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PALAEO-OCEANOGRAPHIC SIGNIFICANCE OF MID-JURASSIC
RADIOLARITES FROM THE MALIAC (SUB-PELAGONIAN) MARGIN
OF OTHRIS (GREECE)

T. Danelian”

ABSTRACT

Radiolarites at the top of carbonate sequences of the Pelagonian and Maliac
(Sub-Pelagonian) zones of Othris can no longer be considered as a relatively
synchronous siliceous event. Lime-free ribbon radiolarites were sedimented
during the late Middle Jurassic (late Bajocian - middle Callovian) in marginal
Maliac units (Pirgaki and probably Garmeni-Rachi). The main cause of the
change from calcareous to siliceous sediments in these basins is considered to
be high radiolarian productivity, established at that time throughout Western
Tethys. Diachronism of siliceous sedimentation throughout the Maliac-Pelagonian
areas is very likely, with ages becoming younger (Late Jurassic) at the top of
Pelagonian sequences.

INTRODUCTION

The Othris area is a suitable place to study the Triassic-Jurassic evolution
of a Tethyan continental margin, as it displays a complete spectrum of
sedimentary sequences from a continental platform, at a passive margin to
ocean floor. There is also evidence of its destruction during the Mid-Late
Jurassic tectonic phase of the “internal” Hellenides, associated with ophiolite
emplacement.

The aim of the present work was to elucidate the time frame of radiolarite
sedimentation on this continental margin, by studying the radiolarian fauna
within the passive margin succession, and also of the overlying detrital
sediments, which are related to the “eo-hellenic orogenesis”.

Smith et al. (1975) have proposed, in a formal way, a stratigraphic
framework for the Othris Mountains. They have defined sixteen formations,
divided into three Groups. The Othris Group is the one which we shall be
concerned with here and more precisely the Anavra Chert Formation of the Poulia
and Karolina sequences. These authors mentioned Radiclaria extracted from the
Anavra Chert; these were studied by Riedel and Pessagno and considered
indicative of an upper Tithonian to Valanginian age.

Ferriere (1982) and Ferriere et al. (1988) coined the term “formations pré-
ophiolitiques” for the uppermost sediments of the Jurassic sequences of Othris
and Euboea (Pelagonian and Maliac or Sub-Pelagonian zones) and correlated them
with equivalent formations of the Argolis Peninsula, studied by Baumgartner
(1985) . They have distinguished the “formation pré-ophiolitique de base”,
represented by radiolarites and shales, overlain stratigraphically by the
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“formation volcano-détritique”, which displays siliciclastic sediments of
chaotic aspect, containing resedimented blocs of diverse nature, some of which
were derived from ophiolitic units (i.e. gabbros and peridotites). The development
of this latter formation is closely related to paleotectonic compressional
events of the Hellenides and the obduction of ophioclites onto the Pelagonian
microcontinent (Ferriére, 1982; Baumgartner, 1985; Ferriére et al., 1988;
Robertson, 1991; Robertson et al., 1991). Ferriere (1982) and Ferriére et al.
(1988) considered the age of the “formations pré-ophiolitiques” of Othris and
Euboea as Late Jurassic, based on Foraminifera and the calcareous algae
Cladocoropsis identified in the uppermost calcareous levels of the Maliac and
Pelagonian sequences, respectively, and mainly Kimmeridgian-Tithonian, based
on extracted Radiolaria.

Baumgartner (1985) obtained detailed biostratigraphic results for Radiolaria
for the Pelagonian and Maliac sequences of the Argolis Peninsula and has
recently revised the chronostratigraphic significance of these assemblages
(Baumgartner et al., 1994). He has demonstrated major diachronism in the onset
of siliceous sedimentation in Argolis, radiolarites having been sedimented
mainly during the late Middle Jurassic (Middle/Late Bajocian to Late Callovian/
Early Oxfordian) for basinal sequences of Maliac affinity, and during the Late
Jurassic for Pelagonian sequences.

As few data for the Othris area are available, it was decided to undertake
detailed biostratigraphic studies using Radiolaria in this area. This paper
will present preliminary data, focusing on the radiolarites of the Pirgaki
unit of Ferriére (= Poulia sequence pro parte of Smith et al., 1975).

