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Abstract: Accumulations of echinoid tests, the most numerous and characteristic macrofossils of Upper Creta-
ceous of Krakéw area. appear in form which can be classified as “Echinoidlagerstatten”.

Geometric and microfacies relationships between the fossils and the sediment, and the results of palaeo-
environmental analysis point out the strict dependence of this accumulations on energy conditions of their
depositionary environment.

Echinoid assemblages were deposited: in high energy-environment of their life or after short transport
(Cenomanian), in rather quiet environment of their life after very short distance or no post-mortal transport
(Turonian), redeposited (Santonian), in quiet sedimentation environment of their life (Campanian).

An analysis of paleoenvironments allows to correlate the Cretaceous environments with modern echinofacies
from eastern coast of the Adriatic Sea. The Cenomanian assemblage (Phymosoma, Pyrina, Pygaulus) may be
correlated with Arbacia+Paracentrotus, Paracentrotus, and/or Sphaerechinus facies, the Turonian assemblage
(mainly Conulus) with Echinocardium+Spatangus facies, the Santonian (Micraster, Echinocorys, Conulus
albogalerus) and Campanian (Micraster, Echinocorys) assemblages should be placed deeper and/or farther from
the shore than Echinocardium+Spatangus facies.

Abstrakt: Nagromadzenia pancerzy jezowcdéw, najliczniejszych i najbardziej charakterystycznych skamienia-
losci gérnej kredy okolic Krakowa, moga by¢ zaklasyfikowane jako ,,Echinoidlagerstitten™.

Geometryczne i mikrofacjalne zaleznosci pomigdzy skamieniatosciami i otaczajaca je skala oraz analiza
paleo$rodowiskowa wskazujq na bezposrednia zalezno$¢ sposobu nagromadzenia pancerzy od warunkéw dyna-
micznych i energii §rodowiska.

Zespoly jezowcowe po Smierci byly: sktadane w Srodowisku swojego zycia o wysokiej energii bez przemiesz-
czania pancerzy, ewentualnie po krotkim transporcie (cenoman); sktadane w dos¢ spokojnym Srodowisku po
bardzo krétkim transporcie lub w miejscu zycia (turon); redeponowane (santon); pogrzebane w Srodowisku
spokojnej sedymentacji w miejscu zycia lub bardzo blisko niego (kampan).

Analiza paleo$rodowisk daje mozliwosci korelacji Srodowisk zycia jezowcow kredowych ze wspdlczesnymi
echinofacjami ze wschodnich wybrzezy Adriatyku. Zespol cenomanski (Phymosoma, Pyrina, Pygaulus) odpo-
wiada facjom: Arbaciat+Paracentrotus, Paracentrotus i(lub) Sphaerechinus, zespol turonski (gtownie Conulus) —
facji Echinocardium+Spatangus, santonski (Micraster, Echinocorys, Conulus albogalerus) i kampanski (Micra-
ster, Echinocorys), usytuowane sa dalej od brzegu, i(lub) glebiej niz facja Echinocardium+Spatangus.
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INTRODUCTION

Echinoid tests are the most numerous and characteristic
group of macrofossils in the Upper Cretaceous deposits in
the vicinity of Krakéw. Many authors noticed a high fre-
quency of echinoid remains in the Upper Cretaceous of the
Krakow region (Zargczny, 1878; Smolenski, 1906; Barczyk,
1956; Bukowy, 1956; Matecki, 1976, 1979; Kudrewicz,
1991) and the NW part of the Miechéw Trough (Sujkowski,

1926, 1934; Kowalski, 1948; Marcinowski, 1974).

Some echinoid groups have their own monographic de-
scriptions. Kongiel (1939) described regular echinoids from
the Cenomanian of Korzkiew and Sudo!, from the Turonian
of Glanéw, and rare specimens from the Upper Campanian
of Bibice and Miodziejowice. Maczynska (1962, 1972,
1977) described Cenomanian echinoids from the genus:
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Fig. 1.
simplified); discussed outcrops printed in italics; J — Jurassic, Cr —
Cretaceous, Tr — Tertiary

Location sketch map (after Gradzinski, 1972, slightly

Pyrina, Pygaulus, Catopygus, and Cenomanian and Turo-
nian ones from the genus Discoidea (Maczyfiska, 1958).
Upper Cretaceous genus Micraster also has its large mono-
graph (Maczynska, 1968). Popiel-Barczyk (1958, 1962) de-
scribed the echinoids from the genus Conulus from the
Turonian and Santonian of the Krakow—Miechow area. Sob-
czyk (1990) constructed a key for determination of Upper
Cretaceous echinoids from the Krakéw area.

