonian 



Ac cord ing to the Ital ian au thors (Pavia et al., 1987; Sarti,
1990), Sowerbyceras tortisulcatum (d’Orbigny) oc curs in the
Oxfordian, whereas S. loryi (Munier Chalmas) is known from
the Kimmeridgian. Al though Andelkoviæ (1966) il lus trated one
spec i men of S. tortisulcatum from the Lower Kimmeridgian
Physodoceras uhlandi Zone (or Subzone), Sarti (1990) in -
cluded his spec i men in the syn on ymy of S. loryi. The oc cur -
rence of Taramelliceras ex gr. compsum (Oppel) above the
fauna col lected by Passendorfer (1928) (see be low) and new
microfossil data ex clude a lat est Kimmeridgian-Early Titho nian
age of the ammonites dis cussed. The microfossil stra tig ra phy,
pre sented above, sug gests rather a late Early Kimmeri dgian
age (acme Parvula Zone) of the ammonite as sem blage (site a
in Fig. 3) de scribed by Passendorfer (1928).

One spec i men of Taramelliceras ex gr. compsum (Oppel)
was found in 1990 (sec tion B, site b, bed G-33 in Fig. 3), 14 m
above the base of the beds with the Kimmeridgian fauna found
by Passendorfer (1928). The ammonite was col lected from the
grey pseudonodular biooncosparite, which con tained also other 
poorly pre served macrofossils (one bel em nite and a few
echinoderm frag ments). This ammonite (Fig. 15) was kindly
iden ti fied by Dr. Federico Olóriz Sáez of the Uni ver sity of
Granada (Spain). Ac cord ing to him (writ ten in for ma tion), the
spec i men is a phragmocone, per haps with the ini tial part of the
liv ing cham ber pre served only. The taxon T. ex gr. compsum in -

di cates prob a bly the Mid dle Kimmeridgian (Compsum–Cavouri
zones in south ern Spain), al though may oc cur also in the Up per 
Kimmeridgian (Beckeri Zone).  

Based on the above opin ion, the lithostratigraphical po si tion 
of bed G-33 (Fig. 3) and new microfossil data (this pa per) it
must be con cluded that Taramelliceras ex gr. com psum was
found in Up per Kimmeridgian strata (in the bi par tite sub di vi sion
of the Kimmeridgian Stage – Fig. 14). The pseudo nodular
biooncosparite with Taramelliceras ex gr. com psum (sam ple
G-33, site b – Fig. 3) oc curs in the up per part of the Moluccana
Zone within the top most in ter val of the Bositra-Saccocomidae
MF (see the next sec tion). The spec i men of Taramelliceras ex
gr. compsum was col lected from the strata prob a bly cor re -
spond ing to the Cavouri or Beckeri (lower part) ammonite
zones. 

MICROFACIES

Three microfacies (MF) are dis tin guished in sec tion A (Fig.
2) in the Kimmeridgian-Tithonian lime stones: a Globochaete -
-Saccocomidae MF (G-SA), a Bositra-Saccocomidae MF
(B-SA) or its vari ant – a Bositra-Saccocomidae-Globochaete
MF (B-SA-G) (Fig. 16B) and a Saccocoma-Globochaete MF
(SA-G) (Fig. 17A). In sec tion B (Fig. 3), the fol low ing micro -
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Fig. 14. Ranges of se lected Kimmeridgian-Early Tithonian ammonite taxa af ter cited au thors



facies are iden ti fied: Bositra (Callovian), Conoglobigerina
(Oxfor dian), Globochaete (Up per Oxfordian–Lower Kimmeri -
dgian – Fig. 16A), Globochaete-Saccocomidae (Lower Kimme -
ri dgian), Bositra-Saccocomidae (Lower–Up per Kimmeridgian),
Saccocoma-Globochaete (Up per Kimmeridgian–Lower Titho -
nian) and Saccocoma (Tithonian – Fig. 17B). Peloids pre dom i -
nate in the Globochaete MF, whereas microoncoids and bio -
clasts with mi cro bial en ve lopes or cortoids are com mon in the
last three microfacies types. 

