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Andrzej KULKA

Arni sedimentological model in the Tatra Eocene

The facies distribution in the Tatra Eocene conforms well the Arni model. The similarities are demon-
strated by faunal content and petrographic composition. The relation between the size and shape of
nummulite and discocycline tests and energy of depositional environment has been confirmed. The
interpretation of the vertical sequence of nummulite faunas according to the Arni model, modifies the
stratigraphic evaluations of the index forms of the hemeras 1, 1 and 111 of F. Bieda. The species Nummulites
brongniarei, N. perforatus and N, miflecaput lived simultaneously and their consecutive appearance in
the sections reflects the lateral, transgressive [acies migration.

INTRODUCTION

Nummulites were benthic organisms of limited motility, living at the bottom
or close to it, on kelp, attached with pseudopodia. They were stenothermal, thermo-
haline animals, requiring water temperatures above 20°C. lnvestigations of the
180/160 and '*C/'2C ratios in shells of pelecypods concurrent with nummulites
in the Eocene strata of the Paris Basin indicate water temperatures 25— 27°C and
normal salinity. Nummulite faunas disappeared landward if the jand supplied
excess quantities of fresh water, or in contrary, if the salinity increased due to intense
evaporation. Water depth was equally important for the distribution of nummulite
faunas which preferred shallow bottoms, not more than 50— 80 m deep. Remains of
shallow water organisms are commonly found accompanying nummulites, Some
authors (W. Deecke, 1914; P. Rozlozsnick, 1927) explain the symmetrical structure
of nummulite tests by their vertical life position. R. Pavlovec (1961} is of a contrary
view, implying that any preferred position would result in assymetric structure of
tests. R. Pavlovec (/. c.) suggests that pseudopodia are capable of causing test mo-
tility.

The water immediately above the bottom, with suspended particles of carbonate
mud, is of greater density that average seawater. A nummulite test was not completely
filled with cytoplasm; this was situated in the last chamber, together with cell nucleus.
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The remaining empty chambers could contain gas, increasing nummulite’s buoyancy.
It is ikely that nummulites remained in hydrostatic equilibrium with environment
and could easily change their position using pseudopedia.

NUMMULITES AND FACIES

Nummulites, as most benthic organisms, were dependent on type of bottom
and quickly reacted to changes in type of sediment. They are most frequently en-
countered in shallow-water limestones, where tests are more numerous and greater
than in coeval nearshore sandy deposits, or in muds of deeper sea. Nummulites
did not well in shaltew littoral zones, and their occasional rich accumulations in
conglomerates and coarse sandstones are due to water movements, as Is indicated
by their chaotic arrangement and presence of fragmented and rounded tests of
larger foraminifers and of other skeletal debris. In a paper on nummulite palaececo-
logy, G. Nemkov (1962) presents a scheme of distribution of various groups of
nummulites (morphologically differentiated) accerding to the type of sediment
and distance {rom the shore (Fig. 1). The species with very large tests (Nummulires

Fig. [. Diagram showing the size-distri-
bution of nummulites in neritic deposits

Rozmieszczenie numulitow rdznej wielkosei
w osadach nerytyeznych

w ~ sandy sublittoral sediments with dumpy. mid-
dle-sized nummulites; b - pseudoabyssal muds
with small, fattened nummulites: ¢ — shallow-
-waler limestones of open sea with large discoidal
nummulites {G. Memkov, 1962)
a — piaszczyste osady sublitoraulu z wypuklymi
numulitami Srednich rezmiaréw: b — pseudoabi-
— salne ily z malymi, plaskimi numulitami; ¢ -
I F piylkowodne wapienic Olwarlege morza £ wiel-
Oq} QQ Og] Q§ kimi numulitami o dyskoidalnym ksztalcie (G.
Nemkov. 1962}

disians, N. millecaput, N. gizehensis et al.) are found almost exclusively in sublittoral
limestones. Another species, with small tests (V. praelusaci, N. bouillei, N. erbignyi
et al.) are found in bathial argillaceous deposits. Nummulites of various sizes, but
invariably smaller than those from the sublittoral limestones, occur in nearshore
sandy sublittoral deposits. The more coarse-grained and shallow-water is the deposit,
the more dumpy are the nummulite tests found in it, the more frequent are granulated
forms with robust lests (N. gallensis, N. perforatus, N. partschi, N. laevigatus).

ARN! MODEL

During Micrepalaeontological Colloquium in Dakar in 1963, P. Arni (1965)
presenied a scheme of platform sedimentation of ,,nummulitic’ Lower and Middle
Eocene strata of the Mediterranean area (Fig. 2).
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Fig. 2. Arni model
Model Arniego

1 — zone of dolomilizatun wnd evuponies: 2 — Bmestone with miliolids: 3 — iransitional tscies; 4 — back-bunk
facies: 5 — nuemmulite bank: 6 — limesione with foraminilers Peneraphdue; T — fore-bank Tlacies: § — limcsiones
and marls with operculing and nummulites: 9 — paru-pelagic deposils: 10 — pelagic deposits

| — sirefa dolomityzucji i ewaporylow: 2 - wapien z miliolidami: 3 — Tacju przejsciowa: 4 — [acja zalawiconu:
5 — fawica numulitowa: 6 — wapien z olwormcami Penerophdue: 7 — Tacja przedluwicowa: 8 — wapienie i margle
z operkulinami | numulitami; 9 — osady parapelagiezne, 10 — osady pelagiezne

Arni’s results were based on investigation of samples from boreholes drilled
in the Sirte Basin of Libya. The purpose of these investigations was to study larger
foraminifer faunas of the Palaecogene of Libya and to establish a practical biostra-
tigraphical scheme based on them. Reconstructing the sedimentary environment
of the nummulite-bearing strata P. Arni (/. ¢} constructed a palaeogeographic
synthesis of the nummulitic sediments of the littoral zone. Most earlier studies
of larger foraminiferal faunas dealed with their variation in vertical section, in
time. Current publications only rarely deal with the lateral variability of these
faunas. P. Arni (/. ¢) studied the effect of environmental changes on the development
of characteristic nummulitic faunas. His paper revealed the importance of lateral
variability and provided a base for recognition of the conditions which determined
the lateral modifications within a selected part of the basin. The following charac-
teristics were taken into acceunt: burial of fossi] remains, their accumulation or
dispersion, size selection, distribution of biotopes with nummulites, with miliolids
and alveolins, with opercutins and discocyclins, with small neritic-pelagic forami-
nifers. The biotopes mentioned above are related to determined types of bottom,
with determined rock types, the distribution of nummulitic faunas is clearly related
to lithofacies. Biotopes are in forms of patches or strings, ;

The greatest development of nummulite faunas took place over extensive shallow
sea bottoms in the area from the Northern Africa through Near East to Pakistan’s
Sind during the period from the later part of the Early Eocene to the earliest Late
Eocene. The Oligocene time was characterized by intense orogenic activity, which
prevented development of extensive shelves, favourable for the development of
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larger foraminifers. The development of nummulites over such carbonate platforms,
especially along the outer shelf margins, resulted in deposition of thick carbonate
sequences. The optimum conditions for nummulites were limited to narrow ,,belts”
and for this reason the nummulitic sediments formed elongated ,,banks”.

