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Abstract: Light-coloured pelagic limestones with cherts, known as maiolica, are a distinctive
uppermost Jurassic—Lower Cretaceous facies of the Western Tethys. This facies originated in
both, oceanic bottoms and in continental margins, mainly in deep basins but also on drawned
platforms and on submarine elevations. It reflects the greatest facies unification in the Mesozoic
history of the Western Tethys.

The development of maiolica in the Western Tethys may be related to: (i) the restriction of
deep-water connections with the Eastern Tethys, (ii) the establishment of antiestuarine circulation,
(éii) subevaporitic conditions, (iv) the development of calcareous nannoplankton, (v) the lowering
of CCD in response to factors (i)— (iv).
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INTRODUCTION

Light-coloured (white to grey) pelagic limestones with cherts, occurring in
the uppermost Jurassic and Lower Cretaceous in the Alpides of Europe and in
the Atlantic, belong to the characteristic facies of the Western Tethys. These
limestones, which have different local names in various areas, are referred to in
this paper under a common name — maiolica facies. The typical maiolica
facies usually encompasses the Upper Tithonian and Berriasian but its
stratigraphic extent is somewhat different in various regions.

The maiolica facies has long attracted the attention of stratigraphers, and
recently also of sedimentologists. This study stresses the palacogeographical
conditions of the occurrence of this facies. The paper includes the results of the
author’s studies in the Tatra Mts., the Pieniny Mts., and the Southern Alps.
A The author would like to thank Prof. F. Massari, Prof. I. Dieni, and Prof. S. Buser for

demonstrating to him the sections of the maiolica facies in the Alpine region.

NOMENCLATURE

The name maiolica (from the Italian maiolica — a variety of pottery) has been used to denote
white, well stratified, pelitic limestones with cherts in the uppermost Jurassic and the Lower
Cretaceous of the Lombardian Alps since 1819 (¢f. Dal Piaz & Trevisan, 1956). In the Venetian
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Alps the name biancone (from the Italian bianco — white) has been used for very similar sequences
since 1824 (Dal Piaz & Trevisan, 1956). The name biancone became more popular outside Italy. It
has been used in the Carpathians (cf. Andrusov, 1959; Birkenmajer, 1977), in Hungary (cf.
Kazmér. 1986). and in northern Yugoslavia (Babi¢. 1973: Buser. 1979).

In Poland. the name maiolica has hardly been used. In the Alpine area, the
names maiolica and biancone are commonly used as synonyms for the same
type of limestone facies (Bernoulli, 1972; Cita, 1965).

In recent ycars the name maiolica, which has the priority, is more and more
frequently used outside the Lombardian Alps. In the Lombardian Alps,
maiolica is not only the name of a facies, but also of a lithostratigraphic unit.
In the latter sense it is used in the papers written by Italian geologists (cf.
Desio, 1973). This lithostratigraphic name does not conform to the rules of
Hedbergian stratigraphy (Hedberg, 1976), but it conforms to the Italian code
(Azzaroli et al., 1968), which protects the traditional stratigraphic names.

The Swiss geologist H. Weissert (1979) proposed to use the following
divisions: Lombardische Maiolica, with its type section in Breggia, and
Venetische Maiolica, with its type section in Spiazzi. However, the author of
this proposal does not follow it himself when he uses the names Lombardian
Maiolica Formation and Venetian Biancone Formation or just Maiolica
Formation in a later paper (Weissert, 1981). This abbreviated term — Maiolica
Formation — is also used by other authors for both the Lombardian and the
Venetian Alps, often interchangeably with the name maiolica facies (e.g.
Winterer & Bosellini, 1981). Geologists often confuse the facies and formation
concepts, using also for example the term Radiolarite Formation (Hsi, 1976;
Winterer & Bosellini, 1981), which does not concern a concretely defined
lithostratigraphic unit.. ‘

The deposits belonging to the maiolica facies are included in various
lithostratigraphic units (in different areas). These may be both formal,
conforming to the rules of Hedbergian stratigraphy, and informal, although
frequently well defined units. Both groups are listed in Table 1.

It is expected that with the increasing use of the Hedbergian rules of
stratigraphy which is taking place, the number of the lithostratigraphic units
distinguished within the maiolica facies will increase further. This process is
inevitable, because well defined and individually named lithostratigraphic
divisions are necessary for their presentation on geological maps and sections.
Full unification of lithostratigraphic nomenclature is not possible (cf. Wieczo-
rek, 1988a,b), and the use of the term Maiolica Formation in all the area of the
occurrence of this facies would be unjustified.

It is possible and justifiable to use one name for a distinctive facies in
various regions. The use of maiolica as the name of a_facies in especially
helpful when discussing facies-palaeogeographic questions. A similar example
is provided by a more popular term — ammonitico rosso (correct usage-rosso
ammonitico, see Farinacci & Elmi, 1981), used for definite lithostratigraphic
divisions in the Southern Alps as well as, in a very wide sense, for a recurrent



257

MAIOLICA —A UNIQUE FACIES

LL61 ‘1ofewruadIlg 998

6L61 ‘AodnIy

0L61

‘uorsuIen) {996 ‘Iofuruusg %® 1°8n1d
IL61 “MPzZied

0861 ‘Aoid

TL61 ‘mourdg

6961 ‘IPUIM

0L61 “Ip ‘12 mojoureq

6961 ‘TeWO], % HEse) 896 ‘IUI00BUD
G861 ‘yoIqey zudy ‘861 ‘19peSwineg
1861 ‘1I9SSIOM

8L61 ‘PISMONJOZOZS]
8L61 ‘PISMONIOZOZS
6L61 “[v 12 esue]
epR6l ‘U0SIIQOY
6L61 ©'Ip 12 eIdRIRd
9861 ‘1owzey

