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ABSTRACT: The Middle-Upper Jurassic and Lower Cretaceous deep-sea sequence
of the sub-tatric succession of the Tatra Mts consists of Toarcian-Aalenian nodular
limestones, Bajocian-Bathonian radiolarites, Callovian nodular ¥mestones, Oxfordian
radiolarites, Kimmeridgian nodular limestones, Tithondan-Berriesian siliceous M-
mestones (Biamcome), and Valanginian-Barremian (Lower Aptian?) maristones. “Two
maximal depth phases were observed namely the Middle Jurassic and Oxfondian
ones. The carbo-silite sequence of the Upper Jurassic is cheracterized by distinct
vertical symmetry in the distribution of nodular limestome and radiolaritic facies.
The Middle Jurassic and Oxfordian (the latter in particulsr) depth phases were of
universal character in the Tethyan troughs of the Carpathians and probably of the
Alps as well. The depocenter of these sediments was probably a slope of trough.
The deposition depth is considerad in relation to calcite and aragonite compensation
depths and based on microfacial analysis (selective solution). A sequence of calca-
reous avalanche turbidites {the Muran limestone) of Hauterivian-Barremiamn age is
analysed and its conditions of sedimentation considered. Its origin was due to ava-
lanche and turbidite current tramsport from distal and possibly also proximal Urgo-
nian reef-detrital zones. Omn the basis of facial analysis of these redeposited sedi-
ments @ direct connection of some of the sub-tairic untts (Eastern Tatra Mis) 'with
the most southerly situated Klippen Belt succession (Haligovce) is suggested. An
Upper Tithonian ammonite fauna was found in the sub-tatric succession. .9 Upper
Tithonian ammonite species and genera are described and 8 of them illustrated. The
Lower Cretaceous ammonite fauna comprises Valanginian, Hautenivian and Barre-
mian forms, out of which 14 are described and 7 fillustrated.
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INTRODUCTION

The present work embraces the problems of stratigraphy, sedimen-
tology and palaeogeography of the Middle and Upper Jurassic and Lower
Cretaceous of the so called sub-tatric succession of the High-Tatra Mts.
Less attention is being paid o the Middle Jurassic then to the Upper Ju-
rassic radiolarites and associated nodular limestones. The latter comprise
the so called Upper Jurassic carbo-silite sequence (Lefeld 1969) and mark
the main deepening phase in the whole Carpathians, thus being the most
important and most indicative event in the Jurassic history of the re-
gion, :

Chapters devoted to the Lower Cretaceous geology deal with the marl-
stones of the Neocomian and associated with them the so called Murah
limestones, The origin of the latter member rose many doubts amd dis-
cussions in earlier times. _
The localities studied are shown on the sketch-map (Fig. 1).
Investigations concerning the above poblems started in 1964 and were
continued, with intervals, till 1972,

’ Acknowledgements. The following pemsons, geology students of the Warsaw
University helped the author during field seasoms in 1989, 1970 and 1972: Mr. Tomasz
Krzywicki, Mr. Andrzej Wygralak, Mr, Ani_dzl"zej Budzyk, Mr. Grzegorz Micula and
Mrs. Zofia Krzysiak. To all of them the author wishes to express his cordial thanks.

Laboratory work was carried out in the Laboratory of Stratigraphy of the
Institute of Geological Sciences, Polish Academy -of Sciences in Warszawa.

Comparative studies were dome in Czechoslovalkia (in 19870. Dr. K. Borza of
the Geologicke ILaboratorium Slovenskej Akademie Vied in Bratislaviai 'was so kind -
to explain to the author some stratigraphic and sedimentological problems of the
West Carpathian Upper Jurassic and Lower Crefaceous geology, and guided him
to the most representative exposures in the Sloviakian West Carpathians, in parti-
cular to the Male Karpaty, Strapovska Hornatina, Velka nad Mala Fatra and NiZne
Tatra Mts, as 'well as to the western sectors of the Klippen Belt. Beside that the
author has visited and studied the Upper Jurassic and Lower Cretaceous seguences
in the Haligovee Klippe (Pieniny Kilippen Belt), the Ruibachy (old Polish name —
DruZbaki) tectonic window and the Cho& Mts the latter constituting the western
prolongation of the Tatra Mis

During field seasons of 1969, 1870 and 1872 the mnthor has visited many ex-
posures of the Czorsztyn, Niedzica and Branisko successions in the Polish part of
the Pieniny Klippen Belt. Useful information about the geology of the last men-
tioned area was kindly communicated by Prof. Dr. Ing. K. Birkenmajer of Labora-
tory of the Young Siructures of the Institute of Geological Sciences, Polish Academy

of Sclences in Cracow.

The author wishes to express his cordial thamks to ‘Prof. Dr. Edward Passen-
dorfer who provided many useful information and comment during the whole time
of preparing this work and offered his collection of Lower Cretaceous ammonites
for determination. Thanks are also due fo Mr. A. Iwanow, M. Sc., for many discuss-
fons. ' :

Free access to the natural reserves both in the Polish and Slovalian parts
of the Tatra Mis was allowed to the author by the Directors of the Tatra National
Park Mr. M. Marchlewski, Vice-director Mgr. Ing. Czeslaw Madeyski and Director
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Fig. 1

Geologleal gketch-map of the Tatrg Mis showing the main tectonic zones and the sub-tatric Jurassic and Lower Cretaceous
. ' outcrops : _
1 high-tatra crystalline core; 3 high-tatric zone; 3 sub-tairic zone; 4 Chod zone, stippled — sub-tatric Jurassic and Lower Cretaceous sediments
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Mgr. Ing. Leon Niedzielski, for the Polish part, and by the Vyskumna Stanica Spravy
Tatranskeho Narodneho Parku in Tatranska Lomnica, for the Slovakian part.

Thanlks are also due do the workers of the Muzeumn Tafrzarhskle in Zakopane
who helped the author with working place during some, chiefly bad-weather times
of field work. )

Chemical analyses of the sub-tatric radlolarites and limestomes were done by
Dr. Z. Wichrowski of the Geochemical Laboratory of the Geological Department,
Warsaw University.

The Vigilev’s collection of the sub-tatric Lower Cretacepus flossils, chiefly
2mmonites was kindly dent to the author by the Laboratory of Young Structures, In-
stitute of Geological Sciences iof the Polish Academy of Sciences, Cracow.

X-may diffractogramms were done by Mr. M. Stepniewski, M. Sc., of the
Geological Institute, Warszawa. The author is grateful to Mrs. I Bafikowska for
the preparation of Plates.

PREVIOUS WORK

The sedimentary mantle of the High-Tatra Mts (Central Carpa-
thians) was subdivided on facial grounds, by Uhlig (1897) imto the so
called high-tatric zone (Hohtatrisch of Uhlig) situated directly over the
Tatra crystalline core, and the sub-tatric one (Subtatrisch of Uhlig),
which is thrown over the last mentioned one.

The history of investigation of the Upper Jurassic and Lower Cre-
taceous members of the sub-tatric succession of the Tatra Mts which are
dealt 'with in this paper starts with Stache’s (1868) findings of some
Lower Cretaceous fossils.

Uhlig in his monograph on the Tatra geology (1897) proposed the
name Murah limestone (Murankalk) and regarded this member to be Ur-
gonian. The same opinion about the age and facies of the Muran limestone
was then expressed by Rabowski & Goetel (1925), and Andrusov (1931,
1959). Passendorfer (1950), on the other hand, was of the opinion that the
Murah limestone represents Hauterivian as he found meither orbitolinas
nor other Urgonian index-fossils in it. Borza (1957) analysed the Muran
limestone petrographically but did not come o any mew stratigraphic
conclusion. Some data about the Murah limestone in the Polish part of
the Eagtern Tatra Mts are presented by Grabowska-Hakenberg (1958)

The fauna of the Neocomian marlstones of the sub-tatric succession
from the Koécieliska Valley in the Western Tatra Mts was collected and
determined by Vigtilev (1914). He mentioned 12 ammonite species, 3 apty-
dealt with in this paper starts with Stache’s (1868) findings of some
plant remains. A complete list of his fossils appears in the Palaeontolo-
gical Part. Vigilev meither described nor illustrated them. He claimed
only Valanginian-Hauterivian age for the marlstones of the Western
Tatra Mtz despite his finding of Crioceratites emerici Lév., a typical Bar-
remian form.

Many Lower Cretaceous fossils, mostly ammonites were found by
Passendorfer in early fifties in the Koscieliska Valley.
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The sub-tatric radiolarites were petrographically analysed by Suj-
kowski (1932). Aside of Middle Jurassic age of the radiolarites he aseribed
also upper portion of this member to the Upper Jurassic without any
paleontological basis. This proved correct in the light of aptychi studies
carried out by Gasiorowski (1959) on the material from Western Tatra
Mts.

In the stratigraphic scheme of Rabowski & Goetel (1925) the sub-
~tatric radiolarites corresponded only to the Middle Jurassic. The Upper
Jurassic was hardly subdivided into red, grey and greenish limestones. In
the light of aptychi studies by Ggsiorowski (op. cit.) the Middle and partly
Upper Jurassic part of the stratigraphic scheme by Rabowski & Goetel
(op. cit.) proved erroneous. According to Gasiorowski the upper limit of the
sub-tatric radiolarites coincides with the Oxfordian/Kimmeridgian boun-
dary.

The application of the above mentioned stratigraphic scheme to
tectonic problems led to some errors in the tectonic interpretation of the
sub-tatric Zone first of all in the Bielskie Tatra Mts (Sokolowski 1850),
which were revealed in a paper by Lefeld (1969).

First chemical analyses of the sub-tatric radiolarites and Murah
limestone were done by Kuzniar (1913). Some others (radiolarites) were
published by Krajewski & Myszka (1958).

STANDARD OF THE UPPER JURASSIC AND LOWER CRETACEOUS

The standard of the Upper Jurassic stratigraphy is that proposed
by Arkell (1956). It was used, with few modifications, by Birkenmajer
(1963) in the geology of the Pieniny Klippen Belt of Poland.

The standard of the Lower Cretaceous stratigraphy is applied there
after Haug (1927) as it was used in the stratigraphy of the Carpathians
in Slovakia {Andrusov 1959) and in the Klippen Belt of Poland (Birken-
majer 1963 — with some modifications).

The Tithonian stage is treated here together with the Berriasian
according to Wiedmann (1968, 1971), because of lithologic uniformity.

MIDDLE-UPPER JURASSIC CARBO-SILITE SEQUENCE
General renia’rks

The radiolarites and associated nodular limestones of the Middle
and Upper Jurassic are a very characteristic lithostratigraphic member of
the sub-tatric succession in 'the Tatra Mts. They form a typical carbo-silite
sequence according to Grunau’s (19685) classification. General geology of
that sequence is presented in Fig. 2. First nodular limesbone member ap-
pears in the Toarcian there, being then followed by the Middle Jurassic
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Fig. 2

General stratigraphy of the Middle-Upper Jurassic and Lower Cretaceous of the
. sub-tatric succession in the Tatra Mts

green radiolarites which, in turn, are overlaid' by another nodular lime-
stone, probably Callovian in age. This nodular memhber separates the so
called “lower” green radiolarites from the “upper” ones of Oxfordian
age. The latter show red radiolaritic envelopes both on their bottom and
top. The sequence ends with the “upper” modular limestones of Kim-
meridgian age, which pass gradually into the Tithonian siliceous limesto-
nes of Biancone type. :

Strdtigraphic units versus lithological members

Aptychi studies by Gasiorowski (1959) have revealed that the upper
limit of the sub-tatric radiolarites lies about the Oxfordian/Kimmeridgian
boundary. No other index-fossils are known from this carbo-silite se-
quence, and the only ammonites are Hildoceras bifrons Brug. from the
Toarcian “lower” nodular limestome (Uhlig 1897, Sokolowski 1925). Higher
members, mostly radiolarites, lack any fossils except rare aptychi and cal-
cified radiolaria. There exists, however, a striking facial similarity to the
coeval carbo-gilite sequences of the Pieniny Klippen Belt chiefly the Nie-
dzica and Branisko successions (Birkenmajer 1965). On this basis it was
possible to correlate the particular sub-tatric Jurassic members with the
better paleontologically evidenced ones of the last mentioned area (Ta-
ble 1). : .
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Table 1

Stratigraphy of the sub-tatric Middle and Upper Jurassic as compared to that of
the Niedzica successfon of the Pleniny Klippen Belt. After Birkenmajer (1865) and

Lefeld (1969)
Tatra Mts Pieniny Klippen Belt
sub-tatrio sucosassion Niedsioca suoceasion
Tithonian ‘blancone bianocone
Kimmeridgian |upper nodular limestone jupper nodular limestons
upper | UPPOT ¥od radiolarite | upper red mediolarite
Oxfordian - green radiolarits green radiolarite

lower lower red radiolarite

[ lower red radiolarite

Callovian middle nodular limestons|lower nodular limestons
mz.g::hi’::m gresn radiolarite orincidal limestone

Table 2

Stratigraphy of the sub-tatric Middle and Upper Jurassic and Lower Cretaceous
after Gasiorowski (1059), Sokolowski (1925), Vigilev (1914) and author’s own researches

Western Tatra lits

Bastern Tatra Mts

Lower Aptian
and
Barremian

Emtuh:m

Valanginian

Berriasian

Tithonian

Kimmeridgian

upper
Oxfordian

lower

_Callovian

Bathonian
and
Bajoclan

Aalsnian
: and
Toarcian

marlstone
with

thin interbeds of calcarecus

and arenaceous
turbldites
/ammonites/

spotted marlstons
/amaonites/

biancone
/tintinnids/

Jammonites/
‘biancone

er nodular limestone
‘adbundant. Sacoocoma/

upper rad radiolarite
upper, green radiolarite

-lowsr Ted radlolarite

middle nodular limestone
/partly lacking/

lowsr, green radiolarite

lower, red nodular limsstone

manganiferous encrinite

marlstone with
Urgonian olistoliths

oalcaresous

Murafi
limestone avalanghe
turbidites

spotted marlatone
bianoone
/tintinnids/

biancone

upper nodular limestomne
/Saccocoma/

upper red radiolarite
upper, green radiolarite

lower red radiolarite

aiddle nodular limestone
/partly lacking/

lower, green radioclarite

lower, red nodular limestone
/pu'tiv laoking or other
Zfaoien/
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No palaeontological evidence exists so far concerning the Callovian
stage in the sub-tatric succession in the Tatra Mts, Aside of the above
mentioned similarities to the Niedzica succession of the Klippen Belt a po-
ssibility exists that the so called “middle” nodular limestone member of
the Tatra Mts may embrace a part of the Upper Bathonian at its base
and/or a part of the lowermost Oxfordian in its top.

Bearing in mind such reservations which result from a scarcity of
faunal remains in the sub-tatric Middle and Upper Jurassic the strati-
graphy of the analysed members is presented in Table 2.

Selected profiles

Out of many profiles studied in the field only best exposed ones are
here presented. These are: in the Western Tatra Mts — sections of the
eastern slope of the Lejowa Valley, in the Sucha Valley and at Gladkie
Uplazianskie, and in the Eastern Tatra Mts — sections at the southern
slope of the Nowy Wierch (Bielskie Tatra Mts), and at Holica.

The section in the Lejowa Valley (Fig. 3) exhibits about 18 meters
of Middle Jurassic (Bajocian-Bathonian) “lower” green radiolarites. The-
se are greenish-gray ! to olive-gray calcareous rocks with olive cherts.
The following nodular limestone of Callovian age is 13.5 m thick. This
is a typical “Ammonitico Rosso” with calcareotis nodules and brownish-
-red matrix. Reddish-brown, small cherts occur in some nodules there.
The matrix enveloping the nodules is reddish-brown (10 R 3.5/5) whereas
the nodules are slightly paler. There are some thin beds of limestone de-
void of modules at the bottom of that member. The nodules are approx-
imately 2—5 cm in size, usually longer then high, lenselike, Next member,
the lower red radiolarite is 12 m thick. The rock is thinly bedded with
some shale intercalations. The colour is dark reddish-brown (10 R 2/3).
Cherts are seldom found in it. The upper green radiolarite 10 m thick,
shows thin red radiolarite band almost in the middle. The rock is grayish-
-olive-green (5 GY 4/2) and does mot contain cherts either.

The upper radiolarite is 4 m thick and does not differ much from
its lower counterpart. It contains small reddish-brown cherts in bottom
portion. '

The upper calcareous member of Kimmeridgian age, unlike its coun-
terparts in the Eastern Tatra Mts, shows only thin nodular bed among
reddish-brown thin bedded silicesus limegtone. Reddish colouration gra-
dually passes into grayish one. Thickness of the upper nodular limestone
in that section is less than 2 meters, which is incomparably less than in
other parts of the sub-tatric succession,

-Upwards the sequence passes gradually into the Tithonian Bianco-
ne, which in its upper part contains few ammonites (Berriasellidae).

1 AH colour designations acconding to the G. 8. A. Rock Conor Chait.
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The sub-tatric zone of the Tatra Mts passes westward into the Chot
Mts which are lower, mostly due to existence of a tectonic transversal
depression there (Gorek 1950). A section in the Sucha Valley (Fig. 4) in
the Westernmost Tatra differs slightly from that in the Lejowa Valley.

m
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Fig. 3
Cross-section of the Middle and Upper Jurassic in a gully on the eastern slope of
the Lejowa Valley .
1 Middle Jurasslc radlolarites and siliceous lmestones; 2 limestones; 3 middle nodular limestone
(Callovian); 4 lower, red tadiolarites (Lower Oxfordian); 5 upper green radiolarite (lower part

of the Upper Oxfordian); 8 upper, red radiolarite (upper part of the Upper Oxfordlan);
7 nodular and siliceous Hmestone (Kimmeridglan); 8§ Blanocone (Tithonlan-Berriasian)

The Callovian nodular limestone member separating as a rule the lower
green radiolarite (Bajocian-Bathonian — 1 in Fig. 4) from the upper ra-
diolarites is rudimentary only, thus the lower green radiolarite passes
directly into the lower, red radiolarite (8 m thick) of the Lower Oxfordian
(2 in Fig. 4). The upper, green radiolarite (1.5 m thick), is covered by the
upper red one which is again 6—7 meters thick. The whole Upper Ju-
rassic nadiolarite group is rather variegated in colour as many thin gree-
nish-gray bands occur within both red memberns of the Oxfordian. Small
reddish-brown fjaspers occur in both red radiolarite members. The Kim-
meridgian upper nodular limestone is poorly developed there. In the over-
lying Biancone of the Tithonian age one thin band of clastic turbidite
occurs. This section shows similarities to the development of the Upper
Jurassic carbo-silite sequence at Lucky in the Choé Mts situated farther
west. '

A section at Grze§ (Pl. 3) in the Chocholowska Valley (Polish Tatra .
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Mts), the aptychi of which were analysed by Gasiorowski (1959), shows
strong resemblance to that of the Sucha Valley being, in fact, interme-~
diate between the sections at Lejowa and the Sucha valleys.

‘A small tectonic scale at Gladkie Uplaziafiskie discovered by Lima-
mnowski (1904) occupies a peculiar tectonic position (see Mapa Geologiczna
‘Tatr Polskich, 1:10 000 sheet B2, and Kotanski 1965). The sequence of that
tectonic scale (at least its Upper Jurassic part) does not fit to the neigh-
boring sub-tatric units which suggests that it was thrusted over the high-
~tatric zone from somewhat different source area.

The Middle-Upper Jurassic sequence at Gladkie Uplazianskie is as
follows (Fig. 5). Over the Toarcian reddish-brown encrinite there is a very
characteristic bed (12 m thick) of dusky yellow-green (5 GY 5.5/2) radio-
larite (Pl. 5, Fig. 2) with dusky red cherts (5 R 3.5/4). There is no nodular
limestone at the base of the Oxfordian and the Callovian is probably re-
placed by reddish-brown radiolarite which forms uniform bed (8 m thick)
together with the Oxfordian. The upper nodular limestone (7 m thick)
of the Kimmeridgian is well developed. The colour is reddish-brown at
bage with intercalations of red and gray, and passes topward into grayish.

237
=
s
B 3
B 244
RX 1

Fig. 4

Cross-section in the Sucha Valley (Westernmost Tatra)

1 lower green radiolarites @liddle Juraesic); 2 lower, red radiolarites {Lower Oxfordian);

3 upper, green radiolarites (lower part of the Upper Oxfordian); 4 upper, red radiolarite

(Upper Oxfordlan and possibly Kimmeridglan); 3 siliceous limesiones {Bilancone) (Tithonlen-

Berrlasian); ¢ marlstones (Valanginian-Hauterivian); 7 overthrusted Triasslc dolomites of the
" Cho€ unit
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The uppermost portion of the section is composed by the Tithono-Berria-
sian Biancone in its typical development.

In the Eastern Tatra Mits the sub-tatric Middle and Upper Jurassic
sequences occur both in the Polish and Slovakian parts of the massif.
The best exposed and longest exposures are to be found on the southern
slopes of the Bielskie Tatra Mts (Pl 2). The Hawraf unit of the Bielskie
Tatra Mits continues westward into the Polish part of the Tatra Mts, in
the Kopy Soltysie area and merges under the Eocene flysch toward
WNW. '

South of the Bielskie Taira Mts and Kopy Soltysie there is a group
of tectonic scales represented by the Holica- and Czerwona Skatka hills —
in the Slovakian part (Pl. 1, Fig. 2), and by the Gesia Szyja hill — in the
Polish part {see Fig. 1). A

In the Bielskie Tatra Mts a section at Nowy Wierch (Fig. 6) may
serve as an example here. The Middle Jurassic olive-gray (5 Y 5/1) radio-
larite containing cherts contacts directly the “upper” green radiolarite of
the Oxfordian without any nodular bed inbetween. Hence the Callovian
is either represented by radiolerites, or its sediments have been removed
by redeposition and/or dissolution. Farther southeast, at Szalony Wierch
and Jatki this member is developed in form of pseudonodular limestones.
The Lower Oxfordian red radiolarite is absent as well. The upper red
part of the carbo-silite sequence is normally developed with rather thick
reddish-brown (10 R 4/4) upper nodular limestone of the Kimmieridgian.
The nodules are definitely lighter. The upper nodular limestone is well

S
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Cross-sectiion at Gladkie Uplaziafiskie

1 .lower, green radiolarites with dusky-red-jaspers (Middle Jurassic); 2 red radiolarites and

siceous limestones (Jaspers at bottom) (Callovian and Ooefordian); 3 upper, nodular limestones

(Kimmeridgian); 4 graylsh nodular Hmestoneg (Kimmeridglan and Lower Tithondan); 3 siliceous
limestones (Tithonian-Berriaslan Blancone)
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represented all over the Bielskie Tattra Mts and exhibits the greatest thick-
ness of all sub-tatric units in the Tatra Mts. East of Nowy Wierch, near
the Muran Mt., some yellowish encrinite olistoliths occur in this member.

In the Polish part, in the Filipka Valley the vertical symmetry in
the Upper Jurassic radiolarites is best developed. The Callovian middle
nodular limestone is typical there and contains reddish-brown cherts, Its
existence there ubvmusly amp]mca:tes reddxish colouration of the lower redl
radiolarite.

The Ruzbachy (old Polish name — Druzbaki) tectonic window si-
tuated east of the Tatra Mits shows, according to Mahel (1963) a similar
sequence as that of the Hawran unit in the Bielskie Tatra Mts.