As the ,,nummulitic bank™ once formed, it acted as a barrier affecting the sedi-
mentation in the adjoining areas. The nummulite bank, a reef-like accumulation
of loose nummulite tests, forms at greater depth than a coral reef, but in similar
manner determines the facies distribution. Dominating biotope of the sediments
between the nummulite bank and the shore is different from the biotopes situated
between the bank and the deposits of the deep, open sea. Hence the back-bank and
fore-bank facies are clearly distinguishable. The lateral sequence of facies from the
shore off is as follows:

1. The zone of dolomitization and evaporites.

2. Facies of limestone with miliolides. Typical lagoonal limestone, often do-
lomitized. It is often laterally transitional to evaporite sediments, and its area of
occurrence is of irregular outline.

3. Transitional facies. Micro- or cryptocrystalline chalkiike limestone with
numerous orbitolins and alveolins. In many cases this is genuine alveolina limestone,
Nummulites may be rather frequent in the microcrystalline limestones of this
facies, but may also be absent. When matrix is enriched in miliolids, the rocks
becomes hard biosparite.

4. Back-bank facies. Calcareous sediment, rich in skeletal debris of echino-
derms, pelecypods, coelenterates and numerous nummulite tests. Biotopes are
differentiated with increasing distance from the nummulite bank. Nummulites are
represented by medium-sized forms with robust tests (Nummulites beaumont!, N.
discorbinus, N. bullatus, N. inkermanensis, N. rotularius et al.). Frequent are forami-
nifers: Gypsina, miliolids, Dictyoconoides and Linderina.

5. Nummulite bank. Nummulitic limestone is built of tests of one or {wo num-
mulite species, of which at least one attains large dimensions (e.g. N. gizehensis
5., N. perforatus s.l). The bank can be in some cases consolidated by red algae.

6 Facies with foraminifers Peneroplidae.

Fore-bank facies. Limestone with nummulite bank debris. Allochtonous
nummuhtes found here have exceptionally fine tests (N. planulatus, N. spirectypus,
N. bouillei et al.), in contrast with those in the back-bank facies. Discocycling
occur sporadically. Assilins are abundant in this facies in the areas of alpine folding.

8. Facies of limestones and marls with operculing and nummulites.

9. Deep-water facies of sublittoral zone {parapelagic facies), with characteristic
small benthic foraminifers.

10. Pelagic facies with numerous globigerins.

Nummulite banks can form in two distinct general situations:

[. In ,,ideal” conditions, on extensive stable continental platforms (e.g. nort-
hern coast of the African continent).

2. In conditions of an unstable platform, in areas subject to strong and frequent
tectonic movements, e.g. within geosynclines,

In the geosynchinal zones, with narrow shelves and frequent tectonic move-
ments, a nummulitic bank once formed, become soon subject to erosion and its
detrite reached to the deeper parts of the basin.

The platforms situated in orogenic zones were supplied with increased amounts
of clastics, due to the erosion and deformation occurring on land. If conditions
favourable for deposition of nummulite sediments occurred in some areas of such
a platform, at the same time, the deposition of the nummulite sediments was con-



Arni sedimentological model in the Tatra Eocene 35

irolled by contemporaneous deposition of clastic material and orogenic movements.
The clastic material was supplied by fresh waters, which lowered the seawater
salinity in marginal parts of the basin. The sublittoral zone with a nummulite bank
and with increased supply of clastics was not likely to develop lagoons. Typical
lagoonal conditions in such areas were as rare as were typically developed nummulite
banks. While the individual nummulitic biotopes are rather well represented within
the areas of irregular development of the nummulitic facies, the facies with alveolins
and the facies of limestones with miliolids are only rarely encountered.

Fig. 3. Map of distsibution of the Nummulite Eocene in the Podhalk region of the Carpathians (northern
boundary of the Tatra Mts, vicinity of Zakopane)

Wystgpowanic eoceniu numulitowego na Podhalu w Karpatach (pdinocne obrzesenie Tatr. okolice
Zakopanego)

| — Tatra Eocenc: 1 — stale boundary; KPC - Pod Capkami quarry

| — eocen latrzafski: 2 — granica pansiwa: KPC — kamieniolom Pod Capkami

This overview of the formation of irreguiar nummulitic facies within the areas
of Alpine orogenic movements does not present the whole spectrum of possible
variations in lithology of sedimeats, including intervals of denudation, periods
of non-sedimentation, sometimes marked by enrichment in glauconite or appearance
of Discocyclina limestones directly over a nummulite bank. Lithic fragments of
nearly all the mentioned facies, more or less consolidated, can be found redeposited
at significant distances from the nummulite bank in deposits of quite different type,
e.g. as accumulations of nummulites within a flysch facies.

. A subsequent paper of P. Arni, written jointly with E. Lanterno, appeared in
1972 and described the occurrence of a nummulite bank in the Middle Eocene
carbonate sequence near Verona in [taly.

According to P. Arni (I ¢.), the large flattened nummulites (Nummulites gize-
hensis, N. millecaput, N. laevigatus) preferred the area of the platform margin, if
this was elevated enough. The conditions in this zone were optimal for explosive
development of the nummulite species mentioned above, and for numerous disco-
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cycling, in terms of both, the biomass production and phylogenetic evolution.
Accumulation of foraminiferal tests was controlled by wave activity. It redeposited
the organic remains, often in form of elongated elevations, oriented transversally
to the shoreline. In their higher parts the elevations reached the tidal zone, and
provided substratum for red algae.

P. Arnjand E. Lanterno {1976) dealed once again with the problem of nummulite
bank formation, when studying the Eocene strata at the Gargano Peninsula in Sou-
thern Italy. They found that the Middle Eocene is represented there by a fragmentary
and partly redeposited nummulite bank. A rapid transgression of a microbioclastic
neritic-pelagic facies over the frontal part of the bank destroyed partly the bank
and completely removed the fore-bank facies.