9861 ‘ToWwZEY

¥861 ‘9L61 ‘WeIAY
6L61 ‘Aysaoufng % Yglod
LL61 “wofewruayug
7861 “v 12 19833850

1861 ‘6L61 MISSOM

uerwolIRg — UBTUOYILL,
upnwaLIRg ] — UBIUOYILL

wog uoddiy] Auruaig

uelseLLIag ] — UBIUOYILL, (103038 uerurenyn) yog uaddiry Auruaig

SNOoJRIAI) “JA — UBIUOYI], ° n
UBISBLLIOE — UBIUOYIL],
SNO30LIAI) A — UBIUOYIL]L,
SNOYDERI) —UurOYN], )
uendy “J—UBUOYIL ‘N
uveruedwe) — URIPIOJXO
uendy “]—ueUIOMIL ")
uendy “J—uemoyLy N

URIALIS)NEBH — UBISBLLISY
uBlALIINBH T —UeBISRLISg N
uplwaLIeg — mm_cof_ L N
ueIq[Y — UBIUOYILL
UBIALIINEH “—UBUOUYNL (]
uBlOYNL ‘N

uplwoLIRg “—URIUOYILL
URIALIINEH — UBTUOYI L
uelqly “]—UeIsenIdg N
ueIwIIRg — URIUOYIL ],

uendy “—UBUOYNL ‘()
uerwoLIRg — UBIUOYILL, ()

sdy snoalesje) WISYLON

(etueqpy) sdjy snoaredje) UISYIION

SOpIua[IoH

Apors

soutuuady
(ounpog) sdiv 'V
sd[y uiaynos
sd[y UuenoUSA

(sureu p[o) Y[eNUIANSUIOH

®)IAS BYSARI[RAS

spag weIdqQ

requeyofidy

(Apaed) ouojsowrr] B[SIA

BSOUWIN L]

ansadny arese)

(Apaed) 1oyooog I1p d1BI[ED

W eololeN

W] QUOdUBIY UBIQUIA
soweu [BUWIOju]

eqn) .oﬁmo.m [op B1I9IS (‘W BSIOMY) "IN 0Ioprung(()

eqn) ‘sourSiQ SOT 3P BLIIS
uiseq eweyeg-oye[q

spue[s] apIdA ade) ‘Oorey
Apots dS

NOsOOW

Kuoyeg

suergiedie) S

sueryiedie) Iouu] UIDISIA
yog uaddiry] Auruolg

(syun surdieonsny) sdiy 1enus)
sdjy ueipiequio]

(‘wg esesenn) QN seNquInL(;)

Wy eureyeq-oyelg

‘ud OJON

‘w,] SjuoweILIY)

‘W SUO)ISAUWITT IBAIRIA

‘W] SuO}ISOWIT qUOPSOIATOIN

‘w eAdNSIMN

Wy euApn ()

‘wd suoisowr] Aumudig

‘wf yeyuoyokidy — euuassny

‘UL BOIOIBJN UBIPIRqUIOT
SOWIBU [BUWIIO]

S30URIJOY

uonsod [eomydeisnens

rIIY

sweN

souwreu orjdeiSnenisoyly] — soloB] B[O




258 J. WIECZOREK

facies in different regions and of different age (cf. Farinacci & Elmi, 1981;
Wieczorek, 1983). . )

The list in Table 1 does not include the area of the Tatra Mits. where
maiolica occurs in the Krizna sequence and was recently distinguished as
a unit, which was named the Pieniny Limestone Formation (Lefeld, 1985).
However, the use of the names from the Pieniny Klippen Belt for the units in
the Tatra is not appropriate, the more so because there are significant
differences between the Pieniny and Tatra sequences (¢f. Wieczorek, 1988b).

Using the name maiolica or biancone for a type of rock is not appropriate
as these terms denote facies and not petrographical types. Similarly as the
turbidite intercalations in a pelagic sequence should not be termed flysch,
pelagic limestone intercalations in a sequence of allodapic limestones should
not be termed maiolica or biancone (see Nowak, 1973, p. 406).

DESCRIPTION OF THE MAIOLICA FACIES

The sequences of the maiolica facies are dominated by white to grey,
compact, well stratified pelitic limestones with dark cherst (P1. I: 1, PL II: 1, PL
[11). The bedding of the limestones is very distinct; the bed thickness varies
usually from 5 to 30 cm. Lamination within the beds is rare (¢f. Robertson
& Bliefnick, 1983; Robertson, 1984a,b) due to the obliteration of the original
lamination through the intense penetration of the sediments by organisms (Pls.
I1—1V). Slump deformations of the bedding are frequent (P I: 2; Weissert,
1979, 1981). A characteristic feature of this facies is the presence of nodular or
layered cherst (Pls. II 1, III; Misik, 1973). Stylolites are also common.

Some differentiation in the lithology of the maiolica facies can be observed.
Basinal sequences, for example those in the Lombardian Alps and in the
Pieniny Klippen Belt (Branisko-Pieniny succession) usually attain thicknesses
of over one hundred metres. Besides pelitic limestones, consisting mainly of
calcareous nannofossils, there are numerous calcarenites and calcirudites
deposited by turbidity currents. Intercalations of marls and black shales are
also frequent. It should be stressed, however, that there are also condensed
sequences, from less than ten to some tens of metres thick, devoid of turbidite
intercalations, e.g. the Grajcarek sequence and the Krizna sequence in the
Carpathians.

In the sequences of submarine rises or drawned carbonate platforms (e.g.
the Trento platform in the Southern Alps) the thickness of the maiolica facies
does not usually exceed one hundred metres. Granular intercalations and the
layers of marls and black shales are less numerous here, while dolomitization is
more frequent (Colaccichi & Pialli, 1967; Bernoulli & Renz, 1970). In some
sequences the limestones are distinctly nodular (maiolica nodulare — see
Chiocchini et al., 1980).