A highly reduced radiolarite sequence occurs at Holica (Fig. 7).
The Liassic (most probably Pliensbachian) encrinites are overlaid by 6 m
thick Toarcian haematitic dark-reddish-brown nodular limestone which
has yielded Hildoceras bifrons Brug. (Sokolowski 1950). About 10 meters

Nowy Wierch
199!! masl
m
2000 l'
7900
&5
/.-‘-#
///
1800 -

Cross-section of the southwestern slope of the Nowy Wierch (Blelskie Tatra Mis)

1 green radiolarites (Middle Jurasslc and Oxfordian — Lower partly Upper); 2 upper red

radiolarites (Upper Oxfordian); @ upper, nodular limestone (red) (Kimmeridglan); 4 grayish,

nodular limestone (Kimmeridgian and Lower Tithonlan); 5 siliceous lmestone (Tithonian-

«~Berrlasian Blasncone); § marlstones (Vala.ng'l.nianﬁauberlvian), 7 Muraﬁ Hmestones (Uppermost
. Hauterivian — Barremlan)
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thick greem radiolarite represents probably the whole Middle Jurassic
and Lower Oxfordian. The upper red radiolarite member (Upper Oxford-
jan) is 6 m thick. The upper nodular limestone (Kimmeridgian) is 8 m
thick, In this tectonic scale the upper nodular limestone is also thicker
than the lower one which is a rule in the Tatra Mts. The sequence then
passes into the Tithonian Biancone which forms the peak of Holica. An
almost complete vertical symmetry crops ott in the neighboring Czerwo-
na Skatka (Lefeld 1969). B '

Hoh'ca
1630m.a.s.1
[

Fig. 7

Cross-section at Holica (Eastern Tetra 30!'
Mis)
1 spotted limestones (a) and encrinites (b) R :
(Domerian); 2 lower nodular limestones ) HEE- 4
(Toarclan); 38 green radiclarites (Middle
Jurassic and Oxfordian); 4 upper, red =G
radiolarites (Upper part of Upper Oxfordian); B 7
5 upper, nodular limestones (Kimmeridglan); A -

8 siliceous limestones (Tithonian-Berriasian A

Biancone) /L Ta

Correlation of profiles

The correlation of profiles (Figs 8—10) was done, in the lack of fos-
sils, on purely lithological grounds. The existence of a distinet vertical
symmetry in practicelly all sub-tatric Middle-Upper Jurassic profiles
served as the main basis for the correlation. The Toarcian, Callovian and
Kimmeridgian nodular limestone members seem to be most stable litho-
stratigraphic levels, except few cases in which their thickness is reduced
partly or even completely (e.g. the Callovian in the Bielskie Tatra Mts).
Correlation of the particular Oxfordian radiolarite horizons was more
difficult because only the colour of those rocks varies in vertical profiles,
and in some cases (e.g. Placzliwa Skala in the Bielskie Tatra Mis, Lejo-
wa — in the Western Tatra Mts) it is obvious that only total thickness
of the Oxfordian radiolarites should be taken into account whereas the
colour changes do not correspond exactly to the stratigraphy. Bearing in
mind the possibility of some redeposition within the nodular limestone
members the accuracy of ending and/or beginning of the nodular episodes
must not fit exactly to stratigraphic units. The sub-tatric carbo-silite se-
quence the ortigin of which is, at least in part, due to dissolution processes,
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Westernmost Tolro Chochotowska Lejowa

Fig. 8
Lithostratigraphic carrelation of the Upper Jurassic carbo-gilite sequences in the
Western Tatra Mts

For lithologic explanations — see Figs 6 and 10
1 lower, green radiolarites (Middle Jurassic); 3 middle, nodular limestones and giliceous
limestones (Callovian); 3 lower, red radiolarites (Lower Oxfordian); 4 upper, gieen radiolarites
(lower part of the Upper Oxfordlan); 5§ upper, red radiolarites (upper part of the Upper
Oxfordian, alvo Kimmerldgian in the Westernmost Tatra); 8 upper, nodular limestones (Kim-
meridgian and Lowermost Tithonian); 7 siliceous limestones (Tithonian-Berriasian Blancone)

Czerwona Skatka _ Holica Fig. 9

Lithostratigraphie correlation of the
Upper Jurassic carbo-silite sequen-
ces at Holica and Czerviona Skalka
(Eastern Tatra Mts)
I radiolarites or siliceous Wmestones;
II nodular limestones; III multicolored-
Upper Jurassic Oxtordian (radiolarites);
IV upper, green radiolarites {lower part
of the Upper Oxfordlan); V siliceous
limestones (Biancone); VI encrinites
1 Bajoclan-Bethonlan, 2 Callovian, 8 Lo-
wer Oxfordian, ¢ lower part of the
Upper Oxfordian, § upper part of the
Upper Oxfordlan, 8 Kimmeridglan, 7 Tit-
honlan-Berriaglan, L Lilassic (Domerlan),

I %ﬂ’ EV .W T Toarclan

X1 En

must inevitably involve some time spans which are mot represented by
sediments in its lithological column. Such phenomena, however, cannot
be traced using present day research methods. For ingtance, it is impossible
to say whether the Callovian stage is represented or mot in the- green
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Bielskie . Taltra Mrts

Fitipka Rogowa Skata Nowy Wierch Praczliwg Skata  Jatki Zadnie
!

83
L]

Vidd

Fig. 10 _
Lithostratigraphic correlation of the Upper Jurassic carbo-silite sequences in the
Hawral unit (Blelskie Tatra Mts and Polish Eastern Tatra)

I lower, green radiolanites and siliceous lmestones (Middle Jurassic); II nodular limestones,

III red radiolarites; IV upper, green radlolarites; V siliceous limestones (Tithonian-Berriasian

' Blancone, at Jatki Zadnie — with cherts); VI middle nodular limestones with reddish-brown
: Jaspers (Callovlan, in the Fillpka Valley) .

1 Bajocian-Bathonian (at Nowy Wierch together with large part of the Oxfordian), 2 Callovian,

3 Lower Oxfordian, 4 lower part of the Upper Oxfordlan, 5 upper part of the Upper Oxtordian,
8 Kimmeridglan (possibly with the lowermost Tithonlan), 7 Tithonian-Berriasian

radiolarites of the Bielskie Tatra Mts (e.g. Nowy Wierch — Fig. 8) as no
nodular limestone lis present there. This time span maybe either replaced
. by the green radiolarites or an unnoticeable hiatus exists there.
Thickness relations are presented in Tables 3 and 4.

Table 3
Total thickmess of the sub-tatric Oxfordian radiolarites (in metersy

Wasternmost|Choolioowska|Le jowa| Giadikie Pilipka|Bislskie Hold
Tatra Mts Valley Valley|Uplaslafiskie |Valley |Tatra Mts

16 e 27 5.5 8 ) 18
Table 4
Total thickness of the Upper Jurassic carbo-silite sequence in the sub-fatric succession
{in meters)

Vesternmost [Chochozowska Iaion Gladicle Filiplm}Bielsicle Hold
Tatra Mis Valley |Valley|Upiaziafiekie|Valley |Tatra Mts|Z0l1i08

21,5 19.5 38 19 |47, 22 26.5
YAy
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Stratigraphy
Lower nodular limestone — Toarcian-Aalenian

The sub-tatric carbo-silite sequence starts with the so called lower
nodular limestone of Toarcian and possibly also Aalenian age, according
to findings of ammonites Hildoceras bifrons Brug. and other forms at
Holica (Eastern Tatra Mis) by Ublig (1897) and Sokolowski (1925). Nodu-
lar character of the Toarcian maybe observed only at Holica and in the
Western Tatra Mts, whereas in the Hawran unit (both in the Bielskie Ta~
tra Mts and in the Kopy Soltysie area) this stage is developed in other
facies (Iwanow 1973). The nodular limestones of the Western Tatra Mts
are reddish-brown rocks (10 R 4.5/5) with small, slightly lighter nodules.
The proportion of the matrix to nodules is relatively high. The matrix
shows high admixture of crinoidal debris (PI. 13, Fig. 1). In the Chocho-
lowska Valley the Toarcian nodular limestones were a subject of exploi-
tation of poor iron ores. In that area they overlie crinoidal manganiferous
limestones which were analysed by Krajewski & Myszka (1958), who have
also described the Toarcian mocks.

Lower green radiolarite — Bajocian-Bathonian

The modular limestones of the Toarcian-Aalenian are overlaid by
the so called lower green radiolarites of Bajocian-Bathonian age. At base
these rocks are still reddish-brown but higher up they soon become dark
greenish-gray (5 GY 4/1) to greenish-gray (5 GY 5/1). These relations are
to be noted in the Western Tatra ‘Mts, first of all at Grze$ hill in the Cho-
cholowska Valley where the lower green radiolarite member is about
25 meters thick, and in the Lejowa Valley {Fig. 3). Dark gray lemnticular
cherts occur within those rocks. Some parts (mostly top) of these rocks
are rather highly calcareous and maybe regarded as siliceous limestones.
These are characterized by the Bositra microfacies (Pl. 13, Fig. 2). True
radiolarites show abundant radiolarian moulds usually filled secondarily
with calcite (P1. 13, Fig. 3).

In the Eastern Tatra Mts, in the Hawrar unit the lower green radio-
larite member contains some encrinites either as separated layers or the
crinoidal debris is dispersed throughout the limestone. In few cases, as
on the southern slope of Muran, fragments of crincid stem were found.

In the Hawran unit, and in the Filipka Valley in particular, pyrite
substance is disseminated in the spotted olive-green limestones and ra-
diolarites of the Bajocian-Bathonian (Pl. 13, Fig. 4). In the Western Ta-
tra Mts the rocks of the same age contain but traces of pyrite. Shales occa-
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sionally occur inbetween tthe radiolarite layers. At Gladkie Uplazianskie
a peculiar greenish-gray radiolarites contain reddish-brown jaspers.

Average thickness of the lower green radiolarites maybe estimated
as about 15—25 meters.

Only one aptychus was found and determined by Gasiorowski (1959)
from these rocks. According to this author the lower green radiolarites
are possibly younger that Lower Bajocian.

In almost all earlier elaborations (Rabowski & Goetel 1925; Soko-
lowski 1925, 1950) the lower green radiolarites were treated together
with the upper ones and regarded as being of Middle Jurassic age. Such
interpretation led to confusion and e.g. the chemical analysis done by
KuZmiar (1913) is difficult to classify now as it may concern the Oxfordian
radiolarites. The same canbe said about some illustrations by Sujkowski.
(1932; P1. 10, Figs 1—2).

Middle nodular limestone — Callovian

The Middle Jurassic radiolarites are usually separated from the
Oxfordian ones by the so called middle nodular limestones. So far few
paleontological evidence exists about the age of this member. However,.
its position inbetween the Bathonian radiolarites in the bottom and the
Oxfordian ones at top rises mo doubts about its Callovian age. Moreover,
such a nodular member (lower nodular limestone) does exist in the Nie-
dzica succession of the Pieniny Klippen Belt and is well documented by
ammonitic fauna (Birkenmajer & Znosko i1955). It is not out of question,
however, that this member may embrace the Upper Bathonian at bottom
and the lowermost Oxfordian at top. In few sites as e.g. Nowy Wierch —
Murati in the Bieldkie Tatra Mts this member is mmng probably due to
dissolution.

The rock is a typical nodular limestone reddish-brown (10 R 3.5/6)
with lighter calcareous nodules. In some cases (Lejowa) the matrix is
dark reddish-brown. At Filipka it is grayish-red (10 R 4/2) with dark-
-reddish-brown cherts. Small, partly dissolved ammonite shells are to
be found in these rocks (see Lefeld 1969; Pl. 1, Fig. 1). At Szalony Wierch
(Slovakian mname — Hlupy) in the Bielskie Tatra Mts this member is
developed as pseudonodular limestone. Farther south, at Jatki normally
developed modular limestone crops out. It disappears altogether at Fajk-
sowa.in the south-eastern termination of the Bielskie Tatra Mts. -

‘As seen in thin section the rock is skeletal micrite. Some parts ex-
hibit abundant Bositra shell fragments (Pl. 13, Fig. 5). In other cases
Saccocoma ossicles, sponge spiculae, Globochaete alping Lombard (Pl. 13,
Fig. 6) and Colomisphaera «f. carpathica (Borza). In the Filipka Valley
(Eastern Tatra Mts) a massive hydrozoan Stromatomorpha aff. yokoyamai

2
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Yabe & Sugiyama was found in the middle nodular limestone, This form
is known from the Torinosu series (Callovian-Tithonian) of Japan (Yabe
& Sugiyama 1935). The Torinosu limestone in which Stromadtomorpha was
found for the first time is of Oxfordian-Tithonian age. In the tatric case
only Callovian/Oxfordian boundary or lowermost Oxfordian age is pos-
sible as the overlying radiolarites are Lower Oxfordian in age. This
hydrozoan shows some obliteration probably due to transportation (rede-
position). It possibly derived from shallower zone and was slided down
the through slope o fits site of repose. It is embedded in fine, biomicritic
rock containing abundant Saccocoma ossicles. '

In the Western Tatra Mts only at Lejowa Valley is the middle no-
dular limestone well developed. In that site it shows microfacies with
thin shells of Bositra (Pl. 1, Fig. 6) and almost at the boundary with the
lower, Ted radiolarite — also the Saccocoma microfacies. In the Chocho-
lowska Valley at Grzes only a single limestone bed {(0.35 m thick) sepa-
rates the Middle Jurassic green radiolarites from the Oxfordian ones. This
is a micrite wiith abundant calcified radiolarian tests. At Gladkie Upla-
zianiskie the existence of the middle nodular limestone is uncertain. Only
trace of it was found there in doubtful position.

Thickness of the middle nodular limestone member in the particular
profiles is presented in Table 5. - _

Out of macrofossils only belemnoid rostra are commonly found whe-
reas aptychi belong to rarities. Ammonite shells are frequent but inva-
riably corroded due to dissolution, a phenomenon already noted by Holl-
man (1962, 1964) in the Ammonitico Rosso of the Southern Limestone
Alps, and by Garrison & Fischer (1969) in the Adneth Beds of Austrian
Northern Limestone ‘Alps.

Lotwer red radiolarites — Lower Ozxfordian

The lower red radiolarite member forms a transitional link between
the Callovian nodular limestone and the Upper Oxfordian green radio-
larite. Its calcium carbonate content diminishes upwands. Lower Oxford-
ian age is ascribed to this member by analogy to the Niedzica succession
of the Pieniny Klippen Belt (Birkenmajer 1958a, 1965). The colour of the
lower, red radiolarite member is closely connected with the lower nodu-
lar limestone. Obviously its reddish-brown colouration is a result of dis-
solution processes which continued from the time of deposition of the
lower nodular member.

- The particular layers of this member are 5—12 em thick and usually
intercalate with thin red shales. Under the microscope the rock shows
abundant calcified radiolarian moulds (Pl. 14, Fig. 1). In few sites (Lejo-
wa) a radiolarian-Saccocoma association occurs (P1. 14, Fig. 2) which pro-
ves that the deposition had taken place there above the calcite compen-
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sation depth. Usually the Saccocoma microfacies disappears upwards.
Among macrofossils only few aptychi can be found in these rocks. Chemi-
cal analysis of the lower, red radiolarite is presented in Table 6. -

The lower, red radiolarite member is missing in the central and
extreme eastern parts of the Bielskie Tatra Mts where both green radio-
larite members form ene complex.

Chemical analyses of the sub-tatric radiolarites published in earlier
papers are presented in Tables 7 and 8.

Table §

Thickness of the particular members of the Upper Jurassic carbo-silite sequence in
the sub-tatric succession (in meters)

Weatern i ; i
|7atza ies | Choobotowsin La jowa [02adicia |F111pka Muras SI8100T | juties {Ho110a [CEETNODA

“Pp‘mm“‘?” 5 3 6 5.5 .67 |78 | 10 |76 o 6
meLmaete e | | 35 7

Green radiolarite - ‘1.5 - 10.5 10 5.5 8 8 34 8 8
Lower red nﬂiolu‘i..tc 8 2'_-5 1,5. . 10

/Lower Oxfordian/ h

uiadle /c"ﬂ‘l‘z:fa:}“‘_“_’““ . 0.25 0.35 sl 8 5

Table 6

Results of che-m«ical analyses of the sub-tatric radiolarites and.nodular limestones
(in welght per cents)

or 10:1a| 8302 | 4305 | 0, | Pey0y'f cao | g0 fmd

-

45.00 | 2.0 | 0.07 | 0.63 ] 24.48] o0.18| .0.00
83.99 | 1.14 | tracs | 0.64 | 12.49 | 0.50 |no data
-84.97 | 1.99 | traoe | 0.90-| 10.05 | 1.25 |ns date
4722 | 1.8 0,05 | 0.72 | 25.76 | 0.12 | 0.9
221 | 731 ) 0.6 | 6.28 | 36.99 | 3.45 |no data
61.98 | 1.81 | 0.1 | 0.79 | 33.8t | 1.13 [no data
26,43 | 3.9 [ 0.4 | 1.88 | 30.3 1 1.3 | ‘007

N eV oA woN

Provenance of samples: . ’
1 — lower, green radlolarite (Bajocian-Bathonian), Grze§ hill, Chocholowska Valley.
2 — middle nodular limestone (reddish-brown Jjagpers in it) (Callovian-Lowermost
Oxfordian), Filipka Valley. ’ ’
3 — lower, red radiolarite (Lower Oxfordian), Filipka Valley. )
4 — upper, green radlolarite (lower part of the Upper Oxfordian), Grzeé hill, Chocho-
towska Valley.
red shele in upper, green radiolarite (Oxfordiam), Chocholowska Valley,
upper, red radolarite (upper part of the Upper Oxfordian), Lejowa Valley. o
7 — upper, nodular lmestone (Kimmeridgian), Giadkle Upiazianskie, ‘Western ' Tatra
' Mis,
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Table 7

Chemical analysis of the sub-tatric radiolarites (after Kufniar 1913) (in weight per
cents) -

810, iL0, Fe,0,| P,0,} Cad | Mgo | E,0 Wa,0 ]'.outxn

Jasper from
Ceorwona 1] 1.47] 0.37]| 0.14] 2.84} 0.67] 0.38] 0.44] 3.52
8kalina

Remark: Because of that time incormect atratigraphic scheme it is impossible to say whether
- this analysis Tefers to the Middle Juragsic or to the Oxfordian radiolarite

Table 8

Chemical analyses of the sub-tatric radiolarites (after Krgjewski & Myszksa, 1958).
Classification into stages is authorts own

Insoluble ' Total
in el |CC0;| 4800, | R o)
in per cents

No. of )
anai.yaia Rock type

graenish=-grey radiolarite,
1 oaloarsous with brownish | 61.63 34.24] 3.82] 3.22

spots /Bajooia.u—Batho:;ian/

greenish radiolarite with
2 brownish spots in upper 62.39 |31.40] 3,20} 2.98
part /Bajocian-Bathonian/ .

greenish=gray radioclarite,
3 oaloarecus with brownish 58.36 135.08{ 3.64| 2.84
spots in upper part
/Bathonian?/

4  |upper, green, massive 73.42 las.22] 1.32] 0.26
radiolarite /Oxfordian/

red, platy limestone

3 /Upper Oxfordian and/or 42.40 |26.60(21.151 0.78]-

. Kimmeridgian/

6 |5%e7, platy limeatons 46,13 149.35) 3.56| 0.82
/Kimmeridgian/

Upper green radiolarites — Upper Oxfordian

This member occupies central position in the Upper Jurassic carbo-
-silite sequence of the sub-tatric succession. Its thickness varies from 5 m
at Gladkie, Uplazianskie up to 10.5 m in the Chocholowska Valley in the
Western Tatra Mts. Such small values as 1.5 m in the Westernmost Tatra
and 4 m at Jatki (Bielskie Tatra Mts) can hardly be taken into account
as thickness evaluation is based entirely on the basis of the colouration
of the mocks (Table 5). Simply in some sites the proportions of red to
green members differ to some extent from the corresponding time units.
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In such cases total thickness of the Oxfordian radiolarites rather should
be taken into account, then that of the particular red and/or green mem-
bers. The colour of the rocks varies from grayish-olive-green (5 GY 4/2)
to light olive gray (5 Y 5.5/2).

Thin shale interbeds occur within the green radiolarites (P1. 5, Fig.
1). Uniform development of this member in the sub-tatric succession
clearly contrasts with a peculiar alternation of thin (8—10 cm) reddish
cherts and pinkish, siliceous somewhat nodular limestones (20—30 cm)
observed at Rogowa Skata (westernmost part of the Bielskie Tatra Mts —
Fig. 11), where that type of sediment represents the whole Oxfordian.

Fig. 11,
Intercalations of modular limestone and
radiolarite in the Oxfordian at the Rogo-
wa Skala (Bielskie Tatra Mts — north-
westernmost part)

1 pinkish nodular limestones, 2 reddigh-brown
radiolarite bands

Syndepositional or syndiagenetic olive cherts are frequently noted within
the green radiolarites. They are either lenticular or form thin interbeds.
As seen in thin section these rocks show abundance of radiolarian tests
which are calcified as a rule. These microfossils are either oriented along
the bedding planes, or dispersed at random in the rock. A combination
- of Saccocome and radiolaria was stated in the green radiolarites at Lejo-
wa Valley (Pl. 14, Fig. 4). In other sites, however, Saccocoma ossicles are
seldom found in this member. ‘A continuity of the Saccocoma microfacies
throughout the Oxfordian up to the Kimmeridgian was observed in the
Sucha Valley (Westernmost Tatra Mts), but even there relatively small
quantities of these planktonic crinoids occur in the Oxfordian. Such a
continuity of this microfacies is well known in some geoanticlinal succes-
sions in the Western Carpathians. e.g. at Manin (Pl. 14, Fig. 6).

In fact, the “green” uniformity exists only in the Edstern Tatra Mts
whereas in its western part some reddish interbeds can be observed with-
in .the upper green radiolarites which was already observed by Gasiorow-
ski (1959), who determined the following aptychi from that member:

Lamellaptychus ex gr. ¢ Trauth?
Lamellaptychus sp. 2 ex gr. a Trauth!

According to Gasiorowski (1962) the upper green radiolarites represent
the lower part of the Upper Oxfordian (Table 2).
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Upper red radiolarites — Upper Oxfordian

The upper red radiolarites are closely connected with the upper
nodular limestones of Kimmeridgian age. Macroscopically the upper, red
radiolarites are identical to the lower ones. The colour of rocks is from
reddish-brown (10 R 4/4) to grayish-red (5 R 3/2). Some varieties (Lejo-
. wa) are paler with dark reddish-brown cherts (P1. 15, Figs 1—2). The
following aptychi were found by Ggsiorowski (1959, 1962) in the upper
red radiolarites at Grzes hill:

Lamellaptychus cf. lamellosus (Park.) )
Lamelaptychus ex gr. b Trauth (with inflection mear terminal point)

According to this author they probably belong to horizon IV in his clas-
sification. In thin sections these radiolarites reveal abundance of calcified
radiolarian tests. According to Sujkowski (1932) the radiolarian skeletons
occurring in the sub-tatric radiolarites belong to Nassellaria and Spu-
mellaria. Horizontal orientation of radiolarian tests as they  were laid
down at the sea bottom lamina by lamina is frequently observed. :

Internal molds and casts of ammonite shells but not phragmocones
are occasionally found in the upper red radiolarites and associated red
shales. This proves that those rocks were deposited below the aragonite
compensation depth. Aptychi and belemmoid rostra belong to rarities.
Thickness values of this member are given in Table 5.

Cherts in the Oxfordian radiolarites seem to bear primary character
although they have probably undergone some changes in result of dia-
genetic processes (Pl. 15, Figs 1—2). The role of these secondary priocesses
was probably overestimated by Sujkowski (1932).

Upper nodular limestones — Kimmeridgian

The upper, red radiolarites pass gradually into the upper nodular
limestones. The latter member is much better developed in the sub-tatric
succession then the middle nodular limestone and is present practically
everywhere in the Tatra Mis (Pl. 4). Also its thickness is almost always
greater then that of the middle modular member (see Table 5). In most
profiles this is a typical “Ammonitico Rosso calcaire” according to Au-
bouin (1964). The noduleg are composed of micritic limestone. They are
irregular, often flattened 0.5 up to 10—12 cm large. Their colour varies
from almost blackish red (5 R 2/2) to dark reddish-brown (10 R 4/4) —
matrix, and grayish-red (5 R 4/2) to pale red (10 R 6/2 and 5 R 6/2) —
nodules, In few cases pale greenish colour occurs as well. The proportion
of nodules versus matrix varies in vertical profile (Pl. 6, Figs 1—2).
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In the Western Tatra Mts (Lejowa, Chocholowska, Sucha valleys)
the upper nodular limestone shows few modules and it is rather platy
thus resembling the “Ammonitico Rosso marneuse”. This change coincides
with westward decrease in ‘thickmess. When observed in thin sections
the nodules are buildt of skeletal micrite full with Saccocoma ossicles, cal-
cified radiolarian tests and rare sections of aptychi (Pl. 15, Figs 3—4). The
quantities of Saccocoma ossicles increase topward, from ithe upper, red
radiolarites and attain maximum, a “bloom”, in the upper nodular lime-
stone. According to Misik (1959) this microfacies is very characteristic in
the Kimmeridgian of the Western Carpathians. Out of macrofossils only
aptychi and belemnoid rostra are seldom found in these rocks. According
to Gasiorowski (1959, 1962) the following aptychi derive from the upper
nodular limestone member at Grze$ hill in the Chocholowska Valley:

Lamellaptychus, group C, theodosia (Desh.)
Lamellaptychus, group A:

of. beyricht (Opp.) em. Trauth

&p. 1 ex gr. a Trauth
" Laevaptychus (Lamslaevaptychus) cf latissimus Trauth
Laevaptychus "sp” ind.

They belong to subhorizon VI; (undifferentiated) thus pointing to Upper
Kimmeridgian and Lower Tithonian (Gasiorowski 1962). In fact, it seems
highly probable that the upper nodular limestone of the sub-tatric suc-
cesion may embrace a part of the Lower Tithonian as well.

Olistoliths in the upper nodular limestone

At the southern slope of the Murai Mt. (Bielskie Tatra Mts) few
slabs of yellowish encrinite were found in the upper nodular limestone
(Fig. 12). The slabs, up to.1.5 m long, are flat and subangular in shape

Fig. 12

Encrinite slab embedded in the

upper, nodular Lmestone (Kim-

meridgian), Murafi Mi. in the
the Bielskie Tatra Mts 0
and are completely wrapped by the modular limestone. It maybe easily
observed that the matrix of the nodular limestone has adapted to the
slabs during the deposition. Such yellowish encrinites are absolutely alien
to that nodular environment. Presumably the encrinite olistoliths glided
down the basin slope from another milieu. Gravitational sliding is the
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cause usually ascribed to such phenomena by many authors (Marchetti —
in Jacobacci 1965, Broquet 1970). Olistoliths are well developed in the
Jurassic of Sicily and were first described from that island by Italian
geologists (see literature in Broquet, op. cit.,). Olistostromes associated
with radiolarites are mentioned by Grunau (1965) from the Oman Mts
(Oman). Flysch type sediments embedded within Ammonitico Rosso li-
mestones were reported from the Umbro-Marchigiano Basin (Central
Italy) by Colaciechi & Pialli (1971). Exotic blocks in the lower nodular
limestone (Bathonian-Callovian) of the Niedzica succession (Pieniny Klip-
pen Belt) were described by Birkenmajer & al. {1960).