The Globochaete MF and Globochaete-Saccocomidae MF
prob a bly cor re spond to microfacies MFIII (up per most Oxfor -
dian –Lower Kimmeridgian) on the west ern mar gin of the

French Sub al pine Ba sin (ArdÀche area – Dromart and Atrops,
1988). The Kimmeridgian Bositra-Saccocomidae microfacies,
as well as its vari ant with Globochaete (Fig. 16B), is an equiv a -
lent to microfacies MFII of the ArdÀche area (Dromart and
Atrops, 1988: pl. I). In sec tion A this microfacies was found in
the 15 m thick lime stones (vs. 17 m in sec tion B, Fig. 3).
Kimmeridgian ammonites (Passendorfer, 1928) have been
found in the lower part of the lime stones as signed to the
Bositra-Saccocomidae MF. Cross-sec tions of ju ve nile ammo -
nites are fre quently ob served in thin sec tions made of sam ples
taken from the lime stones of this microfacies. The Saccocoma -
-Bositra microfacies was re ported from the Moluccana Zone in
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Fig. 15. Taramelliceras ex gr. compsum (Oppel) found in the lime stone bed la belled 
as site B, to gether with the sam ple G-33 (sec tion B in Figs. 3 and 4); the ammonite 

was iden ti fied by Dr. F. Olóriz Sáez

A – lat eral view of the spec i men’s left side; B – lat eral view of the right side; C – fron tal view (be fore the
lime stone partly cov er ing the spec i men’s sides was re moved); D – fron tal view (af ter the lime stone
partly cov er ing the spec i men’s sides was re moved and the spec i men was ro tated around its hor i zon tal 
axis); E – ven tral view; scale bar = 1 cm 



the Kimmeridgian pe lagic lime stones of the D³uga Val ley sec -
tion (Sub-Tatric Suc ces sion, West ern Tatra Moun tains – Jach
et al., 2014). 

The grey lime stones of the Bositra-Saccocomidae MF are
fol lowed by the ol ive-grey and brown ish-grey lime stones of the
Saccocoma-Globochaete MF (Fig. 17A) and Saccocoma MF
(Fig. 17B). These microfacies cor re spond to MFI  (Saccocoma)
of the ArdÀche area (Dromart and Atrops, 1988). In the Ma³y
Giewont area (Fig. 2), the Saccocoma MF con tin ues higher in
the Up per Tithonian, be cause of very scarce oc cur rence of
calpionellids in the lime stones be long ing to this substage.  

CHARACTERISTICS OF THE d13C CURVE 
FROM SECTION A 

The car bon iso tope data are de rived from sublittoral ma rine
lime stones de pos ited dur ing the Kimmeridgian and Tithonian
on the Up per Ju ras sic swell (pas sive Tatric Ridge ac cord ing to
Michalík, 2007). The d18O and d13C curves (Fig. 18A) are based 

on the iso to pic val ues reg is tered from the bulk lime stone sam -
ples col lected from sec tion A (Fig. 2 and Ap pen dix 2). 

Val ues of d13C reg is ter be tween –0.37 and 2.60‰ VPDB. If 
the re sult for sam ple MG-98 (–0.37‰) is omit ted, the range of
val ues is 0.97–2.60‰ VPDB only. The range is sim i lar to that
reg is tered for the Up per Ju ras sic pe lagic lime stones in the
D³uga Val ley (Sub-Tatric Suc ces sion), West ern Tatra Moun -
tains, lo cated ~4.7 km to the west of the area shown in Fig ure
1B (cf. Jach et al., 2014: fig. 1). The cross-plot of d13C ver sus
d18O for Ma³y Giewont shows a weak cor re la tion (Fig. 18B);
the most neg a tive d13C val ues, like those in sam ples MG-98
and MG-107, in di cate that iso to pic com po si tion might have
been lo cally al tered by burial dia genesis (e.g., Jach et al.,
2014). The d13C curves from Ma³y Giewont and the D³uga Val -
ley are cor re la tive in the Kimme ridgian-Lower Tithonian in ter -
val (Fig. 19). There fore the in flu ence of the later diagenetic
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Fig. 16A – Globochaete microfacies (with fre quent peloids),
Lower Kimmeridgian, thin-sec tion G-4 (sec tion B), G – Globo -
chaete alpina; B – Bo sitra -Globochaete-Saccocomidae micro -
facies, Up per Kimme ri dgian, thin-sec tion MG-70 (sec tion A)