The limestones of the maiolica facies are built mainly of calcareous
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nanofossils, among which the main rock-building role belongs to the genus .
Nannoconus (Bronnimann, 1955; Grunau, 1959; Cita, 1965). Coccoliths (Canu-

ti & Marcucci, 1969; Fliigel & Keupp, 1979) and calcispheres (Borza, 1969;

Obermajer, 1986) are numerous but calpionellids are more abundant (e. g.

Grunau, 1959; Remane, 1983) so that this facies is often referred to as the

Calpionella limestones. Radiolarian skeletons are important rock-forming ele-

ment of the maiolica facies (Baumgartner, 1984; Gorican, 1983). Spicules of

siliceous sponges (Fliigel & Meixner, 1972) occur less frequently, as well as

foraminifers (Canuti & Marcucci, 1969), ostracods (Garrison & Fischer, 1969),

and dinoflagellates (Habib & Drugg, 1983).

Macrofauna is represented mainly by aptychi which may be locally
abundant (Parona, 1881; Gasiorowski, 1962; Renz, 1983; Renz & Habicht,
1985), so that the limestones are locally called Aptychenkalk, especially in the
Eastern Alps. Rhyncholites (Gasiorowski, 1973) and belemnite rostra (Rodig-
hiero, 1919; Renz, 1983) are encountered rarely. Ammonites include int. al.:
Phylloceras, Lyptoceras, Neocomites, Berriasella, Corongoceras, Crioceratites
(Parona, 1881; Rodighiero, 1919; Lefeld, 1974; Avram, 1976; Rieber, 1977;
Myczynski, 1977; Renz, 1983; Cecca, 1985). Brachiopods — Terebratulidae and
Pygope — occur locally in the Southern Alps (cf. Dieni & Middlemiss, 1981;
Benigni, 1983).

Rich benthic life is documented by numerous trace fossils characteristic of
the maiolica facies (Pls. II-1V). The most frequent are Chondrites traces (Pl.
II: 1, 2; PL. IV: 3), also locally numerous are Zoophycos traces (Pl. IV: 1, 2).
Teichichnus traces (P1. II: 1) and vertical traces (Pl. II: 2) have been observed
sporadically.

Accumulation rate. The rate of accumulation of the maiolica facies
calculated without the correction for compaction, and based on the geological
time scale of Harland et al. (1982) equals:

Southern Alps:
Lombardian Basin . . . . . . . . . . . . . . . . . . 54 m/10° years
Trento Platform . .ca. 4 m/10° years

Apennines:
Tuscan sequences . . . . . . . . . . . . . . . . . . .23 m/10° years
Umbrian sequences . . . . . . . . . . . . .« . .« . . 20 m/10° years

Northern Calcareous Alps
Oberalm  Schichten .. 17—51 m/108 years
(see Garrison & Fischer, 1969)

Carpathians

Murguceva Formation

Grajcarek sequence .

Niedzica sequence .

Branisko sequence

Krizna sequence .
Atlantic

Moro Formation

Blake-Bahama Formation .

. ca. 4 m/10° years
.0.08—0.24 m/10° years
.0.17—0.25 m/10° years

. 4.8 m/10° years
.5 m/10° years

4.8—9.4 m/10° years
.25—30 m/10° years
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The high accumulation rate of the Oberalm Schichten and of the Tuscan
sequence is related to the presence of numerous turbidite intercalations. The
same regards the Blake-Bahama Formation that, additionally, was not subject
to as much compaction as the sequences now exposed in the Alpides. The
accumulation rate of pelitic sequences is usually about 5 m/10° years. The
anomalously low accumulation rate of some sequences, e. g that of the
Grajcarek sequence, may reflect conditions unfavourable for the development
of calcareous nannoplankton.

MAIOLICA AND THE TETHYS PALAEOGEOGRAPHY

The maiolica facies is characteristic of the western part of the Tethys, and it
is known from the Mediterranean as well as the Atlantic and Caribbean regions
(Fig. 1). In the Eastern Tethys the maiolica facies is known from only a few
profiles in Indonesia (Bemmelen, 1949). In this part of the Tethys siliceous
deposition is characteristic of the Jurassic/Cretaceous transition.

The Late Jurassic and Early Cretaceous was a time of widening of the
Western Tethys which became connected to the Pacific between the South and
North America. The other important event was the restriction of the
connections between the western and eastern part of the Tethys as a result of

60°

00

60°

Fig. 1. Main basins of the Late Jurassic Tethys, after Bernoulli & Lemoine (1980), slightly modified.

1 — maiolica facies; 2 — radiolarites; 3 — marls; CT — Caribbean Tethys; AT — Atlantic Tethys;

MT — Mediterranean Tethys; ET — Eastern Tethys; A — Adria (Apulia) block; Am — Austrialian
margin; P — possible remnants of Paleotethys
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the closing of the Vardar zone (¢f. Ogg et al., 1983). These events controlled
the palacogeographical extent of the maiolica facies.

The maiolica facies is best known from the Mediterranean sector of the
Tethys (Fig. 1, 2) where its type locality occurs in the Southern Alps.
Palaeogeography of this sector of the Tethys has been widely discussed in the
recent years (e.g. Laubscher & Bernoulli, 1977; Dercourt et al., 1985; Wieczorek
in press). The main axial basin of this sector was the Ligurian-Piemont “ocean”
connected through the zone of transform faults with the Atlantic sector. The
Ligurian-Piemont “ocean” was a narrow zone underlain by oceanic crust,
whose continuation to the east is not clear.

The maiolica is known from the zone of the Ligurian-Piemont “ocean”
where it is usually underlain by radiolarites directly overlying oceanic crust.
Locally maiolica may directly overlie ophiolites (¢f. Decandia & Elter, 1972;
Barrett, 1982a,b), probably reflecting a differentiated topography of the
basement that was subject to synsedimentary tectonic movements (Weissert
& Bernoulli, 1985).

The ““oceanic” maiolica facies is present in the section in Liguria, on the
Elba island (Decandia & Elter, 1972; Barrett, 1982a), in the Southern
Apennines (Ogniben, 1969; Vezzani, 1969) and in the Cottian Alps — Chab-
riere series (Lemoine, 1980).