Colour of the radiolarites and modular limestones

The colour of the sub-tatric radiolarites and associated nodular li-
mestones varies from dark reddish-brown {(most common particularly in
the maitrix of nodular limestones) to pale red in all “red” members, and
from dark greenish-gray to olive-gray in the “green” radiolarite members.
No special studies were done concerning the FeyOy/FeO ratio versus co-
louration of the rocks in question, except three samples for which the
weight per cents of FepO3 and FeO were calculated. Namely a sample of
lower, green radiolarite (Bajocian-Bathonian) from- the Chocholowska
Valley {analysis Nio. 1 at Table 6) shows 0.09 per cent of FeO; and 0.54
of FeO. Its colour is light olive-gray (5 Y 5/2). Upper, green radiolarite
(Oxfordian) from the Chocholowska Valley shows 0.40 of FeyOg and 0.32
of FeO (analysis No. 4 at Table 6). Its colour is the same as that of the
lower, green radiolarite. The upper, nodular limestone (Kimmeridgian)
from the Gladkie Uplaziariskie exhibits 1.11 per cent of FeyO3 and 0.77
of FeO with dark reddish-brown colour (10 R 2/4). These data seem to
support Grunau’s supposition (1965) that higher ferric iron content cau-
ses darker red hues in the rocks, but the scarcity of chemical data does
not allow to draw serious conclusions. Stability of colour symmetry in
vertical profiles of the carbo-gilite sequence as well as of the colour along
the strike of beds over long distances was statted in the sub-tatric succes-
sion. This suggests primary character of rock colours in the carbo-silite
sequence. Similar opinion was expressed by Birkenmajer & Ggsiorowski
(1961) about 'the colour character of the radiolarites amd associated no-
dular limestones of the Pieniny Klippen Belt.

It seems quite obvious that the red radidlarites of the Oxfordian
which are enveloped by the nodular limestone members owe their red-
dish-brown colour to the haematite matrix derived from the latter en-
vironment. On the contrary, in cases where the middle nodular limeston-
es are missing {e.g. Nowy Wierch in the Bielskie Tatra Mts and Holica),
the radiolarites exhibit only greenish-gray colour varieties. Alternation
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of green and red colour was observed in sites where the carbo-silite rocks
were laid down definitely above the calcite compensation depth (e.g. Lejo-
wa). Such a reccurrency of red colouration among the usually green ra-
diolarites maybe explained by the proximity of the deposition site of no-
dular limestone facies. . '

It is generally accepted that the colouration of the red nodular li~
mestones in the Alpine Jurassic comes from haematite (Hallam 1967).
The same is argued about the reddish-brown Alpine radiolarites (Grumauw
1965). According to the last mentioned author (after van Houten — in.
Nairn 1961), the red colour derived from washing the red upland soils.
into the eu- and miogeosynclinal basins of the Tethys under tropical and
subtropical climatic conditions during the upper Junassic times. In such
case, however, one might expect either uniform distribution of lateritic
material over the ocean due to the action of currents, or continuously pa-
rallel to the trough position of the denuded land area. In fact, such si-
tuations seldom occur in nature and we deal with some changes in red
colour in horizontal sense. Thus, another explanation is needed to explain
uniform horizontal colouration of the Carpathian radiolarites. It seems
most probable that the horizontal uniformity of the red colour in the sub-
~tatric radiolarites and associated modular limestones is primarily due
. to extensive dissolution processes on the sea floor below and/or above
the calcite compensation depth which led to enrichment in haemaitite
matrix. ‘Also redeposition of some quantities of nodules may account to
some extent for such an enrichment. Hence, it is rather the depth of de-
position which maybe occunted for the colour of the rocks in the sub-
<tatric carbo-silite sequence. '‘According to Grunau (1965) the green colour
of the “green” radiolarites maybe caused by the existence of chlorite. -
Sujkowski (1932) mentioned radiolarian tests preserved in green chlorite
in the sub-tatric radiolarites. Nevertheless, this mineral is seldom found
in these rocks.

Mean sediment accumulation rates

The calculation of the mean sediment accumulation rates was done
separately for the Oxfordian radiolarites and for the whole Upper Juras-
sic carbo-silite sequence. It seems most probable that the Upper Jurassic
radiolarites of the sub-tatric succession are confined to the Oxfordian
(with some part of the Kimmenidgian, Gasiorowski 1959). The duration of
the Oxfordian was taken as 6 millions years (Howarth 1964). The calcula-
tion was based on the approximated primary thickness of sediments i.e.
{the thickness of the rocks plus 15 per cent which was lost in result of com-
paction (Garrison 1967). The calculated data are presented in Tables 9
and 10. '
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Table 9
Accumulation rates of the sub-tatric Oxfordian radiolarites

Sucha IChoshoZowska|le jowajGzadkie|Pilipka [Bislskie
Yalley Valley Valley| Uplaz.|Vallay [Tatra Mts| .
Thiockness
of rooks 16.0 ) 14.0 27.0 6.0 10.0 8.0
Original :
thiokneas 18.4 16.1 31.05 6.9 11.5% 9.2
of sediments
Aocumulation
rate /in 3.06 2.68 5.17 1.45 1.92 1.53
Bubnoff unita/|
Table 10
Acoumulation rates of the Upper Jurassic carbo-silite sequence of the sub-tatric
: suocession

For definition of the Bubnoff Unit — see Fischer, 1969
Duration of the Oxfordian — 6 millions years
Duration of Callovian, Oxfordian and Kimmeridglan.— 16 millions years (Holmes — Bympolimm.
1964 — see Howarth 1964)

Sucha [ChoohoZowakn| Le jowa|GXadkie|Filipls|Bislskis
Yalley Yalley Valley| Upias.|Valley |Tatra Mts
Thiockness
of Tooks 21.50 19.50 38.00( 19.0 21.0 22.0
Original .
thickmess 24.72 22.42 43.70| 21.85 24.151 25.30
of sedimente '
Aocumlation
rate /in 1.53 1.40 2.70 1.37 1.51 1.58
Bubnoff units/j

The duration of deposition of the Upper Jurassic carbo-silite se-
quence comprising the Callovian, Oxfordian and Kimmeridgian stages
was taken as 16 millions years {(Howarth 1964). The duration of the Ba-
jocian and Bathonian during which the “lower” green radiolarites were
deposited was taken as 10 milions years.

It is remarkable that highest rates were calculated for the rocks
of the Lejowa Profile in the Western Tatra Mts where the radiolarites
are most calcareous of all in the Tatra Mts (see Tables 6 and 8). Values
from the Sucha, Chocholowska and Filipka valleys and from the Bielskie
Tatra Mis seem to be most representative althought they are higher
then those ones calculated for the Ruhpolding Radiolarite of the Austrian
Alps by Garrison & Fischer (1969). The Bajocian-Bathonian green radio-
larites of the sub-tatric succession at Grze§ hill in the Chochotowska Val-
. ley are 22 m thick which corresponds to about 25.3 m of original sediment
{15 per cent compaction added). The corresponding accumulation rate was
about 2.53 m/million year. It is not out of question, however, that the
Ruhpolding Radiolarite of the Eastern Alps does not represent the whole
Lower Tithoniam and, in such case, the duration time of its deposition
should have been shorter, hence the rates of its deposition more easily
comparable to those of the Tatra Mts.
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Stratigraphic distribution of microfossils

The skeletal remains preserved in the rocks of the Middle-Upper
Jurassic carbo-silite sequence in question belong entirely to planktonic
microfossils. These are: radiolarians, stomiosphaerids, protoglobigerinas,
ossicles of Saccocoma and possibly of other plankbonic crinoids, and thin
possibly in part — juvendle shell fragments of Bositra (=Posidonia) (Pls

: ]
g [
1L IERERE
g s394 %
0 § .8 ﬁ 213
2181z 1|3 E'E
Tithonian I I
1]
Kimmeridglan
| N
0xfordian I
Callovian i l l
Table i1 Bajoolan-Bathonian I
ab:
Distribution of microfossils in cal- Aalenian l
careous facies of the sub-tatric I
Middle-Upper Jurassic Doarcian

13—15). Their stratigraphic distribution in the sub-tatric Jurassic is pre-
sented in Table 11. The Bositra chell fragments are common in the sub-
~tatric red and green nodular limestones and shales of :Aalenian, Bajocian-
Bathonian, Callovian and Oxfordian age (Pl. 13, Figs 2 and 5). In the Aale-
nian this microfacies is most common and is associated with erinoidal
debris. In the Lower Oxfordian it is associated with radiolarians. This

Kimmeridgian
.

Oxfordian
Table 1la

Discontinuous disiribution of Seccocoma ossicles in the sub- Callovian
~tatric Oxfordian radiolarites

microfacies was probably widespread over various depths in the Tethyan
realm. The presence of 'the Bositra microfacies per se canmot be regarded
as an indicator of any marine environment as these thin pelecypod shells
were easily transported by oceanic currents over great distances. In the
case of the sub-tatric Jurassic its association with deep marine environ-
ment rises no.doubt. This microfacies was not observed in.the radiolarites.
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According to Borza (1969) such remains of juvenile pelecypod shells occur
also in the Oxfordian and Lower Kimmeridgian of the Slovakian West
Carpathians. Saccocoma ossicles are abundant in the middle nodular lime-
stones of the Callovian, and higher up tin the Kimmeridgian (Pl. 13, Fig. 6;
Pl 15, Figs 3—4). In the Western Tatra Mts a continuity of this micro-
facies was noted (Lejowa Valley), where Saccocoma is to be found in the
Oxfordian micrites as well although in smaller quantities (Pl. 14, Fig. 4).
In other parts of the area, however, a remarkable gap exists in the ver-
ticall distribution of the Saccocoma ossicles which, most probably, is due
to dissolution below the calcite compensation depth. Such a case is illust-
rated in Table 11a. In the area of the Bielskie Tatra Mts this microfacies
was first studied by Misik (1959). It is known.to occur in the high-tatric
zone of the Polish Tatra Mts as well (Lefeld & Radwanski 1960).

Stomiosphaerids which were thoroughly studied in the area of the
Polish Cieszyn Silesia' by Nowak (1968) also occur in the sub-tatric suc-
" cession. Aside of their occurrence in the Tithonian end Berriasian some
specimens of Colomisphaera cf. carpathica (Borza) were found in the
middle nodular limestone of Callovian — lowermost Oxfordian age in
the Filipka Valley (Eastern Polish Tatra Mts). In the light of this find,
that species can hardly be regarded as index form, and is rather indica-
tive for some pelagic facies.

Radiolaria occur throughout the whole Middle-Upper Jurassic carbo-
-silite sequence in the sub-tatric succession. State of preservation of their
tests in usually bad. In most cases their tests are calcified, in some cases
— they are partly infilled by chalcedony, and partly — by calcite, Opa-
line or chalcedony filled molds are seldom found (see Sujkowsld 1932;
Pl. 10, Fig. 2). It was observed that relatively larger quantities of radio-
" larian tests occur in the green radiolarites then in both red radiolarite
members. This radiolarian “bloom” in the green radiolarites (Pl. 14, Figs
3 and 5) is probably a result of enrichment due to intensive dissolution
processes of calcium carbonate about or below the calcite compensation
depth (Garrison & Fischer 1969).

The radiolaria of the sub-tatric succession were not paleontologically
studied. According to Sujkowski (1932) who has separated them from
the sub-tatric madiolarites using chemical methods they belong to Spu-
mellaria and Nassellaria. Because of bad state of preservation determina~
tion to species is impossible.

Protoglobigerinae were found only in the Oxfordian radiolaritic
limestone at Rogowa Mft. in the Bielskie Tatra Mts. According o Colom
(1955) Protoglobigerinae belong to pelagic forms of Globigerinae. Their
stratigraphic range in the Slovakian Western Carpathians is from the
Callovian up to the Kimmeridgian (Borza 1969). -
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Vertical symmetry in the Upper Jurassic carbo-silite sequence

One of the most spectacular characters of the sub-tatric Upper
Jurassic carbo-silite sequence is its vertical symmetry in the particular
profiles. This phenomenon was first observed in the Pieniny Klippen Belt
(Niedzica succession) by Birkenmajer & Gagsiorowski (1961). In the sub-
~tatric succession the symmetry consists of the red, so called “middle”.
nodular limestones of probable Callovian age, lower red radiolarites {Lo-
wer Oxfordian), green radiolarites, upper red radiolarites {Upper Oxfor-
dian) and upper red nodular limestones (Kimmeridgian) (Lefeld 1989).
Using letter symbols for simplicity this symmetry maybe shown as foll-
ows!

upper noduler limestone
upper red radiolaritbe
green radiolarite

lower red radiolamibe
middle nodular limestone

XY

In some sites, particularly in the Eastern Tatra Mts, the middle nodular
limestone is missing and in such cases the green radiolarites of the Middle
Jurassic directly contact the green radiolarites of the Oxfordian. Such
a “reduced” symmetry maybe expressed like that:

upper nodular limestone A
upper red radiokarite B
upper green madiolarite X
lower green radiolarite X

The reduced symmetry is clearly unilateral as red members occur only on
one gide (top) of it. Taking into account the complete carbo-silite sequence
of the sub-tatric succession which starts with the Toarcian-Aalenian lo-
wer red nodular fimestone the scheme will be:

upper nodular limestone A
upper red radiolartite B
upper green radiolarite X
lower red radiolarite B
middle modular limestone A
lower green radiolarite X
lower red modular limestone A

In few sites there are thin red radiolarite beds separating the lower no-
dular limestone of the Toarcian-Aalenian from the lower green radiola-
rite of Bajocian-Baithonian age.

Some deviations from the above schemes occur, particularly in the
Western Tatria Mts e.g. at Lejowa Valley where thin red interbeds occur
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within the upper green radiolarites. Such minor irregularities do not
change much the main symmetric scheme, As it comes from the above
schemes the upper part of this symmetry ds always present thus it is
better developed. This phenomenon was observed in the Alps already by
Steinmann (1925). The same situation exists in the Klippen Belt of Poland
where the upper part of such vertical symmetry can be observed in the
Niedzica, Czertezik, Haligovce and Branisko successions {Birkenmajer &
Gasiorowski 1961, Birkenmajer 1965). A complete symmetry occurs there
only in the Niedzica succession (Birkenmajer & Gasiorowski, op. cit.).
Complete symmetry in the sub-batric succession was stated only in the
Lejowa Valley (Western Tatra Mts), at Czerwona Skalka and in the both
eastern and western extremities of the Bielskie Tatra Mts (Eastern Tatra
Mts), whereas the central part of the last mentioned area shows only a
partial, “reduced” symmetry without the middle nodular limestone mem-
ber (e.g. Fig. 6). Similar apparent “unity”’ of both green radiolarite mem-~
bers exists in the Chocholowsks Valley where only insignificant thin
(15 cm) bed of grayish-brown siliceous limestone separates the lower
green radiolarites from the upper ones. Such profiles most probably,
ware taken into account in establishing the first stratigraphic schemes
of the sub-tatric succession in which radiolarites were assigned only
to the Middle Jurassic (Rabowski & ‘Goetel 1925). Such a reduced sequen-
ce of the Tatra Mts maybe tentatively compared to the Branisko succes-
sion of the Klippen Belt, at least in respect of its Upper Jurassic members.
A complete symmetry is comparable ito that of the Niedzica succession of
the Pieniny Kilippen Belt. The nomenclature applied by Birkenmajer &
Gasiorowski (1961) to the latter succession was also used in this paper.

It is worth of note that the existence of red radiolarite members is
closely connected with the presence of the nodular limestones. In all sites
where the latter are missing the red radiolarites are lacking as well. This
indicates that the red radiolarites owe their reddish-brown stain from:
the processes which acted during the sedimentation of the modular
limestones. They maybe regarded as “impure” radiolarites, whereas
- the green ones comstitute pure radiolaritic facies. Birkenmajer & Gg-
giorowski (1961) regarded the Oxfordian green radiolarites of the Klip-
pen Belt (Niedzica, Haligovce and Branisko successions) as the central
members. of the vertical symmetry. This member may correspond to a
maximum depth of the basin according to the last mentioned authors (op.
cit.). In cases of absence or scarcity of nodular limestones the thickness
of the green radiolarites always rises at the expense of the red radiolarite
members. This maybe observed both in the sub-tatric succession in the
Tatra Mts, and in the Pieniny Kilippen Belt of Poland (Birkenmajer 1965,
Table 1). On the contrary, sequences with well developed ,,border” zones
of nodular limestones show but thin central radjolaritic members. This
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is the case with the Niedzica succession of the Klippen Belt (Birkenmajer
& Znosko 1955, Birkenmajer 1965). In extreme cases the whole Upper
Jurassic sequence maybe represented entirely by nodular limestones as
. it is the case with the geoanticlinal Czorsztyn succession of the Klippen
Belt. The Czorsztyn Limestone of that succession (Birkenmajer 1963) com~
prises stages from the Calllovian up to the Kimmeridgian inclusively, thus
covering the time span of the carbo-silite sequence in question. '
Undoubtedly the existence of vertical symmetry in the sub-tatric
Upper Jurassic denotes a definite regularity in the basin development. Its:
similarity to some successions of the Pieniny Klippen Belt (the Niedzica
succession in particular) is marked by the following characters:

1. Insignificant lateral facies changes. -

The radiolarite horizons are of similar thickness and facies over the whole Tatra
Mts. The same can be said about the nodutar imestone beds bordering them with

some excepiion of the middle nodular membeg {Callovian) which is the most in-
constant member, and in some gites is misging altogether,

2. Small thickness of the radiolarites.

. The pertinent data are given in Tables 3, 5 and 9.

3. Persistence of rock colouration over the whole sub-tatric zone of the Tatra Mts.
The radiolarites and associated nodular limestones are reddish-brown to greenish-
gray and again reddish-brown with few deviations. Acconding to Birkenmajer &
Gasiorowski (1061) the colouration of the Klippen Belt radiolarites is of primary
character and was connected with the depth of the basin. The same may be sup-
posed about the sub-~tatric rocks.

4. Poor fossil content. .
OndyfewaptycMandveryramemstmotbelemmwdsoocurmthesubtafnc

radiolarites. Ammonite molds ard imprints are seldom enaoumbered and only
in the red radiolarites. Usually abundamt radiolarian tests are preserved, as a

rule, in form of calcified molds.
6. Lack of land-derived material except few finest dust endlosed in thin shale inter-
beids emong the radidlarites.
8. Lack of sedimentory structures.
* There are no hieroglyphs and the. :ﬂoesils are nonornemed

7. Lack of volcanic material.
Volcanic material was stated meither in the Tatra .sub tatric zone nor in other

Central Carpathian massifs (KriZna unit) in the Upper Jurassic (Andrusov 1958).

Basalts connected with the Jurassic radiolarites were observed in Buko-
wina (Eastern Roumanian Carpathians) by Zapalowicz (fide Sujkowski
1932). The labter area, however, is quite distant from the Tatra Mts.
Certainly such a symmetrical distribution of facies may be inter-
preted in many ways. Among others, the schemes proposed by Garrison
& Fischer (1969, Figs 19—21) maybe applicable. Out of those figures, their
Fig. 21 seems to be most realistic one, as it assumes that the compensation -
depths have remained roughly the same from the Jurassic to the present.
Such an approach to the problem is applied in this paper as well. Recent
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oceanographic data show that no evident depression of the compensation
depth took place in ‘the Pacific during most of the Tertiary (Riedel &
Funnel 1964). Changes of the compensation depths due to possible bottom
ocean water temperature changes were probably of minor scale at least in
respect of magnitudes important to the geological processes. ‘An increase
of calcite production by the plankton during the Jurassic as postulated
by Garrison & Fischer (1969) was probably much more gradual and start-
ed presumably much earlier although the first stages of its development
are unnoticeable so far. It seems improbable that it might have had much
influence on the that time compensation depths. On the other hand, an
increase of total amount of calcium carbonate in the Tethyan troughs
really existed but was probably mostly due to a rather mechanical supply
down the basin slopes. This is proved by some features observed in the
mnodular limestones as é.g. slumping processes (Garrison & Fischer 1969,
Bernoulli 1971; and this paper, p. 299). Combination of these processes to-
gether with dissolution highly obscures the view, particularly so that we
are unable to evaluate proper dimensions of all of them.

Aside of =all the above considerations some palaeogeographic date
concerning the Upper Jurassic history of Eastern and Central Europe seem
to help in solving the problem. In the Polish Lowland a maximum of Ju-
rassic tramsgression was reached during the Oxfordian (Samsonowicz in
Samsonowicz, . Ksigzkiewicz & Riihle 1965), and a shallowing tendency
took place in the same area at the Oxfordian/Kimmeridgian boundary
(Kutek 1968). These facts strikingly coincide with the upper part of the
vertical symmetry in the sub-tatric and Niedzica and Branisko successions
of the Inner Carpathians in which the radiolarites pass upwards into the -
nodular limestones. In the result of those changes which took place over
vast areas of Europe outside the Tethys, the deepest zones of the latter
have expanded considerably. Thus it was the surplus of watter resulting
from rise of sea-level rather then subsidence which was primarily respon-
sible for the Upper Jurassic (Oxfordian) deepening phase. This view is
dealt with in detail farther on in this paper, in the chapter on palaeogeo-
graphy. )

If the above coincidence of palaeogeographic events is correct the fol-
lowing scheme of facial development in the sub-tatric succession is pro-
posed (Fig. 13). In this scheme each radiolaritic unit is accompanied la-
terally by nodular limestone facies. The lower part of the symmetry marks
probably not only the deepening tendency in the basin but also an out-
ward expansion of the nodular limestone zone. The deepening phase is
marked by an expansion of radiolaritic facies, and the subsequent shall-

owing tendency — by a return of nodular facles (Kimmeridgian), which
' terminates the vertical symmetry. The vertical straight line indicates the
position of the analysed sub-tatric succession in the basin. As it comes
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from this scheme the sub-tatric deposition had taken place presumably
on a slope of a geosynclinal trough. This fits well to the abundance of
nodular limestone zones and slumping phenomena recorded in some of
such basins, Such a position in the basin supports also the view expressed
by Aubouin (1964) about slope position of the Ammonitico Rosso facies
in geosynclines. Similar argumentation maybe applied to the Middle -Ju-
rasgic radiolaritic phase. The Toarcian-Aalenian lower nodular 1imeston-
es began the “Période de vacuité” of Aubouin (1967) simultaneously being
a transitional facies toward the radiolaritic ssdimentation of the Bajocian-
-Bathonian. A symmetry similar in character seems to occur in - the
Juressic of the Transdanubian Central Mountains in Hungary (Konda
1971). The radiolarites of Siid Tessin in Switzerland are also bordered
with limestones containing cherts (Bernoulli 1960).

Subtatric zone

B+

Fig. 13
Estimated deposition scheme of the sub-tatric Upper Jurassic carbo-silite sequence
in the Tatra Mts, The Oxfordian expansion of the radiolarite facies marks the maxi-
mum depth phase in the Carpathien part of the Jurassic Tethys (not-to scale)
1 greem radiolarites, 2. red radiolarites, 3 nodular limestones, 4 substratum (Middle Jurassic

Role and character of nodular limestones

The riodular limestone members play a role of transitional facies in
the sub-tatric succession. Their bordering character in all the analysed
profiles rises no doubts. The Toarcian-Aaleniian lower nodular limestones
form a transition from the Liassic spongiolitic and crinoidal facies toward
the Middle Jurassic radiolarites. The upper nodular miember is transitio-
nal from the Oxfordian radiolarites 0 the Tithonian-Berriasian Biancone
siliceous limestones. The role of the middle nodular member (Callovian)
is léss clear. In the succession in guestion this member separates the lower
radiolarites (Bajocian-Bathonian) from the upper ones. ‘According to the
scheme cited above (Fig. 13) it should correspond to a shallowing episode.
This seems to coincide roughly in time with the appearance of stromaito-
lithic horizons at the decline of the Callovian in the Polish Jura Chain
(Szulezewski 1968). As it was already said, the middle nodular limestone
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is an inconstant horizon in the sub-tatric succession and in some sites is
missing altogether. Presence of three nodular calcareous horizons suggests
that the deposition in the sub-tatric zone had oscillated about the compen-
sation depths of the Middle-Upper Jurassic times. Traces of dissolution are
very impressive in the nodular limestones in the Tatra Mts. Many ex-
amples of dissolution of ammonite phragmocones are known as e. g. in
the middle nodular limestone (Callovian) of Placzliwa Skala, Bielskie
Tatra Mts (Lefeld 1969; Pl 1, Fig. 1). Such phenomena are well imown
from many Alpine limestones of ,,Ammonitico Rosso” type (Giannini &
al. 1950 — fide Cressman 1962; Lucas 1955a; Hollmann 1962, 1964; Szul-
czewski 1965; Garrison & Fischer 1969). It should be pointed out, however,
that the sub-tatric nodular limestones differ considerably from those ones
described by Hollmann (1962, 1964), Sturani (1969) and Szulczewski (1965)
as clastic material, stromatolites and burrows of lithofags are absent in
them. The common feature is their texture resulting in both cases from
dissolution processes. Association with radiolarites excludes their origin
on geoanticlinal highs. The upper nodular limestones in the Bielskie Tatra
Mts (PI. 8, Figs 1—2) show vertical zonation into parts with more, densely
packed nodules (central part in Fig. 1) interbedded with parts showing
less nodules and more matrix (bottom and top of block, same figure). This
maybe due either to differentiation of dissolution processes, or to pulsative
character of carbonate sediment supply due to slumping or slow creeping
down the basin slope, or both factors combined. Slumping was & major
factor in the deposition of this type of sediment in the sub-tatric succes-
sion as it is proved by the presence of obliterated specimen of hydrozoan
Stromatomorpha (see p. 293) an organism obviously derived from a photic
zone and subsequently slumped down into tlie nodular environment. Ano-
ther evidence is the existence of encrinite slabs embedided in the upper
nodular limestone (see p. 299). It is quite possible that in some cases the in-
flow of calcareous material might have exceeded the actual dissolution
rate. In all reverse cases, as e.g. the both red radiolaritic members of the
vertical symmetry, the final product of sedimentation was radiolarian
ooze mixed with haematitic mud, the latter most probably a residue after
dissolution of carbonates. In exceptional cases as e.g. on the Bermuda
Apron where the carbonate sediments were deposited rapidly by turbidity
currents to depths of 4515 m, even the aragonite and Ih1glh-mag.nesm:n
calcite, have been preserved in sand-size fraction, but have been remov-
ed by dissolution in intercalated carbonate silt and ooze (Friedman 1965).

