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ABSTRACT

The Leg 76 discovery of Callovian sediments lying above the oldest Atlantic oceanic crust allows us to more closely
compare the Central Atlantic with the Mesozoic Ligurian Tethys. As a matter of fact, during the Late Jurassic and Ear-
ly Cretaceous, both the young Central Atlantic Ocean and the Ligurian Tethys were segments of the Mesozoic Tethys
Ocean lying between Laurasia and Gondwana and linked by the Gibraltar-Maghreb-Sicilia transform zone. If we as-
sume that the Apulian-Adriatic continental bloc (or Adria) was then a northern promontory of Africa, then the predrift
and early drift evolutions of both these oceanic segments must have been roughly the same: their kinematic evolution
was governed by the east-west left-lateral motion of Gondwana (including Africa and Adria) relative to Laurasia (in-
cluding North America, Iberia, and Europe), at least before the middle Cretaceous (=100 Ma). By the middle
Cretaceous, opening of the North Atlantic Ocean led to a drastic change of the relative motions between Africa-Adria
and Europe-Iberia. From this time on, closure of the Ligurian segment of the Tethys began, whereas the Central Atlan-
tic went on spreading.

In fact, field data from the Alps, Corsica, and the Apennines show evidence of a Triassic-Jurassic-Early Cretaceous
paleotectonic evolution rather comparable with that of the Central Atlantic. Rifting may have been started during the
Triassic (at least the late Triassic) but reached its climax in the Liassic. On the basis of stratigraphic data, drifting ap-
pears to have begun in the Middle Jurassic.

The main discrepancies concern (1) the definition of rifting and the time of its beginning, and (2) the time of ap-
pearance of the oldest oceanic crust (late Liassic or late Middle Jurassic?). These discrepancies mainly originate from
the scarcity of reliable data, as well as from the difficulty of comparing oceanic with alpine data. They may also arise
from a certain incompatibility between the complexity of natural facts and the simplicity of man-made models, and, in
addition, probably from some real differences in the early evolutions of both oceanic segments.

INTRODUCTION

Mesozoic oceans had many fates: some (e.g., the At-
lantic Ocean), are still expanding, whereas the major
part of the Mesozoic Tethys disappeared, with only rel-
ics of oceanic and marginal continental basements and
sediments being now included in Alpine folded belts.

Accordingly, when reconstructing the geological evo-
lution of both oceans, the nature, quality, and amount
of available information are quite variable. Therefore,
the ways of reasoning as well as the degree of reliability
of reconstructions and models of both oceans are hardly
comparable. For example, the drifting history of the At-
lantic Ocean can be deduced from its magnetic-anomaly
pattern, whereas comparable anomalies in the Tethys
have been completely disrupted and even rubbed out by
later events. Also the methods of study are different;
sediments are well-preserved in the Atlantic Ocean, but
they are known only through scarce, widely dispersed,
and extremely expensive drill holes, between which only
seismic profiles allow interpolations. On the other hand,
Tethyan sediments are diagenized, folded, and even
metamorphosed; but the Alpine ranges may exhibit ex-
tensive, beautiful outcrops where, equipped with only
mountain boots and perhaps a rope, we can observe and
repeatedly study basement rocks, sediments, their later-
al variations and intervening unconformities, and much
more. Thus easy access and size of the outcrops may
well balance the disturbing effects of Alpine folding and
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even metamorphism. Indeed, the increasing knowledge
of present-day oceans has improved our understanding
of the geological history of vanished oceans and result-
ing folded belts; likewise, data and models derived from
the latter are useful to the understanding of undeformed
oceans and of their history.

As will be shown later, the Mesozoic Central Atlantic
and the Ligurian Tethys were "twin oceans," which
came into existence nearly at the same time and in the
same way. The purpose of this paper is to show how
facts and models derived from studying one of these
oceans may help in understanding the other.

ATLANTIC AND TETHYS
The folded belts of the Alps, Corsica, and the Apen-

nines (Fig. 1) are derived from a now-disappeared small
ocean and from its European and Apulian-Adriatic con-
tinental margins. This narrow ocean is named Piemont-
Ligurian or, more simply, Ligurian, which, in fact, is a
segment of a much more extensive ocean, namely, the
Mesozoic Tethys.