Following the death of P. Arni, studies on sedimentation of nummulitic Eocene
. were conducted by D. Decrouez and E. Lanternc (1979). They found in Libya
another confirmation of the Arni model, in a series of boreholes (F.T. Barr, A.A.
Weegar, 1972). D. Decrouez and E. Lanterno (/. ¢.) found also, by a literature
survey, that the development of the platforrn Eocene strata in Egypt conforms
the Arni model. The facies of nummulite bank is represented there by the Mokattam
Formation with mass occurrences of Nummulites gizehensis. Next in Tunisia, G.
Castany in 1961, distinguished, within a formation named by him ,carbonate
Eocene” (Mtlaoui Formation), the facies with globigerins, facies with nummulites,
coguina limestones, and lagoonal facies with gypsum. He concluded: ,,... this
formation was faid down at an extensive continental platform with strongly dif-
ferentiated sedimentation, expressed by distinct and rapid facies changes, controlled
more by biological factors than by any significant variations in water depth”. D.
Decrouez and E. Lanterno applied the Arni model in the Eocene strata of Algeria,
Morocco, Senegal, and Madagascar, and apart of the African platform, in the
Haut-Karst zone and Dalmatia in Yugoslavia, in the lonian zone of Greece and
Albania, and in the Preapulian zone of Greece”.

A cross-section Bakonypoloske — Varaslod — Urkut west of Bakony in Hun-
gary (E. Szots, 1956) also displays analogy to the Arni model.

LITHOLOGY AND STRATIGRAPHY OF THE TATRA EOCENE

The nummulitic Eocene outcrops in Poland form a narrow zone at the northern
slopes of the Tatra Mts. Farther to the north they plunge under the sandstones
and shales of the Podhale flysch (Fig. 3). ,

The main structural elements of the Tatra include: the Palaeozoic crystalline
basement (magmatic and metamorphic rocks) and Mesozoic sedimentary rocks
(Triassic, Jurassic and Cretacecus).

The folded and uplifted area of the Tatra Mountains was eroded since the
Turonian till the Early Eocene. During the Middle Eocene time, a marine trans-
pression occurred, depositing conglomerates and carbenates of the Tatra Eocene
(Middle and Upper Eocene) and the Podhale flysch (Upper Eocene — Oligocene).

The basal conglomerates are partly of continental and partly of marine origin.
They are overlain by organogenic limestones, dolomitic limestones, rarely dolo-
mites. The dolomitic component of the rocks is derived from the fragmentation
of the Triassic dolomites of the substratum. In some sections the Nummulitic
Eocene terminates with the upper conglomerate of small thickness and with
organodetritic limestones.
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There are a few papers regarding petrography of the Tatra Eocene. I. Tokarski and A. Oberc (1953)
describe the rocks dominaling in the Pod Capkami quarry. a rcpresentative section of the Nummulitic
Eocene, as detritic dolomite ¢r dolomitic limestane, They distinguished our main lithological varieties.
Yolumetrical percentages of the components for each type respectively, determined by microscope study,
are as [ollows:

1 ur v
— pebbles af carbonate rocks 17 12 7 8
— pebbies of carbonale rocks with ¢lay 17 14 i1 21
— skelelal debris 42 61 69 63
- quartz 15 8 9 5
— crystalline carbonate and cement 9 5 4 3

The analysis of mineral composition revealed that the type [ (termed dolomitic rock) contains 51.65°,
CaCO,, 37.76°, MgCO, and 13.04%, of clay and quarlz. The rack type 1l (calcareous dolomite) contains
64.43°, CaCO,, 26.58°, MgCO, and 9.72% of clay and quartz The type 1 (dolomitic limestane) con-
tains 73.43°%, CaCQ,. 16.17°, MgCO, and 10.22", ol other elements. The compasiticn of the 1ype [V
{limeslane with insignificant dolomitic admixture) is us follows: CaCO, — 89.77°,, MgCO, — 556",
clays and quartz — 4.70°9,.

P. Roniewicz (1969) in his description of the Tatra Eocene applies terms specific for ¢lastic rocks,
s0 for the rocks in the Pod Capkami section he uses the terms: fine conglomerate, fine grained carbo-
nate sandslone, and carbonate mudstonc. The dominating type in the section is termed dolemitie sand-
stone. P. Roniewicz (1979} in explanalions of the Tatra Eocene section, presented in the Guidcbook of
LI Congress of the Polish Geological Society, states that dolomitic sandstones, locally transitional o
organodetritic limestones, dominate in the Pod Capkami section. On the Geglogical Map of Polish Tutra
Mountains 1:30.000 (1979}, however, these strata are distinguished as limestones.

In this paper. the lerms reluting (o carbonate roeks are applied, as the allogenic material is, as a rule,
not prevailing.

Larger foraminifers, especially nummulites and discocyclins, are dominating
fossils in the Tatra Eocene. Less frequent are foraminifers: Qperculina, Grzybowskia,
Asterocyclina, Assifina, rare Aflveolina, Operculinoides, Spirociypeus, Baculo-
gypsinoides, Actinocyclina.

Apart of larger foraminifers there occur some small foraminifers, debris of
echinoderms, pelecypods, bryozoans, annelids, continental flora and algae. The
algae form greater accumulation in some exposures.

F. Bieda (1959, 1960), after a study of larger foraminifers, distinguished four
stratigraphic horizons, featured by index species of nummulites, and ranging from
Upper Lutetian to Lower Priabonian:

— horizon IV (uppermost) with Nummulites fabianii Prever — Lower Pria-
bomian;

— horizon Il with N. millecapur Boubée — uppermost Lutetian/Priabonjan;

— horizon Il with N. perforatus (Montfort) — Upper Lutetian;

— horizon | (lowermost) with N. brongniarti d’Archiac et Haime — Upper
Lutetian.

