La présence sur substrat calcaire de Rissoella verruculosa (Bertol) J. Ag.
sur I'lle de Majorque

par

F.X. NIELL

Summary

The distribution of Rissoella verruculosa on the calcareous substrate of the island of Majorca in
relation to some edaphic conditions is discussed.

Résumé

On a étudié la distribution de Rissoella verruculosa sur les substrats calcaires de 1'lle de Majorca
par rapport a certaines conditions édaphiques.

*
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La présence de Rissoella verruculosa le long des cotes des iles Baléares est citée dans plusieurs tra-
vaux classiques : COLMEIRO [1889]; RODRIGUEZ FEMENIAS [1888-89] et dans d’autres plus récents: NAVARRO
Y BELLON [1945]; MOLINIER [1954] et SEOANE CAMBA [1969], mais elle n’a jamais été trouvée a ’ile de
Majorque.

Rissoella verruculosa pousse sur faciés rocheux et mode battu et elle est calcifuge d’aprés MoLi-
NIER et PICARD [1954]. D’autre part FELDMANN [1939] croit que les algues poussent sur un substratum
quelle que soit sa composition.

Les matériaux sur lesquels pousse Rissoella au N. de Minorque, n’apparaissent & Mallorca qu’a la
base de la chaine du Nord entre Estellencs et Port d’es Canonge (fig. 1). D’aprés HErMITE [1878] ces
strates appartiennent au Werfernien, FALLOT [1910] et DARDER [1914] corroborent cette opinion, cepen-
dant CUEVAS et COLOM (comm. pers.) considérent que ces terrains appartiennent au Permo-Trias (Zeitstein
pour les auteurs allemands).

Les rochers sont des grés micacés bigarrés avec des couches de grés blanc, abondamment carbo-
natés et 1’aspect extérieur du rocher est homogéne; attaqué par les acides, il est effervescent.

Il y a des populations de Rissoella trés denses sur quelques surplombs exposés a4 Banyalbufar et
Estellence, et sur les hauts niveaux de certaines roches émergentes. Les populations de Rissoella verruculosa
poussent sur substrat calcaire, et forment un horizon clair, dont la puissance et la situation varient selon
I’exposition aux vagues et I’inclinaison du substrat.

La taille moyenne des algues, est petite (entre 20 et 40 mm de longueur). En juillet, elles possédent
des tétraspores carpospores et quelques proliférations.

Conclusion

Rissoella verruculosa se trouve & Majorque sur grés calcaire et sur les strates inférieures d’une série
dont la partie supérieure est entierement lavée par 1’eau de pluie qui ruisselle jusqu’a la mer; cette eau
douce affecte directement les algues.

Rapp. Comm. int. Mer Médit., 23, 2, pp. 63-64 1 fig. (1975).
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~ Quand l’agitat@on des eaux décroit, Rissoella disparait, méme des substrats qui se trouvent dans les
conditions qu’on a déja citées. La taille de Rissoella est un peu plus grande aux endroits horizontaux qu’aux
verticaux.

MALLORCA

Localités visitées a 1’ile de Mallorca (®) Horizon de Rissoella bien constitué. (o) Stations ou onn’a pastrouvé cet horizon.
1. Cala Millor 2. Cala Sa Nau 3. Cala Pi 4. Arenal de Campos 5. Magalluf 6. Portals Vells 7. San Telm 8. Estellencs 9. Banyal-
bufar 10. Port d’es Canonge 11. Marine de Valldemosa 12. Port de Soéller 13. Sa Celobra.

L’horizon de Rissoella ne se forme pas sur les endroits de la cOte ou le substrat est plus sujet a
I’érosion; on peut, par conséquent penser, que le facteur négatif pour le maintien d’une population de cette
espéce soit le manque de solidité du substrat qui ne résiste pas a I’abrasion des vagues, comme I’a déja dit
FELDMANN [1939].
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Effets des eaux polluées sur cultures d’algues marines benthiques :
méthodes et résultats préliminaires

par

G1usepPE GIACCONE?*, LoREDANA RIZZI LONGO* et MaANLIO PRINCI**

*Istituto di Botanica dell’ Universita, Trieste (Italie)
**Laboratorio Provinciale d’Igiene e Profilassia, Trieste (Italie)

Abstract

Methods and first results on marine benthic seaweeds cultures polluted experimentally are reported.
Nitrophilous species show atrophied plastids and heterotrophic metabolisme especially for NH3. Species
behaviour in culture agrees with their distribution along diffusion area of polluted effluents and of fres-
water submarine springs.

Résumé

On a décrit les résultats préliminaires des effets des eaux polluées sur quelques algues marines ben-
thiques en culture ainsi que les techniques employées. Les espéces nitrophiles montrent une atrophie des
plastes et un métabolisme éthérotrophique surtout pour NHj. Le comportement des espéces en culture
concorde avec leur répartition dans les aires de diffusion des eaux polluées et des sources sous-marines
d’eau douce.

%
* %

Dans le cadre d’une recherche financée par le C.N.R. italien sur la pollution du golfe de Trieste,
on a commencé des expériences en laboratoire pour étudier les effets des eaux des égouts urbains et des
eaux résiduelles des industries sur les végétaux benthiques. Les observations en mer, qui ont précédé ces
études, ont mis en évidence des dommages considérables, diis aux égouts sur plusieurs espéces [GIACCONE
& Rizz1 LoNGo, 1974] et sur les biocenoses [GHIRARDELLI, OREL, GIACCONE, 1973]. Nous avons essayé
en laboratoire le comportement d’algues nitrophiles et d’algues vivantes en eaux pures vis a vis d’eaux
des décharges de quelques égouts de la ville de Trieste (Barcola, 5.000 habitants - Chiave, 140.000 hab. -
Rio Primario, 17.000 hab. - Servola, 96.000 hab.), adjointes en concentrations variables a 1’eau de mer.
Dans une premicre phase, pendant deux mois de culture, nous avons effectué une sélection de dix espéces
d’algues benthiques : 4 Chlorophycées (Bryopsis hypnoides, Enteromorpha intestinalis, Ulothrix flacca
et Ulva rigida), 3 Phéophycées (Ectocarpus siliculosus v. arctus, Giffordia sandriana et Scytosiphon lomen-
taria) et 3 Rhodophycées (Acrochaetium secundatum, Bangia fuscopurpurea et Chondria coerulescens).
Pour essayer les effets de la pollution industrielle nous avons utilisé les eaux résiduelles d’une industrie
mécanique (Grandi Motori) et celles d’une papeterie (Cartiera del Timavo). Les eaux polluées étaient
toujours soumises a une aération préalable. Les cultures témoins étaient faites soit en eau de mer filtrée,
soit en eau de mer a laquelle était adjointe une quantité d’eau distillée égale a celle de I’eau polluée adjointe
a ’eau de mer des autres cultures expérimentales. Les recherches préliminaires ont montré que seules les
dilutions 1/10, 1/5, 1/2,5, 1/1 d’eaux résiduelles ou d’eaux d’égouts ou d’eau distillée donnent des résultats
significatifs. Aux concentrations inférieures 4 1/20 les résultats sont semblables 4 ceux des cultures témoins.

Rapp. Comm. int. Mer Médit., 23, 2, pp. 81-82 (1975).
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Toutes les expériences ont été faites en lumiére fluorescente blanche, 1.400 lux pour 12h. 4 18° C, en cuvettes
de verre de 250 cc, placées dans des armoires avec les parois intérieures faites de miroirs. Trois — cing
plantules de la méme génération et de la méme taille ont été mises dans chaque cuvette. Les expériences
pour essayer les effets des eaux polluées sur le développement végétatif et sur les plastes avaient la durée
d’une semaine; pour celles faites afin de mettre en évidence les effets des polluants sur la reproduction et
la germination, la durée a été de trois a cinq semaines. Les liquides de culture étaient changés chaque
semaine. La concentration en NH3, NO,, NO; POy et MBAS des eaux d’égout a été déterminée, ainsi que le
pH et la salinité aux différentes dilutions. Pour les eaux résiduelles des industries, on a recherché les produits
toxiques dont on connaissait I’emploi dans les cycles productifs. A la fin de chaque expérience, on a mesuré
I’accroissement des espéces traitées et des témoins et on a établi la valeur de ’accroissement en pourcen-
tage par rapport aux témoins cultivés en eau de mer pure. A cause de la différente morphologie et physio-
logie des espéces essayées et de la localisation des zones d’accroissement, il a été nécessaire d’adapter
chaque fois les méthodes de mesure aux différents échantillons. La reproduction et la germination ont été
évaluées en fonction de la densité des gamétocystes, des sporocystes, des zoides et des plantules fixées
aux parois des cuvettes. Il est impossible de rapporter ici tous les résultats de nos expériences; nous nous
bornerons a quelques considérations sur les résultats préliminaires. La dilution avec eau distillée n’a jamais
eu de conséquences léthales ou subléthales. En particulier les espéces nitrophiles cultivées en eau de mer,
diluée avec I’eau distillée, avaient un accroissement plus rapide, une production de zoides plus élevée et
une germination plus abondante des témoins. Ces données confirment les observations faites en mer
[R1zz1 LoNGO & GIACCONE, 1974], qui ont montré un développement optimal, et une remarquable com-
pétitivité de ces espéces (en particulier Ulves et Entéromorphes) en présence de sources d’eau douce et en
absence de pollution, c’est-a-dire que les Ulves et les Entéromorphes ne doivent pas étre toujours consi-
dérées comme espéces indicatrices de pollution. Enteromorpha intestinalis a été I’espéce la plus résistante
dans toutes nos expériences faites soit avec des eaux polluées soit avec une eau distillée; Bryopsis hypnoides
a été I’espece la plus vulnérable. En effet cette espéce pouvait vivre a la dilution de 1/1 avec eau distillée,
elle montrait toutefois des difficultés et des irrégularités dans le processus de régénération des pinnes et
des pinnules qui tombaient au début de I’expérience, mais elle était tuée a la concentration de 1/5 d’eau
d’égouts urbains et d’eaux industrielles. Il faudra répéter les expériences faites avec les eaux résiduelles
des industries parce que 1’on n’a pas obtenu de résultats comparables, fait qui pourrait étre di a la varia-
bilité de composition des différents échantillons d’eaux résiduelles des industries examinées. En présence
d’eau d’égouts urbains a la concentration 1/10, toutes les espéces cultivées ont manifesté par rapport
aux témoins un accroissement plus élevé, des cycles plus rapides de développement, ainsi qu’une évidente
contraction des plastes suivie d’une pigmentation plus foncée. Ces effets sont comparables a ceux qu’on
observe en culture en Erdschreiber. En concentration 1/5 d’eau polluée les espéces nitrophiles montrent
différents comportements selon la source de I’eau polluée. Quelquefois, a cette concentration, il est possible
d’avoir des effets toxiques (p. ex. avec ’un des égouts testés, le Chiave). Les espéces d’eau pure, au contraire,
a la concentration 1/5 d’eau polluée, ne vivent que difficilement et leurs plastes dégénérent. Les espéces
nitrophiles et en particulier les Ulvacées, bien qu’ayant une atrophie progressive des plates, ont toujours
des valeurs de reproduction élevées. Pourtant il faut admettre un métabolisme hétérotrophique sensible
et une haute capacité d’utiliser NH3 & une concentration que nos expériences ont montrée au moins de
15 p.p.m.. En conclusion, le comportement différent des espéces élevées soit en présence de polluants
soit en milieu dilué avec eau distillée, nous fait mieux comprendre le dynamisme évolutif des peuplements
nitrophiles et oligohalins et les mécanismes qui réglent la distribution des espéces dans les aires ou diffusent
soit les eaux polluées soit les eaux des sources marines d’eau douce.

Pour la bibliographie voir : Rizzr LonGo (L.) & GIACCONE (G.), 1974. — Le Ulvales e la vegeta-
zione nitrofila del Mediterraneo. Quaderni del Laboratorio della Tecnologia della Pesca. Ancona, S, 2.
pp. 1-62.
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ERTS Satellite Photography as a Tool for Tectonic Investigations
in the Mediterranean Basin

by

RicuarD M. FOOSE
Department of Geology, Amherst College, Amherst, (U.S.A.)

Introduction and Objective

This is a progress report of a research program involving the study and interpretation of terrain
teatures observed on images of the northern Mediterranean Basin derived from the Earth Resources
Technology Satellite (ERTS).

The objective of this research is threefold :

(1) To prepare a more accurate map of major tectonic features, particularly of linear elements,
within a distance of 100-150 km of the shoreline ;

(2) To display more precisely the full extent (length) of the tectonic elements and their relationship
to each other — thereby better showing regional relationships;

(3) To clarify the genetic character of the tectonic elements, thereby providing understanding
of both :

(a) The mechanisms of crustal deformation that have been involved in the tectonic evolution of
the area.

(b) The Timing of Tectonic events which were the cause of the observed tectonic elements.

Background

Since the launching of NASA’s ERTS in 1972 many thousands of images have provided repetitive
coverage of most parts of the world. The images are of high quality, they gave essentially no radial dis-
tortion, and they display an area of approximately 170 km on a side.

A multispectral scanning system provides simultaneous imagery at four spectral wavelengths
(Bands). These are :

Band 4 : 500-600 nanometers (5,000 - 6,000 A) - Green

Band 5 : 600-700 nanometers (6,000 - 7,000 A) - Red

Band 6 : 700-800 nanometers (7,000 - 8,000 A) -near Infra-Red
Band 7 : 800-1100 nanometers (8,000 - 11,000 A) - near Infra-Red

Each of the images provides valuable information about the terrain and its vegetative cover because
of differences in reflectivity, tonal quality, etc. By experience Band 5 and Band 7 images reveal most
clearly the structural features of an area.

Two major problems exist. Images may have extensive cloud cover, necessitating the examination
of many repeated images to find one that is acceptable. The sun angle at the time of imagery is critical.
If the sun angle is too high the image appears * washed-out *’, showing very few details. However, subtle

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 91-94 (1975).
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changes in tonal character sometimes are revealed under conditions of high sun angle. If the sun angle is
too low, there is too much shadow. A sun angle of 20-35 degrees usually provides optimum conditions
for identifying and interpreting structural elements.

Features that are best displayed on ERTS images are :
Circular features — such as craters, volcanic cones, and domed structures.
Linear features — such as faults, fault zones, rifts, major joint systems, major fold axes, mountain

crests, valleys, and also such man-made features as roads and transmission lines with their * rights-of-
way .

Areal features — such as bodies of water and sediment-filled basins (which are revealed by distinct
tonal changes on the image).

The resolution of structural features on ERTS imagery depends upon such things as associated soil
or vegetative changes, on the topography and the character of erosion, and on the shape and length of the
feature itself. For example, circular features of small diameter are more easily defined than a linear ele-
ment of greater length. With optimum conditions, resolution of structural features within a range of
100-250 meters is possible.

Methods

Study of ERTS imagery is similar to that of conventional aerial photography except that stereoscopic
examination is not feasible because there is less than 10 per cent overlap of adjacent images.

Individual images are examined visually from vertical, high-angle oblique and low-angle oblique
positions, and from different directions in order to ¢ find >’ linear elements. Simple optical magnification
may be helpful as well as variation in the intensity of lighting during the examination. More complex
optical instrumentation may also be used — but has not been applied in this study.

Similar study of photo mosaics, constructed from the individual images, is hepful in revealing large
regional features.

Linear, circular, and areal features are drawn on a tracing overlay. These may be compared to
published geologic and tectonic maps of the region.

Application of ERTS study to Tectonic Interpretations

The possible improvement in mapping accuracy, both of location and extent, of structural elements
in a large region, and the establishment of more precise regional relationships among tectonic features
by study of ERTS images is easy to understand. But how can study of ERTS imagery clarify the genetic
character of tectonic elements?

On a regional scale three major categories of linear tectonic elements would be expected to result
from three different generic situations. These are :

1. Tensional conditions within a large region create normal faults that are revealed as sharply
defined, very straight, narrow (thin) linears. These sometimes bound wider (15-30 km) linear zones —
grabens and sediment-filled grabens or valleys (revealed by sharp tonal changes).

2. Compressional conditions within a large region create some (but not many) long fold axes that
are definable. Such conditions may also create thrust faults and large imbricate thrust slices whose boun-
ding edges reveal a regional linearity. These linear features have local geometric sinuosity and crenulations
typical of all eroded upper crustal plates that have been moved over large horizontal distances either by
crustal compression or gravitational gliding subsequent to detachment. These linears are not as sharp
or as thin as those created under tensional conditions. There is an absence of grabens and sediment-
filled basins. ‘

3. Shear conditions within a large region cause the crust to be displaced transcurrently for large
distances along strike-slip faults. Such conditions of shear, or coupling, produce very long regional linears
— in most cases longer than those created solely due to tension. They also produce wider linear zones
as a consequence of multiple parallel faulting.
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Such regional shear zones and/or rifts may be accompanied by, or be followed sequentially by,
normal faulting with the consequent later development of grabens or sediment-filled valleys — both of
which are linear.

In addition to being able to distinguish between three major categories of tectonic elements and
of understanding what has been the major mechanism ot crustal deformation — that is, tensional, compres-
sional (including gravitational gliding), and shear — it should be possible also to determine the relative
timing of tectonic events. This should be true especially for the Neogene and Holocene, in as much as there
has been much less time for erosion to have destroyed the prominence of terrain features created by the
structural elements.

Another factor of considerable importance in terms of understanding the tectonic evolution of a
region involves the possible recognition of reactivation >’ of older structural features (such as Mesozoic,
Paleozoic, or even Precambrian). This should be recognizable in two ways :

1. By examination of ERTS photo mosaics of a sufficiently large region that would include both
ancient (Mesozoic or older) and young (Paleogene or younger) geologic terrains and identification of the
tectonic patterns in each.

2. A more subtle method of recognition — as yet untested — may be reflected by the creation of
sharper, more precisely defined linear elements in those cases where they are formed in the younger rocks
by ¢ reactivation >’ of existing structures in the older rocks beneath.

Although this study has not yet fully established the feasibility of determining the relative timing
of tectonic events by interpretation of ERTS images, there is considerable promise that it may. The impor-
tance of being able to do so is obvious !

Application to the Mediterranean Basin

Two major concepts regarding the Tertiary tectonic evolution of the Mediterranean Basin have
been hotly debated in the literature and at professional meetings such as the C.I.LE.S.M. These are :

1. That large horizontal movements of lithospheric plates of varying size have occurred in the
Mediterranean Basin during the Tertiary, resulting in large-scale rotational motions, crustal subduction,
and the creation of new crust at centers of sea floor spreading.

2. That large-scale vertical movements (both uplift and subsidence) of the crust have occurred
in the Mediterranean Basin and throughout southern Europe, particularly during the Neogene. This has
involved major subsidence of the Black Sea, Pannonian Basin, Balearic (and Alboran) Sea, Tyrrhenian
Sea, Ionian Sea, and more recently the Aegean Sea.

The status of research involving the identification of structural features on ERTS imagery of the
Mediterranean Basin and the interpretation of these features both with regard to generic type (tensional,
compressional, or shear) anf to timing of the tectonic events, suggests this may be a powerful tool in hel-
ping to understand the tectonic evolution of this region during Tertiary and Holocene time.

*
* %k

Discussion

Remarques de M. Biju-Duval :

Trés intéressé par la communication du Professeur FoOSE, je dois signaler que notre groupe de
travail de I’'LF.P. prépare un document d’ensemble établi 4 partir des images ERTS que nous présenterons
au prochain colloque méditerranéen. Deux types de remarques complémentaires peuvent étre apportées :

1. Du point de vue technique, je pense que I’heure matinale de prise de vue des images est telle que
les orientations tectoniques orthogonales (NE-SW) sont beaucoup plus apparentes que les autres. Ensuite
I’étude simultanée d’images dans les différentes longueurs d’onde et l’utilisation des fausses couleurs
apportent des renseignements complémentaires.
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2. Du point de vue interprétatif, nous sommes en présence de difficultés car la reconnaissance
d’accidents distensifs ou compressifs n’est pas toujours évidente. En particulier la chronicité des événements
observés n’est pas évidente. La plupart des éléments observés sont des figures jeunes parfois décelables
sur les cartes bathymétriques; mais il est indispensable de confronter les observations avec les cartes
géologiques détaillées et surtout d’effectuer des vérifications sur le terrain.
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Les observations tectoniques dans 1’Algérie nord-occidentale
et ’origine du Bassin nord-africain

par

J. DELTEIL, B. FENET, P. GUARDIA, F. LAVAL et J. POLVECHE

Laboratoire de Géologie dynamique et appliquée, U.E.R. Domaine méditerranéen,
Nice (France)

Summary

Circumstantial analyse inferences of geological sequences and their structures in tellian domain,
as well as in outer land together with actual oceanographic data, are available to specify geodynamic
history of the african plate northern edge.

Distension subsequent to the early Miocene compression stage is supposed having created the north
african deep-sea basin, the previous compression stage would likely be responsible of the flysch nappes
departure from internal zone.

The actual north-african deep-sea basin results from a 7000 m (at least) subsidence since the end
of lower Miocene. Its limits, independent from previous structures, did get formed only since early Pliocene.

De nombreux travaux, a partir de ceux de L. GLANGEAUD, ont fait connaitre la complexité géody-
namique de la Méditerranée occidentale qui résulte des mouvements différentiels des plaques européenne,
africaine et de leurs annexes (1 - 2 - 3).

L’affrontement de ces plaques et leurs déplacements relatifs liés a ’expansion de I’Atlantique a
été longuement étudié [JOIDES et voir 4].

Cette histoire est inscrite dans les structures des fonds marins et dans les formations géologiques
périméditerranéennes.

Nous confrontons ci-dessous les données océanographiques actuelles concernant le bassin nord-
africain avec nos connaissances de la géologie de 1’Algérie nord-occidentale.

Des publications récentes [5 - 6 - 7] rappellent les principaux faits acquis lors des derniéres campa-
gnes océanographiques et suggérent que la partie abyssale du bassin algéro-provengal est de nature océa-
nique. Celle-ci résulterait de distensions.

Partant des observations faites en mer, X. LE PICHON et al. [6] proposent de lier & une phase de
distension oligocéne la création du bassin algéro-provengal. J. L. OLIVET et al. [7] supposent un modéle
plus complexe et une distension plus tardive pour le bassin nord-africain.

Le bassin nord-africain, encore appelé sillon nord-africain, peut étre interprété de maniére plus
satisfaisante en tenant compte de la géologie des chaines tello-rifaines et de 1’avant pays. Nos résultats
ne sont évidemment pas étendus a I’étude de 1’ouverture de la mer ligure, c’est-a-dire du bassin nord-
Baléares.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 95-98 (1975).
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Les chercheurs du COB établissent leurs modeles en supposant que tous les flyschs sont d’origine
sud-kabyle (externes). Ces modéles ne sont évidemment valables que dans le cadre de cette seule hypothése.

Nous pensons, par contre [8 - 9], que les flyschs sont en partie d’origine interne, ce qui suppose
I’existence de sillons nord-kabyles (sillon nord-maghrébin au Crétacé, sillon numidien & 1’Oligo-Aquita-
nien) et de socles nourriciers plus septentrionaux (a2 moins que ’on imagine d’aléatoires alimentations
S-N).

11 serait trop long de rappeler ici tous les arguments avancés par les différents auteurs pour proposer
un modele de tectonique globale appliqué & la Méditerranée occidentale. Nous n’aborderons donc que des
points essentiels sur lesquels s’appuient les différentes hypothéses et que nos travaux nous permettent de
discuter.