Hynda and Maczynska (1979) described echinoids from
the genus Micraster, very numerous in Santonian of Korz-
kiew, establishing a new species Micraster (Micraster) ma-
leckii Maczytiska, 1979, connected with Micraster (Micras-
ter) rogalae Nowak, 1909. Kudrewicz (1992) analysed the
morphology and stratigraphic distribution of Micraster (Mi-
craster) maleckii, placing this species after Micraster (Mi-
craster) rogalae in the — rogalae evolutionary lineage con-
sidered by Ernst (1970c) as a lateral lineage of the genus Mi-
craster.

The authors of this contribution studied in the field-con-
ditions geometric relationships between fossils, and micro-
facies relationships between sediments inside and outside
the tests throughout the Upper Cretaceous sequence.

Palacoenvironmental conditions were interpreted bas-
ing on comparison of fossil forms with modern genetically

related, similar morphotypes.

Material was collected from some, in the authors opin-
ion representative, outcrops in the vicinity of Krakéw (Fig.
1). It comes from the Cenomanian of Korzkiew, Turonian of
Januszowice and Jeziorzany, Santonian of Korzkiew, and
Campanian of Bonarka and Poskwitow.

GEOLOGIC SETTING

All outcrops described in this paper are located no far-
ther than 19 km, mostly northwards from the centre of
Krakow (see Fig. 1), and represent Cenomanian to Cam-
panian sediments (see Fig. 2).

On the left side of the river Wisla at Jeziorzany, at the
side of an ox-bow, there are white walls built of Upper Ju-
rassic biohermal limestones (Fig. 3). Yellow-gray limesto-
nes, dated Turonian (Alexandrowicz, 1954), organodetrital,
nodular, not laminated, up to 1 m thick, crop out in depres-
sions in the rough top of these limestones. The detrital mate-
rial of the rock consists of inoceramid and echinoderm detri-
tus with quartz sand and (particularly in the bottom part)
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Fig. 2.  Synthetic section through Crelaceous sediments in Kra-
kéw region; a — silicious chalk, b — marly limestones and marls
with cherts and flints, ¢ — marly limestones, d — calcarenites and
nodular limestones, e — sandy limestones and limestones with sand
addition, f— pelitic limestones, g — biohermal limestones, 4 — thick
laminated marls, i — marls, j — stromatolites, k£ — pebbles, / — clays
and marly clays, m — sands, n — conglomerates, o — faults; insets
are magnified and explained in next figures
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Fig. 3. Jeziorzany. a — section; I — Jurassic, Cr2t — Turonian

(lithology see Fig. 2), b — test orientation diagram; 4 — normal
position, B — on side. C — reversed; inset shows type of echinoid
tests accumulation; Co — Conulus

quartz and flint pebbles (see also Alexandrowicz, 1954).

The Turonian limestones contain, especially in the
lower part, numerous tests of echinoids from the genus Co-
nulus.

In the Pradnik valley near Januszowice village, there
are three outcrops of Turonian deposits. The best exposure
is in the old abandoned quarry at Januszowice (Fig. 4),
where the abrasion surface of the Upper Jurassic biohermal
limestones is overlain by:

1.1 m yellow-gray sandy limestones with quartz pebbles,
dated as upper part of Lower Turonian — Mytiloides
labiatus zone (see Walaszczyk, 1992), truncated by a
rough abrasion surface;

0.7 m white, slightly sandy, nodular limestones with quartz
and flint pebbles, capped with a thin stromatolite;

1.3 m white pelitic limestones;

) a
Januszowice

Fig. 4.
nian, Cr2t3 — Upper Turonian; b, b’ — test orientation diagrams
(two samples), inset shows type of echinoid tests accumulation;
other explanations in Figs. 2-3

Januszowice. a —synthetic section: Cr2t; — Lower Turo-

1.3 m gray, and yellow-gray, grain and nodular limestones;
1.2 m brown, sandy limestones with clay intercalations.

The part of the sequence, above the abrasion surface
which cuts limestones of the M. labiatus zone, is dated Ino-
ceramus costellatus zone or uppermost I. lamarckii and I.
costellatus zone (see Walaszczyk, 1992).

The other two outcrops (one of them is illustrated by
Gradzifiski, 1972) represent only the lower (M. labiatus
zone) part of the sequence with which an appearance of
Conulus remains is connected. Maczynska (1958) described
also an assemblage of Discoidea from this place. A large
number of tests is concentrated in the Turonian deposits
above the abrasion surface in a small outcrop a few meters
southwards from the old quarry.