THE STRATIGRAPHIC FRAMEWORK

The Pirgaki unit crops out in southern and central Othris (central Greece,
Fig.l). During Late Triassic - Jurassic time the Pirgaki unit represented the
proximal part of a slope which was situated between the Pelagonian platform and
the abyssal Maliac (Sub-Pelagonian) units (Ferriére, 1982). Its sedimentary
sequence comprises Anisian platform carbonates, overlain by Late Triassic-
Jurassic siliceous limestones. The latter were intercalated, during the Jurassic,
by clastic carbonates of shallow-water derived material (calcarenites,
calcirudites, see Meterizia Formation of Smith et al., 1975). These limestones
are overlain by red ribbon radiolarites, which then pass upwards into the
“volcano-detritic” formation.

No previous data exist on the radiolarites of the Pirgaki unit. Ferriére
(1982, p.252) assumed that they are of Late Jurassic age, based on Foraminifera
(Trocholines and Protopeneroplis striata WEYNSCHENK), identified in the
underlying limestones, and indicating a Middle to Late Jurassic age. Nevertheless,
the radiolarian data of the present work suggest an earlier age.

The studied section is situated at the margin of the western flank of the
Mount Migdalia (Fig.l) and corresponds to the upper part of the Migdalia
section described by Ferriere (1982, p.229, the northern section only; his
fig.92A). The outcrop shows a reasonably good stratigraphic continuity from
the limestones to the siliciclastic chaotic formation, with good exposure of
the intervening radiolarites (Fig. 2). The beds show a constant dip to the NW.

RADIOLARIAN ASSOCIATIONS - CHRONOSTRATIGRAPHIC SIGNIFICANCE ]

Reasonably well preserved Radiolarian faunas have been extracted from
ribbon cherts in the radiolarite sequence discussed earlier. The assemblages
are quite diverse, but are dominated by Nassellaria. The taxa identified are
shown on Table I.
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(1984), Matsuoka & Yao (1986)
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Fig. 2:
studied Migdalia section

Lithostratigraphic log of the

Nevertheless, there are signifi-
cant differences in the
chronostratigraphic assignement of
their biozonation compared to that

of Baumgartner. In fact, all the Middle Jurassic Zones of Baumgartner'’s
biozonation are assigned to the lower-middle Oxfordian by Pessagno et al.
(1993). The reasons for this discrepancy could be multiple; for further
discussion on this subject see Baumgartner (1987, p.849-854) and Pessagno et
al. (1993, p.104-106). In the present study we have adopted Baumgartner'’s

biozonation.

DISCUSSION OF PREVIOUS RADIOLARIAN DATA IN OTHRIS
As discussed in the introduction, two publications have mentioned Radiolarian
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Table I

Identified species \ Sample TD-12 {TD-13 |TD-14 {TD-16|TD-13TD-21
Archaeodictyomitra exigua BLOME +
Archaeodictyomitra primigena PESSAGNO & WHALEN| +
Bernoullius cristatus BAUMGARTNER +
Dictyomitrella (?) kamoensis MIZUTANI & KIDO + ? ?
Eucyrtidiellum unumaense (YAO) + + + + +
sp.cf. Guexella nudata (KOCHER) +
Napora sp. +
sp.cf. Ristola altissima (RUST) +
Parvicingula dhimenaensis BAUMGARTNER +
Saitoum sp. cf. S.trichylum DE WEVER +
Sethocapsa dumitricai WIDZ & DE WEVER +
Stichocapsa convexa YAO +
Stichocapsa robusta MATSUOKA + + +
Theocapsomma cordis KOCHER + + + ? +
Theocapsomma sp.aff. T.cordis KOCHER +
Transhsuum maxwelli (PESSAGNO) +
Tricolocapsa conexa MATSUOKA +
Tricolocapsa plicarum YAO ?
Tritrabinae + +
Table II: (1) Baumgartner (1984), (2) biostratigraphic data given by Matsuoka (1988)
in terms of Matsuoka & Yao’s (1986) biozonation, (3) Aita (1987)
Species \Baumgartner'’s Zones ADJAO0| Al | A1 Al | A2 | A2 | B | B |Cl]C2
Species \ Unitary Association 0 1 2 3 4 5 6 71819 J10
TD93-12 === ===|===}=== ===
Dictyomitrella (?) kamoensis.. (3) + + + + +
Eucyrtidiellum unumaense. ..... (L) + + + + + + + + |+
Eucyrtidiellum unumaense...... (3)] + + + + + + + +
Parvicingula dhimenaensis..... (1) + + + + + + + 1+ |+
Parvicingula dhimenaensis..... (3)] + + + + + + +
Sticocapsa robusta............ (2) + + + + +
Stichocapsa robusta........... (3) + + + + +
Theocapsomma cordis........... (1) & + + + + + +
TD93-21 ===| ===[===
Bernoullius cristatus......... (1) + + +
Eucyrtidiellum unumaense...... (1)] + | + + + + + + + | +
Eucyrtidiellum unumaense. ..... (3} + | + + + + + + +
Stichocapsa convexa........... (1Y +| + + + + + + +{+ |+ |+
Stichocapsa convexa........... (3) + + + + + - -
Stichocapsa robusta........... (2) + + + + +
Stichocapsa robusta........... (3) + + + + +
Theocapsomma cordis........... (1) + ¥ + + + + +
Transhsuum maxwelli........... (1) + + + + + ¥
Transhsuum maxwelli........... (2) + + + + + + 1+ 1+
Transhsuum maxwelli........... (3) + + + + + +
Tricolocapsa conexa........... (2) + + + + + + +
Tricolocapsa conexa........... (3) + + + + +
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ages at a time when the systematics and biostratigraphy of Mesozoic Radiolaria
were in their infancy.