Quel est d’abord I’age du bassin « océanique » nord-africain? Rappelons que X. LE PICHON suppose
que la distension responsable de la nature du fond « océanique » du bassin nord-africain est oligocéne.
Si cette hypothése est retenue, elle oblige son auteur a situer le Numidien en position externe. En effet,
si ce n’était pas le cas, le Numidien (en position interne) n’aurait pu participer a 1’élaboration de la chaine.
Une distension depuis 1’4ge oligocéne s’oppose donc aux résultats de nos travaux.

Quels arguments évoque-t-on pour supposer une extension oligocéne du sillon nord-africain?

Précisons tout d’abord que I’on ne peut pas lier I’ouverture du bassin nord-baléares a celui du bassin
nord-africain, distincts tant par leur mécanisme de formation que par leur age.

Les arguments avancés pour le bassin nord-baléares ne peuvent donc pas étre appliqués au sillon
nord-africain. L’argument majeur et qui ne concernerait effectivement que le « sillon » nord-africain
est basé sur l'interprétation ,d’aprés les profils sismiques, de 1’age des couches peu ou pas déformées
infra-messiniennes au large de I’Algérie.

Les profils sismiques montrent, en effet, des épaisseurs de sédiments supérieures 4 1500 m sous les
couches saliferes. Mais il faut admettre avec X. LE PICHON une vitesse de sédimentation de 24 cm pour
1000 ans, de facon & donner un age oligocéne a la base de ces formations. Alors que, si ’on admet une
vitesse de sédimentation plus grande, seulement identique & celle de la sédimentation plio-quaternaire
locale, I’ensemble des dépots non tectonisés reconnus sous le Messinien peut étre assimilé sans probléme
au Miocéne post-nappes. On sait qu’en Algérie du Nord le Miocéne post-nappes comprend plusieurs

cycles et peut atteindre une épaisseur supérieure a 3000 m [10].

Rien ne nous oblige donc & admettre que les couches horizontales infra-messiniennes ne sont pas
miocénes et toutes postérieures a la derniére phase d’expulsion des nappes d’origine interne.

La complexité de la mosaique méditerranéenne occidentale peut méme nous laisser supposer
I’existence, au cceur du bassin nord-africain actuel, de flyschs restés autochtones, c¢’est-a-dire non mobi-
lisés par la phase compressive du Miocene inférieur. Les nombreux mouvements tardi-tectoniques peuvent
méme suggérer I’existence de biseaux stratigraphiques au sein des séries post-nappes, ce qui pourrait
intéresser les géologues pétroliers.

J.L. OLIvET [7] admet pour sa part « que 1’age du bassin d’Alboran et algéro-baléares est le méme
que celui du paroxysme tectonique ». Il s’agit bien entendu de la derniére phase paroxysmale, c’est-a-dire
de la phase du Miocéne inférieur. Il pense aussi que la zone kabyle, appartenant au bloc des zones internes,
chevauchait les flyschs (tous externes) tandis que fonctionnait un plan de Bénioff incliné vers le N et limi-
tant la plaque africaine.

On peut remarquer que :

— un examen attentif des faits ne nous permet pas de conclure au jeu d’un plan de Bénioff situé
au front sud de la zone kabylo-rifaine, aucune preuve géologique et géophysique ne se manifestant dans
cette zone & travers ’Algérie. La fonction d’un tel plan a pour seul avantage d’expliquer la disparition
de plusieurs centaines de kilométres de crofite « océanique ».

— Si ’on tente de situer a I’époque actuelle le plan de Bénioff ou ses « cicatrices » par rapport
au bassin nord-africain en tenant compte de 1’allochtonie des massifs kabyles (prouvée pour la petite
Kabylie), celui-ci doit se situer sous la zone abyssale de la Méditerranée considérée par les auteurs de ce
plan de Bénioff comme néo-océanique. Un probléme spatial se pose donc.

— La liaison entre ce plan de Bénioff et le volcanisme miocéne « andésitique » ne peut étre retenue
puisque son origine est, dans ce cas, sous ce plan et donc dans la plaque africaine.
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— Rien ne prouve dans les faits que la compression se manifestant par les charriages de la Kabylie
soit contemporaine d’une distension (expansion) des zones internes. Dans les zones internes, le retour
de la mer suit la phase compressive. Il y a, en effet, superposition des bassins tarditectoniques sur les
structures engendrées par la phase compressive. De plus les structures qui résulteraient d une telle expansion
recoupent les directions de I’orogéne alpin.

Dans ces conditions, nous proposons ce qui suit.

— A I’emplacement du futur bassin nord-africain, la sédimentation interrompue par ’expulsion
des nappes reprend a la fin du Miocéne inférieur.

— Les dépbts inframessiniens reconnus en mer par sismique débutent donc a la fin du Miocéne
inférieur, tandis que s’effondre le socle nourricier du Numidien. C’est & ce moment, alors que les nappes
poursuivent leur chemin vers le S sur le bloc africain, que commencent a s’esquisser les contours de la
Méditerranée. Pour &tre plus précis, les premiers sédiments post-nappes (1°* cycle) seraient tarditectoni-
ques puisque certains d’entre eux sont encore impliqués dans les plis. Ils sont surmontés par des dépots
d’un 2¢ cycle, messinien, totalement indépendant des structures antérieures (ex. : Chéliff, Soummam)
qui est post-tectonique. La subsidence se poursuit méme au cours du dép6t des évaporites messiniennes.
La Méditerranée prend son visage actuel au Pliocéne ol la subsidence amorcée dés le Miocéne inférieur
s’accentue par un effondrement que traduit la morphologie actuelle, c’est la période néotectonique.

— En ce qui concerne la nature océanique du bassin nord-africain, nous noterons que les cartes
d’anomalies magnétiques de la région qui nous occupe apparaissent difficiles a interpréter. Les avis des
auteurs divergent. Ces anomalies peuvent fort bien mettre en évidence des manifestations tectoniques
n’ayant aucun rapport direct avec des phénoménes d’expansion océanique. Les « linéaments » déduits
des calculs pourraient résulter du rejeu d’anciennes structures (souvent méme anté-alpines) injectées ou
non, comme elles le sont a terre, de matériel volcanique.

Il ressort de I’analyse détaillée des faits structuraux observés sur la bordure du craton africain
qu’entre la plaque africaine et européenne, il est nécessaire d’envisager ’existence d’une (au moins) plaque
intermédiaire appelée nord-maghrébine. Au bord méridional de celle-ci se sédimentent les flyschs alimentés
par I’érosion d’une partie plus septentrionale de cette plaque & moins que le bloc corso-sarde ne participe
également a cette alimentation (11 - 12]. Le rapprochement des plaques européenne et africaine provoque
I’expulsion des flyschs nord-kabyles et se termine par 1’écaillage de la zone kabylo-rifaine. Les mouvements
crustaux qui aménent au contact plaque africaine et plaque nord-maghrébine peuvent étre expliqués par
le jeu d’un plan de Bénioff incliné vers le S, sous le bloc africain. Ce mécanisme de subduction achevé,
un effondrement de plus de 7000 m, indépendant des structures précédentes (plaque africaine, ceinture
orogénique, plaque nord-maghrébine), donne progressivement naissance a 1’actuel bassin nord-africain.

L’histoire géodynamique tertiaire de la Mésogée occidentale est complexe, elle n’est pas identique
sur toute son étendue. L’ouverture du « sphénoschasme » ligure ne résulte pas du méme mécanisme que
celui qui a engendré le sillon nord-africain. La forme de la zone abyssale des la Méditerranée occidentale
a suggéré d’ailleurs diverses dynamiques composites [13] qu’il est souvent difficile d’admettre, tant a la
lumiére des faits géophysiques que géologiques [14 - 15]. La morphologie et les caractéres géophysiques
de la Méditerranée occidentale sont sans rapports directs avec 1’histoire complexe de la Mésogée.
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Discussion

Intervention de M. Caire : Je suis d’accord avec les options classiques de POLVECHE et al. 1l existe-

rait un flysch externe aussi. Il ne faut pas supposer qu’il y a un plan de Benioff et une sous-plaque chaque
fois qu’il y a une unité tectonique ou un chevauchement.
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The connection between the Apulia

and the Sahara continental margins in the Southern Apennines

and in Sicily
by

P. SCANDONE, G. GIUNTA et V. LIGUORI
Istituto di geologia, Universita, Palermo (Italie)

Present status

Sicily, Calabria and the Campania-Lucania Apennines are a very interesting portion of the Maghreb-
Apennines-Dinarides system, in which the Maghreb E-W direction of the main units become N-S in Central
Calabria, and finally NW-SE in the Southern Apennines. In Tunisia the pile of the Maghreb nappes
overlie the Northern part of the Atlas.
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The so-called Ragusa platform has been classically assumed as African foreland for the Sicily
nappes. The palinspastic connections between this belt and the more internal zones affected by tectogenesis
are not yet completely clear. It is probable that the Ragusa zone is connected with Sahel and Northern
Libya trough Malta and the Sicily Chanel. These areas seem to belong to a less stable, marginal belt of the
Sahara plate, the Pelagian sub-plate, separated from the Atlas sub-plate by the Zaghouan fault system.

Rapp. Comm.

int. Mer Médit., 23, 4a, pp. 99-103, 3 figs., (1975).
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The Pelagian sub-plate southwards become more and more stable, gradually passing into the Sahara
platform sensu stricto. The Apulia platform is the foreland of the Apennines. The connections between
this belt and the more internal zones affected by tectogenesis are well known. Sismic profiles in the Ionian
area distinctly show that the internal margin of the Apulia platform bends towards Greece, and disappears,
plunging beneath Peloponnese. Moreover several geophysical data suggest a crustal composition of the
Ionian area quite different from that of the Adriatic zone.

It is not possible to exclude that the Ionian area was a belt characterized by thinned crust during
the Alpine cycle; the geochemical data on the Aeolian recent volcanism suggest the existence of a slab
of oceanic composition subducing beneath the Calabria-Peloritani arc.

In conclusion, the roreland of the Maghreb-Apennines system may be divided in three main parts :

a. the African element sensu stricto, actually moving northwards, as shown by compressional fea-
tures at the foot of the Algeria continental slope;

b. the Ionian element, actually moving in NW direction (subduction beneath the Calabria-Pelo-
ritani arc and consequent Aeolian calc-alkaline volcanism);

c. the Apulia element, actually tectonically inactive.
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Development since upper triassic

Fig. 1 shows a restoration of our area in Jurassic times. During Upper Triassic a remarkable sea-
way existed between shallow water carbonate platforms. In Sicily we recognize two branches.

During Middle Liassic a widespread tectonic phase intersects the carbonate platforms : new sub-
siding basins are created, large fragments of platform sink below the photic zone and become places of
condensed pelagic sedimentation. The Imerese basin lengthens westwards, in the direction of the Maghreb.
In Sicily the dissection of the platforms and the deepning of the basins are accompanied (Upper Liassic-
Lower Dogger) by volcanic activity (acid tuffites in the platform areas, basalts and hyaloclastites in the
basins). In Dogger-Malm the outline sketched by the Middle Liassic tectonics become sharper; in the
basins the sea floor generally exeeds the compensation depth of the carbonates. During Cretaceous the
characters are slightly different; the margins of the basins are more active, and the deepsea conditions
are generally less pronounced.

In the carbonate areas local emersions occur. In the Paleogene a lot of the carbonate platform
areas emerge. At the end of the Paleogene and at the beginning of the Miocene, flysch deposition begins
in the Imerese-Lagonegro basin. During Burdigalian the subduction of the Southern continental margin
of the Tethys reaches our isopic zones. The first nappes of the Maghreb-Apennines system are piled up,
and contemporaneously the Paleogene Alps system partially overthrusts the Neogene Maghreb-Apennines
nappes. In Middle-Upper Miocene the Maghreb-Apennines building is constructed in the main lines.
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In this time the most convex part of the Maghreb-Apennines nappes arc is thrusted towards the foreland
more than the other parts of the chain; the Calabria-Peloritani arc is thus clearly drawn. Continuing the
subduction, in the Pliocene the chain as a whole is thrust upon the foreland for at least 30 kilometres;
the Calabria-Peloritani arc is of course strongly emphasized. The most internal parts of the Maghreb-
Apennines system and the greatest part of the Paleogene Alps system collapse in the actual Tyrrenian Sea
area.

During Quaternary the Apulia margin becomes inactive, while the Sahara and mainly the Ionian
margins are still active.

In conclusion, looking at the palinspastic map we see that the sector under discussion, about 1000
kilometres long, of the Southern continental margin of the Tethys has been affected by compression across
250-400 kilometres in width from Burdigalian up to the present time (18 million years). This corresponds
to an average subduction rate of about 1,4 - 2,2 cm/year. But the nappes which make up the Maghreb-
Apennines system represent only the skin of the corresponding litospheric plates : a lot of crust disappeared
in the asthenosphere. This is a general fact in mountain buildings, as LAUBSCHER (1970-74) has clearly
demonstrated.
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In a two-dimensional calculation, assuming a continental margin affected by compression across
an average of 30 kilometres, we obtain in our area 300.000 square kilometres of paleogeographic realms
which took part in the deformation. If we average the width of the chain at 130 kilometres, we can deduce
that 170.000 square kilometres — that is, more than half of the original surface — have been subtracted
from the system.

In a three-dimensional calculation, assuming at the beginning of the Alpine cycle an average thick-
ness of continental crust of 30 kilometres, we obtain 9 million cubic kilometres of continental crust affected
by deformation. Seeing that the actual width of the chain is 130 kilometres, and assuming here an average
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depth of the Moho of 40 kilometres, we can calculate a volume of 4,8 million of cubic kilometres. About
half of the original volume of crust is lost, having been subtracted from the system. In effect, the lower
crust, more dense, takes part in the subduction with the mantle, and only the upper crust is packed in the
roots of the chain.

This must induce us to remember, when we play with plate motion in the Mediterranean area, that
our chess-board is not a closed kinematic system.

Discussion

Caire A. : Vous avez figuré une plaque ionienne entre le plateau de Raguse et I’Apulie. Quels sont
les caractéres de cette plaque et de ses limites?

Au Mésozoique, le plateau de Raguse et I’Apulie ont des caractéres de plateforme carbonatée-
Les faciés peuvent se modifier d’un point a 1’autre d’une plateforme. Pourquoi donc voulez-vous séparer
ces deux régions par une plaque distincte? Dans leur qualité d’avant-pays (resté a ’abri des dislocations
tangentielles alpines), le plateau de Raguse et I’Apulie ont pour équivalent maghrébin le Sahara, et non pas
I’Atlas tunisien plissé. Votre limite de la zone orogénique alpine devrait donc joindre aussi le bord interne
du plateau de Raguse a I’accident sud atlasique.

Giunta : 1. Some good seismic profiles show that Apulia is in continuity with Greece. Otherwise
Ragusa is a basin with pelagic sedimentation and not a plateform. Sediments are not calcarenites but
turbidites occur.

Biju-Duval B. : 1l y a deux ans & Athénes, B. RYAN a présenté un schéma de reconstruction de
différentes plaques et sous-plaques en Méditerranée au cours du Mésozoique et du Cénozoique, repris
récemment dans 1’article de DEWEY et al. Vous avez reconstruit un schéma valable pour la Méditerranée
moyenne en définissant différentes plaques. Avez-vous des arguments qui permettent de définir ces plaques
par la présence soit de zones de divergence (medio-oceanic ridge) soit de zones de convergences (subduc-
tion zones) au cours du Mésozoique entre les plateformes saharienne et pélagienne, la zone ionienne et la
plateforme apulienne?

Deuxiéme question : il me semble que les données pétroliéres publiées par I’AGIP montrent qu’au
Sud du plateau de Raguse existe au Lias et au Jurassique inférieur une zone plus profonde suggérant une
marge au Sud de Raguse. Avez-vous tenu compte de ces données dans votre reconstruction?

Réponse du présentateur : 1 am not a geologist but our conclusions are different from official data,
there are no evidence of compressive features.

Flores G. : The current interpretation of the Iblei plateau indicates that with the exception of an
interval in the Mesozoic, particularly in the Jurassic, with pelagic sedimentation, the area has represented
a platform Triassic throughout miocene times. This point is based on the study of hundreds of well sec-
tions. I refer in particular to a paper by F. BARBIERI.

P. Scandone. Reply to the questions put by G. FLORES, A. CAIRE and B. BUu-DUVAL :

I think it right to concentrate my answers in a single reply, as several questions put to me have

common elements. Let us begin from the Ragusa “ platform *’. The available data from the drilled wells
and from surface information allow to reconstruct the following geological history.
Late Triassic : deposition of shallow water sediments, represented by dolomites and evaporites. At the
end of Triassic, tectonic fragmentation of this shelf in several blocks, which underwent different subsidence.
Liassic : deposition of calcareous turbidites, generally dolomitized, currently interpreted as shallow water
dolimites; deposition of allodapic limestones, currently interpreted as ¢ epicontinental > pelagic limes-
tones, and of black shales (Streppenosa Formation), with rare intercalations of real pelagic lime mudstones.
The sudden and great variation of the thicknesses, mainly in the Streppenosa Formation, are indicative
of active synsedimentary faulting.
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Dghger-Malm : deposition of pelagic lime mudstones, with rare turbidite levels. The intensity of the syn-
sedimentary tectonics is reduced.

Cretaceous : deposition of pelagic lime mudstones in the basin, deposition of shallow water limestones
on volcanic seamounts. In the upper part of the sequence the turbidite content increases, with diffuse
slump phenomena.

Paleogene : gradual transition from pelagic to neritic deposits. The synsedimentary tectonic activity stops.
Neogene : deposition of shallow water calcarenites, marls and clays upon a stable platform area.

The Ragusa “ platform *°, therefore, evolved from an unstable shelf to an active and moderately
deep basin, and finally to a stable platform. I think we may make a great mistake in minimizing or ignoring
the role of the Mesozoic synsedimentary tectonics.

Let us consider now the connection between the Ragusa and the Apulia platforms. The basinal
facies of the Ragusa zone pass eastwards (Siracusa area) to platform margin and to seamount facies.
In the Ionian Sea seismic explorations suggest very thick sedimentary sequences below the Messinian
evaporites, but their facies are not known. In the Apulia platform the Mesozoic facies are indicative of
shallow water environment. I think that the affirmation made by prof. CAIRE that the Mesozoic facies
of the Ragusa and Apulia zones are comparable, is inexact. Seismic surveys in the Ionian Sea, on the other
hand, clearly indicate that the Apulia platform does not bend towards the Ragusa zone, but towards
Greece, where it plonges beneath Peloponnese. Deep seismic and gravimetric data indicate different
crustal composition in the Apulia, Ionian Sea and Southern Sicily. Finally, if we accept the interpretation,
proposed by BARBERI and others in 1973, of the deep focus earthquakes below the Tyrrhenian Sea and of
the Aeolian volcanism, we must admit that the Ionian plate still plays an independent kinematic role,

We distinguished the three areas for the above reasons. All three areas, of course, belong to the
northern margin of the African continent, as we have demonstrated in our palinspastic reconstructions.
They must be considered, of course, microplates, that is, minor elements of the great Africa plate. In this
scheme the foreland of the Maghrebide-Apennine system undoubtedly extends from Sahara to Apulia,
crossing different elements.

I do not agree at all that the Apulia, Ragusa and Sahara zones represent kinematically equivalent
zones. We can relate the building up of the Maghrebide-Sicilian part of the chain to the northward compo-
nent of the African movements, with consequent subduction of the Sahara continental margin beneath
the Iberian block. On the other hand, we can relate the building up of the Apenninic part of the chain
to the westward component of the African movements, with consequent subduction of the Apulia margin
beneath the Corsica-Sardinia block. The amount of the westward motion seems to have been greater than
the northward one. Besides, along the African margin sensu stricto (Atlas and Pelagian subplates) the
front of the movement could have fragmented in several segments. These progressed differently across the
external areas, and were connected by transform segments. Because of the above, the front of the movement
of the Sicilian nappes can be individuated in the Sciacca zone, while the same front of the movement in
Tunisia passes along the southern margin of the folded Atlas mountains. Similar differential motions
of the fronts of the movement within the foreland are described, for instance, by LAUBSCHER [1974] in
the Alps. From the kinematic point of view the Tunisian folded Atlas mountains may be regarded as the
equivalent of the folded Jura mountains. The Sicilian nappes may represent an equivalent of the Helvetic
nappes south of the tabular Jura, where the front of the movement lies in a more internal position compared
with that of the folded Jura mountains.

Au cours de la discussion un participant ayant signalé que le bassin de Trapani ne correspondait
pas a un facies jurassique mais tertiaire, les auteurs précisent “ We do not speak about Trapani basin, but
about Trapani belt and seamounts. We have to compare the elements which are comparable. Taormina
dolomite is manily a turbidite facies. In Ragusa basins we found slumping *°.
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Seaward extensions of some North African
and Sicilian Structures and Sediments

by

A.M. BORSETTI, P. COLANTONI and E.F.K. ZARUDZKI
Laboratorio per la Geologia Marina, C.N.R., Bologna (Italie)

Résumé

Cette communication touche la structure et la stratigraphie du Détroit de Sicile sur la base de
sondages sismiques et d’échantillons du fond marin datés par paléontologie (du Triassique jusqu’au
Quaternaire). Les sédiments crétacés et éocénes sont semblables a ceux de I’Afrique du Nord. Le bassin
évaporitique sicilien s’étend jusqu’aux fosses.

*
* %

The Strait of Sicily is characterized by recent distensive tectonics with horsts and grabens recogni-
zable also from the actual morphology of the seafloor i.e. deep closed basins interspaced by plateaus and
shallow banks. To reconstruct the tectonic and stratigraphic setting, we obtained numerous seismic pro-
files (Sparker) and bottom samples. These are of the following age : Trias (?) on Talbot Bank gray dolo-
mite. Cretaceous on N and S flanks of the Malta graben : marly limestones and clays with Globotruncana
spp. Eocene on the N slope of the Malta graben : white limestone with Globorotalia spp. and Hantkenina
spp.; on the Terrible Bank: white and brown crystalline limestone with Discocyclina sp. and Lepidocyclina
sp. Serravalian on the N flank of the Malta graben : grey-yellowish clays with bentonic and planktonic
faunas with Praeorbulina circularis and Orbulina suturalis. Mid-upper Miocene on Skerki and Pantelleria
Vecchia banks : limestones and calcarenites with bentonic foraminifera, fecal pellets and algae. Tortonian
on the Levante Bank of Lampedusa : biocalcarenite with Lithothamnium and Borelis melo. Messinian
on the N flank of Pantelleria graben : marly, sulphurous clays. Lower Pliocene on the N flank of the Pan-
telleria graben : gray-blue clay with Globorotalia puncticulata; in the Malta and Linosa grabens : calca-
renite with predominantly bentonic faunas containing rare Globorotalia puncticulata.

The main conclusions which, at present, can be drawn are :

1. The possibly Triassic dolomite (Talbot Bank) indicates a sub-sea continuation of the Sicani
Mtns and Egadi islands series. The extensive continental shelf would be therefore a strongly tectonised
and eroded area.

2. The Cretaceous and Eocenic rocks from the Malta graben indicate an open sea sedimentation
similar to that of the North Africa. Further NW the sea was shallow at least from Eocene to the mid-
upper Miocene, as indicated by the rocks found in the banks Terrible, Pantelleria Vecchia and Skerki.

3. The Tortonian with Litothamnium of Lampedusa, the Levante bank and the Malta series with
the Litothamnium and Globigerina horizons represent facies change between the shallow sea deposits,
typical of North Africa (Libya), and those of deep sea in central Sicily.

4. The vast Messinian evaporite basin of Sicily extends as far as the Pantelleria graben, where marly
sulphurous clays were sampled. Seismic profiles show that it stops before the Malta graben surrounding
the zone of the No-Name Bank.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 105-106 (1975).