At Korzkiew a 2.5 m thick section crops out (Fig. 5):
0.85 m Lower (according to Panow, 1934; Bukowy, 1956)

or Middle (according to Kudrewicz, 1991) Cenomanian
marly quartz-flint conglomerates;
0.75 m Middle Turonian light gray marls with glauconite;
0.06 m Santonian green, glauconitic clays;
0.80 m Santonian to Lower Campanian glauconitic marls.

Concentrations of echinoids from the genus: Pyrina,
Pygaulus, and Phymosoma (rare) occur in the Cenomanian
conglomerates, and from the genus Micraster with accom-
panying rare Echinocorys and Conulus albogalerus in the
Santonian glauconitic clays. The clay layer was described in
detail by Kudrewicz (1992), that is why more attention will
be paid only to the Cenomanian conglomerates here.

The Cenomanian conglomerates are known from two
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Fig. 5. Korzkiew — exposure “U Krzywdy”. a — section; Cr2c —
Cenomanian, Cr2t — Turonian, Cr2s — Santonian, Cr2s-cm — San-
tonian through Campanian, b — test orientation diagram for San-
tonian echinoids; insets show type of test accumulations
(asterisked situation from exposure “Above the Castle™); Mm —
Micraster (Micraster) maleckii, Pr — Pyrina, Pg — Pygaulus, Ph —
Phymosoma cenomanense, S — sponges, B — belemnites, I — ino-
cerams; other explanations in Figs. 2-3
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“outcrops called: “Above the Castle” (Matecki, 1980) and “U
Krzywdy” (for detailed location see Kudrewicz, 1992). The
outcrop “U Krzywdy” shows exposed 0.85 m thick, quartz-
flint marly conglomerates, with addition of quartz sand, and
large (about 1 mm) glauconite grain aggregates. The pebbles
are well rounded, spheroidal and ellipsoidal in shape, 0.5 —
2.5 ¢m in diameter. They make about 50% of rock volume.
The rock is grain supported with no traces of lamination or
direction-indicative structures and no evidence of dissolu-
tion, recrystallization, or other diagenetic processes. The
pebbles are chaotically distributed in the rock. Conglomer-
ates exposed “Above the Castle” are identical in their pet-
rographic and sedimentary character to those from the expo-
sure “U Krzywdy”.

On Bonarka-Hill there is an abandoned quarry — now a
nature reserve. Detailed descriptions of the quarry were
published by Smolenski (1906), Panow (1934), Alexan-
drowicz (1954), Barczyk (1956) and Gradzinski (1960). In
1990 an excavation was made, eastwards from the monu-
ment on the top of the hill, which made it possible to extend
the section (Fig. 6).

Just above the Upper Jurassic thick layered biohermal
limestones, truncated by an abrasion surface, rest thin (about
0.2 m) gray sandy limestones with quite numerous quartz
pebbles (locally the limestones are conglomeratic). The
authors did not found any fossils in this layer, though Bar-
czyk (1956) gives a list of Lower Turonian fossils from the
same layers exposed in the quarry (¢f. Gradzifiski, 1960).
Above the limestones, rest 0.8 m thick greenish glauconitic
marls (Barczyk, 1956), 0.3 m of them were exposed during
the excavation. The glauconitic marls are covered with gray
marls 3 m thick. The fossils (Barczyk, 1956) indicate San-
tonian age of the greenish marls, and earliest Campanian for
the gray marls (¢f. Gradzifiski, 1960, 1972).

The Bonarka section ends with white limestones and
marly limestones, 3.5 m thick, which include numerous
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Fig. 6. Bonarka, section. Insets show type of test accumulation;
Ec — Echinocorys: other explanations in Figs. 25
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Fig.7.  Poskwitow. a — section, b — test orientation diagram;
explanations in Figs. 2-6

cherts and flints, and are determined as Lower Campanian
(Barczyk, 1956). Remains of echinoids from the genus
Echinocorys and Micraster have been collected from marly
limestones and marls with flints. Maczyniska (1984) de-
scribed also infrequently specimens of Offaster and Galeola
from the same place.

At Poskwitdw, white marls and marly limestones with
cherts and flints crop out along the road (Fig. 7). Three li-
thologic types can be seen in the section:

1 — marly limestones and marls with well developed flints,

2 — marly limestones with cherts,

3 — marls and marly limestones, which form intercalations
between layers rich in flints (lithotype 1).

Thickness of layers varies from 15 to 60 cm.

Sediments formed in this lithofacies type have been de-
veloped similarly to the Lower Campanian deposits
throughout the Krakéw region (Gradzinski, 1972) and SW
margin of the Miechéw Trough (Rutkowski, 1965).