The index species, listed above, occur in great quantities. They are found also
younger horizons, but in smaller proportions. The species from the higher horizons
do not occur in the lower ones. Noteworthy is observation of F. Bieda (1960) that
the index forms of the first three horizons of the Tatra Eocene (Nummulites bron-
gniarti, N. perforatus, N. millecaput) are found together in other areas. The sequence
of these species, different or even reverse than in the Tatra, is found in Slovakia
and in vicinities of Vicenza in Northern Italy. F. Bieda (1960) explains ,,... that cur
area was gradually colonized by species, which found here conditions favourable,
developed exuberantly, and changed successively. The sedimentation area of the
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North-Tatra Eocene was small and for this reason its colonisation by the succesively
immigrating species occurred in short time over all the area™

The examination of 23 sections of the Tatra Eocene demonstrated that all the
four horizons occur only in the section of the Pod Capkami quarry, in the Mala
Laka Valley, and in the section of the Hruby Regiel Mountain. According to F.
Bieda (1960), individual horizons are missing, or faunal content is different, in the
other sections. In some sections, the sedimentation of the Tatra Eocene starts with
the horizon II, or even with the horizon with N. millecaput (horizon 1II). The lack
of the horizons with N. brongniarti and N. perforatus is explained by emergence
of some fragments of the Tatra island during the sedimentation of the clder horizons,
and by oceanographic conditions at the shore and bottom, that precluded accumula-
uon of sediments. Fragments of limestones from the older horizons of the Tatra
Eocene are found in the younger horizons and in the Podhale flysch.

F. Bieda (/. ¢.) noted also the relatio - between the nummulite faunas and the litho-
logical type of rock. The fauna of the . arizon [ occurs in the upper part of the lower
conglomerates and sandstones, rather rich in MgCO,. The fauna of the horizon Il
occurs in different rocks, these are either sandstones and fine conglomerates rich
in dolomite fragments, or limestones cons. sting almost entirely of larger foraminifer
tests (,,jarzec” — the regional name for o.t, used also for the nummulitic [imestone
with Nummulites perforatus). Horizon 111 is represented by limestones, sandy
limestones, sometimes conglomerates (so called upper conglomerates). The fauna
of the horizon [V occurs in the deposits similar to those of the horizon II1. Horizon
IV occurs also in the Zakopane Shales of the Podhale flysch as thin intercalations
or lenses of fine conglomerate. F. Bieda (1960} concludes: ,,... Nummulites, living
in shallow waters, close to the shoreline, are however independent, or dependent
to a small degree only, on the sedimentary facies ...”. In a detailed study of the
larger foraminifer.fauna of the Tatra Eocene, F. Bieda (1963) introduced a concept
of ,hemeras’” — stratigraphic divisions finer than the horizons. This name was
than applied to the nummulitic horizons distinguished earlier in the Eocene of the
Tatra.

According to F. Bieda (/. ¢.), not all the nummulite species appeared simul-
taneously in the Tatra area and not all of them remained there during all the period
of the Tatra Eocene sedimentation. The correlation of the foraminifer faunas
with the petrography of rocks was repeated. The presented listing indicates that:
... The nummulite faunas are independent on the character of the sediments, only
the hemera I comprises uniform sediments, but this hemera represents the beginning
of a transgression, and the lack of differentiation in its sediments is natural ...

The later papers related to the Nummulite Locene, and dealing also with the
problems of larger foraminifers (P. Roniewicz, 1969, S. Sokolowski, 1973; S.
Liszka, T. Smigielska, 1974) did not modify the basic conclusions of F. Bieda (1963),
i.e. dating the hemeras and the opinion on the independence of the larger fora-
minifer assemblages from the type of sediment,

The recent literature indicates that the ranges of the nummulites found in the
Tatra Mountains are the following: Nwmmulites brongniarti, N. perforatus, and
N. millecaput are coeval and occur in the highest Lutetian, in the N. perforaius
zone and do not reach into the Priabonian. N. fabignii is not an index species for
the lowermost Priabonian. In its phylogenetic line N. praefabiani appears in the
Upper Lutetian, while in the lowermost Priabonian occurs a species described as
N. aff. fabiani, a precursor form for N. fabiani.

In the section of the Hruby Regiel Mountain, N. aff. praefabiani was described
in the assemblage with N. perforatus, by T. Sm:gleiska (S. Liszka, T. Smigielska,
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1974). N. fabianii occurs rarely and only at the top of the Tatra Eocene, in the upper
conglomerate, and in organodetritic limestones and conglomerates intercalated
among the Zakopane Shales. 1t is more common in the Chochotéw Beds.

ARNI MODEL IN THE EOCENE OF TATRA

The present author performed detailed study of outcrops and thin sections,
based on detailed measuring of the Tatra Eocene sections in the Przyporniak Brook,
Broniarski Gully, Skalnite Brook, at Chiabowka in the Sucha Valley, in the ,,Bluff
above Chapel” in Jaszczuréwka, in the Olczyska Valley, Pod Capkami quarry,
Biale Valley, Spadowiec Brook, Ku Dziurze Valley, Strazyska Valley, Sucha Gully,
Za Bramka Valley, Male Gully, Mala Laka Valley, Stanikdéw Gully, Koscieliska
Valley, Jaroniec Brock, Lejowa Valley, Macicki Brook and at the Molkéwka alp.

This study led the author to the conclusion that the spatial distribution of the
foraminiferal facies of the carbonate Eocene conforms the Arni model.

There is also a relation between the test shape and size of the dominant fora-
minifer in the assemblage and the energy of water in the environment of sediment
deposition and accumulation.

Three of the sections listed above deserve a special attention because of their
distinctive characters, lithological differentiation and of lithology and faunal
content. These are the sections of the Tatra Eocene in the Pod Capkami quarry,
in the Mala faka Valley and in the Stanikdéw Gully. The most important of these
is inquestionably the exposure Pod Capkami, a reference standard for the Nummulite
Eocene (Fig. 4).

The following main units can be distinguished in the section:

0 -2 m. Fine conglomerale, equivalent 10 the basal conglomerale.

2 -4 m, Dolomitic limestone with Nummulites brongniart! (Table I). The dolomite content is related
to the presence of carbonate exiraclasts — fragments of Ladinian dolomites of the substratum (Fig. 4,
column F). The vertical range of frequent oceurrence of N. brongniary is shown in Fig 4, column i —0—2a.
The fragments of substratum decrease in size upwards. N. puschi and N. siriafus oceur rarely.

4—11 m. Dolomitic limestone with NMwmmulites puschi {Table [I). Nummulites become more fre-
quent with specimens of N. pusch! prevailing {Fig. 4, column [ -0 —2b): numerous z;e/N. incrassaius, N.
striatus. N. semicosiatus, N. perforatus (Fig. 4, column D).