[105]



106

5. We suppose that generally within mesozoic and paleogenic sequences (Cretaceous and Eocene
were sampled) there are Miocene rocks, probably from Acquitanian through Tortonian (Lampedusa
and Malta) or to Messinian. On these series lies the Lower Pliocene which in the evaporitic basin is of
deep marine facies (clays) and practically conformable, while elsewhere it is of shallow sea environment
(calcarenites of the Malta and Linosa grabens) and clearly unconformable.

6. Finally, a very strong unconformity is visible in the seismic profiles above the Lower Pliocene.
It may be related to the mid-pliocene transgression although we do not have as yet data on this sedimen-
tation episode. Nevertheless it should have developed mainly in the basins and then covered by later
deposits.

In fact, we think that inspite of the tectonic movements, which continue until the present time, the
basins reached their actual development after Lower Pliocene.

Discussion

M. Caire demande si tout ceci sera publié.

M. Colantoni répond que c’est une communication préliminaire et que 1’ensemble sera publié.

M. Finetti : Author said that evaporites of Pantelleria graben are of deep water : can be indicated
have deep are these waters?

Les auteurs : Nous avons dit que le Pliocéne au-dessus est de faciés profond (100-200 m).

M. Letouzey : Pouvez-vous suivre sur les profils sismiques situés en mer, le front des masses alloch-
tones connues, traversé en forage a terre, et situé dans le Pliocéne?

P. Colantoni : Some disturbed zones in the plio-quaternary cover can be clearly seen in many
profiles located near the sicilian coast. This zones can be interpreted as allocthonous masses or slumpings.

*
* ok
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Geology of the Graham Bank Volcano

by

P. COLANTONI, M. DEL MONTE, P. GALLIGNANI and E.F.K. ZARUDZKI
Laboratorio per la Geologia Marina, C.N.R., Bologna (Italie)

The Graham Bank located 26 mls SW of Sciacca (Sicily) erupted briefly in 1831. The event was
observed and widely publicized. At its culmination the eruption created a 260 m high (60 m a.s.l.) steep-
flanked cone rising from a vast plateau 200 m deep. The latter also supports the Nerita and Terrible banks.
A smaller cone rose from south side of the main cone to a depth of 76 m. The short-lived cinder island,
formed by top of main cone, become known as Giulia-Ferdinandea. It was subsequently razed by action
of waves and wind so that today the bank is an oval terrace of sand and scoriae 25-30 m deep. From its
center an oval hard-rock stock, about 20 m across, rises to a depth of 8.80 m (Lat. 37°10’6” N, Long. 12°
42'54” E). Linear magnetic anomalies exist over the Graham Bank. Their highest value of 104 was observed
over the secondary cone. A dipole interpretation places the magnetising center at 1000 m below surface.
An acceptable depth for a magma chamber, further supported by the petrography of the lava. The base
plateau is separated from Sicily by deep basins and troughs shown in bathymetric and seismic sections
confirmed by low Free Air gravity values. The Bouguer anomaly contours show a mild positive re-entrant
(45 mgals) in the area of the plateau. This is superimposed on strong regional gradient from a 90 mgals
“high *’ in the centre of the Strait of Sicily to — 100 mgals ““ low *’ in the Basin of Caltanisetta caused
by the NE-dipping mantle. The re-entrant may be associated with a local topographic high on the mantle.
Samples of volcanites were collected from the cone top by dives and from the flanks by grabs.

The steep flanks of the bank are covered with sands while silty clays and clays mantle the gently
sloping base. The sorting of sand samples shows only modest actual effects of the wave action and currents
at shallow depths dwindling to zero at greater depths. The weak sorting results from the nature of the
volcanic deposits which comprise materials of wide granulometric spectrum. The skewness suggests strong
variations of the environmental energy which can be attributed to intense phases of rapid growth and
similarly rapid destruction of the volcanic edifice. The sands found at greater depths contain always
certain quantity of fine materials of the present sedimentation; this become preponderant in the samples
collected at greatest depths.

The structure of the lavas is porphyric with phenocrystals of bytownitic plagioclase (An 80 - Ab 20),
fosteritic olivine (Fo 80 - Fa 20) and more rarely zitano-augite,; the matrix is made up of microlites of pla-
gioclase, rare monoclinic pyroxenes, dark brown glass. They belong chemically to the volcanic alkali-
olivin-basalt association. The analysed samples show a hawaiitic trend with a very strong sodium character
(Table 1). The enrichment in total Fe is somewhat limited and can be explained by fractionating of a solid
phase constituted mainly from olivine plagioclases and magnetite at rather high Py,° and fo,. This type
of conditions is found normally in shallow crystalisation. We suggest that these subcrustal magmas rose
rapidly through the communication channels (opened up by deep-seated regional tectonic activity) almost
without crustal contamination. Only in the superficial zones the magmas underwent weak fractionation.
The close structural and magmatological similarities between the lavas of Graham, Linosa and Pantelleria
show that the conditions of crustal tension persist in the Strait of Sicily.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 107-108 (1975).
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Samples 43 45 50 51
SiO, 4891 48.01 47.34 50.56
Al,04 16.07 15.83 15.83 15.81
Fe,0; 2.11 1.49 2.38 1.71
FeO 8.18 8.78 8.01 9.02
MnO 0.16 0.15 0.14 0.17
MgO 7.18 7.05 8.18 6.81
CaO 8.23 9.09 9.21 7.91
Na,O 3.78 4.06 3.66 3.90
K,0 1.41 1.66 1.38 1.05
TiO, 3.03 2.79 2.83 1.98
P,05 0.63 0.45 0.61 0.30
H,0 0.09 0.13 0.08 0.06
H,O+ 0.73 0.92 0.80 0.99

100.51 100.41 100.45 100.27
*
® %
Discussion
M. Soffel :

Question : Did you measure the curie-temperatures of the rocks. The titanium and iron content
which you have measured for the rocks indicates that the curie temperatures should be very low. This
would imply that the rocks have not been contaminated by crustal material.

Answer : The curie temperatures have not been measured, only the magnetic anomaly which is of
some hundred gammas.


http://www.tcpdf.org

Characteristics of Crustal Structure
in Some Mediterranean Orogenic Systems

by

P. GIESE, C. MORELLI and J.N. PAVLENKOVA

Osservatorio Geofisico Sperimentale, Trieste (Italie)

The following paper deals with the crustal structure of the transition between the axial zone and
the backland of some Mediterranean orogenic systems.

Regarding a cross-section in the Southern Apennines running from the foreland (Puglia) through
the central zone to the Tyrrhenian Sea as backland, the crustal thickness increases continuously from
Puglia (30 km) in SW direction towards the axial zone (45 km). Under northern Calabria, a high-velocity
layer could be detected at a depth of 20 to 25 km. The lower crust must be composed of sialic material
due to its very low velocity values, whereas the high values in the upper crust have to be explained by the
existence of basic or even ultrabasic rocks. W and SW of Cosenza in the direction of the Tyrrhenian Sea,
the backland, the crust shows a thickness of no more than 20 to 25 km. The same structure, in principle,
has been found in Western Sicily and in Campania, regions with similar tectonic structures.
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Different types of crustal structure in the transition between the central zone and the backland.

In the western foreland of the Western Alps, a crustal thickness of 30 - 35 km has been found.
Towards the central zone, the M-discontinuity dips down and reaches a maximum depth of 50 - 60 km
in the Penninic zone (Central Alps). The inner arc of the Western Alps, partly bordering the Po-plain,
is characterized by the steep gravity of Ivrea.

The high-velocity material of the Ivrea body has a direct link to the crust-mantle transition and the
upper mantle east of the gravity high to the hinterland of the southern Alps and the western Po-plain.

Rapp. Comm. int. Mer Médit., 23 4a, pp. 109-110, 1 fig., (1975).
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The zone of velocity inversion between 20 and 40 km is the eastern continuation of the generally present
low-velocity zone in the lower crust of the Central Alps. Such zone does not exist in the lower crust under
the Po-plain.

From the foreland of the Eastern Alps towards the central zone, crustal thickness increases from
30 to 50 km. Contrary to the previous examples, no remarkable change in crustal thickness and structure
could be detected when passing the Insubric Line.

The orogenic system of the Crimean Highlands is situated between the Skythian platform and its
adjacent Siwash depression in the N and the Black Sea as hinterland in the S. from N to S, total crustal
thickness increases from 40 to 50 km. Just S of the Crimea, crustal thickness decreases abruptly from 50
to about 30 km. A reinterpretation of the data revealed that the high-velocity layer, situated in shallow
depth in the Southern Crimea, does not reach down to the crust-mantle boundary but is interrupted by
a low-velocity zone in a depth between 20 and 35 km. The situation looks similar in the Eastern Carpa-
thians.

Summarizing these facts, it can be stated that the mountain systems discussed here are characterized
by nappe tectonics and lateral compression. We must postulate the original place of their layering to have
been in that region where now the hinterland is situated. Consequently, during the orogenic movements,
the hinterland has overridden the original place of the nappes with its underlying crust. The same result
will be achieved by reversedly directed movements. The low-velocity layer under the thin crust and por-
tions of the uppermost mantle of the hinterland can be seen as root zone and the top of the subduction
zone. In case the crust of the hinterland consists of sialic material only, it is difficult or even impossibleto
separate it from the crust of the overthrust or subducted sialic zones. This situation may prevail in the
Eastern Alps.

Discussion

Aprés I’exposé de M. Giese, M. Grinda intervient « Dans le mod¢le de subduction que vous avez
exposé et qui est également celui du Dr Cross, on devrait observer, au-dessus de la plongée d’une
plaque, des séismes d’extension, comme dans la Cordillére des Andes. Est-ce bien le cas?

Dans le séisme classique de surrection de chaine des montagnes accompagné de la formation d’une
racine il n’est question que de séismes de compression et dans les Alpes c’est bien ce que 1’on a constaté
pendant la courte période qui nous sépare de I’avénement de la Séismologie moderne jusqu’a ce jour ».

Morelli répond ““ There exist testion or distension earthquakes at least in one part of those consi-
dered, that is Southern Italy *’.

Matthews : Can you tell us a little about the methods of interpretation that you used, for example
in interpreting the profile with shots in the Tyrrhenian Sea a seismometer on land in Calabria. It has
seemed to me to be doubtful whether you could be sure that your solution, consistant with the arrival
times and their amplitudes, was a unigue solution, when the line one or more major crustal discontinuities.
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Tectoniques ordonnées en M¢éditerranée centrale

par

ANDRE CAIRE
Département de Géologie structurale, Paris (France)

En Méditerranée centrale, les grandes structures alpines s’ordonnent en dispositifs géométriques
simples : symétries, éventails et gerbes.

Entre les deux ailes de la boucle orogénique tyrrhénienne (jalonnées par la Berbérie orientale, la
Sicile, la Calabre et ’Apennin) apparait une symétrie (v. CAIRE, 1964, fig. 1) qui, de prime abord, semble
banale, dans la mesure ou — les divers trongons de cette ceinture orogénique présentent en coupe trans-
versale le méme type architectural (CAIRE, 1964, fig. 2; 1970, fig. 3) et oll — la boucle est un ruban orogé-
nique replié sur lui-méme. Les choses sont pourtant moins simples.

Rappelons tout d’abord la différence de comportement, en plan, entre zones internes et externes.
Dans les parties de 1’édifice tectonique caractérisées par de grands recouvrements cénozoiques, et limités
a I’extérieur par une avant-fosse néogéne (v. CAIRE, 1964, fig. 1), une nette indépendance apparait, en plan,
entre — zones internes (flyschs périkabyles, siciliens, calabro-lucaniens et ligures; dorsales « briangon-
naises >’ des Kabylies, Péloritains, Calabre et Toscane), et — zones externes (du sillon tellien, du Panor-
mide, de Sclafani, de I’Apennin calcaire méridional, de Lagonegro et d’Ombrie). Les zones internes pré-
sentent, partout olt on les voit, des contenus stratigraphiques trés comparables et une méme architecture,
alors que les zones externes offrent une plus grande diversité, et se relaient le long de la boucle, a ’avant
(et, par charriage, au dessous) des zones internes.

Dans cette diversité, un ordre supérieur apparait si I’on distingue deux arcs tectoniques, sensible-
ment séparés par le linéament Zaghouan - Anzio - Ancone - (CAIRE, 1954). L’arc intérieur, en U trés ouvert,
comprend les unités sorties du domaine des flyschs, du domaine kabyle, du sillon tellien, et leurs corres-
pondants ligures, toscans et ombriens. Il est caractérisé par une tectonique crétacée (précédant les grands
charriages tertiaires), et jalonné par un métamorphisme alpin précoce, d’age crétacé inférieur, qui, partant
du Maroc et de I’ Algérois, apparait dans les Babors, les djebels Hairech, Maiana, etc, et I’Apennin septen-
trional. L’arc extérieur comprend 1’Atlas tunisien centro-méridional, les unités profondes de Sicile centrale
et occidentale, et I’Apennin méridional. Il est parcouru par 1’avant-fosse néogéne.

Reste le massif péloritano-calabrais. Avec sa chaine calcaire « briangonnaise » et les flyschs qui
I’encadrent (en bavant plus ou moins sur les zones plus externes), c’est un fragment de 1’arc intérieur,
logé dans le fond de la boucle tyrrhénienne, et superposé a un édifice de nappes qui appartient a ’arc
extérieur. Comprimé a I’Eocéne entre les mors kabyles et toscan, puis expulsé au Miocéne vers I’ESE
(v. CAIRE, 1970, fig. 4) il a dii fonctionner comme un piston riclant le fond tyrrhénien et refoulant & son
front les sédiments alpins. Il est en effet trés probable que la nappe kabylo-péloritaine n’a jamais été conti-
nue d’W en E, méme si ’on admet la disparition, par érosion, de certaines de ses parties dans les zones
tardivement soulevées, comme le Nord-Est Tunisien.

Les arcs intérieur et extérieur, partiellement superposés et emboités par la tectonique tertiaire,
ont dii se différencier trés tot. Ils sont en effet, & petite échelle, paralléles aux grandes zones de faciés du
Trias supérieur : de type Verrucano dans les dorsales « briangonnaises »; de caractére germanique dans
le sillon tellien, les Atlas saharien et tunisien, la Toscane externe et 1’Ombrie; de type essentiellement
carbonaté (dolomies, calcaires, localement flysch) dans les zones externes de Sicile et I’Apennin calcaire
méridional.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 111-112 (1975).
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Logées au ceeur de ces arcs, la Sardaigne et la Corse sont des corps étrangers — rattachables, dés
le Trias, au domaine provencal, — séparés, dés le Jurassique, par 1’eugéosynclinal alpin, et au Crétacé
inférieur, par une zone de coulissements dextres majeurs qui subsiste dans le Bétique externe et la région
génoise, se prolonge par le linéament périadriatique, le Vardar, les décrochements nord-anatoliens, le
Zagros et au-dela; — ensuite entrainés jusqu’a leur place actuelle par un grand flux orogénique qu’accom-
pagnent 1’écrasement et la fermeture de la boucle tyrrhénienne.

Ces arcs étaient-ils arqués dés le début du cycle alpin? L’actuelle disposition du Plateau de Raguse,
de I’Apulie et du Monte Gargano fait penser que le bord interne de I’avant-pays (non atteint par les plis-
sements alpins) dessine un arc paléogéographique précoce. Cet arc ne serait autre chose que le flanc concave
du promontoire africain d’Argand. Cependant, les positions respectives de ces portions d’avant-pays
résultent en partie de coulissements alpins; donc il est difficile d’apprécier la courbure initiale de 1’arc
tyrrhénien extérieur, et plus encore de 1’arc intérieur.

De tout ce qui précede, il résulte que I’arc extérieur s’est formé par une sorte d’explosion orogé-
nique, qui a rabattu et superposé des zones situées initialement dans sa concavité. Les migrations se sont
opérées dans ’axe WNW-ESE, et selon les branches d’un éventail divergent (v. CAIRE, 1970, fig. 24) dans
lequel s’intégrent les coulissements opposés de la ligne du Zaghouan, de la ligne Anzio-Ancone et de leurs
cortéges de décrochements. Diverses géofractures se disposent, dans la boucle, en une gerbe associée au
tourbillon alpidique (v. CAIRE, 1974). L’éclatement des arcs et le déplacement de certaines pi¢ces géotec-
toniques s’étant produits par coulissements ou disjonction, on expliquerait facilement le caractére actuel-
lement discontinu de certains domaines (« géanticlinal » kabylo-péloritano-calabrais, par exemple), la
migration des blocs corso-sarde et péloritano-calabrais, et I’ouverture d’espaces océaniques en Méditer-
ranée occidentale.

Références bibliographiques

CAIRE (A.), 1964. — Ann. Soc. géol. Nord, 84, pp. 163-176; - 1970 - Ann. Soc. géol. Nord, 90, pp. 307-346;
CAIRE (A.), 1974. — C.R.Ac.Sc., Paris, 278 (D), pp. 3165-3167.


http://www.tcpdf.org

Preliminary data on the Geology of the Balearic Sea

by

A.M. BORSETTI, P. COLANTONI, A. FABRI, R. SELLI and E.F.K. ZARUDZKI
Laboratorio per la geologia marina, C.N.R., Bologna (Italie)

The spanish continental slope between Alicante and the islands of Ibiza and Formentera as well
as the adjacent Balearic bathyal plain were investigated during a seismic reflection survey (Sparker, 30
kJoules) combined with a seafloor sampling program.

On the continental slope, between 2600 m and about 650 m depth, exist the following stratigra-
phic sequences (from lowermost to uppermost).

1. The acoustic basement, marked by a strong 2-cycle reflection, which can be followed throughout
the area. It is fairly disturbed and probably associated with the Betic Chain rocks. Actually, 35 mls off
Alicante, we dredged ultramafic rocks (peridotite and olivinic piroxenite) at a margin of a markedly large
magnetic anomaly.

The internally faulted basement ends with Lower Miocene calcarenites, dredged from the hanging
wall of a fault in a sill between Cabo de San Antonio and Ibiza.

2. The neogenic sedimentary cover is represented by a seismic interval with numerous continuous
reflectors of a variable thickness (0 to over 1,5 secs). The sequence is absent near the lower margin of the
continental slope, being truncated by great normal faults. It is also absent over a few highest elevations
of the basement. This sedimentary cover can be divided into the following distinct sub-units :

2a. The lowermost, with weaker reflections, is present only in the deepest parts of the depressions
in the basement. The maximum thickness does not exceed 0,5 secs. Its age ranges from Tortonian to
Serravallian, though the base may be somewhat older.

2b. The Messinian Evaporites, marked by strong characteristic reflections of thickness varying
from 0,1 to 0,15 secs, conformable with the adjacent sub-units. This sub-unit is very conspicuous in the
small basins formed by depressions in the basement. Over the basement elevations, however, the sub-
unit disappears or blends with the reflections of the basement.

2c. The Plio-Quaternary sequence yields clearly defined continuous reflections; its maximum
thickness is of the order of 0,8 secs. This sub-unit covers and levels out all the irregularities of the base-
ment, pinching out against their highest elevations. At two stations in the area were sampled gray clays
of the Lower and Basal Pliocene, in the lowest part of this sub-unit. In about the middle or at the top of
the lowermost one-third of the sub-unit appears a mild disconformity, probably corresponding to Middle
Pliocene.

All these sub-units of the sedimentary cover are repeated in the Balearic bathyal plain. The sub-
unit 2b, however, thickens steadily away from the base of continental slope to about 0.8 secs.

One can identify within this sub-unit two clear marker horizons Y1 and Y2 corresponding to the
upper and lower Messinian evaporites. Between them lies the salt formation, characteristic by its strong
absorptions of acoustic energy. The salt intrudes into the overlying Pleistocene formations creating large
diapirs and anticlines.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 113-114 (1975).
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We conclude that, from the palaeogeographic and general point of view, the bathyal plain was
occupied by sea continuously and persistently at least from Middle Miocene to present. On the conti-
nental slope, however, since the beginning of Miocene and after, existed numerous islands separated by
small, interconnected basins. They enlarged gradually until the islands were totally submerged, probably
in Pleistocene.

*
& %

Discussion

Biju-Duval : L’interprétation que donne M. ZARUDZKI me semble tout A fait raisonnable car nous
savons qu’il existe des évaporites dans le golfe de Valence et méme dans certains bassins suspendus;
d’ailleurs elles sont connues 4 terre dans les bassins miocénes de Murcie (thése de MONTENAT), de Sorbos,
etc... C. MONTENAT a d’ailleurs montré les variations rapides de faciés dans le bassin de Murcie.

Vous avez montré sur le profil B4 un décalage important de la couche salifére dans la plaine abys-
sale. Pensez-vous qu’il s’agit d’accidents distensifs ou de traces d’une compression (que I’on connait a
terre dans les chaines Bétiques ou Maghrébines).

Colantoni : The tectonic structures shown in our profiles can be mainly related to the distention
due to the probable pliocene lowering of the area. Mouvements associated with the Betic Chain can be
detected only in the acustic basement.

Said A. : « Les évaporites peuvent étre suivies d’une fagcon quasi continue dans la Méditerranée
occidentale ». J’en profite pour répondre & la question posée pour dire qu’elles peuvent &tre suivies sous
des profondeurs d’eau allant de 60 a 80 m jusqu’a 2700 m d’eau et que leur épaisseur varie non seulement
du Sud au Nord mais aussi de 1’Ouest a I’Est (derniers forages effectués).

Colantoni : Thank you for your remark.
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The main geologic features of the Ionian Sea
by

Ramonpo SELLI and SerGgio ROSSI
Laboratorio per la Geologia marina, C.N.R., Bologna (Italie)

The morphology of the Ionian Sea distinguishes the following units : a. continental shelf; b. upper
continental slope; c¢. peri-ionian terraces; d. calabrian ridge; e. valley of Taranto; f. apulian plateau;
g. Kerkira basin; 4. Kefallinia canyons; i. Hellenic trench; /. Mediterranean ridge; m. ionian bathyal
plain.

The facts emerging from the morphological data permit for instance to state that the so called
“ Messina cone >’ or  fan *> do not exist. Actually this area is dissected by a network of deep canyons
confluent into the central Messina canyon. Furthermore, the Mediterranean ridge is not connected with
any land structure in Italy. The Apulian ridge (plateau) practically reaches the Ionian islands Kefallinia
and Zakintos.

In order to obtain a concrete geologic knowledge and definition of these units a continuous seismic
reflection survey with a 30 kJoule Sparker has been carried out over 4100 miles. The preliminary results
are : two main peri-ionian sedimentary basins (Sibari and Crotone-Spartivento) extend parallel to the
calabrian coast from the Gulf of Taranto to South of the Cape Spartivento. Their margins are also tra-
ceable (by outcrops) on land. The substratum of the Crotone-Spartivento basin and of the SW half of the
Sibari basin is represented by metamorphic terrains of calabrian nappes, followed by a thick post-orogenic
sequence.

The latter consists of a. a flysch formation of Mid-Helvetian to top of Tortonian age. At sea its
thickness varies from 0.3 to 2.0 secs (2-way reflection time); on land it is only found in wells drilled south
of Crotone; b. thick Messinian units (lower and upper evaporites and the intermediate halite formations,
with numerous large salt diapirs particularly in the Crotone-Spartivento basin; ¢. the Upper Messinian
— Recent terrains (up to 1.5 secs thick along the axis of the two basins) interbedded with very large sub-
marine slumpings.

Between the axis of the Sibari basin and the axis of Taranto valley the Messinian-Pliocene-Quater-
nary formations are overlying the chaotic allochthonous terrains of north-calabrian appenninic nappes.
The lowermost Messinian formation is broken up into slabs covered by Rossano nappe (crotonides)
which slid from the Northeast to the present coast.