Echinoids genera Echinocorys and Micraster are gener-
ally found in marly limestones, and marls with flints (like on
Bonarka-Hill). Maczynska (1984) mentioned from this
place also very rare Cardiaster. The best preserved speci-
mens are filled with chalcedony which also impregnates the
tests. Fossils are rather rare in the marly intercalations,
where they are very often deformed.

GEOMETRIC, MICROFACIES AND
PALAEOENVIRONMENTAL ANALYSIS

Cenomanian at Korzkiew

Echinoid tests in the Cenomanian conglomerates are
rather well preserved, some are slightly crushed and partly
dissolved, colored with glauconite, iron oxides and hydrox-
ides. Many tests have quite well and well preserved orna-
mentation. Some tests bear traces of encrustation by benthic
organisms, e.g. bryozoans.

The echinoid tests rest in random positions (see in-set
Fig. 5), on the oral, aboral and both lateral sides (Fig. 8a, b).
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KORZKIEW -Cenomanian

JANUSZOWICE - Turonian

Fig. 8. a- An echinoid from the genus Pyrina in the conglom-
erates; b - An echinoid from the genus Pyrina in the conglomer-
ates; other specimen; ¢c- Two echinoids from the genus Conulus in
the nodular limestones; d - A “nest™of echinoids from the genus
Conulus in the nodular limestones; on the arrows lettered position
of the test; n- normal, s- on side, r - reversed

They are irregularly distributed - especially Pyrina and Py-
gaulus, and locally they are clustered in nests (particularly
in the outcrop “Above the Castle”).

The tests are filled with material which is similar to the
cement of the surrounding conglomerate (see Fig. 9).
Though, their microfacies slightly differ in proportion of
components.

Modem morphotypes of Echinoneidae and Cassiduloi-
dae, similar and genetically related to Pyrina and Pygaulus,
prefer habitats of coarse- and very coarse-grained sediments
(Hawkins, 1919; Mortensen, 1948; Kier, 1966; Wagner &
Durham, 1966).

The described features and analogies may indicate that
echinoids had lived in the same sedimentary environment in
which they were buried.

Thick tested regular Phymosoma, rather rare in this as-
semblage, carries indices of damage ofthe test surface. The
Phymosoma's nearest modem descendants, e.g. Stomechini-
dae and Arbacidae, live on shallow and extremely shallow-
water rocky bottoms (Smith, 1984) and so probably did Phy-
mosoma. Therefore, and taking under consideration results
of study of Chave’s (1964) experiment, rare appearance of
Phymosoma may be aresult oftransport from a fairly distant
littoral zone.

KORZKIEW -Cenomanian

Fig. 9.  Microfacies of infillings and surroundings of echinoid
tests, a - Test infilling of the echinoid from the genus Pyrina;
parallel nigois; b - The same sample; crossed nicols; c- Conglom-
erate surrounding the test of Pyrina, notice the quartz pebbles;
parallel nicols; d - The same sample; crossed nicols; scale bars =
1mm

Turonian at Jeziorzany, Trojanowice and Januszowice

Echinoid (mainly Conulus) tests found in Turonian
strata occur in the bottom parts of the sections at Jeziorzany
and Januszowice. They are irregularly distributed in the host
rock and often clustered (Fig. 8 d). The tests are poorly pre-
served, many of them are recrystallized, and some bear
traces of dissolution. Almost none ofthem rest in their nor-
mal position, and generally they lie on their sides (see Figs.
3-4, 8 c-d, 10).

Comparing several pairs infilling-surrounding of the
test, there were noticed differences between the samples, re-
sulting from a considerable microfacies variability of Turo-
nian sediments in the Krakéw-Miechéw area (Alexandro-
wicz, 1954; Barczyk, 1956; Marcinowski, 1974; Marcino-
wski & Radwanski, 1983; Kudrewicz, 1991; Walaszczyk,
1992). Each test is filled with the same sediment in which it
was resting. All infillings represent the same microfacies
type as the surrounding limestone (see Figs. 11, 12).

The echinoid genus Conulus occur usually in arenite fa-
cies (Ernst, 1970a). In the Turonian of Saxony, the open
shelf calcarenite Conulus-Facies appears in areas of haloki-
netic synsedimentary elevations on the sea bottom (see
Ernst et al., 1979). Studies of modem Echinoneus (Haw-
kins, 1919; Rose, 1978) point out coarse grained substratum
as its environmental preference. It may be assumed that
morphologically and functionally similar Conulus had the
same environmental requirements.
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JANUSZ OWICE - Turonian

Fig. 10. a-c - Echinoids from the genus Conulus in the nodular
limestones. On the arrows lettered position of the test: n - normal,
s- on side, r- reversed

Relationships between the microfacies ofthe infilling of
the tests and their host-sediment, and Conulus environ-
mental requirements indicate that the echinoids were finally
buried in the environment of their life, and never exhumed.
Possibly, a very short transport may have taken place only
within the area of deposition of the same microfacies.