11 =12 m, Nummulitic limestone {Tabjle 11I}. Limestone bed several tens of eentimeires thick, built
almost entirely of ¥. perfaratus tests. A rapid change in large forminifer content of the rock is marked
in Fig. 4, column D. It corresponds to the bed of nummulitic limestone, The vertical extents of mass
oeeurrences of N. perforatus are shown in Fig. 4, eolumn I -0—2¢

12~ [7 m. Marly Discocyclina limestone with M. millecapur (Table IV). Large foraminifers, mainly
discocyclins make up above 50% of the rock mass (Fig. 4, column D). They belong to species Discocyclina
pratti, D, ephippium, D. discus, D, nummulitica, D. douvillei, Nummulites millecapur (attaining 85 mm of
test diameter), N. perforatus, N. rawlarius, N. ataticus, N. striatus, N. anomalus. N. incrassarus and N.
semicostatus. The vertieal extent of N. millecaput is shown in Fig. 4, column [ -0 —2d.

17—21 m. Marl. Yellowish-grey rock, rich in small foraminifers. Planktonic [orms are numerous,
especially Globigerapsis index (Finlay) ano roruculasphaera mexicona {Cushman). Less numerous are
benthic foraminifers Lagaenidae, Anomalinidae and Roralidae, rare are agglutinated forms (S.W. Alexan-
drowicz, S. Geroeh, 1963). The quantitative composition of the assemblage and the nearly total absence
of larger foraminilers and calcareous algae suggest deposition m deeper water (lower part of neritic
zone) than the underlying marly Discocyclina limestones. In one part of the outcrop the Discocyclina
limestone is transitional to beds of glauconitic mudstone, 1.5 m thick (M. Turnau-Morawska, M. Lindner,
1959). ’
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21 - 30 m. Upper conglomerate. It contains, at intervals 21 —23 m and 25—27 m, fine and coarse
detrital limestones with a rich fauna of larger foraminifers, algae and bryozoans (Tables V, VI}. Pebbles
of underlying limestones, including the nummulitic limestones, are scatiered within the conglomerate.
Organodetritic limestones adjein the upper conglomerate or terminate the sedimentation of the carbo-
nate Eocene (e.g. in the Sucha Valley in Chtabdwka). They occur also in forms of lenses in the Zakopane
Shales of the Podhate flysch (Stanikéw Gully — Table VI, Jaroniec Brook}. Only these sediments,
with strong indications of redeposition, contain sporadic specimens of Nummuiites fabianii, charac-
teristic for the hemera [V of F. Bieda (1963). N. millecaput, N. incrassatus. N. perforatus, N. pulchellus,
N. semicastatus, Spiroclypeus carpaticus, S. granulosus. Grzybowskia multifada, G. resticulata, Disco-
eyclina discus, D. nummulitica, Asterocycling steflata, Ast. stelfa, Ast. pentagonalis and Sphaerogypsina
glubulus ocecur in the upper conglomerate and in the deirilic limes{one.

Assuming that the vertical facies sequence reflects their lateral distribution,
one notes that some palaeontological features of the section conform the features
of some facies of the Arni model. It is especially true of the nummulite bank, fore-
bank facies, ,,parapelagic zone and back-bank facies. The conditions prevailing
on land did not permit the development of the dolomitization zone and evaporites,
facies with miliolids and transitional facies with alveclins. The nummulite bank
of the Tatra Eocene formed on unstable carbonate piatform of the Alpine zone
and the absence of the mentioned elements seems justified.

The back-bank facies is represented in the Tatra Eocene by the dolomitic 1i-
mestone with Nummulites puschi. This biofacies includes also the middle-sized
nummulites with thick, dumpy tests: N. incrassatus, N. semicostatus, characteristic
of the back-bank facies of Arni.

The nummulite bank facies of the Arni model is represented by the nummulitic
limestone with N. perforatus, sparitic-micritic limestone with a minimum admixture
of extraclasts. Larger foraminifer tests make up 60—80% of the rock. These are
almost exclusively specimens of N. perforatus, accompanied by rare N. striafus.
The specimens are the largest hitherto found of this species in the Polish Carpathians.

The fore-bank facies is represented by the marly Discocyclina limestone with
N. millecaput.

Fig. 4. Tatra Eocene section in the Pod Capkami quarry
Profil eocenu tatrzanskiego w kamieniolomie Pod Capkami

NO - sequential number and position of sample; § — subsiratum of the Eocene; Ll — Taira Eocene: ill — Podhale
flysch: A — section in the quarry: a — conglomerate. b — conglomeralic limestone. ¢ — dolomilic limestone. d —
limestone. e — marl. [ — shale: B — content ol: g — micritc cemeni, h — sparitic cement, i — other conslituenis:
C - vanalion ol energy index (E1); D — content of larger foraminifers: E — conlent ol algae: F — cantem of carbonate
exlraclasts: G — content of non-carbonate extraclasts and quanz; h — conent of Jossils; D.OTW. — larger for-
aminilers, M.OTW. — smali foraminifers. KRAS - red algae, MSZ — bryozoans, SZK — echinoderms, WIEL —
polychaeles, MAL — pelceypods: | — microfacies: E — extraclasticc, EQ — exiraclastic-organogenic: 1 — extra-
clasis and larger foraminifers. 2 — extraclasts and red algae, 3 — exiraclasts, red algac and others: O — organogenic
microfacies: ) — bryozoan. 2 — with larger foraminifers: a — with Nummulitey brongniarti, b — with N. puseln, ¢ =
with N, perfaraiuy, d — with discocycling and N. milfecapur, 3 — foraminifer-algal. 4 — algal. 5 — mixed (micro-
Tacies 4 and S occur in the Mata Laka Valley and the Stanikéw Guily sections): M — marl with small foraminifers

NO — numer i pozycju prébek: | — podloze eocenu: 11 — eocen tatrzanski: {Il - fAisz podhalanski: A — profil
odslonigeia: a — zlepieniec. b — wapien zlepiencowaty, ¢ — wapien dolomityczny, d — wapien. e — margiel. [ -
tupek: B — zawartoi¢ w skale: g — spoiwa mikrytoweps, h — sparylowepo. i — pozostalych sktadnikdw: C — zmien-

no¢ wskaznika energi (£/) w prolitu: zawartoié: D — duiych otwornic: E — glondw; F — ekstraklasidw weglano-
wych: G — ekstraklastow niewgglanowyeh i kwarcu: H - udzia launy: D.OTW. — duie otwornice, M.OTW. —
male otwornice, KRAS — krasnorosty, MSZ — mszywioly., SZK — szkarlupnie. WIEL — wicloszezety, MAL —
matic: | — mikrofacje: E — ekstraklasiowa, EQ — eksiraklastowo-organogenicma: | — eksiraklasty i duze otwor-
nice. 2 — eksirakiasty i krasnorosty. 3 — eksiraklasty. krasnorosly i inne: O - mikrofacja organogeniczna: | —
mszywitiown, 2 — z duymi otwornicami: a — z Nummulites brongaiarti, b — z N puschic © — 2 N, perforona. 4 -
dyskocyklinowa z N. millecaput. 3 — otwornicowo-glonowa, 4 — glonowa, 5 — mieszana (mikroflacje 41 5 wyslepujy
w prohlach Doliny Malej Laki i Stanikowega Zlebu); M — margiel z matymi olwornicami
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More external zones (limestone and marl zone, ,,parapelagic zone”) are re-
presented by the marls with small foraminifers.