Thus preservation of carbonates at great depths depends, among other
factors, on the rapidity of sediment inflow (e.g. creeping, sliding, turbidity
currents etc.) to the depocenter, the normal depository conditions of
which invariably lead to an almost complete dissolution of carbonate
matter (basin starvation).
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Role and character of radiolarites

Farther increase of the dissolution rate (due e.g. to a general depen-
ing of the basin) resulted in sedimentation of green radiclarites which as
a rule, are devoid of haematitic tint. This member occupies central position
in the sub-tatric carbo-silite sequence. In most sites in the sub-tatric
zone the green radiolarites have been laid down below: the calcite com-
pensation depth. In the Western Tatra Mts, however, some red intercala-
tions in this member as well as preserved ossicles of Saccocoma prove
that the deposition there has undergone between the calcite and aragonite
compensation depths. Those rocks maybe defined rather as siliceous lime-
stones because their calcium carbonate content is high (see Table 6). Judg-
ing from their central position in the profiles it seems obvious that the
green radiolarites represent the maximum depth in the sub-tatric succes-
sion. This is particularly so in such profiles as e.g. the central part of the
Bielskie Tatra Mts (Fig. 6), where both green radiolaritic members form
one unit. Their thickness there does not exceed 30 m thus being compa-
rable to that of the Ruhpolding Radiolarites of the North-Eastern Alps
(Trauth 1950, Garrison & Figcher 1969). In most sites, however, these two
green radiolarite members are separated by the middle nodular limesto-
nes and lower red radiolarites. It is noteworthy that the red radiolarites
contain, few dron oxides (see Table 6) despite their strong reddish-brown
colouration. Garrison & Fischer (op. cit.) are probably correct in saying
that the radiolarites are a kind of insoluble residue. Also in the case of the
sub-tatric radiolarites the dissolution rate was most probably highest of
all in the carbo-silite sequence in question.

Problem of the source of silica in the radiolarites

The source of silica in the radiolarites is a difficult and long discuss-
ed problem. In the case of the sub-tatric radiolarites as well as in the
Alpine ones the problem is whether all the silica came from the dissolu-
tion of radiolarian skeletons, or other source was also supplying it. The
problem was thoroughly discussed by ‘Aubouin {1965) and Gerrison &
Fischer (1969). Many authors maintain that silica im the radiolarites comes
from submarine violcanic sources (Khvorova 1868), but this is not the case
with the Inner Carpathians as no such a source existed there during the
Bajocian-Oxfordian times when the Carpathian radiolarites were formed.
This was already pointed out by Birkenmajer & Gasiorowski (1961). On
the other hand, some eruptive rocks associated with Jurassic radiolaritic
shales were reported from the Eastern Carpathians by Slavin (1972), and
Zapalowicz (fide Sujkowski 1932). Some ‘Alpine Upper Jurassic radiolari-
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tes {e.g. at Arosa and Klosters) are possibly associated with a volcanic
activity (Grunau 1959).

The problem whether the silica can be inorgamically precipitated in
the sea or not was discussed by many, among others by Siever (1962), Bien
& al. (1958), Cressman (1962) Berger (1970), Krauskopf (1956), Berner
(1971), Degens (1965), Grunau (1965), Calvert (1968) and Pettijohn (1957).
Majority of them agree that silica cannot be inorgamically precipitated in
the sea except perhaps in some few near-volcanic environments (Berner,
op. cit.). But there is no general aggreement in this question (Degens, op
cit.). Dissolution as a process playing decisive role in the formation of-
the radiolarites was long pointed out by many authors (Correns 1950, Heim
1958, Grunau 1965, Aubouin 1967, Hudson 1967, Berger 1968, Berner
1971, and others). Heim’s (op. cit.) conclusion was that radiolarites are
a residue after complete dissolution of carbonates. These processes were
obviously active during the formetion of the rocks of the sub-tatric carbo-
~silite sequence. Thus the silica both of the radiolarites and nodular li-
mestones maybe regarded as a residue after the dissolution of carbonates.
Partial removial of carbonate substance from the sub-tajtnc radiolarites
may, among other factors, account for their slow deposition. In the opinion
of Berger (1970), basin to basin circulation could have played an impor-
tant role in transport of silica by bottom currents, Under the thalassocria-
tic marine conditions of the Upper Jurassic times water circulation must
have been extensive. Thus an inflow of silica derived from disf;ant sour-
ces (organic and/or even volcanic) wias qurbe possible.

It should be pom.'l:ed out here that also the sub-tatric :nodular h- _
mestones contain large quentities of radiolarian tests (Pl. 15, Fig. 8; PL
13, Fig. 6) and relatively large quantities of silica (Table 6, see also Hal-
lam '1967). Dissolution of such carbonate rocks must have furnished con-
siderable amounts of silica imto the environment. The dissolution may
possibly account also for another kind of residual type of sediment namely
the thin shale interbeds occurring inbetween the radiolarite layers. Such
shaly intercalations among the Oxfordian radiolarites of the Bramisko and
Niedzica successions of the Klippen Belt were interpreted by Birkenmia-
jer & Gasiorowski (1961) as a result of deposition from suspension of dust
clouds. Aside of such a possibility the shale interbeds being residues after
dissolution of primarily more calcareous sediments represent probably
large time spans. An example from the Chocholowska Valley which was
chemically analysed (Table 8, analysis No. 4) still shows high CaO content.

- From the above considerations it maybe concluded that the silica in
the Middle-Upper Jurassic sub-tatric radiolarites derived partly from the
dissolution of radiolarian skeletons, and partly is a residue after dissolu-
tion of carbonates. Volcanic source is excluded unless some basin to basin
circulation has been possible during those timeg from some distant areas.
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Inferred depth of deposition of the radiolarites

. The depth of deposition for the sub-~tatric radiolarites maybe estimated

as lying about or slightly below the calcite compensation depth of the
Oxfordian times in the Easterm Tatra Mts- (central part of the Bielskie
Tatra Mts, Eastern Polish Tatra Mts in particular), and between the ara-
gonite and calcite compensation depth of those times for the western part
of the Tatra Mts. This is reckoned from the state of preservation of
various skeletal particles in the radiolarites and siliceous limestones. Am-
monite phragmoocones are never preserved except very few casts (Le-
jowa Valley). Ossicles of the planktonic crinoids Saccocoma are preserved
in the Oxfordian radiolarites and siliceous limestones only in the Western
Tatra: Mts. They are lacking.in those rocks in the Eastern Tatra Mts.

Evaluation of the more or less accurate position of the Upper Jurassic
compemnsation depth is rather risky and it should not be compared directly
to the present day oceanographic data. The actual compensation depth in
the world oceans lies approximately at depths of 4000 meters below sea
level (Berner 1971). The position of lysoclines i.e. the curve lines marking
the compensation depth of the world oceans varies (see Berger 1970, Fig.
8) from 2800 m down to 5000 m below sea level and depends, among other
factors — on latitude. The present latitude of the Tatra Mts is slightly
more than 49° latitude north. The Jurassic latitude for that massif cal-
culated on the basis of paleomagnetic data (Irving 1964) should be about
28° north which is roughly the latitude of the present day area situated
south of the Mediterranean Sea (overthrust of .the sub-tatric zone not
calculated). Lysocline curves for both Pacific and Atlantic Oceans of to
day markedly rise toward the Equamor -and particularly so inbetween
latitides 20—5° morth (Berger, op. cit., Fig. 8). If this was the case with
the Upper Jurassic Tethys the inferred compensation depth of those ti-
mes should be placed inbetween, say, 4500—2700 m below sea level. In
this warm oceanic basin the solution might proceed  more .rapidly then
in cold oceans of to day (Hudson 1967). Thus the radiolarites might have
been deposited about the minimal of the above mentioned depths (3000 m
or so0). Another caution was given by Heath (1969) who observed that the
calcite compensation level has risen from depth of more than 5200 m
since of the Oligocene to the present day 4700 m in the equatorial Pacific.
This, certainly, cannot be ind:smummarbe‘fly transferred to the Upper
Jurassic Tethys, nevertheless, it gives and idea of the changes which ob-
viously did occurred in all ancient oceans, and irreversibly escaped our
observation, Slightly higher carbonate content of the sub-tatric radiolar-
ites as compared to that of the Alpine ones (Grunau 1959) suggests that
they might have been deposited on smaller depths than their Alpine
counterparts.,
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TITHONIAN-BERRIASIAN

The upper nodular limestones of the Kimmeridgian gradually pass
upwards into the carbonate rocks of the Tithonian. The latter rocks are
not dealt with in detail here as special paper will be devoted to the
Tithonian of the Tatra Mts in future, _

Because of their uniformity with the Berriasian rocks this member
is treated here as Tithonian-Berriasian following Wiedmann's proposal
(1968, 1971).

The basal part of the Tithonian is developed as grayish nodular
limestone (e.g. at Gladkie Uptazianskie) still characterized by abundance
of Saccocoma ossicles. Higher up the character of the rocks becomes less
and less nodular and more and more silicesus. The colour is light olive
gray (5 Y 6/1 to 5 Y 5/2). Petrography, chemical content (see amalysis
below) and microfossils show that this rock is closely comparable to the
Biancone f(or Maiolica) facies. '

Chemical analysis of the Biancone-type micritic Zimestone of the Tithonian —
Gesia Szyja — Eastern Polish Tatra Mts (in weight per cent):

Si0, 10.52
Al,O4 1.27
TiO, 0.01
Fey04 1,14
Ca0 84.68
MgO 1.87

Another chemical analysis of Tithonian-Neocomian limestone from Dolna
Mig¢ina (Upper Hron Basin — Central Slovakia) was mentioned by Cepek
(1970). :

The Tithonian-Berriasian sequence is about 50—80 m thick and
consists of layers 8—30 cm thick with few thin shale intercalations. In
some profiles (e.g. Jatki in the Bielgkie Tatra Mts) olive cherts occur in
. these Biancone limestones, some of which were.recently amalysed by
Misik (1973). ‘As seen in thin section the rock is fine micrite with abundant
Tintinnidae (in middle and upper part of the profile) and radiolaria (P1.
15, Figs 5—6; Pl 16, Figs 1—3 and 4). The radiolarian tests are usually
calcified. Various types of radiolarian preservation are illustrated and
described by Mi&ik (1973). Since the radiolarian tests of the sub-fatric
Biancone are calcified as a rule, the silica of the micritic matrix may deri-
ve at least in pant, from the dissolution of them.

Saccocoma microfacies predominates in the Lower Tithonian, but in
few sites (Jatki Zadnie — Bielskie Tatra Mits) a mixture of Saccocoma
and Calpionella microfacies was observed. Throughout the sub-~tatric zone
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in the Tatra Mts the Biancone is pure pelagic fossiliferous micrite without
trace of detrital material. The only site where thin inlier of clastic turbi-
dite material was noted in the Tithonian is the Sucha Valley in the we-
sternmost part of the Tatra Mts (see Table 12).

Table 12

Distribution of turbidite borizons in the sub-tatric Upper Jurassic and Lower
Cretaceous

Westernmost Tatra Mts{ Western Tatra Nts Stages Eastern Tatra Mts

Blelskie Tatre Mts
Geaia Szyja | and Polish Eastern
. Tatra Mts

|- \\\\
—

Berriasian

Pithonian

Kimmeridgian encrinite olistoliths

Tintinnid assemblages encountered in the sub-tatric Tithonian and
Berriasian are presented in Table 13. They were determined on the basis
of papers by Colom (1948), Borza (1969), Remane (1964) and Remane (in
Hegarat & Remane 1968). An ammonite fauna, so far unknown from the
sub-tatric Tithonian was found in the Chocholowska and Lejowa valleys
in the Western Tatra Mts. This fauna consists predominantly of represen-
tatives of the genus Berriasella (about 90 per cent). This assembilage in-
dicates uppermost Tithonian iage. The' tintinnids associated with these

. ammonites are lustrated (Pl. 17, Figs 1—4). It is remarkable that cras-

sicollarias very seldom occur there. In majority of the analysed profiles
the tintinnids are the only index fossils, hence only these microforms serv-
ed for stratigraphic correlation, The tintinnid assemblages seem to be
persistent throughout the sub-tatric Biancone. Minute algae Globochaete
alpina Lombard and Stomiosphaeridae (Pl. 16, Figs 5—86) occur in vary—
ing quantities in the 'I‘Jnthoman—Berﬂaman



Table 13

Tnthomam Berriasian and Valanginian tintinnld assemblages in the sub-tatric sucoession of the Tatra Mits and the positlon of the
Upper Tithonian ammomte fauna

Ra

stern Tatra

Ntas

Bielskie Tatra ts

Bolica~Czerwona Skallm.

Ggsia Seyla

Western Tatra MNts

Lorenwiella cf. pliuatn
“parvula

g. alpina, C. eluptioa.

Mintinnopsella carpathioce
Calpionellopsis oblonga |
mnt:.nnopaells Jdonga

. maxina

Calpinnal.la alpina

Hauterivian

Yalanginian . 1

. |7intinnopsella carpathioa
ongs

C. oblongs
g“ﬁ%‘{ﬁ;"pm Bmp“T . g. g::g:tm Calpione llopsu oblonga, Amphorelline subasuta
Tintinnopa;g_:.‘a oarpath- C. simplex . cw: lonal. ioﬁ?ﬁ%ﬂfog’.‘dﬂﬁﬁa T. oarpathioa
. Bemaniella oadigohisna {Calplonsllopeis eimplex |Upper Berriasian|Remaniella oadischiana

T. oarpathica C. cblonga C. simplax, C. of. darderi

Calpionslla alpina -|™intinnopselle oarpathica {Crasaioollaria brovis

C. elliptioa R I — -

I“’;‘““i: °; pHoatdly )5nga, 7. ocarpathica Galpionslia alpina, C. aléi{tioampl

Calpione alpipna R. cadisohlana an|C lonsllopsia oblonga, Cal. & ox

C. & B alliptic Calpionelis elliptioa Middle Berriasian|y gn.rpathioa, . colom

R. oad:l.noh:.m

T. oarpathioa

Crassioollaria parvula e L

Lower  Berriasian
- T (Tintinnopsella 0arpathldd wupmonsts fauna with Berriasslle

Célpionella alpine

Urassicollarin ¥, parvula, Cr, brévis|C. elliptica Upper Tithonian [0+ ?1liptica

¢x. massutinians T oarpetitioa ‘|Crassioollaria hrevis i :

Calpionella dlpina T C¥. parvula”

T« oarpathioca -5 ) [Calpionella alpina

: Middle Tithonian [C+ S1liptica
Saoccoooma miorofaoies Lower Tithonlan |gq50000ma mioroZacies

- @TELAT AZYAL
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In the Kofcieliska Valley (Western Tatra Mts) a reddish horizon
was found in the Tithonian-Berriasian by Guzik (1959) and Sokolowski
(1859). In fact, this is & mderitic limestone with strong haematitic tint. It
looks like “Ammonitico Rosso” in statu nascendi as minute portions of
the rock are being separated by haematite as o form initial “nodules”.
There are many stylolites stained with haematite as well. Tintinnid as-
semblage of this rock points to Middle Berriasian. Possibly this event
maybe correlated with late Jurassic submarine erosional breaks in the
Pieniny Klippen Belt (Birkenmajer 1958b).

The sub-tatric siliceous limestones correspond both in facies and
stratigraphic position to the Oberalm Beds of the Eastern Alps. The latter:
formation was described by Fliigel & Fenninger (1966) and by Garrison
(1967). First electronmicroscopic studies of the Carpathian Tithonian
limestones were done by Borza & Harman (1970). -

LOWER CRETACEOUS MARLSTONES

The marlstone complex of the sub-tatric Lower Cretaceous is a direct
depoditional continuation of the Tithonian-Berriasian Biancone. In most
- profiles the stratigraphic boundary between the Berrasian and Valanginian
coincides with that in the lithology. The siliceous limestone deposition
of Biancone type ends about that boundary and marly sedimentation
starts with the Valanginian. At Gesia Szyja (Polish Eastern Tatra Mts)
some recurrent intercalations of Biancone and marlstones occur. at the
Berriasian/Valanginian boundary.

The geology of the Neocomian marilstones of the sub-tatric succession
in the Tatra Mts was studied by Stache (1868), Uhlig (1897) and Vigilev
(1914). The works by Stache and Uhlig are now. of historical value only.
Stache found some fossils, mostly ammonites, which were then cited by
Uhlig (op. cit.). Some important Lower Cretaceous fossils were collected
by Russian emigrant, meteorologist Vigilev (op. cit.), who cited over
twenty specific and generic names. His conclusion about the age of the
marlstones, based on those fossils, was that these rocks represent Valan~
ginian-Hauterivian. Aside of many ammonites pointing to that age he
found one cast of Crioceratites emerici Lév. an obviously Barremian form.
Nevertheless, he did not decide to accept that age for the sequence.

 The.best preserved specimens of the Vigilev’s collection (stored in
the Geological Museum of the Polish iAcademy of Sciences in Cracow) are
here illustrated and described for the first fime.

The rocks are olive- to light olive gray (5°Y 3/2 to 5 Y 5/2) marlstones.
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Their chemical analysis done by KuZniar (1913) is as follows (in weight
Dper cent):

AlaOq +Fe203 4.74
MgCO, 2.37
CaCQOy 81.05
matter insoluble in HCI 11.34
total 99.50%0

An X-ray analyse of a marl gample from the Koscieliska Valley (Western
Tatra Mts) has shown that calcite is the main component with subordinate
quartz quantities and a tittle of feldspar, mica and possibly kaolinite (Tab-
le 14). As, the rock contains more than 10 per cent of insoluble matter,
it should be classified as clayey limestone (Teodorovitch — fide Bissel &
Chilingar, 1967). The insoluble matter 1s represented by finest detrital
fraction.

The marlstones are usually spo:t'ted Spots and stripes are darker then
the rock, thus the latter superficially resembles the Lower Jurassic
“Fleckenmergel”. In fact, those are discontinuous pyrite laminae which,
when seen in thin eection, show aureoles. The pyrite laminae maybe due
to decay of organic matter on the sea floor, being then preserved in fine,
impure lime mud. Chert bands occur in the marlstones as normal inter-
calations. Microscopically the rock is fine micrite with finest skeletal cal-
cite admixed in various proportions (scarce as a rule). In some cases few
elongated skeletal particles show orientation parallel to planes of deposi-
tion. The Neocomian marlstones constitute a monotonous, almost nondi-
fferentiated sequence in the whole sub-tatric zone. The only “event” is
a huge complex of avalanche calcareous turbidites of the Muran limestone
which overlies the marlstones in the eastern part of the Tatra Mts. In the
western part, only some relatively thin ‘interbeds of sandstone (Pl. 19,
Fig. 6) and detrital limestone turbidites (Pl 19, Fig. 1) occur within
the sequence The latter (Pl 19, Fig. 1) are oompatrable to some varieties
of the turbidites of the Muran limestone in the Bielskie Tatra Mits.

Total thickness of the marlstone sequence is difficult to evaluate as
the upper part of the complex in the Western Tatra Mts is disturbed in
result of tectonic movements. In the Koscieliska Valley it maybe estimat-
ed as being about 100—150 m thick. In the eastern part, in the Bielskie
Tatra Mts the maristone complex is about 80—120 m thick. The whole
marly sequence is strongly affected by cleavage. In result of that casts
of ammonites are frequently elongated and flattened.

The Lower Cretaceous marlstones are characterized by the following
features:

1. Horizontal and vertical lithologle uniformity throughout the entire sequence.
2. Scarcity of skeletal calcitic particles.

3. Lack of deirital material except finest impurities.

4. Presence of chert bands and nodules.
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5. Presence of microlenses of pyrite, giving 2 “Fleckenmergel® appearance to the
rock. ’

8. Presence of thin turbidites (both clastic and carbonate — Western Tatra Mis),
and a thick complex of avalanche turbidites (Murafi limestone — Eastern Tatra
Mis).

In the light of the above characteristics the deposition of the mari-
stones had taken place most proba.bly in an open sea with steady inflow
of finest detrital material.

According to Passendorfer (1961) the Lower Cretaceous marlstones
of the sub-tatric succession represent sediments of rather deep sea. In
fact, the existence of cherts maybe regarded as a symptom of deep-sea

Table 14
‘Results of X-ray analyses
Plane dmta.nees (d) and intensitles of reflexes (I) of two sub-tatric samples and
numerical standards

l—s L Quarts ® | caloite ™™
1 Other

a I a 1 a I a I

10.9 &6 |10.0 2 mios
71 4 |74 2 aolinite
4.98 2 | 4.98 mica
448 2 | 4.48 kaolinite
4.25 12 | 4.25 4 | 426 35

2.8 3 |38 & 3.86 12

3.55 2 . kaolinite
3.34  100| 3.34 25 | 3.04 100 -

3.20 2 |3.49 3 feldapar
3.03 T 3.03 100 3.03 100

2.84 2 |2.84 2

2.57 2 |2.57 2 .

2.49 6 [2.49 8 2.%0 14

2.46 4 | 2.46 2 | 248 12 |

2,28 M 2.28 12 | 2.28 12 |2.29 18

2.23 3 2.24 &

2.12 4 | 212 2 } 2.3 9

2.09 6 | 2.09 9 : 2.0 18

1.99 3 |1.98 2 |1.98 6

1.3 3 | 1.0 5 1.8 5

1.9t . 8 | 1.9 41 .91 17

1.87 7 | 1.87 19 1.88 17

1.82 7 [4.82 4 |1.82 17

1.67 2 1.67 1.67- T

1.62 2 162 3 |- 1.63 4

1,60 3 1.60 5 1.60 a8

194 4 | 134 2 1,34 15

Sample No. 1 — red ghale in the greem radiolarite (Ommrdian), Grzef hili, Chocholowska
Valley (Western Tatra Mts).
Sample No. 2 — Neocomian marletone, Koficleliska Valley. .
Numerical standards according to the X-ray Diffraction Cards, American Soclety for Testing
and Materlals (ASTM), Philadelphia, 1970
% 5-0490, ** 5-0506
X-ray diffractogrammse were obtalned on Rigaku Denki Co., Lid. difiractometer
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déepository conditions as sediments of that type occur entirely in geo-
synclinal successions in the Central Carpathians {(Andrusov 1959). The
finest detrital material has probably been laid down by vertical settling
(from suspension). It was probably brought into the basin by currents,
as no other symptoms indicate proximity of a land mass. The tranguility
of sedimentation was seldom interrupted by scanty inflow of carbonate
clastic material (carbonate turbidites), and of quartz clastic material
(sandstone beds). '

The highest horizons wepresent most probably Lower Aptian as
marlstones of that age overlie the Muran limestone in the Bielskie Tatra
Mts. In the West, in the Cho¢ Mits (Slovakia) the top parts of this complex
contain Albian-Cenomanian foraminifers (Kantorova & Amndrusov 1958).

The beginning of inflow of finest detrital materdial to the sub-tatric
basin seems 1o coincide in time with the beginning of deposition of the
Upper Cieszyn Shales in the Outer Flysch Carpathians (Ksigtkiewicz
1951).

THE MURAN LIMESTONES

The name “Muran Limestone” was introduced to geological literatu-
re by Uhlig (189/7). By this name he designated a thick sequence of caleli-
thites overlying the Neocomian maristones in the Bielskie Tatra Mts. For
many years the origin of this carbonate sequence was obscure and its age
— highly controversial. Uhlig (op. cit.) and later Rabowski & Goetel

" (1925), and Andrusov (1931, 1959, 1970) ascribed Urgonian i.e. Barremian-
-Aptian age to them whereas Passendorfer (1950) suggested Hauterivian
— Lower Barremian age. Sokotowski (1950) reviewing the opinions con-
cerning the age of the Muran limestones has pointed out that no paleonto-
logic evidence was provided so far to solve this problem.

Descriptions of these limestones were presented by Uhlig (op. cit.),
Kuzniar (1913), Passendorfer (1950), and Borza (1957).

Geographical setting and geometry

The Muran limestones form. picturesque dliffs on peaks (Muran,
Nowy Wierch, Szalony Wierch, Jatki) and north-eastern slopes (Nowy,
Hawran, Placzliwa Skala) of the Bielskie Tatra Mts (Pl. 1, Fig. 1; Pl 2,
Fig. 2). They occur as well in the eastern part of the Polish Tatra Mts
north of the Kopy Soltysie area fromwhere they merge northwestward
under the Eocene flysch of the Podhale Basin.