The appenninic allochthonous terrains, i.e. the south appenninic chain, continues under the sea in
the southeasterly direction terminating about 39°30° N parallel. The front of the chain lies along the axis
of the valley of Taranto on the Lower Pliocene terrains and is covered by Pleistocene neo-autochthonous
sediments with the same tectonic and stratigraphic relations which are found on land in the Appennine
foretrough.

Southeast of the Crotone-Spartivento basin there is the Calabrian-ridge. This morphological and
geological unit is characteristic by numerous, very large diffraction hyperbolae in the substratum, very
likely caused by metamorphic rocks distorted in vast overthrusts to SE. Here, the thickness of Plio-
Quaternary sediments is usually less than 0.25 secs. The Calabrian ridge is probably an independent chain
parallel to the Calabrian arch thus meriting the name of External Calabrian Arch.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 115-116 (1975).
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In the bathyal plain the Plio-Quaternary sediments are almost always less than 0.25 secs thick and
their tectonic orientation always runs NE-SW.

Along the Taranto valley as far as the mouth of Kefallinia Canyon stretch numerous narrow sedi-
mentary basins following a NE-SW alignment (Metaponto - Kefallinia furrow) and bounding the Apulian
ridge. This feature corresponds to a large and gentle anticline (with longitudinal small faults) also oriented
NW-SE with a thin Plio-Quaternary cover (<< 0.25 sec) upon a very thick calcareous formation of Creta-
ceous age. Having passed a NE-SW fault (corresponding to the Kefallinia Canyon) the anticline continues
through the Kefallinia and Zakynthos islands, where it is covered by the hellenic nappes carried from the
NW. Finally, the wide Kerkira basin oriented NW-SE, presents a very thick (up to 1.5°sec) and a very
quiet Plio-Quaternary sequence.

Conclusions

The Ionian Sea can be clearly subdivided into two areas with quite different and very evident tec-
tonic trends. The NE area with NW-SE orientations comprises the Sibari basin, the termination of the
appenninic chain, the appenninic foretrough, the Metaponto-Kefallinia furrow, the Apulian ridge, the
Kerkira basin and the Hellenic chain. The SW area with NE-SW tectonic orientations comprises the meta-
morphic Calabrian arch, the Crotone-Spartivento basin, the external Calabrian arch and the bathyal
plain.

The appenninic and sicilian structures (i.e. chain, foretrough and foreland) are not connected. In
fact, the appenninic chain is independent from the Calabrian arch, but continues with a NW-SE orienta-
tion trough the Ionian Sea; the appenninic foretrough continues into the Hellenic trends and the Apulian
foreland reaches the lonian islands. Moreover, it would be possible to visualize an enormous trench
extending from Piedemont (N. Italy) as far as Cyprus. The trench was formed by subsidence starting
at the beginning of Miocene (Piedemont) and lasting until Pleistocene (Ionian Sea and the Hellenic Trench)
Probably the External Calabrian Arch corresponds to the front of the Sardinian-Corsican-Tyrrhenian
microplate and the Metaponto-Kefallinia furrow to the boundary of Adriatic microplate.

Discussion

A une question portant sur les paramétres utilisés pour affirmer que des diapirs existent au large
de Crotone I’auteur précise que pour lui il s’agit de sel bien caractérisé car les corrélations avec les évapo-
rites affleurant a terre sont faciles a faire.

En ce qui concerne la nature métamorphique de la « calabrian ridge » I’auteur précise qu’il s’agit
d’une pure hypothése basée sur I'importance de la diffraction aboutissant & une absorption compléte de
I’énergie. On ne posséde cependant aucune autre preuve et en particulier aucun échantillon.

Woodside : Why the deep reflection hyperbolas shown on one seismic section is real reflections and
not side echoes from what appeared on the slide as irregular bottom.

Selli : The bottom is very flat on the area of the profile and similar hyperbolas were not seen else-
where.

Caire : Dans les orientations que reflétent les variations d’épaisseur du Plio-quaternaire, on recon-
nait, entre Apulie et Sicile, les directions conjuguées du réseau rhe magmatique africain. Dans les Atlas
et en Sicile, ces directions sont celles de failles, de flexures ou de décrochements. A-t-on une idée de leur
signification tectonique en Mer Ionienne?

Réponse : Dans les Apennins et les Hellénides ces accidents ont la méme direction. Lorsque les
Apennins s’incurvent vers le Sud-Est ils s’arrétent et ne continuent pas dans la ride Est Méditerranéenne.
La Calabre est indépendante des Apennins et de la Sicile. Elle constitue le front d’une petite plaque englo-
bant une partie de la Tyrrhénienne, la Sardaigne et la Corse. Le front de cette plaque constitue la « Cala-
brian ridge ».

Biju-Duval : La question du Professeur CAIRE sur I’existence d’accidents décrochants pose aussi
celle de I’ouverture des systémes arqués méditerranéens; mais je pense que si la géologie de terrain permet
de parler de décrochements, la sismique ne permet pas de mettre en évidence des déplacements horizon-
taux : c’est alors une question d’interprétation.


http://www.tcpdf.org

Post-Miocene Geodynamic Trends in the Mediterranean Sea

by

PereErR SONNENFELD
University of Windsor, Windsor, Ontario (Canada)

Upper Miocene evaporites were deposited in the Mediterranean region in a series of interconnected
basins. Fig. 1 marks the present position of these evaporites along a west-east cross section through the
Mediterranean region. Fig. 2 shows selected present-day elevations with respect to sea level (in km) of
Upper Miocene evaporites.
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It is suggested that the present-day positions of Upper Miocene evaporites are a consequence of
late Neogene to present crumpling and buckling of a buoyant continental crust caught between the soft

underbelly of Europe and the hard skull of Africa. Rates of vertical displacements are less than one fourth
or one sixth of previously published rates of horizontal plate motions.

Submarine canyons along some of the continental slopes of the Mediterranean Sea, along the
Black Sea coast of Turkey and along the French and Dutch Atlantic coasts are also a function of the
tilting and buckling movements of the continental plates. An example from the Gaza area of Palestine
is an Oligocene/early Miocene drainage channel filled with mid-Miocene, Upper Miocene and Plio-
Pleistocene onlap at progressively faster rates of deposition.

The Mediterranean Sea in its present configuration represents a deep depression of extremely
modern date. The present subsea elevations, e.g. of the East Mediterranean Ridge, are no indication of
Pliocene or of Upper Miocene sea level or land level positions.

*
E

Rapp. Comm. int. Mer Médit., 23, 4a, p. 117, 2 figs., (1975).
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Le peuplement algal du port de Port-Vendres :
indices de diversité

par

Tuaomas BELSHER, CeHARLES-FraNcors BOUDOURESQUE et JacQueLiNE MARCOT

Laboratoire de Biologie Végétale, U.E.R., Sciences de la mer et Environnement,
Luminy, Marseille (France)

Summary

The algal population of Port-Vendres harbour. The results obtained to date, although preliminary,
suggest that there is no decrease in the number of species of algae. Algal diversity indices, calculated
according to the SHANNON formula, are higher than those found within comparable nonpolluted environ-
ments.

Résumé

Les résultats préliminaires de ce travail semblent montrer que le nombre d’espéces par relevé n’est
pas diminué, et que I’indice de diversité peut méme prendre des valeurs élevées a trés élevées.

*
* ok

Introduction

Port-Vendres est une ville de 6 000 habitants; en été, sa population double tandis que triple le
volume des eaux usées. Le port (Fig. 1), d’orientation générale NE-SO, est un vaste plan d’eau profondé-
ment enfoncé a I'intérieur des terres. Le trafic des marchandises a été en moyenne de 100 000 T/an depuis
1930; il a beaucoup augmenté au cours des derniéres années (210 000 t en 1973). Port-Vendres est en outre
un port de péche important (conserveries d’anchois) et un port de plaisance fréquenté en été.

7

F1G. 1. : Le port de Port-Vendres; emplacement des stations.

Rapp. Comm. int. Mer Médit., 23, 2, pp. 83-85 1 fig. (1975).
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Les eaux usées, dont une étude a été faite en vue d’un projet de station d’épuration, sont, en prin-
cipe, rejetées a I’extérieur du port, au Sud de Port-Vendres. Les surverses des égouts et divers égouts secon-
daires semblent néanmoins se déverser dans le bassin de plaisance, qui apparait comme le secteur le plus
pollué du port.

Méthodes

6 relevés (RB-100 a RB-105) ont été effectués sur les quais, en juillet 1974 (Fig. 1), dans I’horizon
le plus superficiel de I’Infralitoral : pente 90°, profondeur 0 & 20 cm, exposition S et SE, surface 400 cm?2.
L’indice de diversité est calculé d’aprés la formule de Shannon; la méthodologie utilisée est exposée par
BOUDOURESQUE [1971].

Nombre d’espéces par relevé

Au total, 87 especes ont été récoltées. Le nombre d’especes par relevé (T) est compris entre 33 et 41

(moyenne T = 38,7); il ne diminue pas de I’entrée vers le fond du port. Ces valeurs sont comparées (Ta-
bleau I) a celles observées par BOUDOURESQUE [1970] dans divers peuplements de Méditerranée occidentale.

Indices de diversité

On considére généralement que I’Indice de Diversité traduit le degré d’évolution structurale, la
maturité, la stabilité, d’un écosystéme (ou de la taxocénose considérée) [CANCELA DA FONSECA, 1969;
BOUDOURESQUE & LiicK, 1972 ; MARGALEF, 1957 ; PERES, 1971 ; SARA, 1972; etc]. Divers auteurs ont montré
que la pollution se traduit, tant au niveau du phytobenthos [BorROwITZKA, 1972] que du zoobenthos,
par une diminution de I’indice de Diversité.

Peuplements T T D D
RSBmb (sciaphile superficiel battu, Banyuls) 26 a 51 39,8 2,91 a 4,06 3,64
ppt a Cystoseira mediterranea (Banyuls) 29 a 42 33,6
ASC (sciaphile relativement calme) 15a 72 38,2 1,52 a 4,43 3,2
peuplement photophile superficiel calme 20 a 30 24,5 1,72 a 2,84 2,32
peuplement des quais S et SE Port-Vendres 33 a 41 38,7 2,00 a 4,17 3,45

TABLEAU 1 : Nombre d’espéces par relevé et indices de Diversité (valeurs extrémes et moyennes).

Dans le port de Port-Vendres, I’Indice de Diversité, faible vers I’entrée du port (RB-105), est élevé
a trés élevé dans le bassin de plaisance. (Tableau II). Ces valeurs sont comparables ou méme supérieures

Relevés Indices de Diversité D
RB-100 3,30
RB-101 3,97
RB-102 4,11
RB-103 4,17
RB-104 3,13
RB-105 2,00

TaABLEAU 11 : Indices de Diversité a Port-Vendres

a celles de peuplements de référence en milieu non pollué (Tableau I).
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Conclusions

La diminution du nombre des espéces et de I’Indice de Diversité dans les biotopes pollués n’est
donc pas un fait général, au moins en ce qui concerne le phytobenthos. Ces faits traduisent peut-étre
I’existence a Port-Vendres d’une authentique phytocénose portuaire.
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Comments about the new « Carte géologique
et structurale des bassins tertiaires du domaine méditerranéen »

par

B. BIJU - DUVAL et J. LETOUZEY

Institut frangais du Pétrole, Division de Géologie, Rueil-Malmaison (France)

This map of tertiary basins in the Mediterranean realm tries to situate marine data now available
within the onshore geological framework. It shows that the Mediterranean Sea, located between the afri-
can craton and the alpine mobile belt or inside of this latter, has a certain unity related to recent geological
history. Before the Upper Miocene, several Mediterranean basins must be distinguished, with different
age, structure and genesis.

The map is compiled in two sheets (W and E) along a Mercator projection (scale 1/2 500 000 at
40° N latitude).

1. Onshore, sedimentological, stratigraphic and cartographic data are represented :

— tertiary Series (Paleocene-Eocene, Oligocene, Miocene, Plio-Quaternary) and their basement
(undifferentiated Mesozoic, Paleozoic, Precambrian);

— boundaries between gentle post-tectonic basins and their tectonized basement (Tertiary or
older);

— main structural units, gravity phenomena, extension of volcanism and ophiolitic series;

— type of deposits in these basins (marine or continental).

2. Offshore, the analysis of published data and the study of seismic profiles permit to distinguish :

— the general bathymetry (200, 500, 1000, 1500 meters) and the escarpments and recent faults
which determine the bottom topography;

— the location of thickening of recent deposits (Plio-Quaternary) related to the great deltas and
special structural conditions;

— the extension of Upper Miocene salt basins;

— the prolongation of the main structural onshore trends, particularly gravity nappes, recent
overthrusts and the location of some structural elements.

3. On the margin of the map have been drawn :

— about one hundred synthetic logs indicating the facies, thickness and kind of deposits in the
tertiary Series in each onshore area or basin;

— three seismic profiles giving an idea of marine data;

— a detailed caption for onshore and marine areas with two block-diagrams and a table of the
main structural units.

This attempt at a synthesis tries to give a general diagram of the Mediterranean Sea in the form
of a working document for all persons interested in the problem of offshore tertiary basins.

4. Some particular features must be emphasized :

— the generality of the Plio-Quaternary foundering which does not exclude local compresional
trends;

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 119-120 (1975).
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— the importance of the recent delta (Nile, Po, Ebro, Rhone);
— the widespread distribution of the Upper Miocene evaporites and the basinal location of the
salt in the basin;

— the importance of large gravity nappes offshore (Cyprus Arc, Mediterranean ridge?, Messina
Cone, West Gibraltar) and their onshore prolongation. Some of them can be related to the possible pro-
longation. Some of them can be related to the possible existence of insular arc systems between Africa
and Europa of different ages (Upper Cretaceous to Actual). The area affected by gliding is wider in front
of the maximum of curvature.

This last subject will be more commented in relation with the recent tectonic features of the Medi-
terranean area. It is noticed than the collision between Europa and Africa is different of typical pacific
subduction zones : during Cenozoic time the thickness of sediments and the extension of continental
crust in Mediterranean oblige us to imagine an intermediate scheme between Pacific and Himalaya; the
importance of foundering and its bathymetric implications can explain the widespread distribution of
gravity nappes.
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L’arc calabro-sicilien, le promontoire africain
et les coulissements des chaines alpines méditerranéennes

par

ANDRE CAIRE

Département de géologie structurale, Tour 26, Place Jussieu, Paris (France)

Dans la plupart des reconstitutions paléogéographiques €oalpines, I’arc calabro-sicilien reste moulé
sur le bord de la plateforme africaine et de son promontoire adriatique (promontoire africain d’Argand),
ces deux éléments se raccordant a peu prés a angle droit. Par habitude, on se fonde en effet sur la situation
actuelle des portions d’avant-pays, non affectées par la tectonique plicative et tangentielle alpine, et limi-
tant I’arc orogénique vers I’extérieur : Sahara tunisien, plateau de Ragusse (plateforme ibléenne), Apulie
et Monte Gargano. Au stade suivant de la réflexion, il apparait toutefois que les situations relatives de
ces moles se sont modifiées depuis le début des temps alpins. Pour tous les auteurs qui, a la suite d’Argand,
ont admis un large déplacement du promontoire africain vers le NNW, I’arc calabro-sicilien était, « avant
le déclin des temps jurassiques », beaucoup plus ouvert qu’actuellement. Jusqu’ou peut-on aller et sur
quels éléments s’appuyer, lorsqu’on veut réduire la convexité du promontoire africain, sinon I’escamoter?
Dans cette quéte, nous prendrons en considération un trait structural dont la sinuosité refléte, en plan,
le dessin du promontoire.

On peut nommer linéament médio-alpin cette zone de dislocation majeure (fig. 1a), jalonnée par
la limite Externides-Internides dans les Cordilléres bétiques (DURAND-DELGA), limitant Alpes et Apennins
dans la région de Génes, empruntant le linéament périadriatique (lignes du Canavése, insubrienne, des
Pustertal et Gailtal), se poursuivant par le Vardar, les décrochements nord-anatoliens, le Zagros, etc.
Abstraction faite des accidents qui la recoupent localement, sa signification globale est celle d’un coulisse-
ment de résultante dextre, méme si son jeu a pu s’inverser a certaines époques. Dans le domaine alpin,
elle sépare, a trés peu prés : — au N, les rameaux alpidique et médian [BRUNN], et — au S, le rameau dina
rique, abstraction faite, évidemment, du matériel issu de ces deux derniers rameaux et largement charrié
(Austro-Alpin moyen-supérieur par exemple). Dans le cadre de la Méditerranée centrale, sa trace doit étre
recherchée en mer Tyrrhénienne, entre le bloc corso-sarde et 1’Apennin, & moins que le bloc corso-sarde,
dans sa dérive néogene, n’ait recouvert la souche profonde du linéament.

La forme actuelle, trés sinueuse, de ce linéament (fig. 1a) s’accorde mal avec la possibilité d’un large
jeu coulissant. Si on pouvait le restituer sous une forme plus rectiligne, son coulissement éoalpin s’expli-
querait, au contraire, beaucoup mieux. A cet effet, nous proposons un schéma (fig. 1b) qui n’est évidemment
qu’une grossiére approximation. A partir de ce dispositif, on peut réaliser les structures alpines actuelles
par deux processus liés :

1. Le coulissement dextre lui-méme. Il s’explique par un couple de forces qui sont passées de la
direction W-E (fig. 1b) a la direction WNW-ESE (fig. 1c), et qui ont provoqué des poussées régionales
allant jusqu’a NW-SE et NNW-SSE (directions repérées par rapport au Nord actuel). Cette conception
rejoint celle des poussées périasiatiques proposée par BRUNN dés 1960. Au cours de cetteévolution, certaines
glissiéres ont pu s’éteindre, et étre relayées par d’autres. A un certain état de torsion des zones alpines,
les branches devenues trés obliques a la direction du couple ont subi un blocage et ont pu étre recoupées
par des décrochements de méme sens ou de sens inverse (exemple : linéament périadriatique et ligne judi-
carienne); les branches demeurées paralléles ou peu obliques au couple ont seules continué a jouer en
décrochements (exemple : décrochements dextres récents et actuels des Atlas et du Nord-Anatolien).

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 121-123, 2 figs., (1975).
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Fic. 1. — Tectonique et rétrotectonique alpines.
Sur les trois schémas, la ligne de traits-points représente le linéament médio-alpin.
a. Systéme cohérent des principaux décrochements liés a la tectogenése cénozoique, sur les deux ailes du promontoire

africain. La fléche double indique le sens du déplacement terminal de ce promontoire.

b. Etat hypothétique du domaine mésogéen « au déclin des temps jurassiques ». Cette figure ne cherche pas 2 donner
les dimensions relatives des aires situées entre plateformes européenne et africaine. Les petites fleches et les déboitements
suggerent les tendances au coulissement qui se révéleront au Crétacé.

SC : Sardaigne, Corse; CB : Cordilléres bétiques; K, P, C : Kabylies, Péloritains, Calabre.

c. Etat intermédiaire entre b et a, dans les régions voisines du promontoire, avec indication des tendances évolutives.

Ce schéma peut correspondre a 1'un des stades tectogéniques précoces, crétacé ou nummulitique. Les lignes tiretées suggérent
la disposition des zones paléogéographiques atlasiques et apenniniques.
Ap : Apennin; S : Sicile.
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2. Des phénomeénes d’enroulement sur les deux ailes du promontoire africain, donnant naissance
a des remous, avec gerbes de décrochements et tourbillons. Les principales torsions qui en résultent sont
symétriquement établies sur 1’aile alpido-apenninique et sur 1’aile carpatho-dinarique (fig. 1a). Elles s’ac-
cordent — avec les dérives de direction moyenne WNW-ESE affectant la Meseta ibérique et le bloc pélo-
ritano-calabrais, — avec le rabattement du bloc corso-sarde, — avec 1’extension et les disjonctions longi-
tudinales des Atlas. Il faut y voir aussi (fig. 1a, c) la raison de la symétrie tyrrhénienne, entre les branches
apenninique et atlasique. Modelées par le déplacement des blocs, les zones géosynclinales plus souples
se sont écrasées selon des lois propres que nous n’envisagerons pas ici.

Si le linéament médio-alpin fut I’expression d’une dislocation profonde, on doit se demander si sa
souche infracrustale revét les caractéres rhegmatiques de permanence et de jeux périodiques. A cet égard,
on peut envisager que ladite souche rejoue le long de la ligne transméditerranéenne, limite actuelle entre
plaques eurasiatique et africaine [MCKENZIE], tout en se rappelant que cette ligne sismique est surimposée
aux structures alpines, et qu’elle n’en est pas ’aboutissement. Conséquence de cette hypothése, le linéa-
ment médio-alpin serait largement déplacé de sa souche dans toute la boucle qu’il décrit entre les Atlas
et la Turquie. Il n’en serait que 1égérement décalé, vers le N, en Méditerranée occidentale. D’autre part,
sa souche linéamentaire serait, vers I’W, a ’origine de la faille des Agores.

Fi1G. 2. — Jeu de microplaques appliquant les hypothéses qualitatives de la figure 1b,c.

Forts traits continus : rivages actuels; forts traits-points : ligne transméditerranéenne : limite actuelle (approximative)
entre plaques eurasiatique et africaine (Mc KeNzie 1970); fins traits continus : limite actuelle des microplaques égéenne et
turque (ibid.) ; fins tirets: place qu’occuperaient ces microplaques si elles étaient entrainées comme on imagine (fig. 1b, ¢) que
le fut le promontoire africain; fins pointillés : position intermédiaire; fléche tiretée : parcours éventuel des microplaques;
fléche double : déplacement initial.

Si I’hypothése précédente venait a étre confirmée, cette souche rhegmatique serait un précieux repére
paléotectonique. La sinuosité pontique (gréco-turque) de la ligne transméditerranéenne de Mc KENZIE
pourrait refléter, qualitativement, la forme du promontoire adriatique embryonnaire, et 1’on pourrait
mesurer le déplacement alpin de ce promontoire (fig. 2). Cette mesure spatiale et chronologique est 1’'une
des préoccupations de la nouvelle école rhegmaticienne, qui cherche, a la surface du globe, les empreintes
successives, plus ou moins déformées et déplacées, des souches rhegmatiques profondes, et par conséquent
une estimation quantitative des déplacements de I’écorce terrestre. Dans le cas présent, on aurait du méme
coup une réponse quantitative a la question initiale concernant la disposition éoalpine des zones paléo-
géographiques pérityrrhéniennes.

Si, par ailleurs, la tectogenése alpine essentielle s’explique par des coulissements d’échelle continen-
tale, elle pourrait s’accomoder facilement de la théorie de la dilatation terrestre. Il suffirait d’admettre
— que les plateformes eurasiatique et africaine n’ont participé que modérément, au début du Mésozoique,
a I’expansion, et — que leur compression alpine résulte essentiellement d’un grand coulissement & résul-
tante dextre.

%
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Remarque

M. Giunta n’est pas d’accord sur la méthodologie qu’a portée M. CAIRE pour obtenir les résultats

qu’il a communiqués.
*
k* Xk
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Basic features of the deep bottom structure
of the Mediterranean sea floor

by

Ya.P. MALOVITSKY, L.A. ESINA, O.V. KAZAKOV, V.N. MOSKALENKO, G.V. OSIPOV

Southern Branch of P.P. Shirshov Oceanology Institute,
USSR Academy of Sciences, USSR, Krasnodar Territory, Gelendzhik

Combined geologic-geophysical investigations were carried out in the main Mediterranean depres-
sions [MALOVITSKY et al., in press]. The M-discontinuity was found to be not deep : from 12-15 km in the
Algero-Provengal basin to 22-25 km in the eastern part of the sea. The consolidated part of the crust is
of small thickness (5-10 km). New deep seismic sounding data show that 5,8-6,4 km/sec rocks may occur
in the upper part of this complex [HINZ, 1972; MOSKALENKO, 1974]. The analysis of magnetic and gravi-
metric data points to the block structure and heterogeneity of the basement in different areas [MALOVITSKY
et al., 1974]. The major faults are of longitudinal (mediterranean) and lateral (antimediterranean) trends.
The laterally oriented faults may be very ancient. A conclusion may be drawn that the consolidated base-
ment is rather old-aged (Baikalian in the central and eastern parts of the sea and Caledonian-Hercynian
in its western part).