Mesozoic Tethys
Between Laurasia to the north and Gondwana to the

south, an earlier Paleozoic to Triassic ocean existed
prior to the development of the Mesozoic Tethys. Fol-
lowing a modern, simple terminology (Laubscher and
Bernoulli, 1977; Bernoulli and Lemoine, 1980), this Pa-
leozoic and Triassic ocean is called Paleotethys, to dis-
tinguish it from the middle and late Mesozoic Tethys.
According to modern global tectonics, the continents (at
least those now known) were welded together at the end
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Figure 1. Rough sketch showing oceanic and continental terranes involved in the Alpine
folded belts. A. Structural sketch map. Bl-4. Highly schematic (no scale) structural sec-
tions of the folded belts (location of sections 1, 2, 3, and 4 are shown in Fig. 1A). C.
Probable Late Jurassic-Early Cretaceous structure (no scale). D. Hypothetical palin-
spastic map (Jurassic). (Inclined hatching: Europe and European margin; vertical hatch-
ing: Adria margin; dotted areas: oceanic terranes [on the map in Fig. 1A, dots indicate
area of the deformed margins where tectonic outliers of ophiolites may occur].)
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of the Paleozoic into a single supercontinent called
Pangea, whereas much of the former Paleotethys had
already disappeared by subduction or other processes
along the so-called "Indosinian suture" (Hsü and Ber-
noulli, 1978).

During the Mesozoic, the Tethys was a more or less
latitudinal oceanic belt lying between the Laurasian and
the Gondwanian continents (Figs. 2 and 3). To the east
of the Apulian-Adriatic continental block (also called
Apulia, or Adriá), this ocean opened across or along
remnants of the Paleotethys, such remnants being very
probably associated with continental-crust blocks de-
rived from the northern margin of Gondwana (Jenkyns,
1980; Sengör, 1979; Bernoulli and Lemoine, 1980).

West of Adria, on the contrary, the opening up of the
Mesozoic Tethys occurred across Pangea, and with this
event the breakup of this megacontinent started.

Mesozoic Breakup of Pangea: Atlantic Break
Versus Tethys Break

The following discussion is restricted to that part of
the Tethyan ocean born in the heart of Pangea, i.e., to
the Tethys west of Adria.

In fact, the breakup of Pangea initially resulted from
the birth and opening up of a network of intraconti-

Figure 2. Tethys and Atlantic breaks across Pangea. (Oblique hatch-
ing: Laurasia; vertical hatching: Gondwana; heavy lines: full,
Tethys break; broken lines: Atlantic break; dotted lines: Indian
Ocean breaks. Ad. = Adria; MMM = possible location of another
break in the eastern Mediterranean area. Reassembly of the conti-
nents in the late Triassic, after Smith and Briden, 1977.)

nental breaks. Leaving aside those that delineated the
Indian, Australian, and Antarctic minor continental
blocks, let us considerer now those breaks that appeared
during the Mesozoic and gave birth to the four major
continents, namely, North America, Eurasia, South
America, and Africa. As shown on Fig. 2, there are two
main, grossly perpendicular, lines of disruption—a lati-
tudinal Tethys break, and a meridian Atlantic break,
having in common a Central Atlantic segment. Two dif-
ferent kinematic systems acted successively:

1) The opening of the Tethyan system led to the par-
tition of Pangea into two major continents, Laurasia
and Gondwana. This event started during the Early or
Middle Jurassic with a left-lateral, latitudinal relative
motion of Africa (at that time still welded to South
America) with respect to Eurasia (still welded to North
America).

2) Rifting and opening of the Atlantic system oc-
curred with a northward progradation: successive open-
ings of the South Atlantic in the Early Cretaceous, of
the North Atlantic in the Late Cretaceous, and of the
Norwegian sea in the Tertiary. This process led to the
progressive individualization of the four major conti-
nents.

As we shall see further on, both mechanisms exerted
an influence on the fate of the Ligurian Tethys and con-
sequently on the structural history of the Alps.

Central Atlantic and Ligurian Tethys

As already discussed, the Central Atlantic started its
evolution as a mere segment of the Tethyan system and
became part of the Atlantic system in the middle Creta-
ceous. As a matter of fact the northward progradation
of the opening of the Atlantic Ocean reached the North
Atlantic sector in the middle Cretaceous (around 95 or
100 Ma), an event that drastically changed relative mo-
tions along the Africa-Europe (-Iberia) boundary. With
this event, the closure of the Ligurian Tethys began,
whereas spreading in the Atlantic continued.

As a consequence of the zigzag path of the Tethys
break to the west of Adria, four Tethyan segments can
be recognized (Fig. 3): a Caribbean Tethys (more or less
a transform zone), an Atlantic Tethys, a Gibraltar -
Maghreb-Sicilia transform zone (left-lateral), and a Lig-
urian Tethys. In such a model, which seems to apply on-
ly to the Late Jurassic-Early Cretaceous, both the Cen-
tral Atlantic and the Ligurian Tethys are commonly rep-
resented with comparable shapes (e.g., Laubscher and
Bernoulli, 1977; Bernoulli and Lemoine, 1980). More-
over, assuming the working hypothesis that Adria was
promontory of Africa, these oceanic segments appear to
have been bounded by the same major continental
blocks; one may therefore expect similar evolutions of
both oceans, at least preceding 100 Ma.