Eastward they split into two thinner units separated by marlstones
(Fajksowa).

They attain largest ﬁtnekness {about 100 m) at Muran Mt. (Borza
1957). Similar values were noted in the Polish part where at Lezny. Potok
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they attain not less than 80 meters. The sequence which is buried under
the Podhale Paleogene shows probably comparable thickness. _

The geometry of the primary limestone body is difficult to decifer
as the outcropping complex is but a morphotectonic remmnant within the
sub-tatric succession of the Tatra Mts being sharply eroded from all its
sides, except the northern one which is hidden under the Paleogene.

At the top of the Muraii Mt. a marlstone sequence over 30 m thick,
overlies the main complex of the Muran limestones (Fig. 14). The marl-
stones contain some limestone- interbeds as well as some Urgonian bio-
calcolistoliths embedded dn the topmost portion of the marlstone sequence.

The total length of the exposed complex is about 11 km in the Biel-
skie Tatra Mts and over 1 km in the Polish part of the Tatra Mts. The
limestone belt is 2—3 km broad. '
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Fig. 14

Cross-section of the easbern cliff-wall of the Murafi Mt. above the Nowy creek

1 radlolarites and nodular limestones (Middle Jurassic), 2 radiolarites and nodular limestones

(Oxfordian-Kimmeridgian), 3 siliceowm lMmnestones (Tithonian-Berriasian), 4 marlstones (Valangl-

nian-Hauterivian), § avalanche calcareous turbidites (the Murafi liméstone — Upper Heuterivian-
' -Barremiin), 86 marlstones with olistoliths (Lower Aptian)
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Petrographic description

The Murah limestones represent several varieties of avalanche cal-
careous turbidites 2. The most common type is a lithobiocalcisiltite and
lithobiocalcarenite. This is a fragmental carbonate rock composed of fine-
intra- and extraclasts of micritic limestones, pellets etc. embedded in
sparry calcitic cement (Pl. 18, Fig. 5). Average particle size is 100—200
microns but some largest ones may attain even 600 microns in diameter.
Intraclasts form about 60 per cent of the total volume of the rock (Borza
1857). The proportion of intra- and extraclasts versus sparry calcite varies,
but types with densely packed clasts are most common. Some varietieg
exhibit micritic cement instead of sparitic one (Pl. 19, Fig. 5). Micrites
with relatively small quantity of skeletal fragments seldom occur. Pre-
sence of plagioclase grains was noted in these rocks by Misik (1966).
Among extraclasts most common are fragments of oolitic micrites (Pl. 18,
Fig. 4) and isolated oolites which, in many cases are broken. Oolites are
strikingly similar to those ones of the high-tatric Valanginian (Lefeld
1968; Pl. 7, Fig. 5 and Pl. 8, Fig. 1). In few cases micrites with tintinnids
(Tithonian-Begriasian) were also observed. Smaller intraclasts are round-
ed to ellipsoidal whereas larger ones are frequently broken, subangular
(Pl, 18, Fig. 1) or sharp-edged (Borza 1957). In fact, it is sometimes
difficult to decide whether the pellet-like particles should be classified
as intra- or extraclasts. It is obvious that a part of the fragmental micritic
material has been introduced into the depocenter from some more or less
distanced sources. In the light of that, these avalanche turbidites are
polygenic (heterogenic) sersu Aubouin (1959) in chamacter. Superficial
coatings over pelletal and other micritic particles were observed by Borza
(1957), who described the Muran limestone petrographicaily. It should be .
mentioned that micrograph similar to those of the Muran limestones was
- presented by Remane (1970) from the Tithonian of the Sub-A:lpme Chains

of France (Remane’s Plate 5, Fig. 1).

Breccias are seldom found in the Muras limestones. Their matrix is
of encrinite character as a rule. Clastic fragments are sharp-edged (up
to 2—3 cm in diameter). Rarity of breccias coincides well with the rela-
tions observed in modern carbonate turbidites of the Tongue of the Ocean
near the Bahama Banks (Rusnak & Nesteroff 1964).

What concerns the fossil content, there are (usually few) foraminiferal
tests of textularia-type and miliolids as well as such skeletal fragments

2 The term avalanche turbidite is éntroduced here according to suggestion by
Prof, Diulyfiglti, who was critical about the term “Fluzoturbidite” (RKuenen 1968)
originally used for designation of slumped and graded turbidites in the Polish Flysch
Carpathiane Dzulyfiski, KsigZziktewicz & Kuenen 1959). A critique of the last mention-
ed term was also rendered by Wialker (1867).
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as crinoidal ossicles and echinoid spines; and pelecypod shell chips. ‘All
these, except tests of foraminiferas, bear fragmentary character and are
recrystallized as a rule (Passendorfer 1850). In some cases larger crinoidal
stem fragments (3—b6 cm long) were noted (e.g. at Nowy Wierch). At Jatki
Przednie larger concentrations of crinoidal stem debris occur within the
Muran limestones. More and more fossils are to be found upward the
section. These are Urgonian—derived chips of rudistids, hydrozoans (Pl.
20, Fig. 6), corals (Pl. 20, Fig. 2) and algal fragments and serpule (Misik
1966). Some rocks are full of unidentifiable pelecypod shell fragments.
Most probably such types of rocks were named “Caprotinen-kalk” by
Uhlllg {(1897). They are common at Glodna Skalta near Placzliwa Skala and
at Murah and Rogowa Skala. In the topmost parts of the complex strongly
damaged tests of orbitolinas are seldom found. Like the bulk of the
carbonate clastic material, they have undergone reworking and rede-
position thus their preservation state is bad. The Urgonian fossils found
in the olistoliths embedded in the top marlstones on the Murah Mt. are
incomparably ‘betber preserved (Pl. 20, Figs 1 and 3—5).

As most of the material in the Muranh limestones derives from shall-
ower (predominantly Urgonian) facies these rocks maybe named allodapic:
limestones (Meischner 1964).

Chemical analyses of the Muran limestones were performed by Kuz-
miar (1913) and Martin (in Borza 1957).

The rock from Fajksowa analysed by Kuzniar showed the following
composition:

ALOg + Fe O3 0.2
CaCOg 96.76
MgCOg 0.89
parts insoluble in HCl 1.74
total 09.66

The analysis of Martiny is as follows:

SiOy 0.30%
R,03 0.30
CaO 56.03
MgO 0.49
Na,O 0418
foss by ignition 43.60
total 99.90

The last mentioned analysis comes from a sample taken at Hlupy
(Szalony Wierch — in Polish nomenclature). It should be mentioned here
that the rock when split exhibits a bituminous odour. Megascopically the
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Murah limestones are dark fragmental carbonate mocks. On weathered
surfaces, they resembie the Urgonian Schrattenkalk of the Alps although
they are darker than the latter. This was probably one of the main reasons
‘why the Muran limestones were previously classified as Urgonian by ma-
ny. authors. The colours are medium gray (N'5) to olive-black (6 Y 2/1).

Sedimentation of the Mura% limestones

Beginning of deposition

The sedimentation of the Muran limestones started with thin partly
discontinuous interbeds and. lenses within the Neocomian' marlstones
(Figs 15, 154, 15B). Fimst inflow of carbonate clastic material has lead

Fig. 18
Beginning of deposition of the Mu-
rafh limestones. Fajksowa (eastern
part of the Bielskie Tatra Mis)

1 calcareous turbidites, 2 cherts in

calcareous ~turbidites, 3 marls, ¢ small

‘lenges of caleareous turbidites within
marls

Fig. 164

A gnoove fin Neocomian marlstone

filled by calcareous turbidites
with cherts. Fajksowa
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down interbeds only 1—2 cm thin. Lense-like deposition (Fig. 16) clearly
shows that at the very beginning, the tongues of clastic material brought
into the depocenter were thin and meither reached far into the basin, nor
did they cover the entire marly basinal floor. In some sites grooves occur

Fig. 16B
Thickness proportions of marlstones to initial carbonate turbidites and position of
cherts. Fajksowa, Blelskie Tatra Mtbs
1 marls, 2 calcareous turbidites, 3 cherts

in marlstones which are filled with lithocaleisiltite (Fig. 154). They have
been probably eroded by the turbidity currents carrying the carbonate

Fig. 16
Lensge-like deposition of calcareous
turbidites in maristones. Fajksowa
— Bielskie Tatra Mts -

1 marlstones, 2 ~turbldite carbonate
material

clastic material. Higher up. thicker and thicker carbonate interbeds appear
‘and the entire sediment becomes biolithoclastic. These biolithocalcisiltites
and calcarenites form the main complex of the Muran limestones which is
so remarkable in the morphology of the Bielskie Tatra Mis.

4
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The main complex

The large thickness (about 100 m) of the main complex is due to
a rapid increase of sedimentation rate, The material of the Murai lime-
stone derives from redeposition of bio- and lithoclastic particles coming
from the adjacent higher situated parts of the basin. In its top part con-
siderable amounts of Urgonian—derived material clearly shows that
some distal zones of Urgonian reefal structures have undergone destruc-
tion and, in effect, redeposition of their carbonate clastic material. On the
steep walls of the Muran Mt. (Blelskme Tatra Mits) one may see that the
complex hardly shows any bedding. In its bottom part thin (5—8 cm)
chert bands suggest some bedding when observed from a distance, but
higher up, no bedding occurs at all. However, some thicker beds may be
seen elsewhere in the complex {e.g. Gloéna Skala near Placzliwa Skata).
The bulk of the Muran limestones shows neither sedimentary structures
nor any segregation of the carbomate clastic material.

Smaller than that of the Bielskie Tatra Mts but still fairly large
mags of the Muranl:masbom.emvpsourtmﬂneﬂ’ohshpartocfthe Eastern
Tatra Mts in the Kopy Soltysie area (Grabowska-Hakenberg 1958). At
Leiny Potok in a deep gully one may observe at least 80 m of the Muran
limestone complex which is virtually the same as that one at Muran. In
result of a system of faults which thrusted the whole Hawran unit dowin
about 150 m in relation to Maly Muran and about 700 m in relation to
Muran, the complex at Y.einy Potok is only partly exposed. There are
some marl and calcareous turbidite interbeds at the beginning of the
section, i.e. above the sub-tatric Biancone with tintinnids (Grabowska-
Hakenberg 1958, Fig. 3). Higher up there is a uniform block of massive -
calcarecus avalanche turbidites of the Muraf limestone (Pl. 19, Fig. 2).
Grabowska-Hakenberg (op. cit.) mentions Olcostephanus astierianus
(@’Orb.) from the top marls below the main mass of the Muran limestone
there.

Graded bedd:]:ng W'hnch is a characteristic feature of carbonate turbi-
dites (Rusnak & Nesteroff 1964) was noted in some sites. This is usually
simple, normal bedding with grain size diminishing upwards. The parti~
cular cycles are 6—10 com thick, exceptionally up. o 0.5 m thick (e.g-
at Fajksowa). More then a half of each cycle is composed of fine lime
clastic material, The tops of graded cycles are usually eroded, and possi~
bly partly reduced in thickness due o erosive action of subsequent tur-
bidity currents. Such phenomena are well known from recent oceano-
~ graphic researches (Ericson & al. 1861). At the bottom part of the Muranh
limestone at Rogowa Skala (western part of the Bieclskie Tatra Mts) some
topmost portions of graded cycles show few animal borings filled with
coarser material of the subsequent graded cycle, These borings are round
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in section and 1—1.5 em in diameter. Their presence may point to a tem-
porary stop, or retardation of deposition. Similar borings were observed
in the graded sequence of tthe Urgonian distal facles in the high-tatric
succession -of the Tatra Mts in the Bobrowiecka Valley (Lefeld 1968,
Fig. 1).

Cross-bedding was never observed in the Muran limestones but in one
site (Fajksowa). cross lamination exists in the marlstones. It points to a
fransport of material from the southeast but, of course, canmot serve as
a basis for any serious conclusion. Isolated skeletal fragments (e.g. crino-
idal ossicles) are to be found within the bottom parts of marlstones con-
taining turbidite calcarecus material (top part of the Murah limestone
complex), It seems that at least a part of the suspended matter has been
deposited together with the marls which followed the depombm of the
Murah biolithocalcisiltites.

Chert bands and modules occur mamly in the bottom part of the
complex (Pl 7, Fig, 2) and are easily observable from a distance giving
layered appearance to the Muran limestones. Detailed observations at
Niznia Hawrani (Bielskie Tatra Mits) showed that they are associated with
the top parts of beds, less frequently with their bottom parts (Fig. 17)..

2 %‘Z 70-cm B
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Fig. 17
Position of cherts relative bo beds of calcareous turbidites. Niznia Hawrafi — Biel-
gkie Tatra Mts

Less and less cherts are to be found toward the top of the complex. This
phenomenon dis probably connected with topward increase of sediment
accumulation rate of the biolithocalcarenites (bioclastic turbidites).

According to Borza (1957) radiolarian tests were the source of silica
for these cherts. Under the microscope the rock shows voids after radio-
larian tests embedded in chalcedonic aggregates. The cherts are virtually
the same as those found in the underlying marlstone, which suggests that
possibly the cherts were attribute constituents of the basinal marly depo-
sition prior to the beginning of the inflow of turbidites.

Top marlstones

The main complex of the Muran limestones at the Murah M4, is
overlaid by marlstones which contain Urgonian bioolistoliths (Fig. 18).
The marly sequence there is over 30 m thick and contains an interbed
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of ‘biolithocalcarenite in its middle part. This limestone bed wedges out
quickly northeastward. Abundant Urgonian bioolistoliths occur in the
topmost part of the marlstone. This is the youngest member of the sub-
tatric succession in the Tatra Mts. The redeposited Urgonian olistoliths
are 5 to 40 cm in size. The rock is identical with the Urgonian facies of
the high-tatric zone (Lefeld 1968). Minor limestone lenses (interbeds)
occur elsewhere in the marlstopes. Few badly preserved belemnoids were
found in the marlstones below and above the limestone wedge. Poorly
preserved fragment of a small ammonite, most probably belonging to the
Pulchellidae family was found almost at top of the marlstones. On this
faint basis it maybe supposed that the top marlstones at Muran are not
-younger then the Aptian (possibly Lower Aptian). :

_ A new genus of hydrospongia named Murania (after the Muran
Mt.) was described for the first time from the redeposited Urgonian oli-
stoliths there (Kazmierczak 19/74). The Urgonian bioolistoliths at Muran
contain many well preserved fossils among which some specimens of
Orbitolina lenticularis Blumenbach were collected (Pl. 20, Fig. 4). This
find documents the age ‘both of the top marlstones and of the Muran
limestones. Sections iof Pianella (= Salpingoporella Pia — Praturlon &
Radoici¢ 1967) as well as other undeterminable Dasycladaceae (Pl. 20,

<
T

Fig. 18

Cross-section of the Lower Aptian sedimemnts overlying the Muraf limestone on the
top meadow of the Murad M., Bielskie Tatra Mts.

1 avalanche calcareous turbidites — proper Muran limestone (Barremian); 2 same but with

abundance wof Urgontan—derived mnicrofossils like Miliolldea, Orbitolina, Pianella, etc.;

3 marlstone with thin interbeds of turbldites; 4 larger wedge of calcareous turbidites of

the Murafi imestone type, with oHetoliths of typlcal Urgonian Hmestones; 5 top marlstone with
’ Urgonlan olistoliths at top
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Figs 1 and 3) can also be found. Beside that there are sections of corals
(Stylosmilia sp. — Pl. 20, Fig. 2) and some bryozoans? (Pl. 20, Fig. 5), and
fragments of sclerosponges (Pl. 20, Fig. 6). The final episode of redeposi-
tion of the Urgonian olistoliths took place in the sub-tatric succession not
earlier than during the Lower Aptian.

In the eastern part of the Bielskie Tatra Mts the Muras limestones
are overlaid by marlstones as well but no fossils were found there so

Younger members of the sub-tatric succession i.e. ‘Albian and Ceno-
manian do not occur in the Tatra Mts and are known only from the Orava
area (Kantorova & Amdrusov 11958).

Sedimentation rate of the Murart limestones

‘Since marlstomes accompany the Muratn limestone both from its
bottom and top it seems reasonable to suppose that the sedimentation
rate of those marls was nearly constant throughout their period of depo-
sition. On the other hand, the sedimentation rate of the redeposited car-
bonate cdlastics of the Murai limestone showed accelerations and retar-
dations and was incomparably quicker than that of the marls. In fact, there
is mo reason to claim that the marly deposition had stopped during the
sedimentation of the avalanche turbidites. It may be rather supposed that
the fine clastic material which led to marly deposition was continuously
supplied to the environment during the time of their sedimentation. Hence
the biolithocalcisiltites of the main complex should be regarded as a combi-
nation of both sediment types. In sites where the inflow of carbonate
clastic material was smaller as e.g. at Fajksowa (extreme east of the Biel-
skie Tatra Mts), the two main beds of the Muran limestone are separated
by marlstone, which proves that the marly deposition did not sbop at that
time, '

The upward increase of the sedimentation rate of the carbonate
turbidites was probably controlled by an increase in thickness of the reef-
~detrital facies in the Urgonian of the geoanticlinal source area. '

The bulk of the material came from a distal reef-detrital facies as
it is shown by dark colouration of the carbonate clastic particles and their
fineness as well as scarcity of larger reefal organisms such as hydrozoans,
colonial corals and algae. Nevertheless, some Urgonian olistoliths preserv-
ed among the top marlstones at the Muran Mt. undoubtedly derive from a
proximal reef facies. Possibly the sedimentation of those olistoliths mariks
the most intense destruction phase of the Urgonian detrital facies in .the
source area.
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Avalanche turbidites in the Western Tatra Mts

Carbonate clastic interbeds

Few rather thin intercalations of biolithocaleisiltites oocur in the
Neocomian maristones in the Western Tatra Mts, in the Koscieliska and
Chocholowska valleys (Pl. 7, Fig. 1). In both localities the marlstone se-
quence contains some quartz sandstone interbeds as well (Fig. 19).

£ =2

‘Fig. 19

Interbeds of quartz sandstone turbidites in the Neocomian marlstones — Kryta creek,
a tributary to the Chocholowska Valley — Western Tatra Mts
1 sandstone, 2 marlstone

The biolithocalcisiltites contain micritic intraclasts averaging in
- gize 50—200 microns with less abundant larger particles up %o 0.6 mm
(Pl 19, Fig. 1). Cement is sparry calcite or micrite. Occasional glauconite
grains (200—300 microns) were observed in some thin sections from the
Kodcieliska Valley. Sections of echinoid spines and biserial foraminiferal
tests occur elsewhere in thin sections, Unidentified echinoderm ossicles
are also numerous. Fragments of aptychi are seldom found. These rocks
strongly resemble some varieties of the Muran limestone of the Eastern
Tatra Mts and undoubtedly represent a kind of carbonate turbidites. Their
material was subject to redeposition but in that particular case the source
area (or areas) were more distant than those of the Eastern Tatma Mis.
This is proved by their relatively small thickness.

Sandstone interbeds

Few layers of quartz sandsbone or coarse siltstone occur within the
marlstone series in the Koécieliska and Chochotowska va.lleys in the
Western Tatra Mits.
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As observed in thin section these rocks are fine-grained quartz
sandstones of average grain size 150—300 microns with occasional glau-
conite grains (Pl. 19, Fig. 6). The rock strongly resemblés some types of
flysch sandstones, but in this case the cement is calcareous.

Because of scarcity of outcrops it is impossible to determine the
geometry and source area of these sandy interbeds.

Lower Cretaceous turbidites in other Central Carpathian massifs and in
" the Pieniny Klippen Belt

Lower Cretaceous carbonate turbidites similar to those deseribed
from the sub-tatric succession of the Tatra Mts occur in some other
Central Carpathian massifs such as Mala Fatra, Tribe¢, Niske Tatra Mts,
Choé¢ Mts and the Manin unit of the Strazowska Hornatina Mts {Mahel
1968). Together with Dr. Borza I was able to visit several outcrops of
the Lower Cretaceous sequences in the Strazowska Hornatina Mts and
in the Mala Fatra Mts in 1970. ‘A thick detrital limestone series occurs
near Butkov in the Manin unit. This series represents most probably car-
bonate avalanche turbidites somewhat connected with an Urgonian source
area. Some rock varieties are similar to distal reef facies of Urgonian type,
which is quite obvious in the light of the proximity of the Urgonian 1i-
mestones in the Maninska Uzina (Misik 1957, Andrusov 1959). Outcrops
at Fadkov, Rajecka Lesna (Fryvald), Turie and Lietavska Svinna in the
Mala Fatra Mts (Western Slovakian Carpathians) represent several
varieties of carbonate detrital facies more or less related to some Urgonian
structures, For example, the detrital limestone at Fackov shows many
affinities to the Muran limestone (PL 18, Fig. 6). At Turie detrital, dark
-limestone with occasionall chert bands is interbedded with marlstones of
Aptian age. Limestone intercalations among marlstones at Lietavska
Svinna are slightly lighter in colour and their weathered surfaces resem-
ble the alpine Schrattenkalk. In all those cases the rocks are lithobioclastic
and possibly represent slumped beds which suggests avalanche turbidite
origin. . '

In the Central Carpathians of Eastern Slovakia the so called limesto-
ne of Brekov (Barkokalk of Paul 1870 — fide Andrusov 1959) seems to
represent calcareous turbidite sequence possibly somewhat comnected
with the Urgonian of Humenne. _

In the Pieniny Klippen Belt Lower Cretaceous carbonate clastics of
. similar type are kmown to occur in the Haligovee Klippe south of the
Pieniny Gorge (Andrusov 1959, Pl. 32). The sequence there is about 40 m
thick (Birkkenmajer 1959), and overlies the “Biancone”-type limestone of
Tithonian-Hauterivian age. In thin section the rock is more or less skeletal
micrite with micritic intraclasts of similar grain size as in typical Muran



332 JERZY LEFELD

limestone (Pl. 19, Fg. 3). 'Autigenic quartz grains are frequent in these
rocks. Skeletal particles are mostly echinoderm debris. In general aspect
the Haligovce detrital limestone seems to be finer clastic rock than the
Muran limestone. Is position in the primary depocenter was probably
more distal then that of the latter. Also iin this case the bioclastic material
derives from redeposition, possibly from some Urgonian formations.
Another bioclastic “Urgonian-derived” member of the Klippen Belt
is the Nizma limestone in the Orava area (Scheibner 1967). This rock is
definitely coarser than the Haligovce limestone and is composed of frag-
ments of corals, caleareous algae, brachiopods, pelecypods and orbitolinas
(P1. 19, Fig. 4). Coarse bioclastic material and abundance of larger skeletal
fragments of large Urgonian fossils suggest that the redeposited material
came to that site from a proximal Urgonian facies. Also in this case the
source area remains unknown. Contrary to Scheibner’s view (op. cit.) the
Kysuca succession at Nizma is not of shallow water character but repre-
sents a fragment of a trough (possibly a slope of it) which is proved by
the presence of radiolarites in the Oxfordian and redeposited material in
- the Barremian-Aptian member. The Nizna limestone contains also some
particles of older limestones as e.g. Tithonian clasts with tintinnids.
Carbonate turbidites are also known from the Outer Carpathians.
The Cieszyn limestone of Upper Tithonian — Berriasian age represents
redeposited. flysch sequence (Ksigzkiewicz 1960, 1971). Redeposited carbo-
nate Tithonian sediments with graded bedding and slumping were report-
ed from the Kurovice Klippe of the Cetechovice zone in Moravia (Czecho-
slovakia — Benesova, Eliag & Matejks 1988). '

Restoration of sedimentary environment

The Muran limestones owe thelr origin first of all to the proximity
of an Urgonian source area. Poor, usually fragmentary state of preserva-
tion of the Urgoniam fossils suggests that a distal reef facies was probably
the source area, and its piling up, and consequent instability of submarine
slopes have caused slumping and turbidity currents that transported the
carbonate clastic material down the basin slope. The existing data do not
allow to suggest any direction of transport of this matenial, although the
petrography of the intraclasts points to the high-tatric zone. As it was
already saiid, the bulk of the material was transported and laid down in
result of slumping and only smail part of it was deposited from suspen-
siom in form of graded cycles. The bottom portions of the Muran limestone
due its origin most probably to redeposition of the Hauterivian and also
possibly the Valanginian (oolitic limestones) rocks. In the high-tatric zo-
mne of the Tatra Mts denudation of carbonate material has began most
probably during the Hauterivian (Lefeld 1968). Those denudation process-
es were then intensified during the Barremian-Aptian times when the
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Urgonian reef-structures developed over many Central Carpathian highs
(geoanticlines). Thus it may be assumed that considérable volumes of reef
detrital material was being piled up around such structures. The course
of events during the deposition of the Murah limestones is presented in
‘Table 15. The sedimentation resulting from action of slumping and turbi-

Table a5
Deposition scheme of the Murafi limestones and top maristones with Urgoniam
) olistoliths
Stage " Phase of deposition

marly dsposition with ocoasional
slumping of Urgonian olistoliths J
.................. -

Lower Aptian

main redeposition phase,
_Barremian sedimentation of the maln complex
of the Muraf limeatones

Upper beginning of oarbonate olastio
redéposition
Hauterivian f e m e e .., e e .-
Lower marly sedimentation with chert bdands

dity currents was comparatively rapid. Each time the turbidity currents
scoured the freshly deposited fine clastic material of the top parts of
graded eycles, Upward increase in number of Urgonian-derived fossils:
in the Muran limestones suggests intensification of gradational processes:
in the Urgonian reef structures over the highs, and piling up of the sur-
rounding bioclastic material.