The upper conglomerates and organcdetritic limestones, overlying the marls,
evidence a sudden change in sedimentation, increase in tectonic activity in this
area, and start of a new stapge of the geological evolution of the region — the flysch
sedimentation.

The facies of the Arni model, recognized in the Eocene section of the Pod Cap-
kami quarry, are present also in the other investigated sections. Typical limestones
with Nummudites brongniarti, 2 —4 m thick, are present in the sections of the Skalnite
Brook, Sucha Valley, Olczyska Valley, and on top of Hruby Regiel.

The limestone with N. puschi are reported from the sections in the Olczyska
Valley, Spadowiec Brook, and Stanikéw Gully.

The nummulitic limestone, 0.5—1m thick, occurs in the Olczyska Valley,
Spadowiec Brook (two beds), Stanikow Gully, and Koscieliska Valley,

The Discocyclina limestones occur in the Sucha Valley, Olczyska Valley, Spado-
wiec Brook, Ku Dziurze Valley, Strazyska Valley, Stanikéw Gully, and Koécieliska
Valley.

The above recount indicates that the most typical development of the Arni
model elements is found in the western part of the Tatra Eocene outcrop zone,
between the Skalnite Brook and the Ku Dziurze Valley. Farther to the west appears
a thick (up to 20 m) charactenistic facies of fine detritic limestone with numerous
algae, discocyclins and small nummulites. Apart of the facies mentioned, there
occur frequently detritic dolomites with poor faunal content, and rarely limestones
with small foraminifers, limestones with echinoderms, and mudstones with plant
remains.

As mentioned above, the typical transitional facies with alveolins and facies
of limestone with miliolids have not been encountered in the Eocene of the Tatra.
It is interesting to guote here a fragment of the microfaunistic study of the fora-
minifers from the borehole Hruby Regiel (S. Liszka, T. Smigiclska, 1974): ,,... Be-
gining from the depth 431.6—436.0 (below the nummulitic limestones), a marked
impoverishment in larger foraminifer fauna is observed. There are visible sections
of small foraminifers Miliolidae. Below, from the depth 436.0—453.6 m on, there
occur relatively numerous alveolins including the species: Alveolina bosci, A. elon-
gata, A. cf. fusiformis ..

The present author encountered also some lenses of the limestone with al-
veolins in the upper part of the lower conglomerate in the section of the Macicki
Brook (Table VIII). They point to the local development of restricted zones of
lagoonaltype sedimentation. The presence of the limestones with miliolids and
limestones with alveolins provides another analogy in the facies distribution between
the Eocene of the Tatra and the Arni model.

Taking into consideration the differences in size and shape between the larger
foraminifers dominating in the individual facies, stressed on by G. Nemkow (1962)
and P, Arni (1965) it is instructive to plot together the most important measurable
parametres — test diameter (D) and test thickness (£) in milimetres, for the macro-
sphaeric (f. A), and for microsphaeric (f. B) generations.

The Discocyclina limestone (fore-bank facies) with the mass occurrence of
discocyclins: Discocyclina pratii, f. A % = 61 5“; D. ephippium, . A % =

7_10; D. discus, f. A D _ 10—15; D. mummulitica, f. A D M less
1-1.5 E 2 E 1-15
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frequently are encountered characteristic nummulites of the species N. millecaput,

fA 2= 4—8.5; fB D _ 30—80.
E 2-35 E 25-5
The limestone with N. perforatus (reef-like nummulitic bank of Arni) consists
: D 4—6 D B.5-24

of the N it ) tus tests, fA —= — B — = ———,

e Nummulites perforatus tests z "33 F5 35-9

The limestone with N. puschi (equivalent of the back-bank facies) is characte-
rized by the numerous occurrence of the species N. puschi, f.A % = 14_1158; f.B
D 15-35 : »
z =3 3 The other nummulites, also numerous, but not so characteristic, are

D 2—-45 . D 25-6.0
fi ing: N. | tus A== d N. striatus A — = ————
the following: N. incrassatus z s an striatus z 582

The limestone with N. brongniarti, which occupies the position of the transi-
tional facies of the Arni model, corresponds rather to the shallow-water, sublittoral
sandy deposits of the Nemkow scheme (Fig. 1A). The dominating species is N.
brongniarti f.A 2 = M, fB 2 = 14 25:

E 1-2 E -4

The analysis of the graphic presentation of the above data (Fig. 5) corroborates
the remarks of P. Arni (1965) and G. Nemkow (1962). The foraminifers with large
and flattened, and hence the most delicate tests, are characteristic for the fore-bank
facies — the marly Discocyclina limestone with N. millecapur. Somewhat more
agitated environment is charactenistic for the back-bank facies — the limestone
with M. puschi and with small nummulites. The nummulites with thick robust are
found in the nummulitic limestone (N. perforatus) and in the limestone with M.
brongniarli,

It should be remembered, when comparing the biofacies mentioned above,
that they have different faunal contents. The foraminifers are plentiful in the num-
mulitic and the Discocyclina limestone, less frequent in the limestone with N. puschi
and still less frequent in the limestone with N. brongniarti.

The comparison of the energy index values for the typical accumulation en-
vironments of the foraminiferal biofacies of the Tatra Eocene provides further
analogies with the Arni model. The energy index (ET), first introduced by W.1
Plumley et al. (1962), characterizes the dynamics of water movements accompanying
the deposition of a given carbonate rock. Five main classes of limestones were
distinguished: type | — is deposited in quiet water environment, type Il — in
environment of quiet water, occasionally agitated, type I — in feebly agitated
environment, type I'V — in moderately agitated environment, type V — 1n strongly
agitated environment.

The determination of the type is based on the ratio of sparitic to micritic cement,
type of texture and the stratification.

The percentage of micrite (g), sparite (h) and other constituents of the rock (i),
are shown in Fig. 4, column B.

The column C shows the vertical variability of the energy index, determined
here as the ratio of organodetritic remains and extraclasts to the micritic and spantic
cement. The individual types of limestones correspond to the following contents
of the organogenic and extraclastic material in the rock: V — 90—-100%, IV —
75-90%, HI — 50—75%, Il — 25-50%, I — below 25%.