The main area of deposition of the maiolica facies was Adria (Apulia).
Towards the end of the Jurassic the margins of Adria formed a distinctive
system of submarine basins and rises and more extensive, shallow carbonate
platforms (Fig. 2; Channel et al., 1979; Bernoulli et al., 1979). The deep-water
basins along the margins of Adria included the Lombardian Basin with its very
differentiated topography of submarine throughs and ridges. In the Lom-
bardian Basin the maiolica usually overlies red radiolarian marls (rosso ad
aptici) and is covered with variegated marls (scaglia variegata). The most
complete sections of this facies, up to 150 m thick, are known from the deeper
parts of the basin (Monte Nudo Trough, Monte Generoso Trough, Sebino
Trough; see Gaetani, 1975; Weissert, 1979), while on submarine rises the

-sections are thinned and the maiolica facies even directly overlies a Liassic

basement (e.g. Lugano Sill zone — Gaetani, 1975; Weissert, 1979).

A similar topography was characteristic for the Northern Apennines
(Bernoulli et al., 1979) where the sequences of maiolica attain 700 metres in
thickness due to the deposition in the basins not only of pelagic material, but
also of shallow-water limestones, which were redeposited from elevated
carbonate platforms (c¢f. Bernoulli, 1967).

The maiolica facies is also present in the sections of the Calcare di Soccher
in the Belluno Trough (Gnaccolini, 1968; Casati Tomai, 1969). Submarine
slumps are common in this sequence. The maiolica includes an admixture of
shallow-water material redeposited from the Friuli platform (Prof. F. Massari —
oral communication, 1986). The basinal sequences of maiolica, occurring
around Adria, also occur in the Lagonegro Basin, from the Slovenian (Julian)
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Fig. 2. Distribution of maiolica facies in Mediterranean Tethys. Paleogeography after Dercourt et
al. (1985). 1 — emerged land; 2 — oceanic crust; 3 — thin continental crust; 4 — thick continental
crust; 5 — platform limestone; 6 — evaporite; 7 —conglomerate; 8 — breccia; 9 — flysch; 10
— radiolarite; // — maiolica facies on oceanic crust; /2 — maiolica facies on continental crust; /3
— outer limits of Alpine domain; 14 — facies boundaries; 15 — boundaries of block; 16 — active
spreading ridge; /7 — transform fault; /8 — oceanic subduction; /9 — thrust; 20 — fault; 2/
— volcanism; 22 — palaeoalititude AL — Alboran; AN — Antalya; B — Brianconnais; BD — Bey
Daglari; ET — Eastern Taurides; G — Gavrovo; I — Ionian Trench; K — Kabylia; KIR
— Kirsehir;, KM — Kemer; KR — Kermanshah; L — Lombardian basin; LAa — Lower
Austroalpine realm; IN — Lagonegro; M — Moesia; M Aa — Middle Austroalpine realm; MDR
— Menderes; MM — Moroccan Meseta; OM — Oranese Meseta; P — Parnassus; P/ — Pindus;
PL — Pelagonian Massif; RH — Rhodope; STI — Stilo; SI — Sila; T — Tunisia TA — Tatricum;
TR — Trento platform; UAa — Upper Austroalpine realm; VL — Valais; WP — Western
’ Pontides
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Trench (¢f. Aubouin, 1963; Cousin, 1973), from the Ionian Trench (Bernoulli
& Renz, 1970), and from the Pindos Trench in the Hellenides where this facies
is confined to the Jurassic/Cretaceous transition, within the Jurassic-Creta-
ceous radiolarite sequence (Baltuch, 1982; Baumgartner, 1984)."

A sequence typical for the carbonate platforms, which surrounded the
“oceanic” Tethys and were subsiding at the end of the Jurassic, may be
observed on the Trento platform (Venetian Alps). The maiolica facies
occurring here is underlain with red nodular limestones — Rosso Ammonitico
Superiore. The thickness of the maiolica is variable, usually less than 100
metres (Castellarin, 1972; Weissert, 1979).

In the Austroalpine units, basinal sequences of maiolica occur in the
Salzburg area (Garrison & Fischer, 1969) and in Engandine (Dosseger et al.,
1982), while in the Central Carpathians such sequences are characterlstxc for
the Krizna nappe (Michalik et al., 1987).

In the Tatra Mts. pelagic limestones attributable to the malohca facies
occur in the Upper Tithonian and Berriasian (Lefeld, 1974). This facies is
underlain by radiolarites, red nodular limestones and greenish-pink marls
equivalent to the rosso ad aptici facies. Though this is a basinal sequence, it
lacks turbidite intercalations with redeposited shallow-water material. -

The maiolica facies in its typical development occurs in the Pieniny. Klippen
Belt where it is a characteristic element of the Branisko-Pieniny.sequence, and
attains more than 180 metres in thickness (Birkenmajer, 1977). Thinner
sections occur in the Niedzica and Czertezik sequences. Here the lack of
turbidite intercalations with shallow-water material is characteristic, although
tectally active ridges were present on the south and north at the Juras-
sic/Creataceous transition (Birkenmajer, 1975, 1986). The northernmost basin
with the maiolica facies was the South-Magura Basin (Grajcarek sequence)
where the sequences of this facies are strongly thlnned (Blrkenmajer 1977
Obermajer, 1986).

In the western part of the Mediterranean sector the maiolica facies. is
characteristic for the basinal sequences in the Balearic Islands (Majorca) and in
the Sub-Betic zone (Colom, 1955, 1973; Seyfried, 1978).

In the Atlantic sector the maiolica has been found mainly in the drillings in
the Blake-Bahama Basin (Jansa ef al., 1979; Robertson & Bliefnick, 1983). The
maiolica here is usually underlain by the facies of reddish marls (equivalent of
the rosso ad aptici facies), and locally it overlies the oceanic basement. The
deposits are undeformed tectonically.