Riedel and Pessagno studied the radiclaria mentioned by Smith et al. (1975).
Riedel proposed a lowest Cretaceous age (Berriasian or Valanginian), because
the assemblage was thought to be indicative of the lower Sphaerostylus
lanceola Zone (referring most probably to the biozonation of Riedel & Sanfilippo,
1974) and Pessagno an upper Tithonian or, more probably, Berriasian age.
However, this work does not mention any specific taxa, or exact locations where
these faunas were collected. Moreover, it has become obvious since the early
eighties that the S.lanceola Zone covers most of the Late Jurassic and the
earliest Cretaceous (Baumgartner et al., 1980).

Subsequently, Ferriere (1982, annexe A, determ. Origlia-Devos) has pre-
sented a list of Radiolaria extracted from two samples from the Othris area,
considered to suggest a Kimmeridgian-Tithonian age (Ferriére et al., 1988).
Nevertheless, confidence cannot be placed on this age, because some species
whose age ranges are now well known and are listed, in fact should not exist
together in the same sample (e.g. Parvicingula cosmoconica (FOREMAN) and Hsuum
maxwelli PESSAGNO). A more accurate taxonomic identification of this material
might resolve this problem. For instance, Danelian (1989) pointed out that
Origlia-Devos (1983) has used P. cosmoconica in a broad sense, including forms
which are conical through their whole test. These latter morphotypes have been
found in the Ionian zone in older sediments (Oxfordian) than the age range of
P.cosmoconica sensu stricto. Moreover, the presence of Unuma echinatus ICHIKAWA
& YAO in the sample JF1-118 of Ferriére (1982) suggests a Middle Jurassic age
(Bajocian?) .

TIME AND CAUSES OF THE JURASSIC SILICEOUS SEDIMENTATION IN OTHRIS

In the marginal Maliac units of Othris (Pirgaki and Garmeni-Rachi) pelagic
sedimentation was established during the Late Triassic (Smith et al., 1975;
Ferriére, 1982). During the Jurassic, calciclastic sediment-gravity-flow de-
posits of shallow-water derived material accumulated on a submarine fan
(Price, 1977), intercalated with background calcareous pelagic sediments. A
major change of the sedimentary record from calcareous to siliceous then took
place, as noted earlier, during the late Middle Jurassic. However,
calciturbidites continued to reach the basins occasionally, even during
radiolarite deposition (Ferriére, 1982).

An accurate chronostratigraphy of the sedimentary sequences of the continental
margin is crucial to interpret its tectono-sedimentary evolution. As we
discussed earlier, Ferriére (1982) thought of the lime-free radiolarites
deposited in the Maliac and Pelagonian zones as accumulations below the
Calcium Compensation Depth (CCD), of approximately the same age (Late Jurassic).
He attributed their genesis to the same cause; accelerated subsidence of these
realms, due either to rapid creation of oceanic crust at the border of the
Maliac-Pelagonian margin, or to compression related to the obduction of the
ophiolites. In the model of Robertson (1991), the radiolarites were able to
accumulate in the Pelagonian realm because of flexured subsidence of the
carbonate platform and the creation of depositional space for pelagic
sedimentation related to ophiolite emplacement.