Fig. 17A – Saccocoma-Globochaete microfacies, Up per
Kimme ridgian, thin-sec tion MG-87 (sec tion A); 1–3: sacco -
comid os si cles sim i lar to skel e tal sec tions (re spec tively) BM,
BT and Y shown in Benzaggagh et al. (2015: fig. 17) are also in -
di cated; B – Saccocoma microfacies (1 – wing-shaped sec tion,
2 – skel e tal sec tion sim i lar to Fig ure 13B in Benzaggagh et al.,
2015); microoncolithic lime stone, Chitinoidella Zone, Titho -
nian, thin-sec tion G-68 (sec tion B)

https://gq.pgi.gov.pl/rt/suppFileMetadata/25580/0/2956
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Fig. 18A – d18O and d13C curves for the Kimmeridgian-Tithonian in ter val of the Raptawicka Turnia Lime stone
For ma tion in the Ma³y Giewont area (sec tion A in Fig. 2); a dashed line be tween sam ples MG-82 and MG-84
in di cates ho ri zon of change in the cor re la tion trends be tween d18O and d13C val ues (see Fig. 17B); B –
cross-plot of d18O and d13C val ues from sec tion A in the Ma³y Giewont area; lower part – sam ples MG-56 to
MG-82; up per part – sam ples MG-84 to MG-116 
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(and tec tonic) al ter ations did not oblit er ate a pri mary iso to pic
sig nal in the Ma³y Giewont  sec tion (for de tails, see sec tion
�Cor re la tion trends be tween d13C and d18O data” in the “Dis -
cus sion” chap ter). 

In the low er most part of the d13C curve for sec tion A of the
Ma³y Giewont area (sam ples MG-56 to 68) the reg is tered val -
ues fluc tu ate around 2.55–2.60‰ (Fig. 18A). This in ter val of
the iso to pic curve cor re sponds to the Globochaete -
-Saccocomidae MF cor re lated with a part of the acme Parvula
Zone in sec tion B (Figs. 3 and 4). The next in ter val of the d13C
curve ter mi nates with the MG-77 (2.42‰), just in the Up per
Kimmeridgian Moluccana Zone and within the Bositra -
-Saccocomidae (B-SA) MF. A mi nor pos i tive shift re lates to
sam ple MG-79 (2.51‰), and the d13C val ues di min ish to
2.09‰ for sam ple MG-84 (Figs. 18A and 19), still within the
Moluccana Zone (Up per Kimme ridgian). This small neg a tive
ex cur sion oc curs at the up per bound ary of the B-SA
microfacies (Fig. 2); the next sam ples (MG-85 and 87) have
higher val ues (2.36‰ for sam ple MG -87). At the
Moluccana-Borzai zonal bound ary (Fig. 18A), the reg is tered
d13C value for the sam ple MG-89 is dis tinctly lower (1.97‰). 

Sam ple MG-90 (low er most Tithonian) de notes a weak
pos i tive shift on the d13C curve (Fig. 18A). Sub se quent sam -
ples with iso to pic val ues as low as 1.71‰ oc cur at the base of
the Malmica Zone (Fig. 18A). A spec tac u lar neg a tive ex cur -
sion (-0.37‰) is des ig nated by one sam ple only (MG-98);
how ever, this sam ple is cut by nu mer ous (thin) cal cite veinlets
of tec tonic or i gin. Just for the next ana lysed sam ple (MG-100)
the iso to pic re cord (d13C) re turns to the for mer level (1.72‰)
and then di min ishes to 1.39‰ (sam ple MG-104A, still within
the Malmica Zone – Fig. 18A). The value 0.97‰ for sam ple
MG-107 in di cates a min i mum of the d13C re cord within the
Chitinoidella Zone (Figs. 18A and 19). The d13C val ues for
sam ples MG-109 to MG-113 are higher (up to 1.88‰) in the
lower, al beit not the low er most, part of the Up per Tithonian
Crassicollaria Zone (Fig. 18A). The value 1.79‰ for sam ple
MG-116 ter mi nates the d13C curve for the Up per Ju ras sic
lime stones of the Ma³y Giewont area, still within the Crassi -
collaria Zone. Sam ples MG-119 and MG-120, of Barre mian -
-Aptian age (Wysoka Turnia Lime stone For ma tion), re veal a
no ta ble in crease of d13C val ues to 1.99–2.35‰. 