Santonian at Korzkiew

The Santonian echinoids (numerous Micraster, rare
Echinocorys and Conulus albogalerus) found at Korzkiew
rest in various positions (for distribution see Figs. 5b, 13) in
a completely different sediment to that they are filled with.
The tests and moulds are often phosphatized and slightly
silicified. Surrounding clays are soft and plastic, and have
entirely different microfacies (see Figs. 14, 18 a-b; for de-
tailed description see Kudrewicz, 1992).

Diagenetic processes (phosphatization and silification)
have altered the primary test infillings. Traces of benthic or-
ganisms attachment over the whole surface of the tests, and
the microfacies of the infillings and the moulds (Fig. 14c)

»

Fig. 12. Microfacies of infillings and surroundings of echinoid
tests, a-T he infilling and surrounding of the Conulus test; b-T he
limestone surrounding the Conulus test; c-d - The infilling and
surrounding of the Conulus tests; all samples represent the cal-
cisphaere (pithonella) - foraminiferal microfacies;

scale bars = 1 mm

JANUSZOWICE- Turonian

Fig. Il. Microfacies of infillings and surroundings of echinoid
tests, a - The infilling and surrounding of the Conulus test; both
sandy wakestones in calcisphaere (pithonellid) - foraminiferal
microfacies type; b - The infilling and surrounding of the Conulus
test; both wakestones in calcisphaere (pithonellid) - foraminiferal
microfacies type without detrital material; ¢ - The infilling of the
Conulus test; microfacies type like Fig. 11b; d - Limestone sur-
rounding the Conulus test; microfacies type like Fig. 11b-c; scale
bars = 1mm

JEZIORZANY - Turonian
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KORZKIEW -Santonian

Fig. 13. a-b - Echinoids from the genus Micraster in the glau-
conitic marly clays. Both specimens rest on their sides (lettered -

)

different from the surrounding marly clays (Fig. 14a) which
generally lack echinoids (Ernst, 1970b), point out that the
fossils were redeposited.

Because of exhumation and redeposition, a reconstruc-
tion of Santonian environments can be only done by inter-
pretation of some features of Micraster tests. The whole sys-
tem of Micrasterls adaptations as a mud-dwelling morpho-
type shows fine-grained carbonate sediments as environ-
ment of their life (see Smith, 1984). Echinocorys appear as
epifauna (Smith, 1984) very often in the same facies as Mi-
craster. Morphology of Santonian Conulus albogalerus
considerably differs from the Turonian forms of Conulus.
Hawkins (1919) proves that Conulus during its evolution
adapted to life in even finer sediments and deeper facies. It
may be suggested that C. albogalerus lived in the same en-
vironment as Micraster and Echinocorys.

Taphonomy and burial history of the echinoid assem-
blage from the Santonian of Korzkiew was described in de-
tail by Kudrewicz (1992).

Campanian at Bonarka and Poskwitéw

Most echinoid tests (Echinocorys, Micraster) found in
the Campanian sediments occur in silicified layers, rich in
flints and cherts. Statistic distribution of test orientations

KORZKIEW -Santonian

Fig. 14. Microfacies of infillings and surroundings of echinoid
tests, a - Glauconitic marly clays surrounding of Micraster tests,
black grains - glauconite; parallel nigois; b - The same sample;
crossed nicols; ¢ - Infilling of the Micraster test - phosphatized
glauconitic marly wakestone in foraminiferal microfacies type
with several Pithonella and sponge spicules; parallel nicols; d -
The same sample; crossed nicols; scale bars = 1 mm

(Fig. 7b) shows that they rest generally in normal life posi-
tion or on their lateral sides (see also Figs. 15-17). Well pre-
served specimens are silicified (Fig. 18 c-d).

There is no indication that environmental preferences of
Micraster and Echinocorys had changed since Santonian.

The facies and microfacies of a quite deep marine sedi-
ment, without land influence, the nature of test accumula-
tions, and environmental requirements of echinoids indicate
that the echinoid remains were buried in the same chalky
sediment in which they lived.

FINAL REMARKS

Two considerations may result from the material pre-
sented and analysed here.

Even though the echinoid tests are the most numerous
macrofossils in the Cretaceous of the Krakéw region, they
are not easy to find, because of the kind of their accumula-
tion called here “Echinoidlagerstatte”, and their occurrence
limited to some layers and places. They are irregularly dis-
tributed in the rocks, and assigned to some characteristic
surfaces and layers. The mode of deposition of the tests de-
pended on the energy of environment and facies conditions.