Preservation of the Urgonian fossils in the Murah limestones offers
some hints about the transport conditions, Large i.e. voluminous fossils
such as colonial corals, hydrozoans and calcareous algae bear traces of
striping but are relatively well preserved inside, whereas the small ones,
such as e.g. orbitolinas are completely devoid of their external layers and
even their reticulate zone is obscured. This was probably the reason why
orbitolinas escaped the attention of many geologists in previous years.
Large but comparatively thin pelecy'pod' shells are preserved entirely m
form of isolated chips.

Much better pfreserved are Urgonian fossils in the olistoliths occurr-
‘ing in the top marlstones at the Murah Mt. The rock pieces containing
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them are strikingly similar to typicat Urgonian rocks of the high-tatric
succession. Undoubtedly in this case the redeposition reached a proximal
(reef-detrital) slumping source which is also suggested by light ooloura—
tion of those olistoliths. .

In the present author’s opinion the high-tatric Urgonian structures
(sensu lato) were the source area for the bulk of the carbonate clastics
of the Murafi limestone. Some minor components of the Munan limestone
like e.g. oolites, most probably come from the high-tatric succession as
well. By negation it can be said that the source area was not situated to
the east of the Bielskie Tatra Mts as a decrease of thickmess and splitting
of the main complex into several thinner beds is to be observed in this
direction. It may be looked upon toward SSW of the present-day Hawran
unit. _
A quite different image may be seen in the Western Tatra Mts
where only thin interbeds of carbonate turbidites exist. Undoubtedly that
.area was far more distant from a source area. Beside that some other
sources have existed and supplied quartz clastic material to form the

sandstone interbeds there. Presence of Barremian ammonites in the marl-
stones of the Western Tatra Mts proves that the marly deposition continu-
ed there till the Barremian and possibly till the Lower Aptian.

In the Chot Mts which are the western prolongation of the Tatra
Mts some intercalations of weakly arenaceous organodetrital and micro-
conglomeratic limestones occur within the marly sequence (Mahel 1968).

The origin of those rocks maybe melated to that of- the interbeds in the
Western Tatra Mts.

The Lower Cretaceous (Aptian) microconglomeratic, dark limesto-
nes of the Butkov zone in the Manin unit may represent, in the present
author’s opinion, at least in part, a distal detrital reef zone, and in part
— redeposited sediments of the Urgonian structures of that umnit.

Also in the high-tatric succession of the Tatra Mis some portions
of the distal reef facies bear character of turbidites (graded cycles in the
Bobrowiecka Valley — Lefeld 1968).

- A widespread development of the Urgonian reef structures durmg
the Barremian-Aptian times over many geoanticlinal highs in the Central
Caarpa'thuan geosyncline caused concentrations of detrital organic material
which in tum gave origin to redeposition by slumping and turbidity cur-
rents into the adjacent troughs. A relatively large thickness of the Muranh
limestones in the Eastern Tatra Mts and the state of preservation of
Urgonian-derived fossils seem to indicate that this complex represents a
proximal turbidity zone in relation to the Urgonian source area, and was
lalid down over the middle part of the trough slope. The distal turbidites
may be represented e.g. by the Lower Cretaceous clastics of the RuZzbachy
(Polish mame — Druzbaki) horst (Mahel 1963). These relations are illust-
rated on the scheme (Fig. 20).
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Recapitulation of the main sedimentary
features of the Murari limestone
The Muran limestones is characteri-
zed by the following features:

4. Simultaneous sedimentation of marls and
biolithocalcisiltites out of which the former
was continuwous throughout the Valanginjan-
-Aptian times, and the latber one superposed
onto the former and represented much quic-
ker deposition (greater sedimentation rate
with possible upwand -acceleration).

2. "Presence of chert bands and nodules which,
most probably, are the attribute component
of the underly/ng marlstones.

3. Graded bedding which usually shows eroded
upper portions of cycles which are someti-
mes (drilled.

4. Scouring of the bottom (ddn'ect ‘substratum)
of the turbidites.

5. Slump siructures comtaining Urgonian olisto-
liths within the mar]xstone beds on top odf the
complex. .

6. Abundance of mtra- and extraclasis, the exi-
stence of which is due to redeposition from
source areas. '

1. Rapid increase in thickmess within the area
of the Bielskie Tatra Mts and adjacent Po-
lish Eastern Tatra Mts (the Hawrad unit).

. 8. Slumped (gravity ‘displaced) material prevails
over the graded ohe.

9. Increasing quantites of Urgonian fossils up-
ward the gection.

10. Decreasing frequency of chert bands in the
same direction. .

11. Scarcity of carbonate pehte (comp. Um-ug
1863).

trough slope

limestone), and distal turbdidites

PALAEOGEOGRAPHY

Urgonion. reef

Middle-Upper Jurassic carbo-silite
sequence
T'he facial analysis of the sub-tatric
Middle and Upper Jurassic carbo-silite
sequence presented above clearly shows
that. two distinet deepening phases and
reverse shallowing of the basin took place.
These two phases are separated by a smal-
ler episode of the middle nodular limesto-
ne member or probable Callovian age. The
Upper Jurassic (Oxfordian) deepening pha-
se shows better developed vertical sym-
metry of facies then the Middle Jurassic
(Bajocian-Bathonian) one.

Geoanficlinol
high :

talus

Scheme of presumed relations between the Urgonian reef complex, its talus (reef- detrital facies), proximal {in this case — Muraf
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An almost perfect symmetrical distribution of nodular limestone and
radiolarite members in the Upper Jurassic carbo-silite sequence proves:
that:

1. The course of palaecogeographic events must have been a regular omne, which is:
allso supported by the tmiformity of facial development in horizontal sense.

2. The deposition during the Callovian-Oxfordian-Kimmeridgian tiimes was not
disturbed by land-derived clastic sediments thus pointing to remoteness of land
magses. .

The estimated sediment accumulation rates for that sequence (see
Table 9) suggest an exftremely slow deposition. The sequence in question
is undoubtedly a good example of sediments laid down during a “période
de vacuité” (Aubouin 1967). These are typical “leptogeosynclinal’” deposits
sensu Trimpy (1955). Lack of even smallest traces of volcanism, and
high carbonate content of the radiolarites suggest that they represent
miogeosyniclinal rather then eugeosymo]inal depository conditions in the
Carpathian geosyncline.

"~ According to consideration on pages 307—309 a.nd a scheme of depo—
sition (Fig. 13) the sub-tatric carbo-silite sequence was probably laid down
on a slope of a trough. Spacial isolation resulting from tectonic overthrusts
does not allow to restore the primary basin floor morphology, thus nothing
can be said about deeper (if any?) parts of that basin. Changes in basin
floor morphology caused by geosynclinal tectonic movements (deepening)
were usualy mentioned as the main cause of the deep-sea radiolarite depo-
sition in the sub-tatric Jurassic (Passendorfer 1961). Although such an
explanation cannot be excluded, at least in part, another approach to the
problem is here proposed, The development of the sub-tatric Upper Juras-
sic carbo-silite sequence coincided in time with a major thalassocratic
period in the Mesozoic era (Hallam 1871). The maximum of the Upper
Jurassic transgression in East-Central Europe, among other territories also
in the Polish Lowland, had taken place during the Oxfordian (also a part
of the Callovian included — Samsonoowicz in Ksigzkiewicz, Samsonowicz
& Riihle 1965). In result of a major transgression the bathyal and abyssal
zones in the Tethys have expanded considerably. In consequence immense
land areas were covered by the epicontinental seas thus making any land
remote from geosynclinal basins. The surplus of oceanic water has
caused rise of the compensation depth wrelative to the existing
basin floor morphology, and in result of it — spread of bathyal -
and abyssal zones. A retreat of the sea recorded in the Kimmeridgian
sediments in the Polish Lowland (Kutek 1969) seems to be reflect-
ed also in development of the upper nodular limestones (relative
shallowing) in the sub-tatric carbo-silite sequence as well as'in some
other Inmer Carpathian successions. Synchronic character of these events
during the Oxfordian-Kimmeridgian history of the Inner Carpathians is
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10 be observed among others in the Pieniny Klippen Belt (Niedzica succes-
sion in particular — Birkenmajer & Znosko 1955, Birkenmajer 1965). Simi-
lar coevall vertical symmetry seems to occur in the Transdanubian Central
Mountains of Hungary (Konda 1972) and in the Haghliimasul Mare and
Haghimasul Negru sections of the Haghimas mountains in Romania
(Preda 1973). Upper Jurassic (Callovian-Oxfordian) age has been ascribed
to red and green jaspers of the Czywczyn Mts (Easterm Carpathians) on
the baslis of analogy to the Hagilmasul Mare section of Romania (Pazdro
1934). Upper Jurassic radiolarites are known to occur also in the Eastern
Carpathians (Ukrainian SSR — the Tissalskaya zone in particular, Vialov
& al. 1960). It is a well known fact that many '‘Alpine radiolarites are of
Upper Jurassic age (Triimpy 1960, Grunau 1965).

Lithologic sequence and facial development of the Middle and Upper
Jurassic members were taken as the main criterion to distinguish the
particular successions in the Pieniny Klippen Belt of Poland (Birkenmajer
1957). In the present author’s opinion the same criterion should be applied
to most (if mot all) Inner Carpathian successions. The facial development
of the Middle and Upper Jurassic members in the Inner Carpathians is
highly indicative primarily in respect to the depository position of a given
succession in a basin. ‘According to Mahel (1960) the Jurassic period maybe
looked upon as the culmination of geosynclinal stage in the West Carpa-
thian geosyncline. A good example of furrow stage in the Krizna unit of
the Upper Hron Basin {Central Slovakia) is presented by Cepek (1970).
Another example maybe the Pieniny succession in the Klippen Belt which
is characterized by radiolarite deposition without bordering nodular lime-
stone members (Birkenmajer 1958a, 1960). The successions deposited on
basin (trough) slopes as e.g. the Niedzica, Haligovee of the Kiippen Belt,
and the sub-tatric one of the Tatra Mts show complete or almost complete
vertical symmetries, similar or identical to that one described in this
paper.

The Oxfordian maximum of thalassocratic period in the Carpathians
seems to be allso reﬂec’ced fin the existence of nodular limestones in some
geoanticlinal successions as e.g. the Czorsztyn one of the Klippen Belt and
the western part of the hightatric succession of the Tatra Mts. In the
case of the former it is the so called Czorsztyn Limestone repu'esent'lpg
Callovian-Oxfordian and Kimmeridgian stages (Birkenmajer 1963). At
MikuSovce in the Vah River valley (Westerm Slovakia) some Mn ores and
cherts occur in the Oxfordian part of the Czorsztyn modular limestone
(Andrusov — fide Krajewski & Myszka 1958). This type of sedimentation
may reflect at least considerable retardation of deposition (Birkenmajer
1963). Similar treces of Mn were noted already by Neumayr (fide Bir
kenmajer, op. cit.) in the nodular Czorsztyn limestone in the Babierzéwka
and Stankowa klippes of the Pieniny Klippen Belt in Poland. In the high-
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~tatric succession of the Tatra Mts at least a part of the nodular limestones
seems o correspond to the Oxfordian (Passendorfer 1951, Szulczewski
1965). In the outer klippen belt of the Western Carpathians Oxfordian
nodular limestones are known to occur at Cetechovice (Czechoslovakia)
where they contain a mixture of European and Mediterranean ammonite
faunas (Andrusov 1959). All these examples point {0 synchronism of the
Upper Jurassic maximum depth phase in the Westerm' Carpathians. _

Similar line of argumentation maybe applied to the Middle Jurassic
depth phase. Radiolarites or siliceous limestones are known not only from
the sub-tatric succession but also from the broadly termed Krina units
of Central Slovakia (Cepek 1970), Siprun succession of the Mala Fatra
Mts (West of the Tatra Mts, in Slovakia) and from the Nedzov one (South-
westernmost Slovalia — Andrusov 1959). Middle Jurassic nodular lime-
. stones are known 1o occur in the Manin succession (Wesbern Slovekia —
Misik 1957). Hence also fin this case the Middle Jurasgic depth phase seems
to be synchronous tin many Western Carpathian units.

Local differentiation of sea floor morphology (e.g. deepening of
troughs) could mnot possibly account for such synchronous phenomena.
The persistence of sea floor morphology without major changes throug-
hout the ‘Middle-Upper Jurassic and Lower Cretaceous times seems to be
reflected in the fact that only over the radiolarite-bearing sequences the -
calcareous turbidite formations were deposited during Late Neocomian
times (Table 18). This question is dealt with later on in this chapter.
Nevertheless, some local tectonic changes i.e. depressive movements or
upheavals iin relation geoanticlinal high versus basin might have occurred
in the Carpathian geosyncline and possibly speeded up the action of
turbidity currents which transported the material down the basin slopes.
This was probably the case with the transport of encrinite slabs embedd-
ed in the upper nodular limestones of the Bielgkie Tatra Mts {(see p. 299).

Middle Jurassic volcanic phenomena are unknown from the Tatra
Mts, mor from other Inner Carpathian massifs. Volcanic activity of that
age is known from such remote areas as the Caucasus (Zesashvilli — fide
Stratigrafia USSR, Jurayskaya sistema, :1972), Crimea (Muratov & al. —
fide Stratigrafia USSR, Jurayskaya sistema, 1972), and Northern Italy,
mear Verona (Sturani 1969) and Sicily (Fabiani 1930, Trevisan 1937). Viol-
canfic tuffs of possible Jurassic age were cited from the Eastern Carpa-
thians by Swiderski (1938),

Tithonian-Berriasian Biancone
The Tithonian-Berriasian Biancone facies of the sub-tatric succes- '

sion represents probably an equalization of deep marine conditions over
vast areas in the West Carpathian geosyncline as this facies is common in
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: Table 16
Deposition phases in the sub-tatric succession .during the Middle-Upper Jurassic and
Lower Cretaceous times

Stage Lithostratigraphio membar Phase
. cease of redepo~
Lower Aptian marlstone Sitien p“o"g“
Barrenlan
/possibly also | . urafi limestone
a part of the /caloaraaus avalanche | maximum of
Hauterivian and - turbidites/ raedeposition’
Lower Aptian/ | /only Eastern Tatra Mts/
Hauterivian termination of
. marlstone the "pariode de
Yalanginian vaoulte"
Berriasian bianscone °°"P:"::Ii°'z‘ag‘ deep
oceanio ies
Tithonian
Kimmeridglan shailowi
- ng
ég:riolie:;::t upper nodular limestone .

Tithonian/ - phase
Oxfordian Y ; :
/possibly red, upper green and again| II-nd maximum of

meeﬁgig/ red radiolarites deepening

Callovian middle, nodular limeatone Bhaiﬁ::?_:;igﬁgu
Bathonian .. I-8t maximun of

lower, green radlolarite

Bajooian . despening
Aalenian beginning of
. lower, nodular limastone
Toaroian deepening phase

many Inner Carpathian successions. The state of preservation of ammoni~
tes (only casts) and microfossils (tintinnids and radiolaria) proves that this
kind of sediment was laid down below the aragonite and above the calcite
compensation depths of Tithonfian-Berriasian times. Garrison (1957) as-
sumes abyssal depths for the Oberalm Beds of the Austrian Northern Alps,
which sediments seem to be comparable to the sub-tatric Biancone.

Colom (1955, 1967) also regards the Biancone facues as sediment of -
deep (but mot afbyssal) Tethyan oceanic realms.

Only one thin turbidite interbed was found in the Biancone of the
Westernmost Tatra (Sucha Valley) which proves that occasionally some
detrital material was being brought into the basin, presumably, from the
West.

Lower Cretaceous marlstones

The deep marine conditions continued during the Valanginian
through Barremian and even possibly Lower Aptian times. The only in-
novation was an inflow of finest detrital material which produced marly
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character of the sediments, In the western part of the Tatra Mts some
usually thin intercalations of calcareous and quartz dlastic turbidites
show that occasional transport by turbidity currents from adjacent areas
had taken place there.

The Murat limestones

The sedimentation of calcareous turbidites was much more intense
in the Bielskie Tatra Mts (Eastern Tatra Mts) where thick sequence of the
Muran limestone was laid down. The turbidite deposition has probably
started during Hauterivian times (possibly Upper Hauterivian) as it may
be observed at Gesia Szyja where first turbidite intercalation occurred
prior to the last find of Tintinnopsella carpathica Murg. & Filip. Sedimen-.
tation of the Muran limestone was most intense during the Barremian
‘when Urgonian reefs have flourished over many Central Carpathian highs
(Andrusov 1959, 1970; Lefeld 1968). Some diversification of the sea floor
morphology probably took place in the geosyncline as gradual upheaval
(shallowing tendency) is to be noted in the high-tatric succession of the
‘Tatra Mits starting from the Valanginian through Hauterivian up to the
Barremian-Aptian (Lefeld, op. cit.). Development of the Urgonian reefs
on geoanticlinal highs caused piling up of reef-derived detrital material
in the proximal and distal Urgonian zones. This, in turn, led to instability
of slopes down which avalanches of carbonate clastics slided into the basin.
‘Occasional turbidity currents took part in the transportation of the detri-
tal material and caused graded bedding in the sediments. Existence of-
chert bands wiithin the Muran limestone suggests that the depocenter was
rather a deep ome (at least in relation to the upheaved highs). Deposition
of avalanche turbidites has ceased about the end of Barremian, and gave
‘way to another marly deposition. Some Urgonfian olistoliths, however, still
‘were transported down the basin as it maybe observed on the ﬂop meadow
of the Muraii Mt. (Fig. 18). '

The sub-tatric succession of the Bielskie Tatrs Mts seems to continue
-eastward in the RuZbaichy (old Polish name — Drugbaki) horst in the Slo-
vakian Spisz where according to Iwanow (oral information) a Liassic
sequence is identical to that of the Hawran unit of the Bielskie Tatra
Mts. Possibly the dark-grayish organodetrital limestone member overly-
ing the Tithonian-Berriasian at RuZbachy (Mahel 1963) may correspond
to some varieties of the Muran limestone. Calcareous turbidites similar
to those of the sub-tatric succession crop out in the Haligovee Kilippe
south of the Pieniny Gorge {(Birkemmajer 1959). As those sediments
‘were ldid down over an Oxfordian radiolarite-bearing sequence (showing
Teduced vertical symmetry), it is quite probable that a lower part of slope
of the Pieniny through was the depocenter of the Haligovce succession.
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This conclusion highly contradicts a supposition by Scheibner (in Mahel
1988) that the Haligovee succession was deposited over geoanticline.
Southward palaeogeographic continuation of this succession is difficult to
decifer as it occupies the southernmost position in the Klippen Belt, and
merges in this direction under the Podhale Flysch. Ksigzkiewicz (1972)
presumed that it may palaeogeographically connect the high-tatric su-
ccession of the Tatra Mis somewhere under the Podhale Flysch. Such
a conoception, however, should require an existence of a transitional (coar-
se detrital) facial unit inbetween these two which is actually unknown.
A palaeogeographic reconstruction under the Podhale Basin inbetween the
Tatra Mts and the Haligovce Klippe faces many uncertainties but farther
east the Druzbaki horst distanced less then 5 km from the Klippen Belt
(9 km from Haligovce Klippe) maybe regarded as a real missing link in this
respect. The Druzbaki sequence shows abyssal facies in the Middle and
Upper Jurassic, tintinnid-bearing limestones in the Tithonian-Berriagian
and probable calcareous turbidites in the Neocomian(?) (Mahel 1963).
Such a facial development seems to be intermediate between the Haligov-
ce and the sub-tatric (Hawran unit) successions, and makes the image of
the basin more clear. Distal Urgonian reef-detrital zone, a source area
for the calcareous avalanche turbidites of the Murah limestone, does not
crop out in the eastern part of the Tatra Mts, nevertheless, it is known
to occur at surface in the Osobita area in the Western Tatra Mts. A con-
nection between the high-tatric facies of the Osobita area and the Hali-
govee Klippe was presumed by Kotarski (1963b) who even untimely nam-
ed the hypothetical, intermediate sequence — the “Podhale” succession
(Kotanski 1961). The latter one should be represented by the above men-
tioned sequence at Druzbaki, which in its Lower Cretaceous part exhibits
a sort of distal calcareous turbidites. Tracing these sediments back to their
presumed source area, we find the proximal turbidites in the Muran li-
mestone complex of the Hawran unit in the Bielskie Tatra Mts, and the
Urgonian reef-detrital facies in the high-tatric zone (sensu lato) in the
Tatra Mts and/or vicinity. Such a palaeogeographic position of the Hawrar
tectonic unit seems to be supported by some recent tectonic observations
in the Bielskie Tatra Mts where the oi'imtaiiﬁon. of many drag-folds points
to tectonic transport of that unit-from the NNW. This does mot pertain,
however, to other sub-tatric units of the Eastern Tatra Mts. '

Northern prolongation of the Lower Cretaceous turbidites of the
Drugzbekil is dim, nevertheless, it seems highly probable that their con-
tinuation can be found in the carbonate clastic, possibly turbidite sedi-~
ments of the Haligovce succession (“Urgonian” limestone of Birkenmajer,
1959), the thickness of which (40 m according to Birkenmajer, op. cit.) fits
well to the thinning of distal turbidites as' compared to that of the pro-
ximal ones of the Muran limestone (80—100 m).

5
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"In the light of the above palaeogeographic reconstruction for the
Barremian times between the Tatra Mts and the southernmost part of the
Klippen Belt there is no place for any kind of proximal turbidites other
than those ones of the Muran limestone. It must be kept in mind, howev-
er, that the above considerations do not pertain to the more westerly
situated parts of the Podhale.

Out of this basin reconstruction it comes thart:

1. The primary depocenter of the mub-tatric succession of the Hawrafi unit mu.st
not be far distanced from iis present-day position,

2. The Mesozoic subsiratum of the Podhale Palaecgene shows preaum.ably much
more simple relations then it was supposed before.

3.. A direct palaeogeographic-connection of the DruZbaki sequence with that of the

Haligovee Klippe cannot be .exdluded.

According to the above conception the succesdions of the Haligovee, Druz-
baki and the Hawran unit of the Tatra Mts should represent the southern
basin slope deposition zones of the Klippen Belt Basin.

SOME REMARKS ABOUT THE SO CALLED KRIZNA UNITS

In many previous palaeogeographic reconstructions the sub-tatric
succession (Zone) of the Tatra Mts was regarded as one uniform nappe
structure which was thrusted over the high-tatric zone from the south
(among others Passendorfer 1961, Andrusov 1959). According to nappe
theory the sub-tatric succession was palaesogeographically connected with
the so called Krizna mappe of Slovakia. In all geologic works in Slovakia
the successions characterized by deep marine sediments of Middle-Upper
Jurassic age were classified to Krizna nappe (Andrusov 1936a, b). Some
recent studies, however, have revealed that the so called “sub-tatric
nappes” were formed in various, sometimes distant sedimentary basins
(Biely & al. 1968). The same is probably true about the sub-tatric zone
of the Tatra Mts, where some tectonic scales do not fit lithologically one
to another as it is the case with the scale at Gladkie Uplaziariskie in
the Western Tatra Mts, It is not certain whether the western part of the
sub-batric succession has sedimented in the same trough as the eastern
part (Hawrai unit in particular), In fact, there is mo tectonic continuity
from west to east in the sub-tatric zone. South of Zakopane, in the central
part of that zone several apparently independent scales occur (Guzik &
Kotariski 1963) which probably do mot stretch too far toward east and
west. The palasogeographic analysis presented above clearly shows that
at least the Hawran unit (Bielskie Tatra Mts and Polish Eastern Tatra
Mts) differs from other sub-tatric scales (e.g. the Holica, Gesia Szyja etc.)
and should not be directly connected with them in palacogeographic sense.
Also its direct connection with the more southerly situated “Krizna units”
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in Slovakia seems doubtful. Although any new tectonic reconstruction of
the sub-tatric zone would be premature at the moment, it seems highly
probable that the mumerous sub-tatric scales have been thrusted over the
high-tairic zone from various directions and not meccessarily simultane-
ously. There exist differences in the tectonic style in the western and
eastern parts of the sub-tatric zone as well. In the West, it passes gradually
into the “Krizna unit” of the Chot Mts, whereas in the East the Hawran
unit of the Bielskie Tatra Mis constitutes a ftectommaﬂly independent mo-
nocline separated from adjacent. tectonic scales: It continues toward the
Druzbaki horst under the Podhale Flysch.
Facial analyses of sedimentary basins in the Inper Carpathians should
‘reveal existence of some “transitional” sequences sersu Mahel (1960)
which might separate palaeogeographically the particular successions
actually classified to the Krizna nappe. At the present time an affiliation
of a sequence to the Krizna nappe merely means deep oceanic (basinal)
facies, regandless of its proper paleogeographic position. On the other
hand, facial analysis of such nondifferentiated sediments as Middle-Upper
‘Jurassic radiolarites gives no clues to exact position in a basin. Analysis
of clastic sediments both carbonate and quartz clastic seems to be the
only criterion in this respect. Tracing these clastics back to their source
areas (if possible) may point to paleogeographic connection inbetween the
particular successions. .
-In the present author’s opinion the term “Krizna” should be aband-
oned and the particular successions classified to it should be placed within
the correctly analysed sedimentary basins.