DISCUSSION

REMARKS ON THE STRATIGRAPHY
OF THE RAPTAWICKA TURNIA LIMESTONE FORMATION

The thick ness of the RTL Fm was es ti mated to be 100 m in 
the Ma³y Giewont area (Lefeld, 1985 in Lefeld et al., 1985: p.
25–34). How ever, the Callovian-Tithonian (pars) lime stones in 
the sec tion B (Fig. 3) are 99 m thick. There fore, the thick ness
of the whole for ma tion (Callovian–Hauterivian) must be be
greater than the re ported 100 m value. In deed, the Up per
Tithonian lime stones (Crassicollaria Zone), ex posed spo rad i -
cally in sec tion A, are ~7 m thick, and – ac cord ing to Lefeld
(1968: fig. 10) – the Berriasian-Hauterivian lime stones are ~30 
m thick. Nev er the less, at pres ent the top most Tithonian and
Berriasian -Hauterivian lime stones are not ex posed and could
not be stud ied in the sec tions A and B (Fig. 1C). In sec tion A
(Fig. 2), the gap be tween the Up per Tithonian strata of the
RTL Fm and the Barremian-Aptian lime stones of the Wysoka
Turnia Lime stone For ma tion seems to cor re spond to lime -

stones ~10 m thick, only. How ever, in the deep gully called
¯leb Kirkora (Fig. 1B), Kotañski (1959: pl. XIV) ob served
~40–60(?) m of “dark Neocomian” lime stones, be low the
Barremian-Aptian strata. 

In the Ma³y Giewont area, sub di vi sion of the Raptawicka
Turnia Lime stone For ma tion into 3 in for mal mem bers pro posed 
by Lefeld (1968, 1985 in Lefeld et al., 1985: p. 25–34) is partly
mod i fied by our data: the ol ive-grey and brown ish-grey lime -
stones ap pear just in the Up per Kimmeridgian, and the dark
lime stones oc cur al ready in the Tithonian. The bound ary be -
tween the mid dle and up per mem bers is shifted down wards ca.
40 m (be tween sam ples MG-86 and MG-87 in sec tion A and be -
tween sam ples G-34–G-37 in sec tion B – Figs. 2 and 3). The
mid dle mem ber – light grey and grey lime stones – is 60 to
63.5 m thick, only, whereas the thick ness of the up per mem ber
is ca. 38 m in the Up per Ju ras sic strata of the for ma tion (sec tion
A in Fig. 2). As ex plained ear lier, the up per most Tithonian and
Lower Cre ta ceous lime stones are pres ently not ex posed in the
sec tions stud ied.

SEDIMENTARY ENVIRONMENT AND PALAEOBATHYMETRIC
INTERPRETATIONS

Ac cord ing to Lefeld and Radwañski (1960), the Up per Ju -
ras sic lime stones of the High-Tatric Suc ces sion were de pos ited 
in an open, al though prob a bly rel a tively shal low, ma rine ba sin.
Their pseudo-oolitic lime stones (= microoncolitic lime stones in
this study) were in ter preted to be formed be low wave base in
pe lagic con di tions, whereas the palaeobathymetry of the ba sin
dur ing de po si tion of the Saccocoma-bear ing lime stones re -
mained more or less sta ble. Later, Lefeld et al. (1986: fig. 4) rec -
og nized that the lime stones of the RTL Fm (type sec tion), lo -
cated in the Koœcieliska Val ley (Fig. 1B), were de pos ited in the
shal lower part of the sublittoral zone, be low the intertidal en vi -
ron ment. This logic can also be ap plied to the Up per Ju ras sic
lime stones of the RTL Fm ex posed in the Ma³y Giewont sec -
tions, al though these de pos its ac cu mu lated prob a bly at a rel a -
tively shal lower depth.  