SCHEME OF SEDIMENTARY  THICKNESS

00 W w0 o

FAULTS ISOPACHYTES IN KMS  ISOPACHYTES IN KNS
(PRESUMABLY)

The Mediterranean depressions are noted for great thicknesses of the sedimentary rock series
reaching 8-15 km. Several structural stages are distinguished in the sedimentary complex. The youngest
of them are Messinian (evaporite) and Pliocene-Quaternary stages. It is characteristic that the whole of
this rock series is of platform-type dislocation [FINETTI, MORELLI, 1972].

The geotectonic nature of the Mediterranean depression is related to the appearance of the extensive
Alpine Mediterranean belt. These depressions have been developing for a long time as tectonic subsidence
(see data on thickness and age). The peculiarities of the crustal structure and the evolution history allow
to assign these elements to a particular type referred to by the authors as * submarine platforms *’ or
pelagocratons.

Rapp. Comm. int. Mer Médit., 23, 4a, p. 125, 1 fig., (1975).
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Pliocene stratigraphy and the Miocene/Pliocene boundary
in Corfou (Greece)

by

MaRiA Bianca CITA*, HerBERT STRADNER** and ANTONINA VISMARA SCHILLING*
*Institute of Paleontology, University of Milano (Italy)
**Geologische Bundesanstalt, Vienna (Austria)

The present investigation is part of a broader regional research devoted to evaluate the nature,
age and significance of the Pliocene transgression in the Mediterranean : was it a progressive shoreline
transgression of a prograding sea on a shallow basin, or a sudden flood of a previously desiccated basin,
as postulated by the so-called deep-basin desiccation model for the origin of the Mediterranean Evaporite
[see Hst, CitA & RYAN, 1972]? Testing these alternative models represents one of the scientific objectives
of the Italian program on the geodynamic significance of the late Miocene ¢ salinity crisis *’, funded by
Consiglio Nazionale delle Ricerche (C.N.R.).

The field work in Corfou was undertaken in the summer of 1973. Four stratigraphic sections have
been examined : that of Giannades in the central part of the island, extending from the late Miocene to the
early Pliocene, previously known after the studies of Bizon [1967]; the Kavaddades section of Messinian
age, in the NW part of the island; the Sidari section, at its northernmost edge and the Pliocene section
Palaiokarion-Lefkimi to the south, close to that of Sparteron [see Bizon, 1967]. The samples collected
in Corfou were examined in their fossil content, including planktonic and benthic foraminifera (MBC
and AVS) and calcareous nannofossils (HS).

The field observations and the subsequent micropaleontological studies lead to the following
conclusions :

The late Miocene, pre-evaporitic succession investigated at Giannades is largerly clastic, thus
unsuitable for detailed biostratigraphic studies : the occurrence of Globigerinoides obliguus indicates a
generalized late Miocene age (Zone N15 or younger), nannofossil Zone NN10 (Discoaster calcaris) or
younger.

The late Miocene evaporitic sequence has been investigated at Giannades and at Kavaddades :
it includes thick banks of selenitic gypsum, with large twinned crystals randomly oriented. By compari-
son with similar evaporitic facies recently investigated in their sedimentary petrography and isotopic
composition [see SCHREIBER, 1974; PIERRE, 1974] from Sicily, they are interpreted as being deposited in
a subacqueous hypersaline environment. At Kavaddades the highest bank of selenitic gypsum is confor-
mably overlain by finely laminated (varved) gypsum which in turn is overlain by varved clays and silts
yielding a characteristic assemblage of Cyprideis ¢ pannonica >’ and Ammonia beccarii tepida, practically
identical with the assemblage yielded by the highest strata of the Messinian neostratotype at Pasquasia
[see CitA, STRADNER & CIARANFI, 1973], by the marls of the «“ Formazione a Colombacci ** in Romagna,
and as recorded in the Strabo Trench of the Levantine Basin at DSDP Site 129 [RyaN, Hst et al, 1972].
The nannofossils from this levels yield an assemblage tentatively referred to the Discoaster quinqueramus
nannofossil Zone NN 11, which zone has also been identified in the neostratotype Messinian [STRADNER
in CITA, STRADNER & CIARANFI, 1973 ; ScamIDT, 1973]. The Cyprideis-Ammonia beccarii tepida assemblage
has also been identified in the Giannades section, in between the topmost gypsum bed and the basal

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 131-133 (1975).
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“ Trubi >* marls of the Pliocene. Though the field relationships are not so clear, and dramatic, as observed
in Sicily [CiTA, 1972 a] and in the subbottom of the Tyrrhenian Sea [RYAN-HSU ef al, 1972], the Miocene/
Pliocene boundary displays the same characters. In other words, also in Corfou we found evidence of a
direct superposition, without any perceptible time-gap, of open marine pelagic sediments on top of brac-
kish, shallow water sediments.

The ¢ Trubi >’ transgression is materialized in the Giannades section by some 10 meters of whitish
marls yielding rich foraminiferal assemblages characteristic of the Sphaeroidinellopsis Acme-zone (sensu
CITA, 1972 b) and nannofossils of the Ceratolithus tricorniculatus Zone NN12. The carbonate curve of
these basal Pliocene beds is strikingly similar to that obtained from isochronous sections investigated
in Sicily and in the subbottom of the Tyrrhenian Sea [CiTA, 1974]. The benthic fauna however is more
abundant and diversified than those yielded by the basal Pliocene layers in the localities mentioned.
According to the present day distribution of the benthic foraminiferal assemblage, which includes taxa
as Planulina ariminensis, Anomalina ammonoides, Pleurostomella alternans, Bulimina costata, Uvigerina
peregrina, Siphonina reticulata, Gyroidinoides neosoldanii, the depth of deposition of the ¢ Trubi’ at
Corfou is estimated to 500-600 m.

The overlying Lower Pliocene succession at Giannades is characterized by sediments rich in terri-
genous components, with high sedimentation rates; they are referable to the Globorotalia margaritae
margaritae foraminiferal Zone and to the Ceratolithus tricorniculatus (NN12) nannofossil Zone in their
lower part; to the Globorotalia margaritae evoluta, Ceratolithus rugosus (NN13) and Discoaster asy-
metricus (NN14) zones in their upper part. The first occurrence of D. asymmetricus is recorded within the
concurrent range of Globorotalia margaritae and of G.puncticulata, as in deep-sea Mediterranean sediments
[CrTA, 1972].

The thick Palaiokarion/Lefkimi section is also essentially terrigenous; calcareous planktons,
though locally well represented, are not particularly abundant, which results in a broad and occasionally
uncertain zonation. The section is Upper Pliocene in age and includes the Sphaeroidinellopsis subdehiscens
Zone, possibly extending into the Globigerinoides obliquus extremus Zone; the Reticulofenestra pseudoum-
bilica nannofossil Zone NN15 and the Discoaster surculus Zone NN16. As a criterion for distinguishing
the Lower and Upper Pliocene, we used the extinction horizon of Globorotalia margaritae, which was
shown to coincide with the boundary between the Gilbert and Gauss paleomagnetic epochs at about
3.4 m.y. [CiTA and RYAN, 1972].

Also terrigenous is the Sidari section, where an angular unconformity is clearly detectable in the
field. Evidence of important reworking from early Neogene and Paleogene sediments is noticed both
in the foraminiferal and in the nannofossil assemblages. The more age-diagnostic levels are referable to
the Globigerinoides obliquus extremus foraminiferal Zone and to the lower part of the Discoaster surculus
nannofossil Zone of the Upper Pliocene.

Summarizing, the stratigraphic successions investigated in Corfou demonstrate that after the
transgression of the basal Pliocene, which fits the deep-sea transgression model, the area underwent a
rapid geodynamic evolution, leading to outer shelf and inner shelf conditions in a time span which can be
conservatively evaluated at less than 3 m.y. (from 5.2 to 2.5 m.y.).
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Discussion

Finetti 1. : To this paper made a question M. LETOUZEY saying that at the base of evaporites exist
an evident unconformity.

I remark that this unconformity is evident only on the margins and particularly on the ligurian-
french margin; while on the bathyal plains there are no evidences of unconformity both at the base of
evaporite and between Miocene and Pliocene.

Letouzey J. : Pensez-vous que les bassins évaporitiques de Sicile ou de Gréce soient comparables
a ceux des plaines abyssales? En particulier comment expliquez-vous la contradiction qui existe entre
la « discordance » mio-pliocéne que vous faites figurer sur tous vos schémas et que vous décrivez dans
votre derniére publication sur le stratotype du Zandien (Pliocéne inférieur du Capo Rosello), et le fait
que cette discordance n’est visible sur aucun profil sismique en mer. La seule discordance visible sur les
profils sismiques se trouve a la base des évaporites suprasaliféres et uniquement sur certaines bordures
de bassins.

The unconformity at the base of the Pliocene, as I described it from the deep-sea record as well as
from sections on land (Capo Rossello, Eraclea Minoa, Pasquasia in Sicily; Giannades in Corfou) is not
an angular unconformity. Bedding planes are consistently parallel above and below the unconformity.
This unconformity differs from the Messinian erosional surface to which you make reference and which
can be traced across the continental margins in that no significant time-gaps are present in between the
oldest Pliocene strata and the youngest Miocene strata. The unconformity exists, however. In fact we
find directly superposed sediments — and fossils — indicating completely different environments. Not
only the make-up of the sediments is essentially different above and below the unconformity, but the
structures, textures, carbonate content, clay mineral content, oxygen isotopic composition strongly differ.
Not to speak of the fossils yielded by the sediments above and below the unconformity, which indicate
different bathymetries and salinities.

WALTHER’s law states that we find superposed in the fossil record facies which are found juxtaposed
in nature. The Miocene/Pliocene boundary, as recorded in basinal settings in the Mediterranean, or in
other words where no significant time-gaps are involved, does not follow Walther’s law. This is why
I speak of an unconformity.
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Biostratigraphic correlation of the marine
and nonmarine Neogene rocks in the Eastern Mediterranean area

by

L. BENDA

At numerous localities in the eastern Mediterranean area, the interfingering of marine (shown by
foraminifera and nannoplankton), nonmarine (shown by sporomorphs and vertebrates) and caspi-brackish
sediments (shown by ostracods and molluscs) makes direct correlation of the three facies possible. Correla-
tion is also facilitated by sporomorphs which occur in deposits of all three facies. Also, there are radio-
metric data from the nonmarine Neogene rocks. At present, the following correlations have been made :

The pollen-assemblages of Kurbalik and Kale have been found not only in nonmarine sediments
but also in marine deposits of late Oligocene to early Aquitanian and late Aquitanian to early Burdi-
galian age. The succeeding Eskihisar assemblage has been found to be 15.0 to 19.8 m.y. old and is appro-
ximately correlative with the Badenian stage of the Paratethys. Ages of 11.0 and 11.6 m.y. have been found
for vertebrate faunas of the uppermost Miocene (Sarmatian) and for the Yeni-Eskihisar pollen-assemblage.

The lower Tortonian (basal part of N 16) is correlative with the upper Vallesian. At the same stra-
tigraphic level, the Kizilhisar assemblage has been found for the first time. In marine sediments it extends
as high as the upper Messinian while in nonmarine rocks it is chracteristic for deposits of Vallesian and
Turolian or Pannonian age. It has also been found in brackish Chersonian deposits which, on the other
hand, contain vertebrates of middle Vallesian age. Two vertebrate faunas of the middle Vallesian have been
dated at 7.9 to 9.1 and 9.25 m.y. The results of pollen analysis (Akca assemblage) finally indicate that the
marine Pliocene (and lowermost Pleistocene?) is time equivalent to the interval between the Ruscinian
and Villanyian of the continental scale.

These results have been obtained in close cooperation with the Geological Department of the
University of Utrecht and have, to a major extend, been published recently. Based on the new correla-
tions, paleogeographic maps of the late Cenozoic of Turkey have been drawn. They will be published
at about the end of 1975 and comprise 7 sheets: Early - middle Oligocene (Lattorfian - Rupelian/Lower
Maikopian), late Oligocene (Chattian s.l. / Middle Maikopian), early Miocene (Aquitanian - Burdigalian /
Eggenburgian - Ottnangian - Karpatian (?) / Upper Maikopian), middle Miocene (Langhian - Serra-
vallian/Karpatian (?) - Badenian - Sarmatian/Volhynian - lower Bessarabian), late Miocene (Tortonian -
Messinian / Vallesian - Turolian = Pannonian / upper Bessarabian - Chersonian - Meotian - Pontian
s. str.), Pliocene (Tabianian - Piacenzian / Ruscinian / Dacian - Romanian / Cimmerian - Aktchagylian),
lower Quaternary (Calabrian / lower Pleistocene / Apcheronian - Bakinian). Present knowledge is not
adequate to correlate the boundaries of the stages with certainty.

Intervention

M. B. Cita. — I have 2 questions, or better a question and a precision. In your presentation you
pointed out that the chronostratigraphic subdivisions you used for marine stratigraphy are not time-
synchronous with those used for continental sequences or in other words the Lower Pliocene * in conti-

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 135-136 (1975).
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nental sense *’ corresponds to the Upper Miocene * in marine sense *” and so on. The question is : How
long do you intend to go on following this line of thinking? Do you accept the basic principle that chrono-
stratigraphic subdivisions have to be founded on marine section?

The precision concerns the calibration of the stratotype sections of the Mediterranean Neogene,
now available after the careful paleomagnetic investigations carried on by our colleagues of the Tohokou
University, their up-to-date interpretation, accompanied by a close biostratigraphic control. As presented
in a paper by NAKAGAWA, NIJTSUMA, TAKAYAMA, KITAMURA, MATOBA, AsANO, RyaN & CitA submitted
for publication at the next Congress on Mediterranean Neogene stratigraphy to be held in Bratislava
in 1975,

— the base of the Calabrian falls in Olduvai event of Matuyama Magnetic Epoch at about 1,8 my.

— the base of the Zanclean falls approximately at the Gilbert/Magnetic Epoch 5 boundary at
about 5,1 my.

— the base of the Messinian falls in uppermost Magnetic Epoch 7 at about 6,6 my.

— the base of the Tortonian near the base of Magnetic Epoch 11 at about 12 my.

— the base of the Serravallian falls within the upper part of Magnetic Epoch 15 at about 15,6 my.

— the base of the Langhian falls within the upper part of Magnetic Epoch 16 at 16,5 my.

Réponse — It is without doubt that the chronostratigraphic subdivision has to be based on marine
sections. But in view of the present state of the biostratigraphic correlations it is impossible to transfer
names of stratigraphic units, which have been defined in marine sediments, to those of non-marine areas.
The creation of independant continental stages therefore would be very convenient.

B. Biju-Duval — Please, 1 have not understood very well in which area is your study limited? Did
you work in Sivas and Central Anatolian Basins of Turkey where evaporites are known? Do you agree
with an Upper Miocene age?

In a first time, as the bibliography shows, we thought the evaporites were Oligocene, but after
fieldtrip in Central Turkey we think they are Upper Miocene (stratigraphical study not finished).

Réponse — Our paleogeographic studies cover the whole country of Turkey. Most of the evaporites
in Central Anatolia are of Oligocene age. In the Sivas region they are discordant overlayn by transgressive
marine sediments of the Lower Miocene. Younger evaporites are also known in these areas. Their origin
may be combined with the regression of the sea, which has started in the Middle Miocene.

B. Biju-Duval — 1 agree with your opinion about a very extensive Lower Miocene transgression,
but what are your arguments for an Aquitanian age? We think the transgression is younger : Burdigalian
or even Langhian.

Réponse — The Aquitanian age of the lowermost parts of the Miocene has been determined by
Dizer [1964] and own studies of microfauna (MEULENKAMP & collab.)

P. Sonnenfeld — How do you distinguish paleontologically or otherwise between limnic (lacustrine)
limestones on the rims of Anatolia and any freshwater or brackish limestones that may be derived from
a local transgression of the Upper Miocene brackish or fresh Paratethys.

Réponse — Limestones of Limnic or brakish origin can only be distinguished by their faunistic
or floristic content.

P. Sonnenfeld — What do you do with the marine channel which M.N. SHAKLOV extends from the
southern Caspian Sea through Azerbaidzhane and Sowjet Armenia south of the Caucasus to the Turkish
border to a point from where Erent6z (Turkish Geological Survey) continues to Iskenderun. This conti-
nuation is also shown by the succeding speaker, Buu-DuvaL (Miocéne inférieur).

Réponse — During Oligocene and Early Miocene time the marine transgressions in Turkey started
from the East. Connections of the Caspi-region and the Tethys may have existed at several times. In the
Upper Miocene we have no exact arguments for such a marine ¢ channel .

*
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Données nouvelles et problémes concernant le Néogéne méditerranéen
a terre et en mer

par

B. BIJU-DUVAL*, G. BIZON** et J.J. BIZON**

*Division géologie, Institut Francais du Pétrole, Rueil-Malmaison (France)
** Institut francais du pétrole, Bureau d’Etudes Industrielles et Coopération,
Rueil-Malmaison (France)

Les bassins constituant la Méditerranée actuelle correspondent & une figure récente de ce domaine
(Miocene sup. a actuel) relativement différente de la structure générale antérieure liée au développement
de ’arc alpin : On remarquera en particulier que : (1) — la communication avec I’Atlantique a pu exister
avant I’établissement de ’actuel détroit de Gibraltar par des golfes ou détroits (nord-bétique, rifain?);
(2) — la liaison avec la Paratéthys a existé pendant une partie du Miocéne par le couloir Rhodanien
(et les régions balkaniques?); (3) — pendant de longues périodes la Méditerranée orientale communiquait
avec le Moyen Orient par la Turquie et I’Iran; (4) — enfin des relations ont existé avec la mer Rouge (et
I’Océan Indien?).

En fonction des résultats des forages du Glomar Challenger, ’attention a été particuliérement
orientée sur les problémes du Messinien et du Pliocéne, entrainant un certain nombre de spéculations mais
le probléme du Néogéne méditerranéen ne saurait se limiter 1a. Les progrés rapides des études stratigra-
phiques ne permettent pas de dresser une synthése définitive du Néogéne méditerranéen, de nombreux
travaux sont encore en cours; on ne présentera donc que quelques données nouvelles et les problémes en
suspens, en les situant par périodes successives.

La base du Miocéne

Si I’on considere (1) la question de la distension Oligocéne dont le role est considéré par certains
comme majeur et (2) la définition stratigraphique de 1’Oligocéne en Méditerranée, on retiendra les points
suivants :

1. L’Oligocéne marin n’a pas été encore définitivement prouvé dans le bassin offshore occidental.
Les forages pétroliers du golfe du Lion et ceux du golfe de Valence ont atteint soit 1’Aquitanien (G. primor-
dius Mistral 1), soit le Langhien ou le Tortonien.

2. Mais en Méditerranée orientale on peut attendre en mer une large extension des séries oligocénes
connues a terre (Gréce, Chypre, Tunisie, Sicile) : en Gréce occidentale, 1’existence de 1’Oligocéne est
certaine : flysch du Gavrovo avec ses Nummulites fichteli, ses Globorotalia opima opima, flysch ionien pour
sa plus grande partie d’age Oligocéne. Plus a I’ouest sur la ride apulienne, des lacunes sont observées,
I’Oligocéne n’est que partiellement représenté.

A Chypre, dans les formations de Bellapais et de Klépini 1’Oligocéne a pu étre mis en évidence
depuis la zone a G. opima jusqu’a celle a G. kugleri.

En Tunisie (Cap Bon), la formation du Fortuna inférieur, est marine jusqu’a la zone a G. opima
opima comprise. Un régime deltaique lui succéde a partir au moins du Stampien supérieur.

3. Dans plusieurs bassins terrestres cotiers dans les iles méditerranéennes on connait une sédimen-
tation continue Oligocéne-Aquitanien. On rappellera :

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 137-139 (1975).
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a. Dans la plaine centrale de Majorque les marnes & G. Kugleri et G. primordius succédent & I’Oli-
gocéne a N. fichteli; une telle continuité peut sans doute étre étendue aux parties profondes du golfe du
Lion, comme cela est supposé dans le golfe de Valence.

b. Dans le vaste domaine de sédimentation des flyschs numidiens, on cite de méme un passage
continu. Mais il peut exister un diachronisme des dépdts de ce type transversalement a 1’axe de la future
chaine et aussi longitudinalement, dépendant de 1’évolution tectonique des bassins.

Le probléme est encore plus difficile si ’on considére les problémes des faciés latéraux (gréso-
micacé, oligo-miocéne kabyle) d’autant plus que les foraminiféres planctoniques sont trés peu abondants,
mal conservés.

Des problémes similaires pourraient étre décrits pour I’Apennin du Nord.

c. Plus a ’Est en Méditerranée orientale la poursuite d’une sédimentation continue est prouvée.
A titre d’exemple on citera la Gréce occidentale. A Chypre, dans la chaine de Kyrénia, on observe la suc-
cession des biozones & G. ciperoensis, G. kugleri, G. primordius et G. dissimilis.

Ce schéma, valable pour les parties profondes des bassins, se modifie sur les bordures oll un hiatus
est connu en différentes régions (Turquie, bordure du Troodos & Chypre, Libye).

Le Miocéne inférieur et moyen

1. On insistera sur I'importance de la transgression d’age Burdigalien-Langhien, 1égérement dia-
chrone selon les régions :

a. Elle est bien connue dans le couloir Rhodanien;

b. En Turquie du Sud-Est, les faciés calcaires et marneux du Burdigalien-Langhien envahissent
tout le domaine des Taurides et méme d’Anatolie orientale, en communication probable avec I’Iran.

¢. En Tunisie, la transgression marine débute avec la biozone a G. frilobus (Burdigalien supérieur).

d. Dans les chaines Bétiques, Maghrébines et Apenniniques, la transgression est compliquée en
raison des contraintes tectoniques qui provoquent la mise en place d’importantes nappes de glissement.
Dans les chaines Bétiques, c’est le plus souvent le Burdigalien supérieur-Langhien qui est transgressif.

2. L’évolution tectonique du systéme alpin affecte profondément le bassin méditerranéen au cours
du Miocéne inférieur et moyen. Peu de données stratigraphiques nouvelles méritent d’étre mises en avant.
On retiendra essentiellement :

a- En Méditerranée occidentale, la mise en place d’olistostromes et de nappes de glissement et les
écaillages tectoniques affectent différents termes de la série (du Burdigalien au Tortonien) selon la position
géographique.

b. Dans le domaine oriental : en Gréce des chevauchements post-burdigaliens sont connus;enTur-
quie les nappes lyciennes seraient post-Langhien; I'instabilité est particuliérement nette dans la zone de
Misis ol de vastes klippes sédimentaires sont mises en place du Burdigalien inf. au Serravallien.

En raison de ces divers événements, la notion de séries post-tectoniques de 1’arc alpin n’a aucune
valeur chromo-stratigraphique. Ainsi, en Algérie des bassins proches (Cheliff - Mitidja - Bassin Nord-
algérien) peuvent avoir un début de remplissage d’age variable : Tortonien & Langhien (forage Alger 1).