The onset of lime-free ribbon radiolarites during the Middle Jurassic
(Bajocian-Bathonian) has been established in many basins of Western Tethys
(Baumgartner, 1984, 1987; De Wever & Dercourt, 1985; De Wever, 1989) and has
stimulated discussions about the genesis of Tethyan radiolarites. Recent ideas
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proliferation of Radiolarians (i.e. high fertility of surface waters), rather
than carbonate dissolution in the water culomn (De Wever et al., 1986;
Baumgartner, 1987). The Middle Jurassic Western Tethys has been regarded as an
area of high radiolarian productivity, reflecting a major, basin-wide, palaeo-
oceanographic event, which was probably related to the palaeotectonic evolution
of Western Tethys.

Such a palaeo-oceanographic event might have been the cause of radiolarite
sedimentation in the marginal Maliac units (Pirgaki and Garmeni Rachi). This
could have been the result of changes in the water mass circulation pattern and
current distribution, causing high radiolarian productivity in the surface
waters. Radiolaria were thus able to dominate the relatively scarce calcareous
plankton community.

It is noteworthy that major faunal changes can be infered from the pelagic
record of the Bajocian. The Schizospheres, which were the dominant calcareous
nannoplankton during the Lower Jurassic were replaced by small and oligospecific
coccoliths, approximately at the Aalenian/Bajocian boundary, somewhat earlier
than the profound faunistic change within the Ammonites during the middle /
upper Bajocian limit (Noel et al., 1991).

The existing biostratigraphic data on the higher carbonate levels of
Pelagonian sequences suggest that the radiolarites there are mainly Late
Jurassic in age (Ferriere, 1982). Thus, it is very likely that siliceous
sedimentation was diachronous across the Maliac-Pelagonian margin, with younger
ages at the top of the Pelagonian sequences, as is the case in Argolis. However,
more radiolarian data are still needed to see if this, in fact, is the case.

CONCLUSIONS

Radiolarites at the top of carbonate sequences of the Pelagonian and Maliac
(Sub-Pelagonian) zones of Othris cannot be considered, any longer, as a
relatively synchronous siliceous event. The biostratigraphic data of the
present study establish that radiolarite sedimentation took place during the
late Middle Jurassic (late Bajocian - middle Callovian) on the marginal Maliac
units of Othris (Pirgaki and probably Garmeni-Rachi), more or less at the same
time as equivalent sediments in basinal sequences of Maliac affinity in the
Argolis Peninsula. Detrital material, derived from the erosion of the emergent
(?) ophiolitic and associated sedimentary nappes (Fgrriére, 1982), probably
arrived after the latest Middle Jurassic in these basins and diluted the
siliceous plankton record.

However, the biostratigraphic data on the higher carbonate levels of
Pelagonian seguences of Othris suggest that radiolarites are mainly Late
Jurassic in age there. In other words, it is very likely that siliceous
sedimentation throughout the Maliac-Pelagonian realm was diachronous in Othris,
with the younger ages on the top of the Pelagonian sequences, as is the case
in Argolis.
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PLATE CAPTION
Scanning electron micrographs of Middle Jurassic Nassellaria from the radiolarites
of the Pirgaki unit. Numbers in mm in all figures refer to the same

scale line (upper right).

Fig. 1.- Stichocapsa robusta MATSUOKA, TD93-21; la - 62um; 1lb - view of the
distal part, 57um.

Fig. 2 - Eucyrtidiellum unumaense (YAO), TD93-21, 60um.

Fig. 3 - Tricolocapsa conexa MATSUOKA. TD93-21, 3a - 60um; 3b - view of the

distal part, 60um.

Fig. 4 - Theocapsomma cordis KOCHER, TD93-12, 50um.

Fig. 5 - Theocapsomma sp.aff. T.cordis KOCHER, TD93-12, 48um.

Fig. 6 - Archaeodictyomitra primigena PESSAGNO & WHALEN, TD93-12, 50um.
Fig. 7 - Archaeodictyomitra exigua BLOME, TD93-16, 48um.

Fig. 8 - Archaeodictyomitra sp. K, TD93-12, 64um.

Fig. 9 - Parvicingula sp. M, TD93-21, 63um.

Fig.10 - Transhsuum maxwelli (PESSAGNO), TD93-21, 62um.

Fig.ll - Sethocapsa dumitricai WIDZ & DE WEVER, TD93-21, 60um.

Fig.1l2 - Dictyomitrella (?) kamoensis MIZUTANI & KIDO, TD93-12, 6lum.
Fig.13 - Dictyomitrella (?) kamoensis MIZUTANI & KIDO, TD93-12, 65um.
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