Al though not sup ported by sta tis ti cally valid data, the com -
mon oc cur rence of the gen era Lenticulina and Spirillina in the
Kimmeridgian-Tithonian lime stones is a char ac ter is tic fea ture
of the Up per Ju ras sic strata stud ied. Ac cord ing to Schlagintweit
and Ebli (1999: text-fig. 3), the max i mum of oc cur rence of
Lenticulina in the Plassen For ma tion in the North ern Cal car e -
ous Alps (Up per Kimmeridgian- Lower Valanginian?) was con -
fined to the plat form slope (ta lus fa cies). How ever, the Ju ras sic
foraminiferal as sem blages con tain ing Lenticulina spp. as the
dom i nant com po nent were found to oc cur at all bathymetric lev -
els above the CCD (Tyszka, 2001 and pub li ca tions cited in that
pa per on page 154). Sam son (1997, 2001) in cluded Ju ras sic
Spirillinacea in the infralittoral biotope (down to 100 m) within
the photic zone; also the Ammodiscacea, Ophthalmidiidae
(pars) and Textulariaceae be long to this group. The ge nus
Spirillina, al though pres ent at all depths, is a com po nent of shal -
low-wa ter as sem blages, usu ally re lated to the in ner and outer
neritic zone (Tyszka, 2001). Ac cord ing to Reolid et al. (2008a,
b), the Spirillinidae be long to epifauna in di cat ing the pres ence
of dense bac te rial pop u la tions. This re la tion is prob a bly valid
also in the case of the Up per Ju ras sic lime stones from the Ma³y
Giewont sec tions be cause of wide spread oc cur rence of
microoncoids and peloids formed by mi cro bial fil a ments (A. P.
unpub. data). 
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The ge nus Reophax is in ter preted as a detritivore and bac -
te rial scav en ger (Reolid, 2012, af ter Nagy, 1992 and Tyszka,
1994). In some Ju ras sic bas ins, Reophax was found in the mid -
dle and outer shelf en vi ron ments (Reolid et al., 2008b). Be sides 
Reophax, the ge nus Textularia was in cluded in the shal low to
deep infaunal morphogroup A-8 in the Mid dle Ju ras sic of the
Pieniny Klippen Belt, south ern Po land (Tyszka, 1994). The ge -
nus Ammobaculites was as signed to the shal low infaunal
morphogroup A-6 (Tyszka, 1994). 

Sed i men ta tion rate for the whole RTL Fm was es ti mated to
be 3.6 to 5.2 mm/ka (Vašíèek et al., 1994: p. 19). How ever, in
the Ma³y Giewont sec tion (Fig. 3) sed i men ta tion rate for the
Kimmeridgian lime stones of this for ma tion could reach up to
about 13 mm/ka (= 13 m/my). This is an ap prox i mate value as
there is no data for the stud ied sec tions con cern ing the ex act
po si tion of the Oxfordian/Kimmeridgian bound ary at the base of 
the M26 magnetozone pro posed by Ogg et al. (2012). In any
case, it seems that the es ti mated sed i men ta tion rate for the
Kimmeridgian lime stones ex ceeded the value cal cu lated for the 
(partly) co eval Jasenina For ma tion of the Lower Sub-Tatric
(Krížna) Suc ces sion (6.6 to 7 mm/ka af ter Vašíèek et al., 1994:
p. 20; 3 to 7 m/my, af ter Grabowski and Pszczó³kowski 2006;
and 3.7 m/My, af ter Jach et al., 2012). A rel a tively higher sed i -
men ta tion rate of the car bon ate de pos its was prob a bly an ad -
van ta geous fac tor for the gen era Spirillina, Lenticulina and
Reophax, as re ported ear lier from the Oxfordian of the Prebetic
Zone in the south ern Spain (Reolid et al., 2008b). 

In the lower and mid dle parts of the Up per Kimmeridgian,
biooncomicrosparites and biomicrites are the dom i nant types of 
lime stones. The Bositra-Saccocomidae microfacies with
ammo nites may be in ter preted in terms of a transgressive ep i -
sode. The up per most Kimmeridgian lime stones con sist mainly
of biomicrites, lo cally pseudonodular, also in di cat ing a rel a tively 
high sea level. Such an in ter pre ta tion is sup ported by the pres -
ence of sparse cal car e ous nannoplankton in the peloids and
the micritic ma trix. 