Le Miocéne supérieur et le passage au Pliocéne

1. La situation générale au Tortonien est considérablement modifiée :

a. De vastes régions sont marquées par la régression du domaine marin : plate-forme est-africaine,
couloir Rhodanien (isolement de la Paratéthys), bassins au Sud du Taurus; le caractére détritique des
dépdts s’accuse et les faunes planctoniques deviennent rares: on peut parler de début de confinement;

b. Dans d’autres régions on constate soit la permanence d’un milieu de mer ouverte (marnes péla-
giques d’Italie), soit une transgression des « molasses » tortoniennes sur un substratum quelconque (par
exemple dans les Cordilléres Bétiques) selon des modalités vari€es.

2. Au Miocéne terminal (Messinien pars auctorum) le développement trés large des évaporites
est conditionné par la position structurale de chaque bassin. On remarquera :

a. Les bassins évaporitiques (et saliféres) sont beaucoup plus représentés en mer qu’a terre (80 %
en surface); or, en mer, les données stratigraphiques sont trés limitées (informations ponctuelles des
forages ou des dragages);
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b. Dans les bordures actuellement émergées le développement des faciés évaporitiques n’est pas
obligatoirement synchrone, le degré de confinement variant selon les régions. Par exemple en Espagne,
les premiers dépdts de gypse s’observent soit au sommet de la zone G. acostaensis (Tortonien) comme a
Sorbas ou plus tardivement dans le Messinien (Lorca, Murcie ou les faciés sont trés variés).

On retrouve une telle diversité de faciés au Maroc oriental ou les faciés organogénes semblent fermer
le bassin évaporitique occidental; la communication avec les dépdts de mer ouverte de 1I’Atlantique a pu
se réaliser épisodiquement au Sud du Rif a travers des phases de sédimentation saumatres. En Italie, on
remarquera que le Miocéne terminal compris entre 1’apparition Aumerosa-mediterranea et 1’apparition
G. margaritae comporte souvent a la base des horizons franchement marins (marnes pélagiques) en conti-
nuité sédimentaire avec le Tortonien (zone & G. acostaensis sous-jacente et & humerosa pro-parte.)

3. Le probléme de passage au Pliocéne doit étre regardé avec circonspection. La superposition
assez précise entre les zones de subsidence plio-quaternaire et celles des évaporites du Miocéne terminal
laisse penser que c’est en mer, au centre des bassins, que la continuité en sédimentation est la mieux assu-
rée. Dans un certain nombre de bassins cotiers, un hiatus plus ou moins important est connu, par exemple
dans les bassins mio-pliocénes du NE de la Tunisie; dans le golfe du Lion, le Pliocéne inférieur est trans-
gressif.

Mais dans certains bassins on a pu montrer une continuité de sédimentation marine :

a. En Espagne, a Véra, le passage Miocéne-Pliocéne s’effectue en milieu marin. Le Pliocéne infé-
rieur & G. margaritae succéde a des niveaux marins au Miocéne terminal renfermant G. mediterranea,
sans trace de discontinuité;

b. Au Sud de Chypre, le calcaire de Koronia transgressif sur le calcaire marneux de la formation
Pakhna (zone & G. acostaensis), est recouvert par le Pliocéne de la zone a G. margaritae.

Le Plio-Quaternaire

Les formations du Plio-Pléistocéne n’ont pas fait ’objet de recherches particuliéres. Des discor-
dances intra-pliocénes ont été mises en évidence & Céphalonie en Espagne et sont connues dans la mer
Adriatique et dans la mer Tyrrhénienne. Le passage Pliocéne-Pleistocéne s’effectue en milieu marin a Zan-
the (coupe de la Citadelle) sans discontinuité, comme en Sicile.

Conclusions

Bien des incertitudes et méme des contradictions existent encore dans I’ensemble des données géo-
logiques. Néanmoins, la multiplication de travaux précis et détaillés, effectués dans un contexte tectonique
de mieux en mieux défini, permet de penser que d’ici quelques années le Néogéne méditerranéen sera
mieux connu. La future campagne du Glomar Challenger qui prévoit d’atteindre des objectifs infra-éva-
poritiques en Méditerranée occidentale et en Méditerranée orientale permettra sans doute d’atteindre
des résultats significatifs pouvant étre largement étendus aux bassins marins.
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Structural evolution of the Neogene saltbasins
in the Eastern Mediterranean

by

C.J. MULDER, P. LEHNER and D.C.K. ALLEN
Shell Internationale Petroleum Maatschappij B.V. The Hague Exploration and Production.

Messinian evaporites in the Eastern Mediterranean form an integral part of the Neogene basin
fill. In the deeper portions of the individual basins they were deposited in apparent deposmonal conti-
nuity with the underlying marine Miocene and the overlying Plio-Quaternary beds.

Stratigraphy (Fig. 1)

Evaporite deposition began during uppermost Miocene (Messinian) and persisted locally into the
lowermost Pliocene.

In the deeper portions of the basin the evaporite layer reaches a thickness of around 1 km. Where
the overlying Plio-Quaternary sequence is thin the evaporites are generally undisturbed.

Where loaded with thick sediments salt domes and salt ridges were formed.
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F1G. 1. — Generalized stratigraphic scheme of Neogene facies distribution in the Eastern Mediterranean. The pre-

Messinian Miocene shows largely an open marine facies development with indications of shallowing upwards and towards the
basin margins. Late Miocene and early Pliocene tectonic movements led to evaporite deposition in a number of partially isolated
restricted basins and to erosion on the basin margins. Subsequent Plio-Quaternary subsidence was dccompanied by local thick
deltaic accumulations.

In the central areas of the basins the evaporites are overlain and underlain by and locally inter-
bedded with pelagic sediments (Sicily) whose paleobathymetry is difficult to-establish. Pelagic faunas and

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 141-146, 6 figs., (1975).
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the undisturbed nature of the beds, however, indicate a considerable waterdepth. A basal unconformity
or a stratigraphic gap generally separates the Neogene from underlying older Tertiary or Mesozoic
sediments and the total thickness of the Neogene often reaches 3-5 km.

In the Eastern Mediterranean the pre-Messinian Miocene is commonly developped in a pelagic
facies of marls and marly limestones. Thick flysch deposits were deposited along the alpine front, in the
basins which flank the Kyrenia range. Outcropping carbonates in Southern Cyprus indicate an upward
gradation from open pelagic conditions to shallow shelf and restricted shelf toward the end of the Miocene.

Near the basin margins evaporites are intercalated between shallow marine or locally non-marine
beds. These sequences indicate continuous steady subsidence throughout the Neogene. Within the Neo-
gene basins the evaporite level is not marked by any erosional features, channels or cut and fill phenomena,
and does not represent a unique stratigraphic event. On the basin rim, however, the Pliocene is often
transgressive and overlaps the evaporite interval and older beds. Locally thick deltaic sediments are depo-
sited during the Pliocene-Quaternary (Adana basin, Nile Delta).

Tectonic setting (Fig. 2, 3, 4, 5 and 6)

Late Miocene and Pliocene tectonic movements are largely responsible for the present configura-
tion of the Neogene basins in the Mediterranean.

The earlier Miocene basins were much larger and of a different shape than the late Miocene evapo-
rite basins. Portions of the pre-salt basins were folded and inverted during the late- and post Miocene
tectonic movements. As a consequence thick Miocene deeper water sediments are locally incorporated
in folded mountain ranges, bordering the late Miocene evaporite basins.

The frontal parts of the Alpine orogenic arcs (Fig. 2) were intensely deformed during the early
Pliocene. Mesozoic and Tertiary sediments of the Alpine foredeep here became involved in folding,
imbrication and overthrusting. Plate tectonic models explain this deformation by a phase of underthrus-
ting of the African craton below the alpine front in the Hellenic and Calabrian arcs [PAPAZACHOs &
COMNINAKIS, 1971; RITSEMA, 1972].

Uplifting of inner portions of the alpine arcs created the slopes for large scale gravity slides (olis-
tostromes) which were facilitated by the presence of salt in the olistostrome mass [MULDER, 1973]. In
the central Mediterranean such Cenozoic slump deposits are known from Sicily and the Fossa Bradanica
in southern Italy [CARISSIMO, et al., 1963]. In the offshore areas, the sub-marine Messina cone [recently
referred to as Calabrian ridge, BELDERSON, et al., 1974] and the East Mediterranean ridge are covered by
thick olistostrome deposits. Seismic profiles across the Messina cone in front of the Calabrian arc indi-
cate that it consists of a pile of submarine slumps, and deep reflections can be traced from the abyssal
plain area underneath the thrust front of these olistostrome masses for a distance of around 30-50 kms.
(Fig. 3 and 4). In a similar way the arcuate East Mediterranean ridge is located in front of the Hellenic
arc and is also covered with thick allochthonous masses. The present shape of the ridge, particularly
its north flank is due to faulting and back-tilting during Plio-Quaternary and to the subsidence of the
Hellenic trench system (Fig. 5 and 6).

In the easternmost Mediterranean the allochthonous masses of the East Mediterranean ridge
diminish in size and pass laterally into little disturbed salt basins (Fig. 2). In this region several elongated
salt basins are separated by narrow thrustbelts that were folded and uplifted in late Miocene — early
Pliocene. The Kyrenia-Misis (N. Cyprus-Turkey) tectonic zone is an example of such a thrustbelt.

In the Adana and Iskenderun basins which are separated by the Kyrenia-Misis tectonic belt, the
Upper Cenozoic basin fill reaches a thickness of 5-6 km. In the offshore Adana basin, the pre-salt sequence
consists mainly of Globigerina marls and has a thickness of several kilometres. The Upper Miocene
evaporites, mainly rock salt, are up to 1.5 km thick and develop salt pillows and salt domes. The top
of the evaporites is observed at a depth of 2-3 km below sea level in the basin centre. The evaporites are
overlain by deltaic shallow marine to continental Plio-Quaternary sediments which show shelf accretion
foreset beds in their lower part. These shallow marine and continental beds prove a subsidence during
Pliocene-Quaternary time of at least 3 km.

The distribution of the Messinian evaporites of the Eastern Mediterranean thus can be related to
late Miocene - early Pliocene tectonic events that restricted the access of these basins to the open ocean.
Similar conditions existed in the basins of the Western Mediterranean. This Neogene deformation not
only affected the Alpine orogenic belt, but also the foreland and the margin of the African craton. In
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Fic. 3. — Seismic reflection profile showing the SE front of the Messina cone in the Ionian Sea. The Messina cone is
interpretated to consist of late Tertiary to Recent allochthonous sediments, passing laterally undisturbed beds of the abyssal
plain. Although the disturbed sediments absorb most seismic energy, deeper reflections can be seen locally below the allochtho-

nous sediments.
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FiG. 4. — Tentative geological interpretation of a seismic profile in the Messina cone and abyssal plain in the Ionian Sea.
Interpretation in greater depth is highly speculative.
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F1G. 5. — Seismic reflection profile showing the SW margin of the East Mediterranean ridge in the Ionian Sea. The sup-
posedly allochthonous sediments of the Mediterranean ridge pass laterally into the undisturbed sediments of the abyssal plain.
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FIG. 6. — Tentative geological interpretation in the western part of the East Mediterranean ridge, adjoining Hellenic
trench and Ionian abyssal plain. Interpretation in greater depth is highly speculative.
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these latter areas it is reflected by taphrogenic deformation with dominant NW to NNW trends. Some
rift systems originated late in the Cenozoic and may still be active, as for instance the central grabens on
the Malta-Lampedusa platform, the Hongraben in western Libya and the axial trough of the Red Sea.
The origin of others coincides in time with the main Alpine orogenic phases, like the Sirte graben, which
developed mainly in Upper Cretaceous — Lower Tertiary time and the Gulf of Suez — Red Sea graben
system, which began to form in late Oligocene and Miocene time.

*
&k

Discussion

Nesteroff. W : L’assimilation de la dorsale méditerranéenne profonde (Ridge) & un olistostrome dans
son ensemble est en opposition avec les données des forages JOIDES-DSDP (sites 125 et 126) qui ont tra-
versé sous le Plio-quaternaire les séries évaporitiques messiniennes et atteint le Serravalien. Vos schémas
ne présentent pas ces formations.

Cita M.B. : My intervention refers especially to the interpretation of the Mediterranean Ridge
as an allochthonous feature, a kind of super olisthostrome. You proposed the same interpretation in
Utrecht one and a half years ago, during the Symposium on Messinian events in the Mediterranean, which
interpretation was not accepted without strong criticism. Unfortunately, our collegues of the Utrecht
State University did not publish the discussions following each presentation. So, I repeat here what I
also told in Utrecht : that speculations like this can be accepted as long as we have no direct stratigraphic
control, which is not the case for the Mediterranean Ridge. Site 125 of the Deep Sea Drilling Project,
located on the crest of the Ridge SW of Crete, was cored continuously twice (site 125 and 125a), penetrating
the Pleistocene and Pliocene successions, and reaching the undeilying Messinian evaporites into which
both holes were terminated.

All the foraminiferal zones and all the nannofossil zones known from the stratigraphic interval
involved were recorded in their normal succession. No disturbances to be accounted to sliding or slump-
ing were recorded in the sediments, including the sapropel layers recorded at various levels from the upper
Pliocene upwards. As a consequence, your interpretation has to be refuted, since it is incompatible with
the observational data available.

Réponse : 1 do not see it is in contradiction. Miocene may have been disturbed and originally
deposited. In one Joides we found some indications of disturbance (mélange).

Burollet : En réponse aux observations présentées par M™¢ CITA et M. NESTEROFF, je voudrais dire
que, aussi intéressants que soient les forages JOIDES, ce ne sont que quelques core drills dispersés sur
une immense surface. La « Mediterranean Ridge » est bien plus étendue que I’Italie. Imaginez que ce serait
I’information stratigraphique avec quatre core drills sur une Italie entiérement immergée sous les eaux?

Biju-Duval : Nous sommes, dans les grandes lignes, complétement d’accord avec la trés intéres-
sante présentation qui vient d’étre faite. Les participants auront reconnu que la présentation du Profes-
seur MULDER est proche de celle que nous avons présentée ici-méme. La présence de sédiments marins
de mer ouverte d’Age serravallien ou langhien (cités par M™° CITA et W. NESTEROFF d’aprés les résultats
du JOIDES leg XIII) n’est en rien contradictoire avec I’hypothése d’une trés large allochtonie de cet dge.
En effet, a titre de comparaison, je rappellerai qu’en Turquie, les nappes lyciennes, dont on a vu la mise
en place par glissement aprés le Langhien, supportent des séries marines burdigaliennes; dans une autre
région nous avons montré dans notre exposé précédent comment au Maroc les nappes de glisssment de
Rharb et de I’Atlantique ont continué & glisser au Miocéne supérieur et au Pliocéne avec, en arricre et

superposés, des bassins subsidents d’Age tortonien a actuel. D’autres exemples similaires pourraient
encore étre développés.

£
ok
 The question put forward by Mrs Cita and Mr NESTEROFF, concerning the apparent incongruity

between the results of the JOIDES coreholes 125 and 126 and the concept of the Mediterranean ridge as a
huge olistostrome, has been partly answered by the comments by Mr Buu-DuvaL and BUROLLET.
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My own comment is that I do not envisage the Mediterranean ridge as one huge coherent olistos-
trome, but rather think of many superimposed sub-marine slides in different places at different times,
where and when the gradient of the subsiding late Cenozoic foredeep became to great for the unconsoli-
dated sediments to remain in place. Each slide could consist of a more or less coherent packet of sediments
of variable thickness and movement could have been for a large part parallel to the bedding. The amount
of horizontal movement for each individual slide was probably rather limited. The result is that in many
places on the Mediterranean ridge the general stratigraphical succession is more or less preserved, although
indications of slumping and internal deformation of the sediments will be frequent. >’
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Comparison of Late Miocene evaporitic strata in Sicily
and on the Ionian Islands (Greece)

by

K.O. HEIMANN
Institut fiir Geologie, Technische Universitit, Miinchen (Germany)

The substages of the Messinian formation — from base to top : Tripoli, ““Calcare dibase’’ gypsum
and salt [MOTTURA, S., 1871; OGNIBEN L., 1957], overlain by “Trubi’’-limestone of Early Pliocene age,
were studied in outcrops of the major southwestern Sicilian Neogen basin between Scilotto in the west
and Rosolini in the east, on the so-called Ragusa-* platform *’ [Hemann, K.O. & MascLg, G.H., 1974].

The formation shows cyclic evaporation : Tripoli (t) occurs interbedded with sands (s) and marls
(m) in rhythmic repetition (s-m-t- sequence or séquence mineure) at the base of nearly every evaporitic
cycle, demonstrating the subtle equilibrium of evaporiting brines. Such a cycle is completed by balatino
and selenite to a major sequence (séquence majeure) [HEmMANN, K.O. & MascLg, G.H., 1974]. In ideal
cases it is topped by rock- and potash-salts (Monte della Salina near Cattolica Eraclea, or Pasquasia
salt mine).

As “Tripoli’’ and ‘Calcare di base’ too (at least as fine-bedded limestone with sulfur films on the
bedding planes) were encountered at the base of different evaporitic cycles in the same outcrop, they are
considered as facies-markers, expressions better not to be used in the stratigraphical sense [HEIMANN,
K.O. & MascLe G.H., 1974].

The occurence of 50-80 meters of marls in about the middle of the evaporitic formation does not
justify in our opinion the subdivision into ¢ Gessi inferiori and superiori >> [SELLI R., 1960], each group
comprising several cycles. An evaporitic cycle represents an unindependant sedimentological event, not
depending on the amount of underlying marls. Sometimes the above mentioned subdivision into “ Gessi
inferiori and superiori *’, as for example described in the Eracles Minoa section [DECIMA, A. & WEZEL
F.C., 1971 and 1973] is erraneous; the contact is a fault [Hemmann, K.O. & MascLe G.H., 1974].

The outcrops Agios Sostis and Kalamaki on Zakynthos [BRAUNE, K. & HEeIMANN, K.O., 1973]
and a composite section in Northern Corfu (Greece) [HEIMANN, K.O., JUNG, W. and BRAUNE, K., in press]
are compared with the above mentioned Sicilian outcrops. Here too, evaporaiton (s-m-t - sequences,
balatino and selenite) is documented by up to seven cycles, although evaporation did not always reach
the selenitic stage.

The sequences encountered in Sicily as well as on the Ionian Islands represent near-shore - (littoral)
and shelf-facies. Cyclic evaporation took place in basins with topographical highs and deeps accounting
for local varieties of the formation.

Salt deposits as in Sicily are not known so far on the Ionian Islands.

An assemblage of a Messinian, typically mediterranean land-flora from northern corfiote outcrops
is presented. The material comprises about 150 vegetable remains, 50 % of which permit a determination
of genera and species. The well preserved shapes of the fossil plants exclude long drifting. Leaves, stems
and little branches were found within the same layers.

The material recovered suggests as habitat of these plants an environment similar to PALAMAREVS
[1967] “ Praemacchie . It corresponds to a group of geographical distribution called ¢ jungtertidres
Trockenelement >’ by ANDREANSZKY [1963]. The equivalent would approximately be ¢ xeroatlantic ele-
ment of the late Tertiary >’. Riparian vegetation taken apart, most of the individuals belong to the  hard-
leaf **-group. This suggests precipitation not exceeding a maximum of 1000 mm p.y. (for further details
see HEIMANN, K.O., JunG, W. & BRAUNE, K., in press).

Rapp. Comm. int. Mer Médit., 23, 4a, p. 147 (1975).

[147]





http://www.tcpdf.org

New data on Western Mediterranean salt structures
(South of Balearic Islands)

by

Aucusto FABBRI and EpwArD F.K. ZARUDZKI
Laboratorio per la Geologia Marina, C.N.R., Bologna (Italy)

This note discusses detail survey of a group of diapiric structures in the southern Balearic basin,
100 km SW of the island of Ibiza. It was done with acoustic instrumentation (12 kHz E/S, 3.5 kHz Sub-
bottom Profiler and 30 kJoule Sparker) and a magnetic sensor (Varian). The seismic profiles, spaced
about 1.7 km, show a variety of diapiric structures, i.e. broad and narrow anticlines, piercement domes, etc.
The Plio-Quaternary and the evaporitic Messinian sequence give rise to reflections of similar character
to that described and identified by ALLA et al. [1972] in the northern Balearic basin. Our zone of research
lies furthermore within limits of Zone “ A >’ of GLANGEAUD et al. [1967] where the large salt domes are
very numerous. Finally, our diapirs are free of any magnetic signature. Consequently we believe that
the structures studied by us are most likely caused by salt diapirism. The diapiric group chosen for our
study lies under the abyssal plain (over 2700 m deep) close to the spanish continental rise. Up to 600-
800 m of typical Plio-Quaternary sediments overlie the well-bedded Messinian evaporitic sequences about
500 m thick. The top of salt below shows characteristic arcuate, discontinuous reflections. The base of
salt is visible only in places; it appears as a sub-horizontal reflector 300 to 500 m below the salt top.

The Plio-Quaternary sediments are distorted by the salt tectonics. They are folded in gentle anti-
clines and differentially subsiding basins, as we'l as in the steeply-flanked diapirs where the upheaving
salt masses pierce and truncate them. Many such strong structures arrive to within 100 m below the
seafloor, uplifting its surface muds in mounds up to 70 m above the abyssal plain. They are clearly seen
in the 3.5 kHz sub-bottom profiles. Some diapirs sunk slightly forming wide, 2-3 m deep depressions in
the seafloor. Numerous micro-faults occur near or at the surface proving that the salt tectonics are still
active. This evidence is further supported by sedimentation patterns near the emergent mounds suggesting
that the diapir growth rate exceeds that of sedimentation.

Most remarkable feature of the area is a seemingly uninterrupted salt wall rising over 1000 m from
the surrounding salt level and running from WNW to SSE through the center of the survey area for over
15 km. It changes direction in its middle. Immediately to the NE and parallel to it is a deep sediment-
filled syncline, perhaps fault-controlled. Further to NE lies the area of long gentle anticlines in echelon
suggesting less intense salt tectonics. Behind the salt wall, i.e. to the SW, the salt surges up in a number
of shorter sharp anticlines forming a complex diapiric structure. Nevertheless even here the plan of these
features, always in echelon, is elongated.

Some evidence of the base of salt dropping down and being truncated when approaching the zone
of strong diapirism, suggests that it is mainly controlled by deep tectonics, perhaps by fault blocks. Along
the spanish continental slope the seismic profiles reveal blocky, down-stepping structures. The area studied
may be associated with some of these blocks now buried under the preevaporitic and later sediments. In
southern Spain Messinian salt forms extensive deposits which however are not affected by diapirism pro-
bably due to lack of sufficiently thick overburden.
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New faunal data from Messinian outcrops on Cephalonia (Greece)
and their geodynamic implications

by

K. BRAUNE
Institut fiir Geologie, Technische Universitdit, Miinchen

The Cape Liakas — section on Cephalonia comprises 230 m of Messinian sediments (Globorotalia
plesiotumida — zone) without any gaps [BRAUNE, FABRICIUS & HEIMANN 1973] : marls with calcarenitic
intercalations, conglomerates and thick evaporitic beds in the section’s upper third, conformably overlain
by Trubilimestones, marls and calcarenites of Early Pliocene age (Sphaeroidinellopsis - zone).

Several samples of the soft sediments below, in between and on top of the gypsum series, containing
faunal components, have been investigated. At the first view the content of foraminifera indicates “ pela-
gic >’ conditions, but in most of these samples 50 to 80 9} of the pelagic foraminifera consist of worn resedi-
mented specimen with reddish tets, useless for a true bathymetric interpretation. The well preserved part
of these pelagic foraminifera however, 20 to 50 %, as well as most of the benthos, is thought to be autoch-
thonous.