This dependence may be summarised as follows;

Cenomanian. The echinoids (Pyrina and Pygaulus)
lived in coarse and very coarse grained sediments, and after
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POSKWITOW - Campanian

Fig. 15. a-b - Echinoids from the genus Micraster in the marly
limestones with flints. Both specimens in normal position (lettered
- n); 0.3 of natural size

death they might be transported for very short distances and
finally buried in high energy environments. Remains of
Phymosoma were transported from the littoral zone.

Turonian. The echinoids (mainly Conulus) lived in cal-
carenite sediments and were finally buried in a rather low-
energy environment. The tests were transported for very
short distances or only slightly reworked in their habitat.

Santonian. The echinoids (mainly Micraster, and rare
Echinocorys and Conulus albogalerus) lived in fine-
grained, chalky and marly-chalky sediments, in low energy
conditions. After primary burial, they were exhumed and re-
deposited due to a high energy event, and finally buried in a
quiet clayey sedimentation environment.

Campanian. The echinoids (Echinocorys and Micras-
ter) lived and were finally buried in chalky and/or marly-
chalky facies of a quite deep marine, quiet environment.
Generally they rest in place of their life.

In interpretation presented here another possibility for
the formation of “Fossillagerstatte” is not mentioned, which
may be important. Namely, fossil accumulation may be the
result of postmortal transportation of empty tests floated by
surface and deep water current (Stanley & Raup, 1978;
Ernstetal., 1973). In such a case, the infilling of the test can
not be treated as an indicator of the environment in which

Fig. 16. a-b - Echinoids from the genus Ecliinocorys in the
marly limestones with flints. Both specimens in normal position
(lettered - n); 0.3 of natural size

echinoids lived and died. Taking under consideration echi-
noid environmental requirements it is very likely that post-
mortal floating of empty echinoid tests did not take place.

The analysis of relationships between lithofacies and
echinoid tests found within them, makes possible the corre-
lation (Fig. 19) of Cretaceous environments with recent
echinofacies from the Adria Sea (Emst etal., 1973).

Thick tested, with massive spines, Cenomanian Phy-
mosoma lived in the zone of shallow water and high energy.
This environment can be compared with Arbacia+Paracen-
trotus zone of Ernst et al. (1973).

Occurring in the same layers as Phymosoma echinoids
from genera Pyrina and Pygaulus lived in environments
similar to the Paracentrotus or Sphaerechinus zones.

The rather low-energy, with coarse grained carbonate
sedimentation, Turonian environment of Conulus life can be
placed within Echinocardium+Spatangus zone.

Santonian (Micraster, Echinocorys, Conulus albogale-
rus) and Campanian (Echinocorys and Micraster) assem-
blages do not fit within the echinofacies scheme of Emst et
al. (1973). The quite deep, quiet environments of marly-
chalky sedimentation should be placed farther from the
shore and deeper than Echinocardium+Spatangus zone of
Ernst et al. (1973).
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POSKWITOW - Campanian KORZKIEW - Santonian

BONARKA -Campanian

Fig. 18. Microfacies of infillings and surroundings of echinoid
tests, a - Infilling of the Micraster test, slightly phosphatized
Fig. 17. a-b - Echinoids from the genus Echinocorys in the marly wakestone (pithonella-foraminiferal microfacies); parallel
marly limestones with flints. Position of the tests lettered on the ~ nicols; b - The same sample; crossed nicols; ¢ - Infilling of the
arrows: n- normal, s- on side; 0.3 of natural size Echinocorys test; test filled with the chalcedony - the result of
early diagenetic processes; parallel nicols; d - The same sample;

crossed nicols; scale bars = 1mm

Fig. 19. Environments of life of some Cretaceous echinoids wiihin Lvimiolacies scheme of Ernst et al. (1973). Detailed description in
text; the scheme is not related to the time

2 — Annales...
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Streszczenie

NAGROMADZENIA PANCERZY J EZOWCOW
W GORNEJ KREDZIE OKOLIC KRAKOWA

Rafat Kudrewicz & Danuta Olszewska-Nejbert

Jezowce stanowia najliczniejsza i najbardziej charakterys-
tyczna grupg makroskamieniato$ci w utworach gdémej kredy
(cenoman — kampan) okolic Krakowa. Wielu badaczy zwracato
uwagg na ich liczne wystgpowanie w tym rejonie (Zargczny, 1878;
Smolenski, 1906; Barczyk, 1956; Matecki, 1976, 1979; Kudre-
wicz, 1991), oraz na catym terenie Niecki Miechowskiej (Sujkow-
ski, 1926, 1934; Kowalski, 1948; Marcinowski, 1974). Czgs¢ je-
zowcdw doczekala si¢ obszemych opracowan taksonomicznych
(Kongiel, 1939; Maczynska, 1958, 1962, 1968, 1972, 1977; Po-
piel-Barczyk, 1958, 1962; Hynda & Maczynska, 1979).