The above-men tioned lime stone types are also dom i nant in
the Lower Tithonian, al though oncobiosparitic va ri ety lo cally
also oc cur. The dark lime stones of the lower part of the Malmica 
Zone (Fig. 3), prob a bly cor re spond to the max i mum of the
Kimmeridgian-Lower Tithonian trans gres sion (cf. Haq et al.,
1987; Reháková, 2000b). As no ticed by Hal lam (1988: p. 271),
the high est sea level oc curred “...in the Kimmeridgian and early
Tithonian rather than the Oxfordian...”. In the Chitinoidella
Zone, the oncosparitic beds be gin to be com mon. In sec tion A
(Fig. 2), the pseudonodular lime stones oc cur in the up per most
Kimmeridgian strata (up per part of the Moluccana Zone and the 
Borzai Zone); biomicritic lumps or nod ules are sur rounded by
bioclastic ma trix. Also in this sec tion, in the Chitinoidella Zone –
from sam ple MG-105 up wards – the oncobiomicrosparites are
sub sti tuted by oncosparitic lime stones; di am e ters of the
microoncoids are greater (up to ca. 1 mm) than in the un der ly -
ing strata. These changes in di cate shallowing of the High-Tatric 
swell dur ing the Late Tithonian. This lo cal shallowing trend is
con cor dant with the long-term eustatic curve (Haq et al., 1987;
Reháková, 2000b; Hal lam, 2001). 

In sum mary, palaeobathymetric evo lu tion of the Kimmeri -
dgian -Tithonian de po si tion in the Ma³y Giewont sec tions re veals:

– a transgressive ep i sode at the Early/Late Kimmeri dgian
bound ary in ter val, per haps cor re spond ing to the “mid -
dle” Kimmeridgian transgressive and highstand event
(Haq et al., 1987; Reháková, 2000b); 

– a trans gres sion peak dur ing the Early Tithonian (Mal -
mica Zone); 

– grad ual shallowing of the High-Tatric swell in the Late
Tithonian. 

At the end of the Ju ras sic, the car bon ate de pos its of the
stud ied part of the sub ma rine swell were in flu enced by in -
creased hy dro dy namic ac tiv ity of waves and cur rents. Micritic
and fine-grained cal car e ous sed i ment could have been trans -
ported to wards the deeper ar eas of the Late Tithonian sea.
How ever, the larger microoncoids (0.5–1.0 mm in di am e ter) re -
mained in the place of their for ma tion (?) or were not far ther dis -
placed to the deep-wa ter bas ins. Ev i dently, the bot tom cal car e -
ous sed i ments were still lo cated be low the (fair-weather?) wave
base. The mi cro bial con cen tric coat ings of the microoncoids
are usu ally sym met ri cal or el lip soi dal (Fig. 13C), which is con -
cor dant with “some reg u lar de gree of turn ing” (Wright in Tucker
et al., 1990: p. 10). This links their or i gin rather with rel a tively el -
e vated tur bu lence in the Late Tithonian sea than with the ac tiv -
ity of bur row ers. 

CORRELATION TRENDS 

BETWEEN d13C AND d18O DATA

Two cor re la tion trends are clearly vis i ble in the d13C vs. d18O 
di a gram (Fig. 18B). Both trends are of strati graphi cal sig nif i -
cance. The first trend is dis cern ible be tween sam ples MG-56
and MG-82. The d13C val ues re veal only mi nor vari a tions (be -
tween 2.60 and 2.35‰), while d18O sig nif i cantly fluc tu ates be -
tween –3.90 and –1.21‰. Within the sec ond trend (sam ples
MG-84 to MG-116) an ap par ently pos i tive cor re la tion is ob -
served be tween both iso to pic ra tios. The d13C val ues fall from
2.2–2.3‰ to 1.6–1.4‰ and d18O de crease from –1.5 to –3.6‰.
Such a pos i tive cor re la tion might be ev i dence of diagenetic al -
ter ation of the iso tope re cord (e.g., Weissert and Bréhéret,
1991; Colombié et al., 2011). How ever, the car bon iso tope
curve from Ma³y Giewont in the en tire Lower Kimmeri d -
gian–Lower Tithonian in ter val cor re lates quite well with other
ref er ence sec tions from the Carpathians (see chap ter be low).
More over, the bound ary be tween both cor re la tion trends (sam -
ples MG-82 and MG-84) falls just be low the bound ary of the
mid dle and up per mem bers of the RTL Fm. This cor re sponds to 
ho ri zon b with Taramelliceras (see Fig. 3) and cor re lates with
the on set of the Saccocoma-Globochaete microfacies. There -
fore the car bon iso tope re cord is in ter preted as pri mary, re flect -
ing im por tant palaeoenvironmental changes in the West ern
Carpathian area. 