Some of the benthonic assemblages are of special interest : All samples show a relatively high
percentage of well-preserved Elphidium (mostly E. crispum), partly associated with Ammonia beccarii
tepida. Apparently high is the content of Bolivina (up to 37 9 of the whole assemblage), often, but in
changing concentrations occur species Bulimina, Uvigerina, Cassidulina, Nonion, Cibicides, Gyroidi-
noides, Discorbis. Very rare as Miliolids and Agglutinated Forams. Approaching the base of the thick-
bedded gypsum the faunal assemblages show the well-known facts of impoverishment and dwarfening
of forms, while the content of sponge-spicules, diatoms (up to 16 %) and radiolarians (up to 24 9;) increases.

Putting the Elphidium/Globigerinidae ratio of these samples into a pattern versus water depth
got from recent shelf-sediments off the coast of Cephalonia [BRAUNE 1973], we arrive at a maximum water
depth of 160-180 meters. If we substract the percentage of the above mentioned allochthonous older
specimen from the Globigerinidae-total — as we should do to come to exact bathymetric results — we
arrive at a maximum water-depth of less than 100 meters.

The accompagning benthonic microfaunas in the Messinian, as well as in the recent samples,
confirm this experimentally reconstructed water-depth.

Those results, indicating a littoral and shelf-facies for the deposition of the soft sediments below,
in between, and on top of the gypsum series, are backed by field — and laboratory sedimentological data,
e.g. :

— conglomerates, sometimes containing sandy linses or partially rounded blocks up to more than cubic
meter size;

— parts of the section are represented by marls, intensively interbedded with calcarenitic layers;

— sometimes ripple marks and cross-bedding in and on top of the arenites;

— a fossil landslip onto the shore and into the flat coastal waters;

— small reef-like structures growing in the sediment, containing Lithothamnium, Lithoporella, Melo-
besoides, and corals, requiring a certain amount of penetrating sunlight, boring molluscs and Serpulae;

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 151-152 (1975).
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— lumachellic beds in the lower part of the section, containing very well-preserved fragile shells of neritic

molluscs and gastropods, excluding long transportation;
— rests of fossil seagrass and of terrestrial plants (see also HEIMANN, JUNG & BRAUNE 1975);
— faunas with Cardium, Ostreac and Pecten in the Early Pliocene calcarenites, conformably overlying

the Trubi-limestone.
For the deep-basin model, especially the hypothesis of marginal ¢ mesas *’, drying out completely

— when the brine retired to the centers of the 3000 — meters-depressions- no indications in the Cape
Liakas sedimentological record have been found.

Discussion

Biju-Duval : Avez-vous vu des faci¢s transgressifs du Miocéne supérieur ou des faciés récifaux?

Réponse : Non.
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Le peuplement algal du port de Port-Vendres :
dominances qualitatives des grands groupes systématiques

par

THoMAs BELSHER, CHARLES-Frangols BOUDOURESQUE, JAcQUELINE MARCOT
et MicHELE PERRET

Laboratoire de Biologie végétale, U.E.R. Sciences de la mer et Environnement,
Luminy, Marseille (France)

Summary

Pollution does not reduce the number of species of Rhodophyceae in the harbour of Port-Vendres
(France); dominating algae, considering the number of species, are Rhodophyceae (especially Ceramiales
and Bangiophycidae); next in dominancy are Chlorophyceae (chiefly Ulvales), then Pheophyceae (chiefly
Ectocarpales).

Résumé

Dans tous les relevés, les Rhodophycées (principalement Céramiales et Bangiophycidées) sont
dominantes pour le nombre des espéces, suivies des Chlorophycées (Ulvales) et des Phéophycées (Ecto-
carpales).

Introduction

Ces données préliminaires font partie d’une étude d’ensemble, actuellement en cours, sur le peuple-
ment algal du port de Port-Vendres (Pyrénées-Orientales, France). L’emplacement des relevés est figuré
par BELSHER, BOUDOURESQUE et MARCOT (24° Congrés de la C.I.E.S.M.), qui précisent également les condi-
tions dans lesquelles sont effectués ces relevés.

Méthodes

Dans un relevé, Q est Peffectif en espéces d’un ensemble considéré, T le nombre d’espéces du relevé;

la Dominance qualitative DQ est le rapport % %X 100, exprimé en pourcentage [BOUDOURESQUE, 1971].

Résultats

1. Dans tous les relevés, les Rhodophycées sont numériquement les plus nombreuses, suivies des
Chlorophycées, puis des Phéophycées (Tableau 1). En moyenne, on calcule les Dominances qualitatives
suivantes : — DQ Rhodophycées = 50,2 %

— DQ Chlorophycées = 31,2 %,
— DQ Phéophycées = 18,6 %,

Rapp. Comm. int. Mer Médit., 23, 2, pp. 87-89 (1975).
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Numéro des relevés

RB-100 | RB-101 | RB-102 | RB-103 | RB-104 | RB-105
Bangiophycidées 12,1 % 12,2 % 9,8% 9,8% 19,5 % 57%
Acrochaetiales 6,1 % 0 73% 2,49 49 % 58%
Gélidiales 0 0 0 0 4,9 % 0
Cryptonémiales 6,1 % 12,29 9,8% 12,2 9% 12,2 % 57%
Rhodymeéniales 0 0 0 24 % 49% 57%
Céramiales 27,3 % 19,5 % 17,1% 24,4 % 24,4 % 17,1%
Total RHODOPHYCEES 51,6 % 43,9 % 44,0 % 51,29 70,8 % 40,0 %
Ulotrichales 3.0% 0 0 0 0 2,8 %
Chaetophorales 0 0 0 49 % 0 0
Ulvales 15,2% 17,1% 17,1% 17,1 % 12,2 % 14,39
Siphonocladales 9,1% 7,3% 9,8% 7,3 % 7,3 % 8,6 %
Derbesiales 3,0% 2,4% 2,4% 24% 0 5,8%
Codiales 3,0% 2,4% 49 % 2,4% 2,4% 2,8%
Total CHLOROPHYCEES 33,3% 29,2 % 34,29 34,19 21,9 % 34,39
Ectocarpales 9,1% 17,1% 17,1% 4,9 9% 2,4 % 17,1 %
Sphacélariales 3,0% 2,4% 0 4,9 % 2,4% 2,8%
Cutlériales 30% 2,4 % 2,4% 49 9% 0 57%
Dictyotales 0 4,9 % 2,49, 0 2,47% 0
Total PHEOPHYCEES 15,19 26,8 % 21,9 % 14,7 % 7,2 % 25,6 %
Total 100,0 % 99,9 9% | 100,1 9% | 100,0 % 99,9 % 99,9 %

TABLEAU 1 : Dominance qualitative (DQ) des unités systématiques dans chaque relevé.

2. Pour I’ensemble des relevés, les Ordres et Sous-classes dominants sont les Céramiales (DQ =
21,6 %), les Ulvales (DQ = 15,5 %), les Bangiophycidées (DQ = 11,5 %) et les Ectocarpales (DQ =
11,3 %).

3. Aucun gradient ne peut étre mis en évidence en ce qui concerne les Chlorophycées prises dans
leur ensemble ou les Ordres qui les constituent; la relative stabilité de leur Dominance qualitative est
remarquable.

Conclusions

Il serait prématuré de généraliser & partir de ces résultats tout a fait préliminaires. On ne peut que
constater qu’ils différent beaucoup de ce qui est généralement admis sur I'impact de la pollution sur la
fraction algale des peuplements, en Méditerranée ou hors de Méditerranée [BOROWITZKA, 1972; etc].
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Le contrdle de la crise de salinité messinienne en Méditerranée
par les glaciations miocénes

par

WrapmMmik D. NESTEROFF et GEORGETTE GLACON
Géologie, Université de Paris VI, Paris (France)

Les rythmes lithologiques

Dans la partie supérieure des évaporites messiniennes du bassin de Sicile, on observe une série
de rythmes (appelés cycles) que 1’on retrouve dans les forages JOIDES-DSDP en Méditerranée profonde.
Chaque cycle est formé par la succession marnes-balatino-sélénites.

I. — Les marnes sont des dépdts de mer ouverte (Orbulina, Globorotalia, etc.) partiellement recris-
tallisés.

II. — Le balatino est formé de minces lits alternés de gypse et de marnes, tous dépdts primaires.

III. — Les sélénites se présentent en bancs épais séparés par de minces interlits de marnes. Elles
sont trés réguliérement stratifiées et, fait capital, on observe dans tous les horizons des cristaux automor-
phes (hopper cristals) posés sur les plans de stratification. La microfaune qui subsiste dans les marnes est
naine et de type confiné ( Ammonia tepida, Pseudoeponides, etc.).

Discussion

Le début d’un cycle est formé de marnes de mer ouverte, suivies de balatino qui suggére une dessi-
cation du bassin. Il est plus délicat d’interpréter la fin du cycle représentée par des sélénites considérées
par la plupart des auteurs comme des paragenéses d’anhydrite ou de gypses saccharoides. Toutefois
quelques auteurs [HARDIE & EUGSTER, 1971] se basant sur la présence de stratifications, ont pensé a un
dépdt primaire. Nos observations, mettant en évidence, dans toutes les sélénites, des cristaux automorphes
confirment ce point de vue. Ces cristaux indiquent d’une facon formelle qu’il s’agit de formations primaires
n’ayant subi aucune diagenése. D’aprés les faunes associées, elles se seraient déposées dans des bassins
encore plus confinés.

Le caractére primaire de chaque unité lithologique ainsi que le passage graduel d’une unité a la
suivante, montrent qu’un cycle correspond a une dessication progressive des bassins aboutissant souvent
a I’émersion. Dans les zones les plus profondes une phase de dépdt des halites, absente dans les coupes
présentées ici, compléte le cycle. Ainsi les cycles témoignent d’une alimentation intermittente de I’ensemble
des bassins de la Méditerranée et de la mer Rouge : mise en eau brutale suivie d’une interruption de carac-
tére saccadé et récurrent de I’alimentation.

Jusqu’a présent une seule hypothése nous a été proposée pour expliquer cette alimentation inter-
mittente : un contrdle tectonique modifierait la profondeur du seuil qui sépare la Méditerranée de I’Atlan-
tique. Toutefois le nombre élevé de cycles (6 & 7) se succédant durant la courte durée du Messinien supérieur
et surtout leur régularité et les nombreuses récurrences a ’intérieur des cycles sont difficiles & expliquer
par une tectonique brutale.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 153-154 (1975).
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Cette hypothése suppose que le niveau des mers demeure fixe. Or les forages JOIDES (Geotimes,
July 1973) montrent que les glaciations néogénes ont débuté dés le Miocéne supérieur comme 1’attestent
les dépdts glacio-marins autour de I’Antarctique. Ces résultats nous conduisent a proposer un nouveau
modé¢le comprenant un seuil de profondeur fixe qui sépare 1’Océan Mondial de la Méditerranée. Les
variations du niveau marin, provoquées par les glaciations messiniennes, débordent ce seuil, puis I’isolent,
provoquant I’inondation des bassins méditerranéens, suivi de leur asséchement.

Discussion

Biju-Duval : Avez-vous observé latéralement & vos coupes soit une transgressivité des dépdts sur
des terrains plus anciens soit un passage latéral a des dépots carbonatés plus ou moins récifaux comme
cela est connu par exemple a Chypre, en Turquie ou en Espagne?

Réponse : Non dans les zones étudiées nous n’avons observé ni de bases transgressives, ni de passage
latéral.

Sonnenfeld P. : Have you found in DSDP cores or outcrops one open marine Atlantic benthonic
crawler or neritic swimmer (not floating plankton) swept into the Mediterranean Sea in Messinian times?
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Faunal density and faunal diversity in benthic Foraminifera
on the floor of the Mediterranean Sea

by

MARIA Bianca CITA and Mirna ZOCCHI
Institute of Paleontology, University of Milano (Italy)

Abstract

The quantitative study of the foraminiferal assemblages contained in tops of gravity eores from
the deeper parts of the Mediterranean revealed that both the faunal abundance and the faunal diversity
decrease as a function of depth. The Western Mediterranean and the Eastern Mediterranean behave as
different bioprovinces, the latter yielding poor, highly specialized faunas at depth. A tentative bathy-
metric zonation is proposed for the mesobathyal zone, with three zones (upper mesobathyal, 1000 to
1800 m; middle mesobathyal, 1800 to 2500 m, lower mesobathyal 2500 to 4000 m), based essentially on
the B foraminiferal number, here defined as the number of benthic foraminifers per gram of sediment,
and on the number of species present.

%
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Benthic foraminifers are commonly used as a tool to evaluate the depth of deposition of fossil
sediments : the method is founded on the observation of their present day distribution and is quite success-
ful for the shallower parts of the continental margins, a distinction of three to four depth zones being
in most cases easy and immediate. Much more difficult is to subdivide the column beyond the outer
limit of the continental shelf. In other words, while it is easy to say how shallow is a sediment on the
basis of its fossil content, by far more difficult is to say how deep it is.

The depth zones recognized by the various authors are comparable, but not identical. PHLEGER
[1960] bases his zones on the occurrence of characteristic assemblages. PARKER [1958] takes into account
both the characteristic assemblages and the upper and lower depth limits of individual taxa; BANDY
[1953] and BANDY & ARNAL [1960] essentially worked on the upper depth limit recorded for individual
taxa. All these methods are qualitative. A further complication recorded in the Mediterranean derives
from the peculiar conditions existing there, in terms of distribution patterns of temperature, salinity,
oxygen content and nutrients at depth [MILLER et al, 1970]. In fact, the upper depth limit of a number of
species has been found to be different in the Mediterranean and in California [BANDY & CHIERICI, 1966].

In order to quantify our observations, and to try a different approach on how to evaluate the depth
of deposition of a basinal deposit in the Mediterranean, we oriented our investigation on the faunal
abundance and faunal diversity, as recorded in the foraminiferal assemblages.

54 tops of gravity and/or piston cores from the Alboran, Balearic, Tyrrhenian, Ionian and Levan-
tine Basins of the Mediterranean (1) have been investigated quantitatively-and qualitatively. The sand-

(1) Most of the material investigated has been kindly provided by W.B.F. Ryan of Lamont-Doherty Geological Labo-
ratory of Columbia University and is from the Vema Cruise n.9 and R. Conrad Cruise n.14. Five additional samples are tops
of gravity cores taken during the Cruise Polymeéde 2 of the French Vessel Jean-Charcot.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 157-160 (1975).
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size fraction of the sediment, which usually consists of planktonic foraminiferal tests and of shells of
pteropods, with minor amounts of benthic foraminifers, was found to be highly variable. In samples
from depths in excess of 1000 m, which represent the large majority of the collection, both the highest
and the lowest percentages of the sand-size fraction were found along with evidence of benthic faunas
displaced from shallower slopes, sometimes selected by size. Partly allochthonous thanatocoenoses were
found in 17 core samples, which were consequently discarded. In the remaining 37 cores (12 from the
Levantine Basin, 16 from the Tonian Basin, 8 from the Balearic Basin and only one from the Tyrrhenian)
we calculated the B foraminiferal number, here defined as the number of benthic foraminifers per gram of
(dry) sediment, the number of species and the diversity index, calculated following VAN STRAATEN [1962]
as the number of specimens/number of species.

The observational data have been grouped and are discussed for each major basin : in fact the
oceanographic conditions of (parts of) the Tonian Basin and of the Levantine Basin are so different from
those recorded in the Western Mediterranean that a general discussion would be confusing. While the
Balearic Basin of the Western Mediterranean yields benthic assemblages normally diversified, comparable
in their qualitative composition to those recorded from the open oceans, the Eastern Mediterranean bio-
province is characterized by a benthic fauna very restricted both in terms of density and of diversity.
Foraminifers with arenaceous test and a pseudochitinous base are always dominant at depths in excess
of 1800 m. They are apparently the only benthic forms recorded at the sediment/water interface where
the clay minerals consist essentially of kaolinite, which suggests that supposedly high PH values result
in the absence of foraminifers with calcitic tests, both imperforate and perforate.

Though aware that the observational data are limited in number, we consider the results of our
quantitative study so consistent and interesting as to motivate a bathymetric zonation, which is here
proposed as tentative, and is expected to be improved by further investigations now in progress. Follow-
ing HEDGEPETHs (1957) terminology, modified, we are not considering here the neritic zone (0-200 m) and
the epibathyal zone (200-1000 m), which zones have been already subdivided on the basis of their (quali-
tative) foraminiferal assemblages in the Mediterranean by numerous authors, including PARKER [1958],
Cuiericr, Bust & Cita [1961] and BLANC-VERNET [1969]. Our interest is for the mesobathyal zone,
extending beyond the isobath of 1000 m. According to the recent study by CIABATTI & MARABINI [1973]
on the hypsography of the Mediterranean, inclusive of the Black Sea, 77 9 of the Mediterranean is deeper
than 200 m and 58.1 % is deeper than 1000 m, the average depth of the Mediterranean and Black Sea
being 1485.6 m. The mesobathyal zone as here defined, viz. extending from 1000 to 4000 m, is the more
extended large bathymetric zone of the Mediterranean : the areas deeper than 4000 m indeed represent
only 0.6 9 of the surface. All the so-called ¢ abyssal plains *’, including the Balearic, Tyrrhenian, Messina,
Herodotus abyssal plains, fall within the mesobathyal zone. In this mesobathyal zone we consistently
found that the faunal abundance and the faunal diversity decrease as a function of deepth both in the
Western Mediterranean, where the trend is very clearly shown, and in the Eastern Mediterranean, where
the general trend is complicated by locally anomalous physical conditions.

The mesobathyal zone is subdivided as follows [see also Cita & ZoccHr, 1974] :

UPPER MESOBATHYAL (1000 to 1800 m)
Western Mediterranean bioprovince
B foraminiferal number comprised between 21 and 29
number of species 65-92
Eastern Mediterranean bioprovince
B foraminiferal number 3.9 to 12.2
number of species 11-64

MIDDLE MESOBATHYAL (1800-2500 m)

Western Mediterranean bioprovince
B foraminiferal number 20 to 25
species present 46-65
Uvigerina mediterranea - U. peregrina assemblage, with abundance
of costate uvigerinids

Eastern Mediterranean bioprovince
B foraminiferal number 5 to 10
species present 4 to 8
Glomospira charoides s.str. or Glomospira charoides-Gyroidina assemblages
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LOWER MESOBATHYAL (2500 to 4000 m)

Western Mediterranean bioprovince
B foraminiferal number less than 13
species present 20 to 40 (assemblage characteristic of the Balearic abyssal plain,
including Glomospira charoides, Gyroidina spp., Robertina translucens, Sigmoilina
tenuis etc.).

Eastern Mediterranean bioprovince
B foraminiferal number O to 10, often less than 2 species present no more than 8,
usually less than 5 Glomospira charoides-Gyroidina assemblage.
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Discussion

Meulenkamp J. : You left out 17 samples which would contain displaced elements. What are
the criteries used by you to distinguish between ‘ autochthonous *’ and displaced foraminifera?

M.B. Cita: The criteria I followed in order to distinguish in between * autochthonous >’ and dis-
placed foraminifera are as follows (quoted after CITA & ZocCcCHL, in press) :

... Besides observations on the sedimentary characters, the strictly paleontological criteria followed
to distinguish the displaced faunas was the finding — at depths in excess of 300 m — of one or more taxa
known to be limited to the neritic zone of the continental shelf, with special reference to the Mediterra-
nean (see PARKER, 1958; CHIERICI, Bust & CITA, 1962; BLANC-VERNET, 1969). As characteristic species
we considered Astrononion stelligerum, Nonion granosum, Elphidium complanatum, E. crispum and Ammo-
nia beccarii. A secondary criterion was the occurrence — at depths in excess of 1000 m — of one or more
of the following taxa, which according to PARKER (op. cit.) do not occur deeper than 500-700 m in the
eastern Mediterranean : Bolivina catanensis, Planorbulina mediterranensis, Textularia conica, T. sagittula .

Sonnenfeld P. : With regard to the data presented on temperature and nutrient distribution in the
three mediterranean basins do they represent anormal averages or summer maxima?

M.B. Cita : The slides I projected, showing the distribution of temperature and nutrient and oxygen
and salinity along three N-S cross sections in the Balearic, Ionian and Levantine Basin, are from MILLER,
TcHERNIA & CHARNOCK [1970]. They represent neither annual averages nor summer maxima.

Profile 13 in the Balearic Basin has been constructed with the data collected during the Cruise
ATLANTIS 263 : this cruise took place from February 4 to March 10, 1961.

Profile 35 in the Ionian Basin has been constructed with the data collected during the Cruise ATLAN-
TIS 275, which cruise took place from February 1, 1962 to March 10, 1962.

Profile 57 in the Levantine Basin has been constructed with the data collected during the Cruise
CHAIN 21, which cruise took place from October 18, 1961 to November 11, 1961.
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Seasonal distribution patterns of Foraminifera
in the Mediterranean plankton

by

C. VERGNAUD - GRAZZINI
Laboratoire de géologie dynamique, Université Pierre et Marie Curie, Paris (France)

The study of the average hydrologic characteristics of waters where the different Mediterranean
species show their highest abundance throughout the year gives rise to the following remarks :

1. Most of the species tolerate a wide range of temperatures : from 130 C to 21° C.

2. They can be divided into two seasonal groups according to their thermic preferences. In the
Ligurian Sea one group is found between 12° C 8 and 14 °C. This group includes Globigerina bulloides,
G. pachyderma, G. quinqueloba, Globorotalia inflata, G. truncatulinoides, Globigerinita glutinata, Hastigerina
siphonifera. The second group is found between 15° C and 20° C; it includes Globigerinoides ruber, G. saccu-
lifer and Orbulina universa.
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Thus the thermic range characteristic of Mediterranean waters (12°8C-26°C) is only partially occu=
pied : in contrast to the Atlantic milieu, no species are found between 20 and 26°C in the Ligurian sea.

3. Temperature is not the main factor controlling species occurrence and their annual distribution
corresponds to a seasonal pattern depending itself on the primary productivity (qualitatively and quanti-
tatively).

4. The evaluation of the average annual percentages of the species present in the first 300 meters
in the Ligurian basin shows that only a few species are dominant in the population as a whole; these are .
the winter-spring species Globigerina pachyderma, G. bulloides, Globorotalia inflata, G. truncatulinoides.

The comparison of these percentages with those group defined by BE & TOLDERLUND [1971] allows
the groups of the Ligurian sea to be placed at the boundary between subarctic and transitional species.

This pattern is not uniform in all basins. During a cruise in March 1973 in the Siculo Tunisian
straits, we found that not only the seasonal pattern of the different species but also their depth repartition
at that given season was different : for instance, the species Globorotalia inflata was still very abundant,
but in the upper 50 meters, Orbulina universa and Globigerinoides ruber were the dominant species; the last
one was represented principally by the morphological type 2 defined by C. GRAZZINI et al. 1973 (rather
small form with test trochospirally coiled; diameter of the apertures, at the final chamber, on the spiral
side less than 1/4 of that on the ombilical side; intercameral sutures slightly depressed or depressed)
whereas the forms wich occur in Ligurian waters at temperatures between 15 and 20-C belongs to another
morphological type of G. ruber (3a). We therefore have evidence that different morphological types of
one same species may have different climatic characteristics. For this reason a correct interpretation of
fossil groups and their relative abundance in the past depends on a thorough acquaintance with morpho-
logical variants and their climatic preferences today. Furthermore one may note that there can be found
sporadically, in the Mediterranean waters, two species of Globorotalia : one specimen of Globorotalia
crassula [G. GLAGON & C. GrAzziNI, 1973] was towed in the Ligurian basin in April 1969, and one spe-
cimen of Globorotalia hirsuta was towed in March 1973 in the Siculo-Tunisian straits. These two species,
when present in Mediterranean surface sediment, were thought, until recently, to be reworked fossil
forms from Pliocene levels. To day, they inhabit principally Atlantic waters. Their occurence in the
living Mediterranean plankton might be interpreted wether as a sporadic introduction of allochthonous
species through the straits of Gibraltar or as the survival of these two species in some preferential and
unknown location in the Mediterranean basin.
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Discussion générale

Burollet P.F. : Jaimerais avant que ’on quitte la Méditerranée Occidentale, vous faire part de
quelques réflexions et proposer quelques thémes de recherche.