W niniejszej pracy autorzy przedstawili rozmieszczenie i spo-
sob ulozenia jezowcdw w utworach gérnej kredy, zaleznosci mi-
krofacjalne pomigdzy wypelnieniem pancerzy jezowcdéw, a skala
Jje otaczajaca, oraz probe interpretacji Srodowiska zycia jezowcow
poprzez poréwnanie form kopalnych z podobnymi wspotczesnymi
morfotypami, bedacymi réwnoczesnie formami pokrewnymi.
Przedstawiono wyniki badan z kilku odstonigé z okolic Krakowa,
uznanych przez autoréw za reprezentatywne (Fig. 1). Zespot je-
zowcOow cenomanskich opracowano na podstawie materiatu z Ko-
rzkwi, turonskich z Januszowic i Jeziorzan, santonskich z Korz-
kwi, kampanskich z Bonarki i Poskwitowa (Fig. 2). Sposob nagro-
madzenia jezowcdw pozwala opisaé je jako ,,Echinoidlagerstiit-

L

ten”.

Cenoman. Utwory cenomanu w okolicach Krakowa sg wy-
ksztatcone w postaci marglisto-krzemionkowych zlepiencow
kwarcowych (Fig. 5). Stosunkowo liczne jezowce znajdowane w
zlepiencu reprezentuja rodzaje: Pyrina i Pygaulus. Bardzo rzadko
pojawia si¢ rodzaj Phymosoma. Potozenie jezowcow w skale jest
przypadkowe, spoczywaja na stronach oralnej, aboralnej lub w
pozycji bocznej (Fig. 8 a-b). Pancerze wypelnia skata podobna do
otaczajacego je zlepienca (Fig. 9). Roznice mikrofacjalne polegaja
jedynie na innych proporcjach skiadnikéw, gdyz wigksze otoczaki
nie mogly dostac si¢ do srodka pancerza przez mate otwory peris-

tomu i periproktu. Pyrina nalezy do rodziny Echinoncidae, a Py-
gaulus do Cassiduloidae. Wspolczesnie zyjacy przedstawiciele
obu tych rodzin, morfotypowo odpowiadajacy rodzajom Pyrina i
Pygaulus preferuja jako $rodowisko zycia dno o gruboziarnistym
osadzie, przede wszystkim zwirowym (Hawkins, 1919; Morten-
sen, 1948; Kier, 1966; Wagner & Durham, 1966). Mozna przy-
puszczaé, iz wspomniane formy kopalne réwniez preferowaty
takie Srodowiska. Charakter skaly otaczajacej i wypetniajacej pan-
cerze potwierdza powyzsze przypuszczenie, co pozwala stwiet-
dzi¢, iz jezowce z rodzaju Pyrina i Pygaulus znajdowane sa w
miejscu, w ktérym zyly, a ich pancerze nie ulegty dtugiemu trans-
portowi. Wyjatkiem jest Phymosoma, ktorej wspolczesni krewni
np. z rodzin Stomechinidae i Arbacidae zyja w ptytkich lub skra-
jnie plytkich Srodowiskach (Smith, 1984). Mozna zatem przy-
puszczal, iz Phymosoma zostata przytransportowana ze strefy
litoralnej.

Turon. Utwory turonu wyksztatcone sa w postaci wapieni or-
ganodetrytycznych i wapieni gruztowych, z domieszka kwarcu i
krzemieni (Fig. 3—4). Dominujace jezowce z rodzaju Conulus naj-
liczniej wystepuja w warstwie wapienia organodetrytycznego kil-
kanascie centymetrdw nad powierzchnig abrazyjna tnaca bioher-
malne wapienie wieku jurajskiego (Fig. 8c, 10). Rozmieszczenie
jezowcow w obrebie tej warstwy jest dos¢ nieregularne. Gdzie-
niegdzie wigksze ilodci okazow (Fig. 8d) wystgpuja w skupieniach
- ,gniazdach”. Jezowce przyjmujg przewaznie polozenie boczne
(Fig. 3b, 4b—b’). Wszystkie pancerze rodzaju Conulus wypelnione
sg takim samym, pod wzglgdem mikrofacjalnym, materiatem jak
otaczajaca je bezposrednio skala (Fig. 11, 12). W utworach kopal-
nych jezowce z rodzaju Conulus znajdowane sa z reguly w de-
trytycznych skatach wapiennych reprezentujacych facje dos¢ plyt-
kiego morza (Ernst, 1970a; Ernst ez al., 1979). Pod wzgledem mor-
fotypowym rodzaj Conulus mozna poréwnaé¢ do wspdlczesnego
rodzaju Echinoneus. Badania nad tym rodzajem (Rose, 1978)
pokazuja, ze preferuje on jako srodowisko zycia ziarniste, kal-
karenitowe podtoze. Wymienione fakty przemawiaja za tym, iz
jezowce z rodzaju Conulus zostaly pogrzebane w Srodowisku swo-
jego zycia, bez wyraznego przemieszczenia.