Palaeontological part

DESCRIPTION OF AMMONITE FAUNAS

The ammonites here described come from two stratigraphic mem-
bers. One is an Upper Tithonian fauna which was unknown so far from
the Tatra Mts. Another one derives from the Neocomian marlstones and
is of the Valanginian-Hauterivian and Barremian age.

The Tithonian ammonites come from the Grze$ hill in the Chocho-
towska Valley (Pl. 3) in the Western Tatra Mts. The fosslils occur in fine
micritic Biancone-type limestone. Another site from whldh ,such ammonite
fauns is known is the Lejowa Valley.

' The ammonites are preserved as external or internal casts. No suture
lines are preserved. Representatives of the genus Berriasella prevail
over all other genera and constitute in fact, about 95 per cent of all spe-
cimens found so far. ‘A compiete list of ammonites is given in Table 17,
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Table 17
Occurrence of ammonite faunas in the sub-tatric Tithonian and Lower Cretaceous.
After Vigilev (19)14) and author’s own researches

Lowez Aptian 8ilesites a.ff seranonis /a°0rb./
and Baloarites ap.
Barreaian cmoamt:ltu.l emerioi lav.

Crioceratitea of, nolani /Kilian/
Hauterivian®' |C. aff. sornayi Sarkar
Keolissooeras sp. -

Distoloceras sp.
0loostephanué astieriamus /4°0rb./
Spitioeras sp.

Neocomites neccomisnsis /d or'h /
H. of. teaphénensia Uhlig ’

Yalanginian

Berriasian

Berriasells oallisto’ /4°0rb./; Corongooeras sp.
UPPeZ|p, suboallisto /fMoucas/Gevrey(T.

Tithonian B. lorioli /z:.tm/, gooomites beneokel /Jaoodb/

B. oppeli /Eilian/, Pr acanthodisous chaperi (Piotet/

B. preecox Sohneid, Lytpoeras sp.

The Lower Cretaceous ammonite fauna comes from three collec-
tions namely those of Vigilev, Passendorfer and the author’s own. The
collections by Vigilev and Passendorfer were neither described nor illu-
strated. The Vigilev’s collection consists of about 80 various fossils,
predominantly ammonites. Most of them are very badly preserved. Vi-
gilev’'s communique (1914) gives only names of 12 ammonites and some
other fossils. The collection of Passendorfer comes from the same or si- .
milar sites as that of Vigilev, Almost all the fossils derive from the Kos-
cieliska Valley in the Western Tatra Mts.

Vigilev collected his fossils in 8 outcrops ‘there, namely:
Pass between Turnia Koficzysta and Jaworzyna Migtusia.
2. Mouth of the Mietusi Potok to the Kofcieligki Potok at the beginning of a dourist-
dc path to the Hala Uplaz.
A gully between Kopki and Stara Kopa Kofcieliska.
Beginning of a path to the Mietusia Valley. '
Smalll outerops on the left (west) bank of the Kodcieliski Potok between the gully
mentioned at 3. and Brama Kantaka.
6. A gully in the Kopki on the side of the Lejowa Valley.

The complete list of Vigilev’s fossils is a follows:
Astieria Astieri d’Orb.
A, scissa Baumberger
A. psilostoma Neumayr & Uhlig
Hoplites amblygonjus Neumayr & Uhlig
H, oxygonifus Neum. & Uhlig

j =y
.

.m:r-.«-
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H. aff.neocomiensis d'Orb.

Crioceras Duvali d’Orb

Cr. Emerici d’Orb.

Cr. Picteti (var. jurensis) Nolan

Haploceras p.

Lytocerag sp.

Hamulina sp.

Belemnites dilatatus Blainville

Rhynchonella gp:

Terebratula Moutont d’Orb.

Terebratulina sp.

Lima sp.

Cyclolites sp.

Aptychus Didayi Coquand

A. angulicostatus Pictet & Loriol

A. seranonis Coquand

Cycadaceae? and Coniferae?
According to Vigilev (1914) Phylloceras Tethys d'Orb. and Desmo-
ceras sp. from the Bielskie Tatra Mts were known to Uhlig. Ammonites
determined by Vigilev as Hoplites amblygonius Neum & Uhlig and H.
oxygonius Neum & Uhlig belong in fact, to Neocomites. The aptychi of
Vigilev belong to group D of Gasiorowski (1962, Table 1) and characterize
Upper Valanginian and Hauterivian. Passendorfer’s specimens come from
the Wsciekly Zleb {guily), and from the Chocholowska Valley. His collec-
tion was never described. The ammonites collected by the .author come
from the Koscieliska Valley (Wsciekly Zleb), Kryta gully in the Chocho-
lowska Valley and from the Szalony Wierch (Bielskie Tatrma Mts). Aill
specimens were found in debris not in situ, hence they give no informa-
tion about exact age of the panticular rock complexes. It maybe only in-
ferred that the Neocomian marlstones of the sub-tatric succession cover
a time span from the Valanginian up to the Lower Aptian inclusively.

All ammonites are preserved as molds which are strongly flattened
due to compaction of the marlstones, and tectonic pressure In many cases
exact measurements could not be done.
Venter is never preserved and the only features observed is orma-

mentation on sides of whorls. Only best preserved specimens are illustra-
ted on plates. '

SYSTEMATIC DESCRIPTIONS

-Family Berriasellidae Spath, 1922
Subfamily Berriasellinae Spath, 1922
Genus BERRIASELLA Uhlig, 1905
Berriasella callisto (d’Orbigny, 1847)
(Pl. 8, Fig. 1)

1888. Ammonites Callisto; Pictet, Pl 38, Figs 5—4.
1890. Hogplites Calisto; Toucas, p, 600, Pl. 17, Fig, 3.
1007. Hoplites (Berriasella) Callisto; Killan, p. 181 (nomen).
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1919, Berriasella Callisto; Rodighiero, p. 104, Pl 11, Fig. 11,
1839. Berriaseila Callisto; Mazenot, p. 66, PL 4, Figs 6—i12.
1968. Berriaseila callisto; Hegarat & Remane, p. 29, PL 1, Fig. 7; PL 2, Fig. 1.

For description see Mazenot (1639).

Material. — Incomplete external ecast with partly preserved outer whorl

Dimensions3; D — 50 mm, U — 16 mm, H — 18.5 mm..

Remarks. — The specimen was determined entirely on the basis of orna-
mentation ‘which consists of thin, flexuous ribs bifurcating In about half of whorl..
Some simple ribs occasionally occur. Ribs are prorsiradiate, skightly falcoid with.
a tendency to rectiradiate towand body chamber. Venter invisible. The specimen re-
gembles most Figs 7 and 11 of Plate 4 in Mazenot (1939).

Occurrence. — Grze§ hill, Chocholowska Valley (Westerm Tatra Mts). Upper-
most Tithomian of the sub-tatric succession.

Berriasella subcallisto [Toucas (Gevrey) i1892)
(P1. 8, Fig. 2)

1880. Hopiites Calisto var. subcalisto; Toucas, Pl. 17, Figs 4—5.
1839, Berriasella aupcamno; Mszenot, p. 5, PL 3, Figs 11—04.

For complete synonymy and description see Mazenot (1839).

Material. — One extermal cast of a haif of specimen.

Dimensions; D' — 59 mm, U — 23 mom, H — 24 mm.

Remarks. — Specimen determined on the basis of poorly preserved ornamen-
tation. Fine ribs slightly prorsiradiate bifurcate about outer ome third of whorl
Ribs are very sHightly falcoid, much less then in B. callisto (d’Orbigny). Nonbifurcat-
ing ribs rare, Venter invisible. Inner whorls strongly damaged. Ornamentation of this
specimen malkes it close to Mazenot’s (1938) Fig. ida on PL 3.

Occurrence. — Grzed hill in the Chocholowska Valley (Wesbterm Tatra Mts).
Uppermost Tithonian of the sub-tatric succession. :

Berriasella oppeli (Kilian) 1889
(Pl 8, Fig. 3)

pars 1890. Hoplites Calisto var. Oppeii; Toucas, pp. 601 and 589, Fl. 16, Figs 5—8.
1838. ~Berriassila Oppeld; Mazenot, p. 48, Pl 3, Figs 1—3.

For complete synonymy and description see Mazenot (op. oit.).

Material. — One internal mold (cast) of & specimen.

Dimensions: D — 3 mm, U — 16 mm, H — 15 mm.

Remarks. — Due to almost complete flattening of the specimen its sides differ
considerably. Ormamentation comsists of rectiradiate ribe which bifurcate slightly
above half of whorl, and towand the body chamber — in one third (upper) of whorl.
On more flattened side the ribs are projected (probably in result of compression).

This epecimen resembles most the one figured by Mazenot (1639) on Pl 3,
Figs 5—8.

Occurrence. — Uppermost Tithonian Biancome at Grzef hill, Chocholowska
Valley (Western Tatra Mits).

3 Abbreviations used for dimensions are: D — shell diameter, U — umbilical
diameter, H — whorl height.
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Berriasella cf. lorioli (Zittel)
-(Pl. 8, Fig. 4)

1890. Perisphincies Lorioli; Toucas, p. 589, Pl. 16, Fig. 2. -
1938. Berriasella Lovioli; Mazenot, Pl 19, Figs 8—T.

For complete synonymy and description see Mazenot (op. cit.).

Material. — One incomplete external cast,

Dimensions: D — 34 mm, U — 12 mm.

Remarks. — Fine, moderately spaced rectiradiate ribs bifurcate at one third
(outer) of whorl. Venter invisible. The specimen strongly resembles Fig. 7b on Pla-
te 10 of Mazenot (1939). Bad state of preservation does not allow to determine it
specifically.

Occurrence. — Uppermost Tithomian at Grze§ hill, Chocholowska Valley
(Western Tatra Mis). '

Berriasella cf. praecox Schneid 1914
(P1. 8, Fig. 5)

1800. Perisphincies eudichotomus; Toucas, p. 59, PL 18, Fig. 4.
1815. Berriaselle (Aulacosphincies?) praecox; Schneld, p. 84, PL 8, Fig, B—5c.
1038, Berriagsella praecox; Mazenot, p. 41, PL 1, Figs 10—13.

For complete synonymy and description see Mazenot (op. cit.).

Material. — Sma¥ fragment of exbermal cast.

Dimensions: (estimated) D — about 47 mm, U — ¢. 22 mm, H — 19 mm.

Remarks. — The preserved fragment exhibits rectiradiate ribs which bifurcate
about a had of whorl. It is similar to specimens illustrabed by Mazenot (1939) on
Plate 1, Figs 11—12 and 13b.

Occurrence. — Uppermost Tithonlan at Grzes hill, Chocholowska Valley (Wes-
fern Tatra Mits). )

Genus PROTACANTHODISCUS Spath, 1923
Protacanthodiscus chaperi (Pictet) 1868
(P1. 9, Fig. 4)

1930. Berriasella chaperi; Mazenot, p. 80, F1. 8, ¥igs 5—8; Pl 8, Fig. 1.
1856. Protacathodiscus chaperi; Arkell, Pl 4, Fig. 4.

For complete synonymy and description see Mazenot (1838).

Material. — A half of external cast.

Dimensions: D — c¢. 77 mam, H — 37 mm.

Remarks. — The preserved fragment shows about a half of umbilical part
which is Berriasells-like. Character of ornamentation is rather that of P. chaperi
(e.g. Mazenot 1939, Pl. 8, Figs 6b—7a). It shows some affinities o aizyensis form
as well {e.g. Mazemot, op. cit., Pl 10, Fig. 1b). Nods at base of primary ribs are weal.

Occurrence. — Uppermost Tithonian at Grze§ hill, Chocholowska Valley
(Western Tatra Mts)."
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Subfamilyt Neocomitinaé Spath, 1924
Genus NEOCOMITES Uhlig, 1905
Neocomites beneckei (Jacob), 1904

(Pl 9, Fiigs 2—3)

1997. Neocomites (Berriasella?) Beneckei; Roman & Mazenot, pp. 182—183.
1938, Neocomites Beneckei; Mazenot, p. 208, PL 32, Figs 8—14,
pars 1888, Neocomites(?) beneckei; Hegarat & Remane, Pl 5, Fig. 8.

For deseription see Mazenot (1839).

Material, — One extermel cast and one imprint.

Dimensions. — Specimen {Fig. 2) tmprint: D — 44 mm, U — 13 mm, H — 18 mm.
Specimen (Fig. 3): D — 26 mm, U — 7 mm, # — [l mm,

Remarks. — Figure 2 shows a photograph of latex imprint. This specimen is
miost similar to those figured by Mazenot (op. cit., Pl. 32, Figs 8—10). Its definitely
provsiradiate, fine ribs in the last whorl make it somewhat similar to N. allobrogensis
Mazenot (1939, PL 33, Fig. 4b). Nevertheless, its thin ribs are no so well arranged in
bundles as in N. allobrogensis Mazenot. Specimen (Fig. 8) is definitely smaller and
shows more spaced fine ribbing slightly projected in outer whorl. It shows affinitles
to Figs 8 mnd 11 on Fl. 32 of Mazenot {(op. cit.). Its ribbing seems to be finer than that
of a specimen figured by Hegarat (in Hegarat & Remane 1868, Pl 5, Fig. 3).

Occurrence,. — Uppermost Tithonlam et Grze§ hill, Chocholowska Valley
(Western Tatra Mts.)

Neocomites neocomiensis (d’Ofbigny, 1840)

non {1881, Hoplites cf. neocomiensis; Neumayr & Uhlig, p. 167, Pl. 48, Fig. 3a—d.

1901, Hovlites neocomiensis, Sarasin & Schdndelmayer; PL 9, Figs 2—3.

1901. Neocomites neocomiensis, Saym; p. 29, Pl. 8, Figs 11 and 14,

1902. Neocomiies neocomiensis, Uhlig; p. b4, Pl. 2, Fig. 9.

1807. Neocomites-form, Baumberger & Heim; Pl 1 Fig. 16.

18190, Neocomites neocomiensis, Rodighiero; p. 102, Pl. 11, Figs 3 and 7.

1960. Neocomites neocomiensis, Drushtchitz in Drushtchitz & Kudryavizev; p. 282, Pl 1T,

Fig. 2a,b.

1861. Neocomites neocomiensis, Eristavl; p. 88, PL 94, Fig. 1.
1967. Neocomites neocomiensis neocomiensis, Dimitrova; p. 112, Pl 6, Fig. 4.

Material. — A dozen -or so imprints and exbtermal casts both from Vigilev's and
Passendorfer’s collections.

Dimensions: (average) D — 64—40 mm, U — 23 mm, H — 24 mm.

Remarks. — Most of specimens are heavily pressed, flattened, so dJ.tﬁJ.cu.lt to
determine, Nevertheless, better preserved specimens show characters typical for the
species, among others — sinuous to falcoid ribs and dlight umbilical tubercles. Some
specimens may represent some varieties of this gerrus but the material is too badly
preserved 0 make detailed studies.

Occurrence. — Lower Cretaceous marlstones of the sub-tatric succession, Ko-
Scieliska and Chocholowska valleys (Western Tatra Mis). Valemginian marlstones
of the sub-tatric succession, Tatra Mts.

Neocomites teschenensis (Uhlig 1802)

1%02. Hoplites teschenensis; Uhlig, p. 54, Pl. 3, Fig. 4.
1907. Neocomites teschenensls; Sayn, p, 32, P1, 3, Fig. 13; Pl. 6. Fig. 8.
1867. Neocomites teschenensis; Dimitrova, p. 118, PL 53, Figs 2—3.
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‘Material. — Several imprints and external casts. Specimen here ‘described co-
mes from Vigilev's collection No. A-28/28a.
Dimensions: D — 62—66 mm, U — 18—20 mm, H — 256 mm.

Remarks. — Specimen idllustrated by Sayn (1907, PL 8, Fig. 13) shows distinct
sinuous to falcoid ribs which are also observed in the sub-tatric specimens. Umbilical
tubercles in the latter are niot always distinct. Being an extreme variety of N. neoco-
miensis (d"Orb.), N. teschenensis (Uhlig) is quite similar to the former, which per-
tains to the tatmic forms as well )

Occurrence. — Lower Cretaceous marlstones in the Koécieliska Valley (Western:
Tatra Mis). .

Age. — According to Sayn (op. cit.) it occurs in the Upper Valanginian (Sayno-
ceras verrucosum [Zone). '

Neocomites sp.?

Material. — One external cast. Author's own collection. Specimen No. K-37.

Dimensions: D — 37 mm, U — 8 mm, H — /16 mm.

Remarks. — Form involute like Neocomites but ribs bifurcabteé at first third
of whorl side, not et umbilical edge. Venter not preserved. Ribs rather fine, arcuate,
prorsiradiate in early whorls, straight in later whorls. Slightly similar to N. neoco-
miensis var. premolica Sayn as illustrated by Sayn (1907, PL 3, Figs 7—8) but show-
ing more straight ribs in outer whorls. Possibly mon Neocomites but other genus
of ‘Neocomitinae. ' ' '

Occurrence. — Lower Cretaceous marlsténes in the KoScieliska Valley (Western
Tatra Mts).

Genus DISTOLOCERAS Hya#tt, 1900
Distoloceras sp.
(Pl 11, Fig. 2)

Material. — Ome extbernal cast (incomplete).

Dimenstons: D — ¢, 41 mm, U — 12 mm, H — 19 mm.

Remarks. — Ribs typical of the genus but more projected than in type species
as illustrated by Arkell (1968, p. L3681, Fig. 473). Ribs in inner whorls similar to
Acanthodiscus (Arkell 1968, p. 1.360, Fig. 472-3), tend 1o lose nods toward outer whorls.
This form seems to be imtermediate between Distoloceras and Acanthodiscus but
characters of the former prevail.

Occurrence. — Lower Cretaceous marlstones in the Kofcieliska Valley (Western
Tatra Mis). :

Age. — Acconding to Arkell (op. cit., p. L361) Distoloceras occurs in the Va-

Subfamily Himalayitinae Spath, 1925
Genus CORONGOCERAS Spath, 1925
Corongoceras sp.

- Material. — Small, badly preserved fragment of external cast.
Dimensions: D — c. 14 mm, H — 6 mm.
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Remarks. — By its strong, distant ribs with secondaries. it is classifled to
Corongoceras but specific determination is impossible.

Occurrence. — Uppermost Tithonian at Grze$ hill, Chocholowska Valley (We-
stern Tatra Mts).

Family Lytoceratidae Neumayr, 1875
Subfamily Lytoceratinae Neumayr, 1875
Genus LYTOCERAS Suess, 1865

Lytoceras sp.
(Pl. 9, Fig. 1)

‘Materfal. — Less then half of specimen {(extermal cast).

Remarks. — By its fine, rectinadiate vibs, bifurcating at very acute smgle
resembles Metalytoceras (Arkell 1968, Fig. 227-4) but specific determination impos-
sible.

Occurrence. — Uppermost Tithonian at Grzeé hill, Chocholowska Valley (We-
mstern Tatra Mts).

"Family Olcostephanidae Haug, 1910
" Subfamily Olcostephaninae Haug, 1910
Genus OLCOSTEPHANUS Neumayr, 1875
Olcostephanus astierianus (d’Orbigny, 1840)
(PL. 10, Fligs 3—4)

1807. Astieria astierl; Banmberger, p. 28, Fig. 108,

1807. Holcostephanus Astierianus; Kilian, p. 313, P14, Fig. 1.

1808. Astieria astieriana; Wegner, p. 78.

1914. Asteria astieri; Vigilev, p. 48 (nomen).

1%61.  Oicostephanus ci. astieri; Eristavi, p. 86.

1987. Olcostephanus (Olcostephanus) astierianus; Dimitrova, p. 90, Pl. 43, Fig. b.

Material. — One internal mold of adult specimen and two internal molds of
young forms. Vigilev's collection Nos. A-28-fc and A-28-93. Passendorfer’s collec-
tion No. K-8.

Dimensions. — Specimen A-28-9¢: D — 52 mm, U — #1 mm, H — 23 mm.

Remarks. — Thin «ibs rather rursiradiate bramch from umbilical bullae. Few
extra secondaries. Distinict constriction at end of shell (obligue to ribs). Ribs in spe-
cdimen No. A-28-93 are dess prorgiradiate, and constrictions are rather recti- or even
rursiradiate. It resembles somewhat O. filosa (Baumberger 1907, Pl. 22, Fig. 3a).
Twio other specgimens (K-8 and A-28-93) seem to be young forms of O. astierianus (see
Baumberger 1807, p. 28, Fig. 106). Ribs in specimen A-28-8¢ are rather rursiradiate
— in earlier chambers evidently prorsiradiate.

Occurrence. — Lower Cretaceous marlstone in the Kofcleliska Valley (Vigilev
1914), and at Kopy Sottysie — Polish Eastern Tatra Mts (Grabowska-Hakenberg
1958).

Age, — Upper Valanginian. Cited also from Lower Hauterivian of Bulgaria
(Dimitrova 1967, p. 91). Vigilev (1914) menttons algo O. scissa and O. psilostoma but
those specimens are lost. )
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Subfamily Spiticeratinae Spath, 1924
Genus SPITICERAS Uhlig, 1903
Spiticeras sp.

(Pl 11, Fig. 3)

Material. — A fragment of external cast of the (last whorl. Specimen from
Vigilev’s collection No. A-28-187. Also an imprint No, A-28-120a.

Dimensions: (reconstruction) D — about 45 mm, H — (16 mm.

Remarks. — Specimen. congiderably flattened. thus the dimensions inexact.
The sub-tatric specimen shows some affiniities to that one illustrated by Rodighiero
(1919; Pl. 110, Fg. 8) — Spiticeras gratianopolitense Kilian. Rather fime ribs branch
from umbilical tubercles. Constriction mot preserved.

Occurrence. — Lower Cretaceous marlstones in the KoAcieliska Valley (Wes-
tern Tatra Mits).

Age. — According to Rodighiero {(op. cit.) occurs in the Valang'nian of Northern
Ttaly (Veneto Occkientale).

Family Ancyloceratidae Meek, 1876
Subfamily Crioceratitinae Wright, 1952
Genus CRIOCERATITES Léveillé, 1837
Crrioceratites aff. sornayi (Sarkar, 1955)

' (P1. 10, Fig. 1)

pars 1884 Crioceras angulicostatum d*Orbigny; Nolan, p. 185, PL 10, Fig. 3b.

1955. Crioceras sornayi; Sarkar, p, 50, Pl. 1, Figs 4 and 7. )
Material. — Ome fincomplete apecimen. Vigilev's collection No. A-28-159,
Dimensions: D — c. 84 mm, U — 40 mm, H — 22 mm.

Remarks. — The specimen is more compressed than C. sornayi. Outer whorls
lack gpines amd their ribs are Hoplites-like. Outer whorls are similar to C. pseudo-
angulicostatum Sarkar var. gracilis Sarkar (Pl 2, Fig. 5 in Sarlear 1955). Spines and
Tibs of outer whorl (but mot coiling) are similar to C. angulicostatum of Nolan (1894;
PL 10, Fig. 3b). Some affinities to C. nowaki Sarkar (character of ribbing of the
last whorls and coiling). It is also similar to C. krishneae var. tuberculata Sarkar
(Pl 5, Fig. 9 of Sarkar 1955) mostly in general aspect and size, but its ribs on the
last whorl are mot flexuous as in the variety of Sarkar.

Occurrence. — Lower Cretaceous maristones in the K.oéc:elllska Valley (We-
stern Tatra Mts).

Age. — According fo Sarkar (op. cit.) it ocours generally in the Neocomian.

Crioceratites cof. nolani (Kilian)

1807. Crioceras Nolani; Kilian, Pl, 4, Fig. 3.
1819. Crioceras nolani; Rodighiero, p. 113, PL 13, Figs 5 and B; PL 13, Fig. 1.
1955. Crioceras nolani; Sarkar, p. 44, PL T, Fig. 19.
1964. Crioceratites (Criocerutites) nolani var. elegans (d'Orbigny); Thomel, p. 1T, Pl 2, Fig, 1.
1967. Crioceratites picteti; Dimitrova, p. 43, Pl 17, Fig. 6.

Material. — One imprint. Vigilev’s collection No. A-28-40a.

Dimensions: (inferred) D — about 90 mm, H — about 22 mm.

Remarks. — Bad state of preservation does not allow specific determination.
" *This form is mast similar to Crioceratites (Crioceratites) nolani (Kilian) var. elegans
(d’Orbigny) as iltustrated by Thomel (1964; Pl 2, Fig. 1). -
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Occurrence. — Lower cretaceum maristones in the Kofcielislota Valley (We-
stern Tatra Mts).

Age. — [In southeastern Freamce Crioceratites nolani ooccurs from the Lower
Hauterivian up to the Lower Barremian inclusively (Paguier & Kilian — fide Sarkar
1955, p. 45). According to Thomel (1064) C. elegans vanleiw occurs in the Upper
Hauterivian.

Crioceratites emerici Léveillé, 1835
(P1. 12)

1802. Crioceras Emericl, Sarasin & Schindelmayer; p. 115, PL 13, Figs 1—8.

1807. Crioceras emertcl; Killan, p. 271, PL 6, Fig. 6.

1019. Crioceras emerici; Rodighiero, p. 113, PL 13, Fig. 9.

185. Emericiceras emerici; Sarkar, p. T, PL 5, Fig. 13 and al.

1984. Crioceratites (Emericiceras) emeric (L&v.) var. sarkari; Thomel, p. 31, PL B, Fig. 4.
1867. Crioceratites emericit emerici; Dimitrova, p. 45, Pl 18, Figs 2 and b,

Material. — Several imprints and small fragments from collections of Vigilev
and Pessendorfer. Photographed is latex peel of an imprint from Passendorfer's col-
lection No. K-11. No. of Vigilev’s collection: A-28-38.