The Ef values indicate that the biofacies with N. brongniarti was deposited in
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Fig. 5. Phaenolypic variability of larger foraminifers in the Tatra Eocene
Fenotypowa zmiennosé duzych orwornic w osadach eocenu tatrzanskiego

D — test diameter; £ — tesl thickness: | — Numulites mullecaput, (B: 2 — N miffecaput. TA.. 3 — Dyseorveling
praiis 4 — D, ephippium; 5 — D, discus; 6 — D. nummulitica;, 7 — N. perforotus, [.B: 8 — N. perforatus, 1A 9 —
N.puschi, (B 10 — N, puschi. LA LI — N.incrassarus, 12 — N. siviatus, 13 = N, brongniarii. [.B.2 14 — N, hron-,

giard, LA, A — Discocyclina limestone with &, miffecuput ([ore-bunk facies); B — nummulitic limestone (numulite
bank): C - delomitic limestone wilh N. puschi {back-bank lacies): D — dolomilic limesione with N. brongmiuarii
D — srednica skorupki, £ — grubosé skorupki: A — dyskocyklinowy wapient 2z N, millecapur (facja przedlawicowa),
B — wapiei numulitowy (lawica numulilowa). C — dolomityczny wapien z N. pusedii (lfacja zalawicowa), D — dolo-
mityczny wapich z N. hrengniarti; | — 14 objasnione wyze

a strongly agitated environment. The limestones with N. puschi and the nummulitic
limestones were laid down in conditions of moderate turbulence (IV). The Disco-
cyclina limestone was deposited in a weekly agitated environment (III). The carbonate
rock type representing the least agitated environment (1) is the marl with small
foraminifers. The E/ indicates the content of extraclastic and organogenic compo-
nents in the limestone but it was earlier mentioned that the nummulitic and the
Discocyclina limestones contain plentiful foraminiferal tests in situ, and for this
reason they should be not considered equally as the extraclasts. Thus the EJ
values for these two biofacies should be considered somewhat overestimated.

CONCLUSIONS

1. The facies distribution in the Tatra Eocene conforms well the Arni model.
The similarnities are demonstrated by faunal content and petrographic composition
of the Eocene sections in the Pod Capkami quarry, Sucha Valley, Skalnite Brook,
Olczyska Valley, Spadowiec Brook, Strazyska Valley, Ku Dziurze Valley, Stanikdéw
Gully, Koicieliska Valley.

2. The relation between the size and shape of nummulite and discocycline
tests and energy of depositional environment has been confirmed. This relation is
marked in the phenotype differentiation of the dominating foraminiferal species
of individual facies.

3. The interpretation of the vertical sequence of nummulite faunas according
to the Arni model, modifies the stratigraphic evaluations of the index forms of the
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hemeras I, 1, and 111 of F. Bieda (1963). The species Numimulites brongniarti. N.
perforatus and N. milfecaput lived simultanecusly and their consecutive appearance
in the section reflects merely the lateral, transgressive facies migration.

Translared by G. Haczewski

Oddzial Karpacki
Instytulu Geologicznego
Krakéw. Skrzatow |
Received: 51X 1984
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Anaxel KYTNbKA

CEAMMEHTONONAYMECKAA MOAENE APHHA B 3OLIEHE TATP

Pexome

PasnpeneneHue Guodauni B 0ueHe TaTp B GOnbLICH CTENEHH COBNAAAET € MoaRNb:a ApHH. Cxoa-
cTeo Habnoaanock Mo ¢ayHHCTHYECKOMY COCTABY"H Mo pelyneTaTam TETpOrpadHYecKOro WiyudeHun
paipeaoB aoueHa B KameHonomHe Mop Llankamu, B flonwHe Cyxed, B noToke CkanHuTe, B flonuHe One-
unuko#, B notoke Cnaaosey, 8 JonuHax CTponxuckoi, Ky frwoxe, 8 CraHukoson Xnebe u 8 Jonuxe
KocuenuckoH.

PaunH, OCAAHBLIMECA 33 OTMENnbia, B 30LEHEe TaTp NpeacTaeneHbi ACNOMHTOBbLIM HIBECTHAKOM,
coaepwawnm Nummulites puschi. OcTanbHbiMK KoMNOHeHTaMH Buodaykn ABNAKTCA, XapAKTEpHLIE
anA daunfi ApHH 32 OTHMERBIO, HYMHYNHTLI CPEAHEro pasrepa C TONCTOA MACCHBHOA PAKOBHHOW Nummu-
lites incrossatus W. N. semicostatus.

HyMMynuToBOA OTHERH B MOAENH ApHH COOTBETCTBYET HYMMYNHUTOBLIA HIBECTHAK, COAEDMALLHA
N. perforotus, cNapuTORC-MHKPHTOBbLIH WIBRCTHAK € HE3HAYHTENLHOH MPUMECHID IKCTPAKNACTHYECKOro
maTepuana. KpynHbie dopanmHudepbl cocTamnmoT 60— 809 nopoabl. Kpone HEMHOMMX 3@eMNNApoB
N. strigtus B cocTase payHbi npeobnasaet sua N. perforatus. OHKW ABNAKOTCA CAMbIMKH BONBWHMK 3KIEHAR-
paMH 3TOrC BKAA M3 BCEX HAMABHHBLIX AO CHMX nop B nonbckux Kapnatax.

OTnoxennan daumu, oCaAHBWERCA nepes OTHENbIO, COOTBETCTBYET MEPrenuCThId AHCKOUWKMH-
HOBLIA MIBECTHRX, coaepxaluuid N. millecoput. bonee BHEWHHUM I0HAM (JOHA HIBECTHAKOB W Meprened,
.napanenarmyeckan 3oHa'') OTBE4AET Meprenb ¢ MenKHMW opaMHHudepamu,

BepxHUE KOHINOMEpPATLl M OPraHOAETPUTHYECKHE MABECTHAKM, OCAAMBLUWECA HAa Meprenfx, ABNA-
HOTCA CBMAETENLCTBOM pEIKOH CHEHbl YCNOBUNH CEAKMEHTauWy, TEKTOHWUYECKOH aKTMBHIALUHMM padoHa
W Ha4yana HOBOTG 2TaNa TeONOMMYECcKXOro pa3BMTHA perHoHa — CeAMMEHTAUMH dnuwa.