CORRELATION OF THE d13C CURVE FROM 
THE MA£Y GIEWONT SECTION WITH ISOTOPIC RECORDS

FROM OTHER CARPATHIAN SECTIONS 

The d13C curve con structed from the sam ples col lected in
sec tion A of the Ma³y Giewont area (Fig. 19) can be com pared
with the iso to pic re cords from co eval sec tions stud ied in Po -
land (Jach et al., 2014) and Slovakia (Michalík et al., 2009)
which are cal i brated with cal car e ous dinocysts and calpio -
nellids. The D³uga Val ley sec tion from the West ern Tatra
Moun tains com prises three Up per Ju ras sic for ma tions be -
long ing to the Lower Subtatric (or Fatric) Suc ces sion (Jach et
al., 2014). The Czaja kowa Radiolarite For ma tion (up per part)
is Early Kimmeridgian to ear li est Late Kimmeridgian in age.
The Czorsztyn Lime stone and Jasenina for ma tions con sist of
Up per Kimmeridgian-Lower Tithonian pe lagic lime stones
(Jach et al., 2012, 2014: fig. 3). In gen eral, the com pared d13C
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curves from Ma³y Giewont and the D³uga Val ley might be di -
vided in three sec tors (Fig. 19). 

Sec tor I com prises a rel a tively sta ble, slightly de creas ing
trend of d13C within the acme Parvula and Moluccana Zones in
the Kimmeridgian. The val ues de crease slightly from 2.60 to
2.36‰ in the Ma³y Giewont sec tion. In the D³uga Val ley sec tion,
this trend is also ob served; how ever, the d13C are lower, fall ing
from ca. 2.2‰ in the lower part of the Moluccana Zone to
2–1.8‰ in the up per part of this zone. A pos i tive ex cur sion in
the up per part of the Up per Kimmeridgian Moluccana Zone
(sam ple MG-87), which ter mi nates sec tor I, might cor re spond
to sam ple Dsr292 (Jach et al., 2014: fig. 3). The “Late
Kimmeridgian (Moluccana Zone) pos i tive d13C shift” of Jach et
al. (2014) should be cor re lated then, with our sam ples MG-79 to 
82. In that case, the up per part of the mid dle mem ber of the
RTL Fm in the Ma³y Giewont sec tion must be an equiv a lent of
the the up per part of the Czajakowa Radiolarite For ma tion (red
radiolarites) and Czorsztyn For ma tion (and per haps the low er -
most part of the Jasenina For ma tion). 

Sec tor II of the d13C curves from the Ma³y Giewont and
D³uga Val ley sec tions rep re sents a re mark able de creas ing
trend which con tin ues from the up per most part of Moluccana
Zone, through the Borzai Zone and Tithonica – acme Pulla
Zone up to the base of the Lower Tithonian Malmica Zone. The
d13C val ues fall from 2.4 to 1.7‰ in the Ma³y Giewont sec tion
and from 2.1 to 1.3‰ in the D³uga Val ley sec tion. The trend ter -
mi nates with a spec tac u lar neg a tive ex cur sion (–0.37‰ for
sam ple MG-98 in the Ma³y Giewont sec tion) in the lower part of
the Lower Tithonian Malmica Zone. The trend cor re sponds to
the lower part of the up per mem ber of the RTL Fm and the low -
er most part of the Jasenina For ma tion. 

Sec tor III of d13C curves from both sec tions rep re sents
again a rel a tively sta ble trend within the Malmica Zone. The
d13C val ues fluc tu ate around 1.8–1.5‰ in the Ma³y Giewont
sec tion and around 1.5–1.2‰ in the D³uga Val ley sec tion, with
some sub or di nate min ima and max ima. This trend cor re lates
with the mid dle part of the up per mem ber of the RTL Fm and
the cor re spond ing part of the Jasenina For ma tion. 