In the eastern part of the Central Atlantic the “oceanic” maiolica facies is
found in boreholes in the Cape Verde Basin and appears on the surface on
Maio island in the Cape Verde Islands (Robertson, 1984b). On Maio island the
maiolica directly overlies ophiolites, witch are considered to be the remnant of
Late Jurassic — Early Cretaceous mid-oceanic ridge (Robertson, 1984a).

The passive margins of the Central Atlantic at the Jurassic/Cretaceous
transition received sediments in shallow-water facies (coral and coral-sponge
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bioherms) though, as in the Mediterranean sector, some blocks were subsiding
and were the site of accumulation of pelagic sediments, including the maiolica
facies recently found on the Mazagan Plateau (Jansa et al., 1984).

In the Carribean sector of the Tethys the basinal sequences similar to the
maiolica occur in Cuba (cf. Pszczotkowski, 1978).

The problem of bathymetry

The occurrence of the maiolica facies oh an oceanic as well as continental
basement, in basins as well as on submarine rises, indicates that these pelagic
deposits were laid down at different depths. The maiolica was deposited above
the calcite compensation depth (CCD) and below the aragonite compensation
depth (ACD). This depth range is indicated by the presence of calcite skeletons
(aptychi, calcareous nanofossils, sometimes brachiopods) and the lack of
aragonite ones. This determination of the depth is however very imprecise.

ACD is very unstable and CCD in modern oceans is situated at different
depths (Berger, 1981) and steeply rises towards the basin margins. The position
of CCD depends on many oceanographic, climatic, and ecological factors
(Ramsay, 1973; Berger & Winterer, 1974; Berger, 1981), hence the data on the
position of CCD in modern oceans can not be directly applied to ancient
basins. The CCD position in the geological past depend also on the
development of calcareous nannoplankton which appeared in abundance only
in the very late Jurassic. For this reason the pre-Tithonian pelagic deposition
can not be considered as actualistic. The oceanic crust in the Ligurian-
Piemont zone is directly overlain by radiolarites, and radiolarian-rich muds-
tones are the first Callovian deposits directly overlying the crust of the then
opening Central Atlantic. At present, the first deposits in the zones of sea-floor
spreading and oceanic crust formation are pelagic limestones. It may be thus
supposed, that at the Middle/Late Jurassic transition, CCD was situated much
higher (at least in the Western Tethys area) than it is today in the Atlantic.
Such oscillation in the CCD position occurred several times in the Earth’s
history (van Andel, 1975; Berger, 1981) and is also postulated for the Jurassic
and Cretaceous (Winterer & Bosellini, 1981). It should also be noted that the
CCD position in small oceanic basins could be different to that in great oceans.
Hence, the fluctuations recognized in the great oceans do not necessarily
correspond to those that might have occurred in small basins. For this reason
the conclusion that a sediment was laid down below or above CCD says but
little about the basin’s depth.

A more dependable bathymetric criterium is provided by the Sclater curve
(age-versus-depth curve) which relates the depth changes of oceanic basins to
the sea-floor spreading and subsidence of the oceanic crust (Sclater et al., 1977;
Berger & Winterer, 1974). Using this curve the depth of the Central Atlantic
" Basin during the deposition of the Blake-Bahama Formation was determined
at 3300 — 3650 m (Robertson & Bliefnick, 1983), and the depth of the Ligurian
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Basin (Appenines) during the deposition of Calcari a Calpionelle at 3—4 km
(Hsii, 1976) or about 4.5 km (Laubscher & Bernoulli, 1977). Using modified
Sclater curves for the Southern Alps, the depth of the basins situated on
continental crust has also been calculated (Winterer & Bosellini, 1981). The
depth of the Lombardian Basin at the Jurassic/Cretaceous transition has been
estimated at 2.4—3 km, and of the Trento Platform at 1 —1.3 km (Winterer
& Bosellini, 1981).

The shallow-water origin of the maiolica facies may be ruled out. The facies
does not include shallow-water fossils or structures indicative of shallow-water
facies. Ichnofossils in the maiolica facies sequences are not good bathymetric
indicators, but they are ones frequently encounterd in deep-water facies.
Shallow-water (Thalassinoides) structures are unknown in maiolica facies.

It should be stressed that the presence of the maiolica facies does not
necessarily indicate the shallowing of the basins in which radiolarites were
being deposited earlier. The occurrence of the maiolica, as well as of other
pelagic facies (radiolarites and the rosso ammonitico facies) depends greatly on
the position of CCD. Increased subsidence of basins favours siliceous
deposition (Baumgartner, 1984), and lower subsidence favours calecareous
deposition, but the nature of the pelagic sediments depends more on other
factors, e. g. on the change in circulation and availability of nutrients for
plankton (Steinberg, 1981; Jenkyns & Winterer, 1982). It is unlikely that
different geotectonic zones (mid-oceanic ridges, transform fault zones,
trenches adjoining the oceanic basins just being closed, passive continental
margins) in which the maiolica facies has occurred, were subject simulta-
neously to similar subsidence and attained similar depths at the same time. On
the contrary, eustatic sea-level variations could be reflected in similar ways in
different regions of the sea. The sea-level oscillations during the Jurassic and
Cretaceous attained some tens, perhaps even more than one hundred metres
(Vail et «/.. 1980) and had little direct influence on the characteristics of pelagic
sediments. More significant were indirect consequences of the eustatic move-
ments such as changes in oceanic circulation, climatic changes, environmental
changes. The eustatic lowering of the sea-level at the beginning of the
Valanginian resulted in an increased clastic supply to the Central Atlantic
Basin, due to the erosion of exposed shelves (Robertson & Bliefnick, 1983). It is
noteworthy, however, that this lowering did not result in facies chaiges in the
maiolica sequences deposited on submarine rises.