Dimensions: D — 150 mm, H — 468 mm (flattened specimen).

Remarks. — The specimen from Passendorfer’s collection {K-11) shows usually
7 ribs imbetween principal ribs, and open coiling. Principal ribs bear lateral and
ventro-lateral spines (mot umbilical). A spedimen figured by Kilian (1907; Pl. 6, Fig.
6) shows only 4—b5 ribs inbetween spined ones. The true C. emerici illusirated by
Rodighiero {1919; Pl. 5, Fig. 10) shows also only 4—5 intermediate ribs. Other gpeci-
mens iltustrated by Rodighiero, according to Sarkar (1955) belong to other species
of Crioceratites but probably all those forms represent only specific varieties. Dimi-~
trova (1967) mentions 2—5 intermediate ribs in her C. emericli emericii. Thomel
(1864) fllustrated a specimen (Pl. 5, Fig. 4) with 5—6 ribs.

Occurrence. — Lower Cretasoeous marlstones. Waciekly Zleb amd other docalities
in the Koéocieliska Valley Western Tatra Mits).

Age. — Thomel (1864) mentions C. emerici from the Lower Barremian (Basses
Alpes). Dimitrova (1967) also points to Lower Barremian age of her Bulgarian speci-
mens. According to Arkell {1968, p. 1.208) it should occur in the Hauterivian as well
but Sarlear {1055) does not agree to that.

Crioceratites sp.

There are some fragmenbs in Vigilevs and Passendorfer’s coMections which
:an be attributed only 1o the gemus. Nos. A-28-3%a and K-5.

Genus BALEARITES Sarkar, 1955
Balearites sp. (var. nov.?)
(P 10, Fig. 2)
pars 1894, Crioceras baleare; Nolan, p. 193, PL 10, Fig. 2.
1985. Balearites sp. (nov, sp.?); Sarkar, . 148, Pl. 11, Fig, 10,

Material. — One specimen. Vigilev’s collection No. A-28-42.
Dimensions: D — 47 mam, U — 17 mm, H — 14 mm.
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Remarks. — Two or three slightly flexuous or straight ribs branch from weak
umbiilical tuberdes. Early whorls ‘show some stromger ribs with usually two laberal
spines Hke in Crioceratites. It shows most affinities to Fig. 10 of Plabe 11 in Sar-
kar (1955) although close comparison is impossible because Sarkar’s illustration is too
bad. Two or one intermediate weaker ribs inbetween stronger ones in early whorls.
In later whorls periodic stronger ribs hardly marked. In general aspect close to
‘Nolan's {1894) Fig. 2, PL. 10 — but the latter does not show umbilical tubercles.

Occurrence. — Lower Cretaceous mar‘ls;bones in the Koécieliska Valley (We-
stern Tatra Mts). :

Age. — Upper Hauterivian (Arkeam 1968, p. L208). According to Sarkar (1955)
vearious species of Balearites occur in various horizons of Hauterivian and Barre—ian.

Family Ptychoceratidae Meek, 1876
Genug HAMULIN A d’Orbigny, 1843
Hamulina sp.

(PL. 11, Fig. 1)

pars 1998, Hamuling Astiert; Roman, p, 48, Pl. 5, Fig. 4.
1884, Hamulina astieri; Thomel, p. 68, 1. 12, Fig. 1,

Material. — One internal cast, badly preserved, flattened.

Remarks. — As no ornamentation Is preserved the specimen is classified only
to the genus. It shows some affinities to Fig. 1, Plate 12 of Thomel (1864) particularly
in bending. '

Occurrence. — Lower Cretaceous marlstones in the KoScleliska Valley (We-
stern Tatra Mis), and Bielskie Tatra Mts.

- Age. — The genus is characterist'c for the Bairemian. Thomel (op. cét.) cites
Hamulina astieri {(d"Orb.) from the Middle Barremian of the Basses Alpes in France.

Family Haploceratidae Zittel, 1884
Genus NEOLISSOCERAS Spath, 1923
Neolissoceras cf. grasianum (d’Orb).

1980. Huploceras grasianum; Drushtwltz in Drushtzitz & Kudrysvizev, p. m Pl 13, Figs 6a, b.
1867. Neolissoceras grasianum; Dim:lrtrova, p. 85, PL 13, Fig. 2.
1868. Haploceras (Neolissoceras) grasianum; Wiedmann in Wiedmeann & Dieni, p. 107, PL 10,

Fig. 2.
Matertal. — One external cast. Vigilev’s collection No. A-28-102a.
Dimensions: D — 33 mm, U — 4.5 mm, H — 11 mm.

Remarks. — Smooth, flgt-sided form with distinet umbilical margin well
corregponds to this genus. Lack of suture does mot allow specific determination. In
its general aspect this form is close to Neolissoceras grastanum {(d’Orb.). C

Specimens probably belonging to this genus were mentioned by Baumberger
(1808, p. 40) under the name Haploceras (Lissoceras) Grasi 4’Orb. from the Hauteri-
vign marls of the Wesstern Swiss Alps.

Occurrence — Lower Cretaceous maristones in the Koscieliska Valley (We-
stern Tatra Mts).

Age. — According to Arkell (1868, p. 1.273) Neolissoceras occurs from the Upper
‘Tithonian up to the Hauterivian.
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Superfamily Desmocerataceae Zittel, 1895
Family Silesitidae Hyatt, 1900
Genus SILESITES Uhlig, 1833

Silesites aff. seranonis (d’Orbigny, 1840)

1007. Silesites seranonis; Killan, Pl. 6, Fig. 3.

pars 1919. Silesites seranonis; Rodighiero, p. 81, PI. 9, Fig. 4,
1938, Silesiies seranonis; Roman, p. 418, Pl 42, Fig. ¢03;
1867.  Silesites seramonis; Dimitrova, p. 162, Pl 80, Fig. 10.

Maeterial, — A fragment of exiernel cast.
- Dimensions: D—abou:tﬁOmm,U—abautzsmm,H—zsmm

* Remarks. — Ornamentation feebly preserved. Comstrictions hardly marked.
Tubercles on stronger nibs in places where projection starts. Intercalatordes thim,
arcuate. Venter flattened thus chevrons deformed. Secondaries damaged or nonexist-
ing. In general aspect similar to S. seranonis but exact determination impossible.

Occiirrence. — Lower Cretaceous marlstones of the Kodcieliska Valley (Wes-
tern Tatra Mits).

Age. — Silesites is a Barremian form, but Roman (1938, p. 417) cites S. serano-
nis also from the Hauterivion. -

CONCLUSIONS

the Tithonien ammonite fauna here described and illustrated
consists predominantly of the representatives of Berriasellinae subfamily..
Stratigraphic indications of the described ammonites are as follows:

Berriasella callisto (d’Orb.) according o Kilian (1907) is an index
fossil of the Upper Tithonian although Hegarat (in Hegarat & Remane
1968, p. 29) claims that .this species is most chametemsm:c for the Upper
Berriagian in Southeastern France. -

Berriasella subcallisto [Toucas (Gevrey)] occurs in the upperr part of
the Lower Tithonian, in the Upper Tithonian and possibly in the Berriasian
according to Mazenot (1939). Such species as ‘Berriasella praecor Schneid,
B. lorioli (Zittel) and B. oppeli (Kiliam) occur in the Upper Tithonian.

' Protacanthodiscus chaperi (Pictet) is an index fossil of the Upper
Tithonian (Mazenot, op. cit.). Spath (1950) puts it in his emended division
of the Tithonian as a chaperi sub-zone of the privasensis Zone (Upper
Tithonian). Neocomites beneckei (Jacob) occurs both in the upper part of
the Lower and in the Upper Tithonian. Corongoceras is known to occur
in the Tithonian (Arkell '1968). Berriasella lorioli (Zittel) and B oppeli
(Kilian) occur in the Tithonian of Stramberk (Andrusov 1959).

In the light of the above the age of this ammonite fauna is upper-
most Tithonian {chaperi sub-zone). The mearest (topographically) Upper
Tithonian ammonite fauna occurs at Babierzéwika and vicinity (Czorsztyn
succession, Pieniny Klippen Belt). It is well kmown from descriptions by
Neumayr, Zittel & Zareczmy (fide Birkenmajer 1963). Despite of its
proximity (actual distance from the Tatra Mts only 22 km) the assemblage
there is completely different, as Berriasellas (B. richteri) (Opp.) are ex-
tremely rare. A Berriasella-bearing emmonite fauna occurs in the sub-
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<tatric Tithonian mear Lufky in the Chot¢ Mis (Slovakia). The sub-tatric:
assemblage of the Tatra Mts is similar to that of Central Switzerland
(Gerber 1930). Correlation of the tatric assemblage with tintinnids is:
presented in Table 13.

Conttrary tto previous views (Vigilev 1914) the Barremian stage is
documented in the Lower Cretaceous ammonite fauna by such forms as:
Criocerdtites nmolani (Kilian) and C. emerici Léveillé and Silesites aff.
seranonis {(d’Orb.) and Hamulina sp. Documentation of the ‘Aptian and’
higher Cretaceous stages does not exist in the Polish Tatra Mts, never—
theless, a Cenomanian microfauna was found in the sub-tatric marlstones
in th: Cho& Mts of the Orava area in Slovakia (Kantorova & Andrusov
1958). In the Polish part of the Tatra Mts the uppermost portions of the
marlstones were destroyed by tectonic movements.

Noteworthy is a comparatively large quantity of ifom:s belonging to
Neocomitinae in the sub-tairic Velanginian which mekes this fauna
similar to that of the Outer Flysch Carpathians (Uhlig 1902).

Laboratory of Stratigraphy
Institute of Geological Sciences
Polish Academy of Sciences
02-089 Warszawa, Al. Zwirki i Wigury 93
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J. LEFELD

BIOSTRATYGRAFIA I SEDYMENTOLOGIA SRODKOWEJ I GORNEJ JURY
ORAZ DOLNEJ KREDY SERII PODTATRZANSKIEJ TATR

(Streszczenie)

_ W pracy przedstawione zostaly problemy atratygrafii, sedymentbologii oraz.
paleogeografii utworéw Srodkowo- i gérnojurajskich oraz ddnokredowych serii pod-
tatrzanskie] 1 (reglowej dolnej — wg dawnej nomenikilatury) Tatr. Na podstawie ana-
lizy facjalnej stwierdzomo istnienie piomowej symetrii w rozkiadzie glebokomorskich
osadéw Srodkowe] i gérme] jury, z Iktérych te ostatnie zostaly zbadame bandzie}
szezegblowo. Zanotowane zostaly dwie fazy maksymalnego przeglebienia morza —
jedna w jurze frodkowej (bajos-baton), a druga — w oksfordzie. Osady jury osadzaly
sie najprawdopodobniej ma stoku mowu geosynklinalnego, o ozym Swiadcezy m.in.
obecnodé wapieni bulastych zar6wno w spggu jak i 'w siropte radiolarytéw oraz sto-
sunkowo znaczna weglanowioéé tych ostatnich. Glebokoéé depozycil wapieni bula-
stych 1 madiolarytéw zostala rozpatrzona ma podstawie analizy selektywnego roz-

1 Permin seria reglowa dolna zostat tu zastgpiony przez ,jpodtatrzanska®”, ktéry
niegdy$ stosowal M. Limanowski.
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pusrezania kaleytowych - i aragonitowyc¢h . szaczatkéw organizméw. -Wiekszodé tych
osadéw byla deponowana pomiedzy poz amami -komjpenssicji:. kalcytu i aragonitu,
a jedynie niekifre zielone radiolaryty — poniZej: poziomu kompensacji kaleytu. Wy-
liczone dane dotyczgce tempa:sedymentacji radiolarytéw gérnojurajskich oraz calej
sekwencji weglano-krzemionkowej wiskazujg, ze osady te tworzyly si¢ niezmiermie
wolno. Radiolaryty. jurajskie Tetr moina traktowaé: jako rezyduum ‘wynikle z inten-
sywnego rozpuszezania weglanéw. Poniewad 2adne frédio wulkaniesne krzemionk nie
istnialo w poblitm serii podtatrzafsiciej, frédia- krzemionlki w radiclarytach modna
upatrywaé w rozpuszczaniu szkieletéw radiolarii oraz. substancji weglanowej (mutu
wapiennego). . Tym samym krzemionka ‘ta masa charakier rezydualny. .

Istniente okwslordzkiej fazy przeglebienia morma w serdi .podtatrzafiskie] jest
korelowane z maksimum transgresji, jaltie mialo miejsce w tym.ozasie ma obszarze
Polski- pozalkarpackiej. Charakier facjalny vsadéw gérmej - jury, a w szczegblnodei
-osadéw olesfordu, jest waznym wskaZnikiem poloZenia demej sekiwencli ‘w basenie
sedymentacyjnym. Kryterium. to sprawdza sie niezmiennie, gdy¢ zawsze ponad: geo-
Synkflinalnymi osadami jury wystepuja weglanowe turbidity w dolnej kredzie, pod-
czas @dy ponad weglanowymi osadami jurajekimi serii gecantyklinslnych wystepujg
rafowe struktiury urgoiskie lub okruchowe facje towarzyszgce urgonowi.

Stratygrafia wapieni krzemionkowych tytomo-beriasu typu Biancone oparta
zostala na-zespotach Tintinnidae oraz mnalewislou fauny amonitowej w- gérnym ty-
tonie (podpoziom chaperi). Margle neckomu podtatrzafiskiego s3 réwniez czeSciowo
dokumentowane przez Tintinnidae oraz.przez amondty.

Analizie facjalnej zomtat poddany kompleks wapieni. muranskich Tatr Biel-
skich i Polskich Tatr Wschodnich ‘w rejonie Kop Soltysich. Osady te s ‘wynikiem
redepozycil ze stref otaczajgeych struktury urgofiskie. Sg fo tak zwane turbidity
lawinowe (avalanche turbidites) ppwstate w -wynlku lawinowegt ‘zsuwania sie kla-
stycznego materialu weglanowego po stoltu rowu oraz depozycjl i suspensii. Nal-
prawdopodobniej depozycia tych klastycznych osadéw weglanowych nie przerwatla
sedymentacjl margli, ktére pojawiajg sie znowu ponad wapieniami murafisicimi.
Wapienije murafiskie, w ktérych stropowych partlach wystepuja typowo urgofiskie
mikraskamienialo$ci forbitoliny, miliolldy, glany itd.), sa wieku gérny hoteryw-bar-
rem, podczas gdy margle je preylaorywajace reprezentuja majprawdopodobniej dolny
apt. Margle te mawierajg olistolity urgofiskie z typowymi urgofiskimi skamienialo-
Sciami. Istnieje wielkie podobieristwo tych redepomowanych skal urgofiskich do ta-
kichze z serii ‘wierchowej Tatr.

Na podstawie -analizy. facjalnej wapiend murariskich sugerowamz jest lgcznodé
paleogeograficzna jednostki Hawranda z seria Druzbakéw mna Spiszu oraz, byé moze,
2 najbardziej potudniowymi seriami Pienlfiskiego Pasa Skalkowego (sukcesja Skal-
ki Haligowleckdej).

- .- W czefcl paleontologiczne] opisano 9 gatunkéw i modzajéw amonitéw tytofi-
_skich, a.8 z nich.zllustrowano. .

Fauna amonitowa dolnej kredy :sklada me z- ﬁotrm wallanzyriskich, hota-ywﬂﬂch
i barremskich, z ktérych ;14 zostato opisanych, a 7 zilustrowanych. Czeéé okazéw po-
chodzi-z kolekceji Vagaileva ¥ Passendorfera, ktére do-tyahwas nie byly szczegblowo

.opisywane.

“Pracownia Slrgtygrafii
. Zakladu Nauk Geologicznych PPAN
02-089- Warszawa, Al. Zwirki i Wigury 93
Warszawa, w-listopadzie 1973 .
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1 — Bielskie Tatra Mts seen from north. White, steep walls — Muran limestones.
Muran Mt. on right. .

2 — Czerwona-Skatka (center) and Holica (right) — both ‘forested hills show profiles
.of the sub-tatric Middle and-Upper Jurassic.. Taira-crystallipe core behind.
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The Bielskie Tatra Mts

1 — Northwestern part, From right to left: Placzliwa Skala, Hawran, Nowy Wierch and Muran.
Peaks (except Placzliwa Skala) buildt of the Muran Imst. Jurassic rocks crop out in upper
part of slope.

2 — Eastern part. Eastward view. Peaks of Jatki — Muran lmst. Jurassic sequence on slope.
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The Grze$ hill (center) in the eastern side of the Chocholowska Valley, Western Tatra
Mts. Site of Upper Tithonian ammonite fauna
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ACTA GEOLOGICA POLONICA, VOL. 24

Contact of the Upper Oxfordian red radiolarites (chert bands) u:*im th(-.; upber nodular

limestone (Kimmeridgian) above. Nowy Wierch in the Bielskie Tatra Mts
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1 — Upper green radiolarites (Upper Oxfordian) at Grzeé§ hill
2 — Lower green radiolarites with dusky-red cherts (Bajocian-Bathonian). Gladkie
Uplazianskie, Western Tatfra Mts.
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1 — Upper, nodular limestone (Kimmeridgian) showing cyclic changes in relation
nodules versus matrix. Southern slope of the Bielskie Tatra Mts.

2 — Upper, nodular limestone (Kimmeridgian). Southern slope of the Muran Mt.,
Bielskie Tatra Mts.
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1 — Chert nodules in carbonate, clastic turbidites (L.ower Cretaceous), Chocholow-
ska Valley.
2 — Cherts in the Muran limestone. Jatki peak. Bielskie Tatra Mts.
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Upper Tithonian ammonite fauna at Grze$

1 — Berriasella callisto (d’Orb.); 2 — Berriasella subcallisto [Toucas (Gevrey)]; 3 Berriasella
oppelt (Killan), X 1.5; 4 — Berriasella cf. lorioli (Zittel) X 1.5; 3 — Berriasella cf. praecox
Schneld, X 1.5
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Upper Tithonian ammonite fauna at Grze§

1 — Lytoceras sp., nat, size; 2 Neocomites beneckei (Jacob), nat. size; 3 — idem, X 1.5; 4 —
Protacanthodiscus chapert (Pictet), nat. size
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Lower Cretaceous ammonite fauna

1 — Crioceratites aff. sornayl (Sarkar), nat. size; 2 — Balearites sp., nat. size; 3 — Olcostepha~
nus astlerianus (4'Orb.), nat. size; 4 — idem, juvenile form, X L5. All specimens come from
Koécleliska Valley
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Lower Cretaceous ammonite fauna

1 — Hamulina sp., nat. size; 2 — Distoloceras sp., X 1.5; 3 — Spiticeras sp., X 1.9. A!l speci-
mens come from the Koscleliska Valley
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Crioceratites emerici Lév. nat. size. Koécieliska Valley
All photographs of ammonites by M. Wasak
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Sub-tatric Middle Jurassic microfacies

1 — crinoidal ossicles in micrite, Lower nodular limestone Toarclan at Hollca, X

Bositra microfaclies, Bajocian-Bathonlan at Hawrar, X 20; 3 — lower, green radiolarite, Grze$,

X 35; 4 — pyrilie infillings In siliceous micrite, Filipka Valley, Bajocian-Bathonian; 5 — Bosltra

micrite with a section of an ostracod (upper, left), contact of nodule (micrite) with matrix

(black) is visible, Toarcian, Holca, X 22; 6 — skeletal micrite with predominant Saccocoma
ossicles, Middle nodular Emestone, Callovian, Filipka Valley, X 19

435; 2 —
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Oxfordian radiolarites and nodular limestones

1 — micrite with radiolarian molds infilled with calcite, lower red radiolarite, Lower Oxfor-
dian, Gladkie Uplazianskie, X 20; 2 — skeletal siliceous micrite, radlolarian molds and Sacco-
coma ossicles with other skeletal debrls, lower red radiolarite, Lower Oxfordian, Lejowa
Valley, X 20; 3 — radiolarian micrite, upper green radiolarite, lower part of the Upper
Oxfordian, Grze$ hill, X 20; 4 — Saccocoma blomierite, upper green radiolarite, lower part of
the Upper Oxfordian, Lejowa Valley, X 27.5; 5§ — siliceous micrite with radiolarian molds
{nfilled with calcite and (rarely) with chalcedone, upper red radiolarite, Upper Oxfordian,
Murann Mt,, X 17; 6 — Saccocoma micrite, nodular limestone, Oxfordian, Manin, Western
Slovakia, X 20
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1 — opaline silica (chert) in mlerite, upper red radiolarite, Lejowa Valley, Upper Oxfordian,

X 20; 2 — contact of a siliceous nodule (chert) with micrite, ibidem, X 20; 3" — skeletal micrite

with predominant Saccocoma, upper nodular limestone, Kimmeridgian, Grze§ hill, X 20; 4 —

Saccocoma ossicles in micrite, upper nodular limestone, Kimmeridgian, Sucha Valley, X 18;

3 — sub-tatric Blancone, Berriasian, Gesia Szyja, X §3; 6 — sub-tatric Biancone, Tintinnidae
and radiolarjan molds, Berriasian, Chocholowska Valley, Huclska Alp, X §3



ACTA GEOLOGICA POLONICA, VOL. 24 J. LEFELD, PL. 15

Tithonian-Berriasian microfossils
1! — Calpionellites darderi (Colom), Berrlasian, Huciska in the Chocholowska Valley, X 14;
2 — Tintinnopsella longa (Colom), ibidem, X 143; 3 — Remaniella cadischlana (Colom), Upper
Berriaslan, Chochtowska Valley, X 143, 4 — Lerenziela sp., Upper Tithonlan at Grzes
hill, Chocholowska Valley, X 143; 85 — Parastomiosphaera malmica (Borza), Lower-M!ddle
Tlthonian, Czerwona Skatka, X 200; 8 — Colomisphaera pulla (Borza) and Saccocoma osslicles,
Middle Tithonian, Czerwona Skalka, X 158
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Sub-tat-ric Tintinnidae

1 =— Calpionella alplna Lorenz, Upper Tithonlan (chaperi-subzone), Grze$, X 380; 2 — Calpionella
elliptica Cadlsch, ibldem, X 330; 3 — Tintinnopsella sp., ibldem, X 323; 4 — Tintinnopsella
carpathica Murg. & Filip, ib!dem, X X0; 58 — Calpionella elliptica Cadlsch, Upper Tithonlan,
Grze$, slightly below the horlzon of Figs 1—4, Fig. 5 — X 280, FIg. 8§ — X 340; 7T — Calpionella
elliptica Cadisch, Middle Berriasian, Gesia Szyja, X 294; 8 — Crassicollaria massutiniana
(Colom), Upper Tithonian, Jatki Przednle, X 330; 9 — Calpionella elliptica Cadisch, Upper
Berriasian, Huclska in the Chocholowska Valley, X 336; 10 — Crassicollarla parvula Remane,
ibldem, X 284; 11 — Tintinnopsela longa (Colom), Upper Berriasian, Huclska In the Chocho-
lowska Valley, X 340; 12 — Calpionellopsis oblonga (Cadisch), Upper Berrlaslan, ibldem, X 383
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Types of Muran limestones and other furbidites

1 — extraclast in lithoblpcalcisiltite, Jatkl Zadnie, X 23; 2 — oolites and other c¢xtraclasts in
sparry calcite, Murah Mt., X 19; 3 — aggregate with ooiites, ibldem, X 19;.4 — extraclast of

oolitic limestone, Jatkl Zadnie, X 17; 5§ — typical lithobiocaleisiltite, Fajksowa, X 19; 6 —
lithobliocalcisiltite, Fatkov, Mala Fatra Mts, Weslern Slovakia, Lower Cretaceous, X 20
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Calcareous turbidites of the Tatra Mts and Klippen Belt

1 — lithoblocaleisiltite, Lower Cretaceous, Huciska in the Chocholowska Valley, about X 37;
2 — Muran limestone at ke¢Zny Potok, Polish Eastern Tatra Mis, X 21; 3 — Calcarcous turbl-
dite, Lower Cretaceous, Haligovee Klippe, Pieniny Klippen Belt, X 20; 4 — 1ithoblocalcarenite
with fragments of orbitolinas, Lower Cretaceous, Nizna, Orava, Klippen Belt, X 20; 5 —
a fragment of sclerosponge? in lithobiocaleisiitite, Muran Mt in the Blelskie Tatra Mts, X 2;
¢ — turbidite sandstone, Lower Cretaceous, Kryta, a tributary to the Chocholowska Yailey, X 23
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Urgonian-derived fossils in the Murand limestone

1 — a section of Dasyclad alga, top marlstones at Muran Mt.,, X 20; 2 — Stylogmilia sp., in

olistollth at Muran Mt., X 18; 3 — oblique sectlon of Piancila 8p., olistollth in marlstone at

Muran Mt.,, X 20; 4 — Orbitolina lenticularis (Blumenbach), Muran Mt.,, Lower Aptian, X 22;

8 — a sectlon of bryozoan? with nestling algae, Muran Mt, X 19; 8 — extiraclast with algae
(Solenoporaceae?), Muran Mt., X 19
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