The three sec tors in the Up per Kimmeridgian-Lower
Tithonian in ter val of the d13C curve might be iden ti fied also in
the Hlboèa sec tion (Grabowski et al., 2010). Biostratigraphic
cor re la tion of the sec tors fits quite well to the Ma³y Giewont
and D³uga Val ley sec tions (Fig. 19): sec tor I – in the up per part
of the Parvula and in the Moluccana Zone, sec tor II in the Pulla 
Zone and sec tor III in the Malmica Zone. The lat ter might be
ten ta tively dis tin guished also in the Malmica Zone of the
Brodno sec tion (Michalík et al., 2009). The weak pos i tive ex -
cur sion in the lower in ter val of the Crassicollaria Zone (Fig. 19) 
may also be found in the Brodno sec tion. The value 1.79‰ for
sam ple MG-116 in di cates a di min ish ing trend in the top most
part of the Ma³y Giewont sec tion. This is com pat i ble with the
rather low strati graphi cal po si tion of sam ples MG-113 and
MG-116 within the Crassicollaria Zone, prob a bly be low the in -
ter val of ris ing d13C val ues de tected in the Brodno sec tion
(Michalík et al., 2009).

The de creas ing trend of d13C within the Kimmeridgian-
 Tithonian is a well-known phe nom e non (e.g., Cecca et al.,
2001; Padden et al., 2002; Weissert and Erba, 2004; Jach et
al., 2014; Arabas, 2016; Price et al., 2016). The over all sim i lar -
ity of the d13C de creas ing val ues re corded in the Kimme -
ridgian- low er most Tithonian in ter val of the Ma³y Giewont area
(this study) and the D³uga Val ley (Jach et al., 2014) sec tions in -
di cates that the gen er ally shal low-wa ter lime stones of the RTL

Fm ac cu mu lated be low the zone in flu enced by changes in the
com po si tion of ma rine wa ter caused, for in stance, by in tense
rain fall. There fore, the depocentre of these lime stones lo cated
at the top of the pas sive Tatric Ridge was freely con nected with
the nearby deep-wa ter bas ins (such as the Zliechov Ba sin –
Michalík, 2007). 

CONCLUSIONS

1. Eight microfossil biozones are dis tin guished in the Up per
Ju ras sic lime stones of the Ma³y Giewont area (RTL Fm, West -
ern Tatra Moun tains): acme Fibrata, acme Parvula, Molu ccana, 
Borzai, Tithonica-acme Pulla(?), Malmica, Chitinoidella and
Crassicollaria (pars). The Kimmeridgian/Tithonian bound ary is
in di cated at the top of the Borzai Zone 76 m above the base of
the RTL Fm. 

2. The plank tonic and ben thic foraminifers oc cur in the Up -
per Ju ras sic de pos its of the RTL For ma tion. The gen era Lenti -
culina Lamarck and Spirillina Ehrenberg are com mon in the
Kimmeridgian and Tithonian lime stones.

3. The microfossil stra tig ra phy sug gests a late Early
Kimmeridgian age (acme Parvula Zone) of the ammonites de -
scribed by Passendorfer (1928). The taxon Taramelliceras ex
gr. compsum found 14 m above those ammonites is Late
Kimmeridgian in age.  

4. Seven microfacies types (MF) are iden ti fied in the Up per
Ju ras sic lime stones of the Ma³y Giewont area. The Bositra -
-Saccocomidae MF oc curs across the Lower-Up per Kimme -
ridgian bound ary and cor re sponds to the microfacies MFII of the 
ArdÀche area in France (Dromart and Atrops, 1988). 

5. The iso to pic curves d18O and d13C reg is tered from the
Kimmeridgian and Tithonian bulk lime stone sam ples (Ma³y
Giewont area, sec tion A) can be com pared with the iso to pic re -
cords from co eval sec tions stud ied in Po land (Jach et al., 2014)
and Slovakia (Michalík et al., 2009). The over all sim i lar ity of the
d13C de creas ing val ues re corded in the Kimmeridgian–low er -
most Tithonian in ter val of Ma³y Giewont (this study) and D³uga
Val ley (Jach et al., 2014) sec tions in di cates that the gen er ally
shal low-wa ter lime stones of the RTL Fm ac cu mu lated be low
the zone in flu enced by changes in the com po si tion of ma rine
wa ter caused, for in stance, by in tense rain fall.

6. The palaeobathymetric evo lu tion of the Kimmeridgian -
-Tithonian de po si tion re corded in the Ma³y Giewont sec tions re -
veals: a transgressive ep i sode at the Early/Late Kimmeridgian
bound ary in ter val, a trans gres sion peak dur ing the Early Titho -
nian (Malmica Zone) and grad ual shallowing of the High-Tatric
swell in the Late Tithonian.
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