Oceanographic conditions

The oceanographic conditions in the Tethys were changing during the
Jurassic and Cretaceous in response to palaeogeographic changes. The
development of oceanic zones of western part of the Tethys during the Middle
" Jurassic (Lemoine, 1983) and good, deep-water connections with the Eastern
Tethys permitted the development of estuarine circulation in the Western
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Tethys (¢f. Kocher, 1981). This system featured the presence of upwellings
the high fertility of waters, that permitted the development of radiolarian
plankton (Berger, 1970, 1976). This circulation system also enhanced the
development of the radiolarite facies in the Callovian and Oxfordian in the
Mediterranean sector of the Tethys which was at that time a silica-rich basin.

Numerous hiathusés and stratigraphical condensations at the Callovian/
Oxfordian transition, that occurred both in the Tethyan sequences (on
platforms and submarine rises) and on the northern shelf, indicate a crisis in
carbonate deposition. CCD was apparently situated at a very shallow depth.
Dark clays (“terres noires’) or glauconite marls with phosphorites (Ornaten
Thone), indicating increased productivity, were deposited in the deeper parts of
the Tethyan shelf during the Callovian and Early Oxfordian. During the
Middle to Late Oxfordian and Kimmeridgian the enrichment of the Tethys
water in silica is also marked on the Tethyan shelf,” by the presence of
carbonate facies with cherts. v

At the end of Jurassic the connections between the Eastern and Western
Tethys became restricted due to the closing of the Vardar “ocean”. This
resulted in the establishment of the antiestuarine (lagoonal) type of circulation
in the Western Tethys (cf. Kocher, 1981), marked by density stratification of
the water column and lower fertility of the surface layer. These conditions
favoured the development of the calcareous nannoplankton and brought in
consequence a significant lowering of the CCD. Despite the progressive
deepening of the laterally spreading Western Tethys basins, the siliceous
sediments were being replaced by carbonates.

Progressive depletion of oxygen in the Western Tethys basins is also
noticeable. This process is suggested by the following succession:

Kimmeridgian — Lower Tithonian — red nodular limestones and/or pink marls (rosso ammonitico
and rosso ad aptici facies) '

Upper Tithonian—Lower Cretaceous — light-coloured limestones (maiolica facies)

Middle Cretaceous — black shales and marls (black Cretaceous facies)

The changes in the oxidation of the environment progressed gradually and
slowly, as is seen in the maiolica sequences. Some intercalactions of pink marls
and limestones occur in the lower parts of the sections, while the black shale -
intercalations become more and more frequent in the upper parts (cf. Weissert,
1981). The increasing oxygen defficiency during the Jurassic-Cretaceous
pelagic sedimentation is suggested by the common presence of Chondrites
traces, indicative of oxygen-poor conditions (Bromley & Ekdale, 1984). The
oxygen deficiency in the Western Tethys Basin may be related to the density
stratification, resulting from the restricted connections with the Eastern
Tethys, and with the subevaporitic conditions characteristic of partly closed
basins situated in the tropical zone like the Western Tethys. Subevaporitic
conditions are also postulated for the Tethyan shelf on which lithographic
limestones were laid down during the Tithonian (Keupp, 1977). Evaporites are
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also found in the youngest Jurassic in the epicontinental areas of Europe and
Africa (¢f. Hallam, 1984, 1985).

Since the Aptian, in some areas even earlier, the maiolica facies is
substituted in the Western Tethys by marly facies and dark shales and
turbidites which indicate different conditions in the Tethys at that time
(Graciansky et al., 1981). In this period climatic conditions changed from more
arid at the beginning of Cretaceous, to more humid beginning with the
Barremian (Hallam, 1985). These changes are also reflected in pelagic
sequences, by an increase in the proportion of marly sediments. It is
noteworthy that even in the sediments of the Early Cretaceous the chara-
cteristic alternation of limestone and marl layers is observed in many regions
(Vocontian Basin, Gulf of Mexico, Pacific; de Boer, 1980; Cotillon, 1985;
Ferry & Schaaf, 1981). It is attributed by some authors to the cyclic cllmatlc
oscillations of astronomic origin (Milankovi¢ cycles).

The development of the dark facies during the Middle Cretaceous resulted
from both the restricted circulation and the increased supply of organic matter
from the land (Stein et al., 1986). v

In the Mediterranean sector, compressional movements and the related
commencing closure of this part of the Tethys (Triimply, 1982) had an
important effect on the facies changes.

CONCLUSIONS

Maiolica is a characteristic facies of the Jurassic/Cretaceous transition. Its
geographical distribution is limited mainly to the area of the Western Tethys
sensu lato, i. e. comprising three sectors: Mediterranean, Atlantic and
Caribbean. The maiolica was a facies of both the oceanic bottoms and
continental margins. Its appearance coincides with the closure of the Vardar
“ocean” and with the widening of the Central Atlantic and of the Ligu-
rian-Piemont Basin. The appearance of the maiolica facies in the Tethys was
preceded by the deposition of radiolarites or radiolarian marls -or nodular
limestones. The simultaneous development of these facies in the Western
Tethys is fairly rare. Maiolica is more widely distributed in the Western Tethys
than the older radiolarites which are not found in submarine rises nor
moreover in the Central Atlantic. The maiolica is also more widely distributed
than the rosso ammonitico facies which is limited mainly to submarine rises

“and their slopes. One ought to add that the radiolarite and rosso ammonitico
facies are known not only from the Jurassic and may occur several times in
various Tethyan sequences (cf., Grunau, 1965; Farinacci & Elmi, 1981;
Wieczorek, 1983). The maiolica facies does not occur in deposits older than the
Upper Jurassic.