La grande révolution des découvertes océanographiques a été surtout de prouver la nature fonda-
mentalement différente des continents et des océans. Si cette opposition est bien tranchée dans le Pacifique,
relativement bien contrastée dans les océans Atlantique et Indien, elle devient insaisissable dans le sys-
téme mésogéen.

Le domaine est caractérisé par I’instabilité et la sédimentation en sillons et rides (Anlacogénie
de Brunn) et ceci reléve d’une crofite plus mince et plus souple.

Les régions périalpines elles-mémes, celles que BOGDANOFF nommait « chalnes intermédiaires »
correspondent a une croiite variable dans 1’espace et dans le temps. Ce n’est pas avec un craton typique
que 1’on peut engendrer une fosse voconcienne, ou le sillon de I’Aurés, ou le Golfe du Sud Tunisien.

On est étonné de 1’étalement transversal de toute cette zone souple entre les cratons s.s. et le relais
apparent qui décale les grands ensembles. Le Promontoire Africain a tellement poussé vers le Nord que
les Alpes centrales n’ont pas de chaine intermédiaire au Nord et méme que les Carpathes ont chevauché
I’avant-pays.

Les coulissages pourraient exister a la limite entre le domaine intermédiaire et les cratons propre-
ments dits.

11 est intéressant de souligner le relais de certaines actions dans le temps et dans I’espace. Dans cer-
tains secteurs ou la poussée vers le Nord a été trés forte, I’orogénie a commencé au front nord des zones
intermédiaires au Crétacé et & I’Eocéne (Pyrénées, Caucase) et aprés la semi-cratonisation de ces éléments,
la phase alpine proprement dite se serait appliquée aux zones alpines internes typiques, plus au sud.

Il y a une opposition entre toute les nappes qui se sont déversées et le manque de connaissance que
nous avons des crofites qui en supportaient le matériel, et la nature, voire 1’absence, des crofites actuelle-
ment dans les bassins profonds. Je serais tenté de lier les deux choses; c’est 14 que le diapirisme du manteau
de VAN BEMMELEN peut avoir agi en expulsant d’abord les couvertures sédimentaires, puis par érosion
du socle lui-méme donnant les flyschs les plus internes : Numidien et argile scagliose. Ensuite la relaxation
aurait redescendu, le reste de crofite restant plus ou moins digéré et érodé.

La Corse, la Sardaigne, ainsi que les Maures et I’Estérel, situés entre des secteurs a vocation interne
et des zones de chaines intermédiaires, quelles que soient les vicissitudes subies, représenteraient peut-&tre
un promontoire européen, pendant et opposé du promontoire africain, avec une signification tectonique
de massif cristallin externe.

. Dans le cadre d’une discussion libre est ensuite abordé le probléme de la campagne de forages
JOIDES 1975 en Méditerranée. L. MONTADERT (Co-chief scientist) expose les objectifs retenus par le
Panel et résume les implantations prévues. Diverses personnes interviennent ensuite pour demander des
précisions ou faire des suggestions : MATTHEWS, MULDER, Byu-DUVAL, POLVECHE, SAID, GENNESSEAUX.
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Ideas concerning the integration of the Romanian territory
into the plate-tectonics concept

by

STEFAN AIRINEI
Geological and Geographical Faculty, University of Bucharest (Romania)

The numerous geophysical data, have not been used up to now to develop a plate-tectonics concept
of the territors of Romania. The presence of Benioff (one along the Eastern Carpathians, another, parallel
to the first, in the Apuseni Mountains (SOCODESCU et al., 1964] presence of a subduction process in the
Vrancea region, which intersects the crust and affects the upper mantle under an angle of 55-60° in the
NW direction (defined on the basis of the Vrancea earthquake foci distribution [CONSTANTINESCU ef al.];
the crustal fracture system inscribed on the map of the deep geological structure of Romania [GAVAT
et al.], of which the Dobrudja appears to be integrated in a probable plan of transformation faults of
Prejurassic age, and, the synthesis of the geodynamics of the Carpathian-Balkan-Dinaric area in which
subcrustal convection currents are admitted as causal factors of the « Meridional wrenchfault ’.

Up to the present two geological patterns were parallelly developed regarding the plate-tectonics
concept, and which, are lacking geophysical arguments.

One [6, 7] is based on the presence of two liniar zones in the Carpathian area with almost parallel
bands of basic rocks of intermediate composition and of volcanic (Neogene) rocks. The age of the erup-
tive rock sequence permits to presume the presence of two intracontinental basins with ocean-type floor,
active from the Triassic to the Cretaceous. It is assumed that the intracontinental basins (an outer one,
on the Eastern Carpathians’ area; an inner one in the Apuseni Mountains) were formed through the splitt-
ing of the southern edge of the Euroasian plate and that the westwards subduction of the oceanic-type crust
beneath the continentalblocks has generated the intermediate-composition ignous rocks. Rebuilding the
geological evolution of both basins, the authors admit that the essential elements of the present geolo-
gical structures do not contradict by their hypothesis, although the sedimentation areas have evolved on
an oceanic-type crust.

The second geological pattern [8] considers the evolution of the Carpathian territory before and
after the Miocene, to have occurred in a series of structural zones, closely indentified with the present island
arc regions. There were distinguished : an more or less active outer trench; a frontal folded mountain
arc; a Tertiary magmatic arc and Transcarpathian retroarc basins (Pannonian and Transylvanian, the latter
as interarc). The K,0/SiO, ratio of the rocks in the Tertiary magmatic arc permitted establish a perfect
similitude with the calc-alkaline magmae in the island arcs.

In agreement with the authors’ appreciations, both the geological patterns are liable to essential
improvements, which we see achieved only by a sensible integration of all the geophysical existing and
potentially elements.
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Results of Reflection Seismic Measurements in the Southern Aegean Sea
Cruises of F.S. Meteor and R.R.S. Shackleton

by

D. JONGSMA*, G. WISSMANN**, K. HINZ** and S. GARDE**

*University of Cambridge, U.K.
**Bundesanstalt fiir Geowissenschaften und Rohstoffe, Hannover (FRG)

A total length of 2600 n.m. of airgun reflection seismic profiling was carried out by the Bundesanstalt
fiir Geowissenschaften und Rohstoffe, Hannover (Meteor-cruise 33/1974) and the University of Cambridge,
U.K. (Shackleton-cruise 1972/1974) in the Southern Aegean Sea. Fig. 1 shows the location of reflection
seismic lines.

Study of these data shows an erosional unconformity between basement rock and sediment which
over most of the Cretan Trough corresponds probably to periods of erosion or non deposition after the
main Alpine orogeny and prior to the late Tortonian. A profile across the Cretan Trough and including
erosional unconformity, horizon A, is shown in Fig. 2. Up to 1.5 km thick sediments accumulated in
local basins. Strong vertical movements on normal faults were responsible for the formation of the Cretan
Trough and subsequently controlled the sedimentation. Sediments within the Trough have been deformed
by Late Pliocene/Pleistocene faulting and folding. Quaternary intrusions of volcanic material are obser-
ved over the whole width of the Cretan Trough. Extensional processes are seen to be the dominant feature
in the tectonics of this area.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 169-171, 2 figs., (1975).
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From the observed shallow structure it is difficult to deduce geodynamic processes. Therefore
we cannot decide between subduction induced horizontal tension and passive rifting caused by mantle

diapirism.

Discussion

Meulenkamp J. : 1 wish to congratulate Dr. HINz and his collaborators with his results. However,
some remarks should be added in our paper (DROYER & MEULENKAMP, 1973) we stated that “ post-oro-
genic ”’ basin development and marine sedimentation in Crete started during the middle Miocene. In
the Late Tortonian a change took place from a terrigenous-clastic to a calcareous sedimentation. There-
fore, be careful as regards the age of your A reflector. I don’t think it to be late Tortonian. Also, I want
to warm you as regards the age of the A reflection in the Karpathes trough. Actually, the base of the sedi-
ments succession here might be older than elsewhere, i.e. older than middle Miocene.

Krause D. : Do magnetic and gravity data confirm your interpretation of the lineas ridge as vol-
canic?
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Cross-folding on West Aegean Islands
and the Problem of the Connections
between the Alpine Mountain Belts of Greece and Turkey

by
VoLkER JACOBSHAGEN, WoLrDIETRICH SKALA and Eckuarp WALLBRECHER
Institut fiir Geologie der Freien Universitit, Berlin (Germany)

The Hellenide orogenic system connects the alpine chains of the Balkan Peninsula with the moun-
tain belt of Anatolia. For the Hellenides, a zonal division on the basis of stratigraphy, facies, and tectonic
history has been created by C. RENz and worked out mainly by French authors. The external Ionian
miogeosynclinal zone may be compared with the deepest nappes of the Western Taurides [Kuss & THOR-
BECKE 1974], and the Menderes Massif is surely a prolongation of the Cyclades Massif of the Pelagonian
Zone at least to Turkey. Other parallels of Hellenide and Anatolian elements are more tentative or wrong.
The Vardar Zone e.g. cannot be clearly persued to Turkey. '

Giving special attention to orogenic connections between Greece and Turkey the authors investi-
gated the stratigraphy and the tectonic style of the Northern Sporades and Psara. They found a sedimentary
passage between the weakly metamorphized Mesozoic sediments of the Pelagonian Zone and the Almo-
pias Zone (western part of the Vardar Zone) on the island of Skopelos, which is also based on the strati-
graphical data of PAPASTAMATIOU [1963] and KELEPERTSIS [1973]. This transition is exposed south of the
North Anatolian Fault — in the North Aegean Sea the southern border of the Saros Graben — which
runs into the huge fault bordering the Vardar Zone to the W.

The predominant tectonic phenomenon of the western and central islands is a crossing between
two systems of folds with NNW- and NE-striking axes. The first one has deformed a bedding-parallel
schistosity whereas the second is accompanied by a second axial-plane schistosity and in consequence
it must be younger. Both fold-systems and schistosities are younger than the Upper Cretaceous-Palacogene
flysch. On the eastern and southern North Sporades as well as in the autochthonous parts of Psara and
Chios and on the island of Lesbos, only one NE-striking fold system with one conjugate schistosity could
be observed.

The cross-folded area belongs to a large region of cross-folding within the very interior of a narrow
fold arc coming from Anatolia between the Rhodope and the Menderes Massifs which crosses the inner
zones of the Hellenides before it swings into the NNE strike of the Hellenides in Central Greece and on
the northeastern Peloponnesus. The cross-Folding is probably due to extreme lateral shortening of the
crust within this Central Aegean Arc which is of late Palacogene age. This arc is independent of the
probably younger Crete Arc since they have different andesitic zones.

With respect to recent transcurrent movements along the North Anatolian Fault and the western
border of the Vardar Zone (according to Ritsema), it may be supposed that the Rhodope Block is escaping
this narrow bending Central Aegean Arc from the Middle Tertiary to recent times.
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On the evolution of the Cycladic-Attica
S. Euboean (C-A-SE) area since Miocene

by

GaspArRis MISTARDIS
Kallithea, Athens (Greece)

Sea and land. 1. — Of the C-A-SE massif (thickness of the crust there : 27-31 km) submerged in
great part by the sea, the highest parts are emerging now as islands (Cyclades) or peninsulas (Attica, S.
Euboea). Researches on the distribution of land and sea since Miocene are attesting followings :

The uplift. 2. — As a crystalline massif, the C-A-SE resisted strongly to the Alpine orogeny in the
climax phase which had given rise to the Hellenic Chains. Intensely pressed from W, it was moderately
uplifted. Vestiges of ancien (Miocene) erosion surfaces are found at alt. till 1000 m, while on the Hellenic
Chain at 1800-2100.

Distraction. 3. — The Aegean area testify giant distraction processes in Neogene. In L. Miocene
probably, by important fault lines were traced the superficial limits of the massif toward E and W where,
neighbouring blocks were very remarkably displaced downward (basins of Central Aegean and Myrtoon)
as also to S where the there block (of the Sub-Pelagonian zone?) little only subsided.

4. — Toward N the C-A-SE is strong attached with the neighbouring area of the Sub-Pelagonian
zone, which is uplifted little higher (ancient surfaces till ¢.1300 m). Limits are traced by a line NE-SW
of little faults and overthrusts. The C-A-SE presents a light inclination from NE to SW (ancient surfaces
higher in N and E, lower in W).

5. — In the interior, tectonic basins were formed in Miocene only, probably, in the north part
(chiefly in Attica). The lowlands are to be attributed mostly to the erosion.

The Mesogean sea branch. 6. — It is from S-SE that Mesogean penetrated toward the interior
of the C-A-SE and formed an important branch. Miocene marine deposits are known only in Paros and
Naxos.

The Pontian extended land. 7. — During Miocene and Pontian erosion greatly enlarged the basins,
while sedimentation covered with continental formations the deeper parts of them (chiefly in Attica).

8. — It is in the north part that, during Pontian, conditions were more favourable for the Pikermi
fauna. Fossile are found in S. Euboea (Almyropotamos), and in extreme abundance in Attica (Pikermi
etc).

The Upper Pliocene penetration of the sea in the interior. 9. — Intense tectonic derangments in
Pliocene permited to the Mediterranean (which succeded the Mesogean) to approach c.middle Pliocene
the C-A-SE. The greater deepening of basins and valleys in its western half and, probably, also subsidences
favoured the sea penetration largely into the interior of the area during the Upper Pliocene. From W,
sea penetrated in the central part of it. A branch advanced notably toward N between E. Attica (Astian
marine sediments near Raphina) and S. Euboea. From SW sea penetrated also notably in the interior
(Pliocene marine deposits arc known in Antiparos).

Withdrawal of the sea during Lower Pleistocene. 10. — At the end of Pliocene deposits in brackish
waters succeed the marine deposits; later begin continental formations. Sea is retiring little by little because
probably of a slow uplift, but with alternances of regressions and transgressions attributed chiefly to sea
level eustatic fluctuations. Marine deposits considered as Calabrian are known on the eastern coast of
Attica as also not far from C-A-SE in the Corinthian Isthmus and in Thera.

Rapp. Comm. int. Mer Médit., 23, 4a, pp. 175-179, 2 figs., (1975).
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The Middle Pleistocene extended land. 11. — During a great part of the Middle Pleistocene Medi-
terranean is presenting low levels, attributed to an interruption of communication with the Ocean. The
C-A-SE became thus again an extended land convenable for living of abundant great animals. But, owing
to the recent subsidence, the then lowlands are covered by the sea. Fossils known are rare.

The penetration of the sea in Tyrrhenian. 12. — It is with the Tyrrhenian transgression that sea
penetrates again in the western Aegean. Sure Tyrrhenian I deposits are not known, but Eutyrrhenian are
abundant W of the C-A-SE. The more neighbouring are those in the Saronian islands Angistri and Metopi
and in the Corinthian Isthmus. In C-A-SE are probably covered by the sea, because of the recent subsi-
dence.

Sea level eustatic fluctuations. 13. — It is in Uppermost Pleistocene that sea penetrated very lar-
gely into the C-A-SE area, but with alternances of transgressions and regressions due to eustatic fluctua-
tions of the sea level. Abundant geomorphological evidences in the coastal zone, but few on the sea
bottom (according at least marine maps) are giving an idea of shoreline displacements during Wiirm
and Holocene.

Some conclusions. 14. — The C-A-SE area is an excellent field for researches on the evolution
of the Aegean area. It is one of the more proper to explain if in recent tectonic history is independent or
no of plate tectonics, if a second shear horizon must be assumed within the crust to explain the distraction
phenomena near the surface, and many other problems.

15. — In the present paper are exposed only results based upon the study of the not abundant
stratigraphic data and the geomorphological evidences. These are testifying a prevailing influence of the
erosion in the formation and evolution of the lowlands, strong vertical movements, and a tectonic origin
of basins only in the north part. They give also an idea of shoreline displacements since the middle of
Pliocene.
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Fic. 1.

Structural units

1 = Cycladic-Attic-S.Euboean (C-A-SE) massif

2 = East Thessalian massif

3 = Eastern Middle Greece-NE Peloponnesus (GMO-NEP) area
4 = Hellenic (continental) Chain

5 = Parnassus tectonic zone (High karstic plateaux)

6 = Metamorphic rocks

7 = Core of the C-A-SE massif

Tectonics and Volcanism

8 = Fault line (important)

9 = Line of little faults and overthrusts
10 = Ancient faults and volcanic fractures
11 = New volcanic zone in South Aegean
12 = Volcano (older, recent)

Diagrams
a’ Across Mt Ziria (Kyllene)-Corinthian gulf-Eastern Parnassus-Lichadian Channel-northernmost Euboea (dir. c. SW-
NE).

b’ Across islands Mykonos-Tinos-Andros- and Euboea (dir. SE-NW).

¢’ Across Hellenic Chain-Argolic gulf-Argolic peninsula-Epidauros Trench-Methana-Aegina-Saronic gulf-to southern-
most Attica (dir. W-E).

d’ Across S. Parnassus-Beetian basins-N. Attica karstic basin-basin of Athens-Mt Hymettus-basin of Mesogea-SE
Attica-islands Syros-Paros-Naxos-to Amorgos (dir. NW-SE).
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Fic. 1II.
1 - 4 (see figure I.)
5 = Limits of units-areas.
6 = Probable limits of Mesogean Miocene sea branches.
7 = Probable limits of Mediterranean Upper Pliocene sea branches.
8 = Probable limits of Mediterranean Lower Pleistocene sea branches.
9 = Tyrrhenian marine deposits.
10 = Dilluvial fans partly submerged by the sea.
11 = Isobath of 200 m.

F = Fossils of Pikermi fauna (Pontian) E = Middle Pleistocene fossils.

a’ South Cyclades. Probable limits of the Calabrian sea.
b’ Attica-Corinthia-Argolis. Probable limits of the Calabrian sea and sites of Tyrrhenian marine deposits.

* Northern part of the Argolic gulf. Sites of Tyrrhenian marine deposits and probable limits of the sea then branch.
d’ NW Saronic gulf area. Dilluvial fans advanced during the low sea levels of Wiirm till shorelines now at depths of 80-

90 m standing. The then shoreline.
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Recherches paléogéographiques et tectoniques
dans le centre-ouest Egéen

par

Gasparis MISTARDIS
Kallithea, Athens (Greece)

Les golfes. — Dans le Centre-Ouest Egéen, qui couvre une partie des zones internes des Hellénides
(lat.c.37-390), les golfes de Saronique et Argolique pénétrent profondément dans la terre; un bras de mer
trés long, I’Euboique, sépare la grande ile d’Eubée de la Gréce Moyenne et un autre, le Corinthien, est
maintenant séparé de I’Egée par un isthme (percé par un canal). Tous sont Post Mésogéens, formés apres
le milieu du Pliocéne quand la Méditerranée, qui succéda a la Mésogée, pénétra dans leur bassin.

L’aire ou se trouvent ces golfes (Gréce moyenne orientale-Péloponése nord-oriental, GMO-
NEP) est intermédiaire entre le massif cristallin Cyclades-Attique - S- Euboique (C-A-SE) etla Chaine Hellé-
nique alpine.

Le soulévement. — A la phase la plus intense de 1’orogenése, le massif C-A-SE plus résistant a la
pression (de I’E-SSE), se souleva médiocrement. La zone de la Chaine Hellénique, trés fortement compri-
mée (I’épaisseur de la crofite atteignit ici 40-45 km) fut soulevée jusqu’a plus de 1000 m plus haut que le
C-A-SE (épaisseur de la croiite 1a, 26-31 km).

La GMO-NEP, aire intermédiaire entre-eux présente des surélévations supérieures a celles de C-A-
SE, mais inférieures de celle de la Chaine Hellénique. Les vestiges d’anciennes surfaces d’érosion (Miocéne)
sont a des altitudes 1800-2100 m dans la Chaine, 4 moins de 1000 au C-A-SE et, surtout, entre 800-1300
a GMO-NEP.

Bassins tectoniques et horsts. A la phase du relichement, la GMO-NEP se fragmenta naturelle-
ment beaucoup, et les blocs se déplacérent verticalement trés notablement en sens inverse les uns des autres,
en donnant ainsi un paysage typique de bassins tectoniques et d’horsts.

Les bassins orientaux avec dépdts Miocénes continentaux sont les plus anciens. Ceux des parties
centrale et occidentale, plus récents (fin Miocéne-Pliocéne), sont plus profonds et portent des formations
continentales Pontiennes-Levantines.

Les fosses tectoniques. — Du Pliocéne datent aussi les deux fosses de dir. c. NO-SE, I'une, la
Maliaco-Lichadienne au nord de I’unité tectonique Parnassos-Ghiona, se prolongeant par I’Euboique
sept., I’autre, la Corinthienne, beaucoup plus importante, au sud de cette unité, se prolongeant par la fosse
d’Epidaure. Elles sont situées probablement dans des zones de failles anciennes, peut-étre datant de la
phase de relaichement de I’orogenése Néo-Paléozoique.

} Pas de bras de mer au Miocéne. — La Mésogée, dont la présence au Miocéne dans le Centre
Egéen est attestée par des dépdts marins a 1’lle de Skyros (c. 40 km a I’est de I’Eubée) ne pénétra pas dans
la GMO-NEP.

Conditions au Pontien. — Vers la fin du Miocéne, la Mésogée semble s’étre close complétement
par la surrection d’ensemble des chaines Alpines. Avec I’abaissement du niveau de la mer, I’aire Egéenne
gagna beaucoup en terre ferme. Au Pontien, la GMO-NEP en grande partie n’est pas trés accidentée et
jouit d’un climat pour la plupart doux, conditions convenables pour une faune comme la Pikermienne,
dont fossiles trés abondants dans sa moitié orientale.
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Pénétration de la mer au Pliocéne. Avec la nouvelle phase de dérangements tectoniques du
Pliocéne et la formation de la Méditerranée en continuation de la Mésogée, la mer approche du S la GMO-
NEP vers le milieu du Pliocéne. A I’Astien elle pénétra largement dans les bassins Argolique, S. Euboique
et Saronien, avec prolongement au Corinthien.

Recul de la mer au Pleistocéne Inférieur. — A la fin du Pliocéne, a cause probablement d’un mouve-
ment ascendant de la terre, la mer commence a se retirer, mais avec alternances de régressions et trans-
gressions (fluctuations eustatiques).

Durant les bas niveau de la Méditerranée dans une grande partie du Pleistocéne Moyen, attribués
a linterruption de communication avec 1’Océan, la GMO-NEP est de nouveau une terre continue avec de
grands lacs dans les bassins Corinthien, N. Euboique, Saronien (fosse d’Epidaure).

Nouvelle pénétration de la mer au Tyrrhénien. — Il est peu probable que la mer approcha GMO-
NEP au Tyrrhénien I. Mais, les dépots Eutyrrhéniens (Tyrrh. II) sont fréquents aux golfes Argolique
(Nauplie, Kyvéri) et Saronique (iles Angistri et Métopi, Kalamaki etc) et trés nombreux dans le SE du
Corinthien (Pérachora, Isthme, Ancienne Corinthe etc). Mais, tandis que dans la moitié occidentale la
mer couvrait des espaces étendus, dans la moitié orientale ne sont pas connus des dépdts vraiment Eutyr-
rhéniens.

Déplacements de la ligne de rivage au Wiirmien. — Durant les phases glaciaires du Wiirmien le
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