Santon. Utwory santonu w okolicach Korzkwi, skad pocho-
dzi bogaty material jezowcowy, wyksztalcone sa w postaci mar-
glistych itéw glaukonitowych (Fig. §). Wsréd jezowcdw dominuje
rodzaj Micraster. Rzadziej spotykane sa: rodzaj Echinocorys i
gatunek Conulus albogalerus. Jezowce utozone sa w réznych po-
zycjach (Fig. Sb, 13). Skala wypelniajaca pancerze jest sfosfa-
tyzowana i lekko zsylifikowana, podczas gdy otoczenie stanowig
migkkie, plastyczne, margliste ity glaukonitowe (Fig. 14, 18 a-b).
Jezowce unikaja $rodowisk o duzym udziale itu (Ernst, 1970b).
Caly system cech adaptacyjnych rodzaju Micraster wskazuje na
przystosowanie do zycia w Srodowisku bardzo drobnego mutu
wapiennego (Smith, 1984), dlatego tez rodzaj ten najczesciej znaj-
dowany jest w osadach wapiennych, marglisto-wapiennych lub
kredzie piszacej. W tych samych osadach wystepuje rodzaj Echi-
nocorys. Powyzsze fakty §wiadcza, iz pancerze jezowcow z rodza-
jOw Micraster i Echinocorys musialy odby¢ dluzszy transport i
zostaly zlozone w innym $rodowisku niz zyly. Conulus alboga-
lerus mogt zy¢ w podobaym $rodowisku jak Micraster | Echinoco-
rys, gdyz jak twierdzi Hawkins (1919) rodzaj Conulus w czasie
swojego rozwoju przystosowywat si¢ do zycia w coraz glebszej
wodzie i w coraz drobniejszym osadzie.

Kampan. Utwory kampanu w okolicach Krakowa wyksztal-
cone sa w postaci margli, wapieni marglistych oraz wapieni z
licznymi czertami i krzemieniami (Fig. 6, 7). Jezowce, reprezen-
towane glownie przez rodzaje Micraster i Echinocorys, zwiazane
sa z poziomami wapienia marglistego z krzemieniami. Pancerze
jezowcodw utozone s przewaznie w pozycji nommalnej na stronie
oralnej, rzadziej w pozycji bocznej (Fig. 7b, 15-17). W trakcie di-
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agenezy jezowce ulegly sylifikacji. Najlepiej zachowane okazy
wypelnione sg krzemionka drobnokrystaliczng (Fig. 18 c-d). Wy-
mogi srodowiskowe rodzajow Micraster i Echinocorys nie zmie-
nily si¢ od santonu. Mozna przypuszcza¢, iz kamparnskie jezowce
zostaly pogrzebane w srodowisku swojego zycia, bez wyraznego
przemieszczenia.

Analiza zaleznosci litofacjalnych, mikrofacjalnych oraz wy-
mogdw paleosrodowiskowych pozwala na skorelowanie poszcze-
g6lnych srodowisk péznokredowych (Fig. 19) ze wspoiczesnymi
echinofacjami z Adriatyku (Ernst et al., 1973). Srodowisko zycia
cenomanskiego rodzaju Phymosoma jest pordwnywalne z naj-

plytsza zong Arbacia+Paracentrotus. Rodzaje Pyrina i Pygaulus
zyly nieco glgbiej, w osadzie gruboziarnistym, zwirowym i od-
powiadaja wspdlczesnej zonie Paracentrotus Jub Sphaerechinus
albo obu tym zonom. Rodzaj Conulus z utworéw turonu, zwiazany
z facjami kalkarenitowymi, dobrze koreluje sie z zong Echino-
cardium+Spatangus. Rodzaje Micraster i Echinocorys z santonu i
kampanu oraz gatunck Conulus albogalerus z santonu zamiesz-
kiwaly bardzo drobnoziarniste, wgglanowe osady $rodowisk poni-
zej strefy odpowiadajacej wspétczesnej zonie Echinocardium
+Spatangus, zatem nie mieszcza si¢ w schemacie Emsta ef al.
(1973).