The maiolica has not only a narrower and more fixed stratigraphic range,
as compared with the radlolarlte and rosso ammonitico facies, but also
a narrower and more prec1se1y defined geographical distribution. Only locally
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is this facies known in the Eastern Tethys where the rosso ammonitico facies is
found from the Jurassic as well as the Triassic, and the radiolarite facies
occurred not only in the Triassic and Jurassic but also in the Early Cretaceous,
synchronously with the maiolica in the Western Tethys. The radiolarite facies
in the Eastern Tethys occurs not only in deep basins, but also on subsiding
platforms (Watts & Garrison, 1986). Apparently, the Eastern Tethys was
during the Early Cretaceous, a much more silica-rich basin than the Western
Tethys.

The occurrence of the maiolica facies in the Western Tethys indicates the
specific character of this basin at the end of Jurassic. The appearance of the
maiolica facies in the Western Tethys may be related to the following factors:
the limitation of the deep-water connections with the Eastern Tethys, the
establishment of an antiestuarine circulation system, the development of
calcareous nannoplankton, and the lowering of CCD as the result of the earlier
listed factors. The appearance of the maiolica facies did not necessarily reflect
a shallowing of the basins, relative to the time of radiolarite depositon. The
maiolica could be laid in basins of similar or even greater depth, after a strong
lowering of CCD.

The greatest lateral distribution of the maiolica facies occurred in the latest
Tithonian and Berriasian, but in most basins marly or argillaceous facies or
even black shales or turbidites are present instead of maiolica only at the end
of Barremian (locally even later, in the Aptian or even Albian). The transition
is usually gradual in the Central Atlantic, and more distinct, sometimes
marked with hiathuses, in the Mediterranean Tethys (Graciansky e? al., 1981).

The maiolica was a unique facies, distinctive for a specific stage, lasting
about 30 million years, in the evolution of the Tethys. It also reflects the
greatest facies unification in the history of the Western Tethys.
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Streszczenie

MAIOLICA — CHARAKTERYSTYCZNA FACJA
ZACHODNIEJ TETYDY

Jozef Wieczorek

Abstrakt: Pelagiczne wapienie z krzemieniami zwane maiolica sa charakteystyczna facja
pelagiczna przetomu jury i kredy Zachodniej Tetydy. Facja ta wystgpowala zaréwno na dnach
oceanicznych, jak i na brzegach kontynentow, glownie w glebokich basenach, ale rowniez na
pograzonych platformach czy wyniesieniach podmorskich. Jest wyrazem najwigkszego ujedno-
licenia facjalnego w mezozoicznej historii Zachodniej Tetydy.

Rozwdj facji maiolica w Zachodniej Tetydzie mozna wiagza¢ z: 1) ogranicze-
niem potaczen glgbokowodnych ze Wschodnia Tetyda, 2) uksztaltowaniem si¢
antyestuariowego typu cyrkulacji, 3) subewaporacyjnymi warunkami, 4) roz-
wojem nannoplanktonu wapiennego, 5) obnizeniem poziomu kompensacji
kalcytowej w wyniku dziatania wyzej wymienionych czynnikow.

Pelagiczne, biale wapienie z krzemieniami wystepujace W najwyzszej jurze
i dolnej kredzie w alpidach Europy i na Atlantyku naleza do charakterysty-
cznych facji Zachodniej Tetydy. W pracy przedstawiono analiz¢ paleogeo-
graficznych uwarunkowan wystgpowania tej facji.

W basenowych sekwencjach facji maiolica oprocz dobrze utawiconych, na
ogdt biatych wapieni z krzemieniami wystepuja wkladki margli i ciemnych
lupkow oraz interkalacje weglanowych turbidytow. W sekwencjach wyniesien
podmorskich czy pograzanych platform takich interkalacji na ogot brak.

Wapienie facji maiolica zbudowane sa glownie z nannoskamieniatosci
wapiennych (Nannoconus, kokolity). Sposrod mikrofauny wystepuja tez kal-
pionelle, radiolarie, spikule gabek, a makrofaune reprezentuja gtownie aptychy
oraz ryncholity, amonity i ramienionogi. Swiadectwem bogatego Zycia ben-
tonicznego sa liczne skamieniatosci sladowe typu Chondrites, Zoophycos,
Teichichnus i in. W wyniku intensywnej dzialalnosci organizmow penet-
rujacych w osadzie pierwotne struktury sedymentacyjne sa zwykle zniszczone.

Tempo akumuacji pelitycznych sekwencji maiolica na ogo6l wynosito ok.
5 m/miln lat. W niektorych sekwencjach tempo akumulacji jest kilkakrotnie
wieksze ze wzgledu na obecno§¢ licznych wkladek turbidytowych. '

Utwory nalezace do facji maiolica wyodrgbniane sa na roéznych obszarach
w rozne jednostki litostratygraficzne zaréwno formalne, zgodne z zasadami
hedbergianiskiej stratygrafii, jak i nieformalne, ale czgsto dobrze okrelone
jednostki (Tab. 1).

Mozna sadzi¢, ze w przyszloéci w miar¢ wprowadzania w zycie hedbergian-
skich zasad stratygrafii liczba jednostek litostratygraficznych wyrdznianych
w obrebie facji maiolica wzrosnie. Jest to proces nieunikniony, gdyz dobrze
sprecyzowane i obdarzone wlasnymi nazwami wydzielenia litostratygraficzne
sa konieczne, aby je przedstawi¢ na mapach i profilach geologicznych. Pelna
unifikacja nazewnictwa litostratygraficznego nie jest mozliwa i stosowanie
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terminu Maiolica Formation na calym obszarze wystepowania facji maiolica
nie byloby uzasadnione. Mozliwe jest i uzasadnione stosowanie w rdznych
regionach jednej nazwy dla okreSlenia charakterystycznej facji. Stosowanie
terminu maiolica jako nazwy facjalnej jest szczegdlnie pozyteczne przy
rozpatrywaniu zagadnien facjalno-paleogeograficznych.