MopTeepmaeHa CBAZL HEXAY BENHYHHOA U GOPMOR PAKGBWH HYMHYNHTOB H AHCKOUKWKITHH H 3HEpriier
cpeabl ©CaMAEHHA. 3Ta CBAIL MPOABNAETCA B (PeHOTUNHOW anbdepeHuraunwn dopamunudep, npe-
06NafatolHX B OTAENbHLIX hausx.

MHTepnpeTiuus NpeeMCTBEHHOCTH HYHMYNHTOBOW diayHbl No Hofenk ApHH WIMEHRET CTpaTu-
rpadiiYecKoe JHAYEHHE NHABKCHBIX HYHHYAnToe ana |, 11 u 1l reneper @, Beawr (1963). Buab N. bron-
gniertl, N, perforatus, N. millecoput cyLLecTBOBANH OAHOBPEHEHHO, & WX NOFBMNEHWE B pajpeie B AAHHOM
©0YepegHOCTH ABMNOCH peIYNbTaTOH FOPHIOHTANLHOMO TPaHCrPECCUBHOTO CHEeLEHYA (auMi.

He wckntodeHo, 4TO 2@BHCHMOCTL ACCOUHAUWA HYMHYNUTOB OT JauMansHOro THNa NopoA. MpH-
BOAWNA K OWHOOYHOR TPaKTOBKE H APYrHX BMACB HYMMYNHUTOB NPH CTPATHr padh3eCKOM AATHPORAHWM

paspesa.
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Andrzej KULKA
SEDYMENTOLOGICZNY MODEL ARNIEGO W EOCENIE TATRZANSKIM

Streszczenie

Rozmieszczenie biofacji eocenu tatrzanskiego wykazuje duzg zgodnosé z modelem Arniego. Po-
dobieristwa zostaly stwierdzone podczas analizy skladu faunistycznego i badan petrograficznych w
profilach eocenu w kamieniotomie Pod Capkami, w Dolinie Suchej, Potoku Skalnite, Dolinie Olezyskiej,
Potoku Spadowiec, Dolinie Strazyskiej, Dolinie Ku Dziurze, Stanikowym Zlebie oraz w Dolinie Kojcie-
liskiej.

Osady facji zalawicowej sa tam reprezeniowane przez wapien dolomitowy z Nuwmmulites puschi.
Pozostale skladniki biofacji to numulity éredniej wielko§ci o grubej, krepej skorupce: N. incrassatus
i M. semicostaius.

Lawicy numulitowej z modelu Arniego odpowiada wapien numulitowy z N. perforaius, sparylowo-
-mikrytowy z minimalng domieszka materialu ekstraklastycznego. Due otwornice stanowig 60—80%,
skaly, Poza nielicznymi okazami N. striaius wystgpuje prawie wylgczaie N. perforatus. Jest on najwickszy
spo$rod dotychezas znalezionych okazdw tego gatunku w polskich Karpatach.

Osadom facji przedlawieowej odpowiada marglisty wapien dyskocyklinowy z N. millecaput, nato-
miast strefom bardziej zewngirznym (strefa wapieni i margli, ,.strefa parapelagiczna’) margiel z malymi
otwornicami. Osadzone na marglach gdrne zlepierice | wapienie organodetrytyczne $wiadczg o gwaltow-
nej zmianje charakteru sedymentacji, tekioniczmej aktywizacji obszaru i zapoczatkowaniuv nowego
etapu geologicznej historii regionu — sedymentacji fliszu.

W opracowaniu zostal potwierdzony zwigzek miedzy wielkoscig i ksztaltem skorupek numulitow
oraz dyskocyklin a energig §rodowiska sedymentacji osadu. Zalezno$¢ ta jest widoczna w fenotypowym
zrdznicowanin olwornic dominujacych w poszczegdinych facjach.

Interpretacja nastgpstw numulitéw wedlug modelu Arniego zmienia stratygraficzng warto$¢ numu-
litéw indeksowych dia I, Il i Iif hemery F. Biedy (1963). Nummulites brongniarti, N. perforatusi N. mille-
capwr tyly robwnoczednie, a ich pojawienie sig¢ w profilu w wymienionej kolejnosci wyniklo z poziomego,
lransgresywnepo przesunigcia facji. Nie moina wykluczyt, ze zaleznodt zespoldw numulitowych od
typu facjalnego skaly prowadzila do blgdnego datowania réwniez innych gatunkéw numulitdw.
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Fig. 6. Dolomitic limestone with Nummulites brongniarti (Pod Capkami quarry)
Wapien dolomitowy ¢ Muwmmudites hrengmarts (kamieniolom Pod Capkami)
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Andrzgj KULKA — Arni sedimentological model in the Tatra Eocene




TABLE 1l

Fig. 7. Dolomitic limestone with Nummulites puschi (Pod Capkami guarry)
Wapien dolomitowy z Muwnmulites puschi (kamieniolom Pod Capkami)
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Fig. 8. Nummulitic limestone (Stanikow Gully)
Wapieh numulitowy (Stanikéw Zleb)
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Andrzej KULKA — Arni sedimentological model in the Taira Eocene
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Fig. 9. Discocyclina limestone (Stanikéow Guily)
Wapien dyskocyklinowy (Stanikow Zleb)
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Fig. 10. Detritic Jimestone with extraclasts, nummulites, discocyclines, small foraminifers, algae and

bryozoans (Suchaz Valley at Chtabéwka)
Wapien okruchowy z ekstraklastami, numaulitami, dyskocyklinami, malymi otwornjcami, glonami

i mszywiotami (Dolinka Sucha na Chiabdwee)
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Andrzej KULKA — Arni sedimentological model in the Tatra Eocene
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Fig. 11. Bryozoan-foraminiferal detritic Jimestone (Pod Capkami quarry)
Mszywiolowo-olwornicowy wapienl detrytyczny (kamieniotom Pod Capkami)
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Andrzej KULKA — Arni sedimentological model in the Tatra Eocene
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Fig. 12. Detritic limestone with numerous Nwmmuiites jabiani (intercalation sn the Zakopane Shales
of the Podhale [lysch, Stanikéw Gully, Nedzéwka)

Wapieni detrytyczny z licznymi Nummulites fabian! (wkladka wapienia w luphkach zakopianskich [liszu
podhalanskiego, Stanikéw Zleb, Nedzowka)
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Andrzej KULKA - Arni sedimentological model in the Tatra Eocene
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Fig. 13. Limestone with alveolines and Nummulires perforatus (Macicki Brook)
Wapien z alweolinami i z Nurnmulites perforanes (Macicki Potok)
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Andrzej KULKA — Arni sedimentological model in the Tatra Eocene