Facja maiolica jest charakterystyczna dla zachodniej czgsci Tetydy i znana
zarowno z sektora medyteranskiego, atlantyckiego, jak i karaibskiego. Rozwdj
facji maiolica przypada na okres rozszerzania si¢ Zachodniej Tetydy i ogra-
niczania polaczen z Tetyda Wschodnia. Pojawienie si¢ facji maiolica w Zacho-
dniej Tetydzie poprzedzone bylo sedymentacja radiolarytow lub margli krze-
mionkowych, czy tez wapieni bulastych.

Na skorupie oceanicznej facja maiolica rozwinigta jest w sektorze medy-
teranskim: na obszarze Ligurii, na Elbie, w Apeninach Poludniowych i w Al-
pach Kotyjskich, a w sektorze atlantyckim: w basenie Blake Bahama,
w basenie Cape Verde i na wyspie Maio (archipelag wysp Zielonego Przylad-
ka). Basenowe sekwencje facji maiolica rozwinigte na Scienionej skorupie
kontynentalnej stanowia profile w basenach polozonych wokoét Adrii (Apulii):
w basenie lombardzkim, w basenie toskanskim, w basenie Lagonegro, w rowie
Pindos, w rowie jonskim, w rowie stowenskim, a takze w basenach Pétnocnych
Alp Wapiennych. Do basenowych sekwencji naleza rowniez profile w Karpa-
tach Zachodnich (sekwencje: Grajcarka, branisko-pieninska, kriznanska) oraz
w Karpatach Poludniowych (sekwencja Svinita). Przyktady facji maiolica
rozwinigtej na pograzonych platformach weglanowych moga stanowié sekwen-
cje na platformie Trento w Alpach Potudniowych oraz na Mazagan Plateau
u marokanskich brzegéw Afryki.

Wystgpowanie facji maiolica na podlozu oceanicznym, jak i kontynen-
talnym, zar6wno w basenach, jak i na wyniesieniach podmorskich, $wiadczy,
ze te pelagiczne osady gromadzily si¢ na roznych glebokosciach, ale plytko-
wodna genezg tej facji mozna wykluczy¢. Maiolica byla deponowana powyzej
poziomu kompensacji kalcytu (CCD), zmiennego jednak na przetomie jury
i kredy. Obecnosc¢ facji maiolica nie musi oznaczaé¢ splycenia basenow, w ktorych
wezesniej ponizej CCD byly deponowane radiolaryty. Trudno przypuszczaé, aby
rézne strefy geotektoniczne, w ktorych facja maiolica wystepuje, podlegaly w tym
samym czasie podobnej subsydencji i w tym samym czasie osiagaly podobne
glebokosci. Wazne znaczenie dla glebokowodnej sedymentacji mogly mie¢ kon-
sekwencje zmian eustatycznych poziomu morza — jak zmiany cyrkulacji, zmiany
warunkow klimatycznych i in. Przerwanie glebokowodnych potaczen z Tetyda
Wschodnia w wyniku zamykania oceanu Varadru w konsekwencji doprowadzito
do zmiany typu cyrkulacji z estuariowego na antyestuariowy. Taki typ cyrkulacji
preferowal rozw6j nannoplanktonu wapiennego, czego efektem jest szerokie
rozprzestrzenienie facji maiolica w Tetydzie Zachodniej.

Facja maiolica sporadycznie jest notowana z Tetydy Wschodniej, gdzie na
przelomie jury i kredy dominuje sedymentacja krzemionkowa. Radiolaryty
w tej czesci Tetydy wystepuja nie tylko w glebokich basenach, ale réwniez na
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pograzonych platformach. Widaé, ze wody Tetydy Wschodniej byly wowczas
znacznie bogatsze w krzemionke niz wody Tetydy Zachodnie;j.

Wystepowanie facji maiolica w Zachodniej Tetydzie wskazuje na specyfi-
czny charakter tego zbiornika pod koniec jury. Pojawienie si¢ tej facji mozna
wigza¢ z nastepujacymi czynnikami:

1 — ograniczeniem polaczen glgbokowodnych ze Wschodnia Tetyda,

2 — uksztaltowaniem si¢ antyestuariowego typu cyrkulacp

3 — subewaporacyjnymi warunkami,

4 — rozwojem nannoplanktonu wapiennego,

5 — obnizeniem poziomu kompensacji kalcytu w wyniku dzialania wyzej
wymienionych czynnikow.

Okresem maksymalnego rozprzestrzenienia facji maiolica jest najpdzniejszy
tyton i berias, ale w wielu basenach maiolica dopiero pod koniec barremu
(lokalnie pdzniej) zastegpowana jest innymi facjami — ciemnymi lupkami,
marglami lub turbidytami. Te zmiany facjalne sa odbiciem zmian cyrkulacji
(bardzo staba w $rodkowej kredzie) oraz zmian paloegeograficznych wyra-
zajacych si¢ zamykaniem ,oceanicznych” stref medyteranskiej Tetydy.

EXPLANATIONS OF PLATES

Plate T

1 — Bedded limestones of maiolica facies. Pieniny Limestone Formation, Branisko succession,
Kapusnica, Pieniny Klippen Belt
2 — Bedding distorted by slumping in Cismon section, Belluno Trench, Southern Alps

Plate 11

1 — Trace fossils Teichichnus and Chondrites. Dark band ca. 1 cm thick is a siliceous layer. Pieniny
Limestone Formation, Kapusnica. Vertical section, natural size

2 — Trace fossils Chondrites and vertical traces. Pieniny Limestone Formation, Kapusnica.
Vertical section, natural size

Plate III

Numerous trace fossils visible in limestone as well as in chert (dark). Pieniny Limestone
Formation, Kapusnica. Vertical section, natural size

Plate 1V

I — Layer with Zoophycos traces, Maiolica, Belluno Trench, Southern Alps. Vertical section,
natural size

2 — Zoophycos traces and thin layer including limestone clasts and flow deformations above.
Cismon section, Southern Alps. Vertical section, natural size

3 — Large indetermined trace of burrowing organism and small Chondrites traces. Kryta Valley,
Tatra Mts. Vertical section, natural size
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