MESOZOIC EVOLUTION OF THE LIGURIAN
TETHYS: A SUMMARY

The paleotectonic evolution of a now-disappeared
ocean can be reconstructed in different ways, namely,
(1) by use of geological field data from the correspond-
ing folded belts (here, the Alps, Corsica, and the Apen-
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Figure 3. Simplified sketch of the Mesozoic Tethys during the Late Jurassic (Tithonian). (Oblique hatch-
ing: Laurasia; vertical hatching: Gondwana; Ib. = Iberia; Ad. = Adria; Car. = Caribbean; G. = Gi-
braltar-Maghreb-Sicilia transform zone; Lig. = Ligurian Tethys; MMM = possible eastern Mediterra-
nean branch of the Tethys ("Mesogea" of Biju-Duval et al., 1977).

nines), which can generate environmental and paleotec-
tonic reconstructions, and (2) by global tectonic re-
construction of the relative locations and motions of the
surrounding continents. Of course, both approaches
complement each other and must therefore be consid-
ered.

Stratigraphic-Sedimentary Data: Evidence for
Rifting and Drifting

When considering the Mesozoic sedimentary series in
the Alps, in Corsica, and in the Apennines, two main se-
quences can be distinguished.

(1) The continental margin sedimentary series uncon-
formably lie above a Variscan or older basement; they
exhibit as a first approximation a relatively simple evo-
lution from shallow-water marine platform carbonate de-
position (mainly Triassic) up to more or less wide-spread
hemipelagic sedimentation. This hemipelagic sedimen-
tation began at some places in the late Liassic, elsewhere
in the Middle Jurassic, and prevailed, with the exception
of some restricted areas, from the earliest Late Jurassic
onward. The general (Liassic) passage from shallow-wa-
ter to pelagic sedimentation corresponds to a phase of
sedimentary block faulting leading to differentiation
among subsiding basins with pelagic-hemipelagic sedi-
mentation and shallow-water shoals or even emerged
areas.

(2) The oceanic sedimentary series, that is, those laid
down over the oceanic seafloor (ophiolites), are of pe-
lagic character, and began to be deposited during the
earliest Late Jurassic (Oxfordian) (Zia, 1955; de Wever
and Caby, 1981), even possibly during the latest Middle
Jurassic (Callovian).

Consequently, the first appearance of a true oceanic
(i.e., ophiolitic) crust in the Ligurian domain seems to

have occurred approximately in the Middle Jurassic
(Bathonian or Callovian?). This age is consistent with
that of maximum extension of pelagic sedimentation
upon both continental margins; however, the collapse
of these margins did not occur strictly simultaneously
on both sides of the Ligurian Ocean.

Late Cretaceous sediments of both types of series
bear the mark of a different tectonic regime (e.g., mo-
lassic "Gosau beds" in the eastern Alps; flysch deposits
in much of the paleogeographic domains of the Alps and
of the Apennines). These facts are consistent with field
data (e.g., Upper Cretaceous beds lying unconformably
upon older, folded, and even thrusted, terranes), which
bear evidence of the beginning of compressional folding
in some parts of the Alps and the Apennines.

This first approach thus leads to the adoption, for
further discussion, of the following evolutionary frame:

0) late Variscan events (e.g., formation of grabens
filled with Permo-Carboniferous molassic deposits);

1) Triassic: "prerifting" period, but with some fea-
tures of rifting (see the discussion that follows);

2) Liassic: "true" rifting, but without preliminary
doming (no emersion along the embryonic continental
margins);

3) Middle-Late Jurassic: beginning of ocean spread-
ing, subsidence of continental margins; continuation of
spreading during at least part of the Early Cretaceous;
and

4) Late Cretaceous: closure of the oceanic area.

Global Tectonic Data: Adria as an
African Promontory?

The Jurassic Ligurian Tethys was contained between
two continental blocks, namely, (1) Adria, whose con-
nections and kinematic relations with Africa are dis-
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cussed later, and (2) Europe, which at that time was
welded to Iberia (Cretaceous separation) and to Cor-
sica-Sardinia (Tertiary separation).

The magnetic anomalies in the Atlantic Ocean enable
us to reconstruct the motions of Africa relative to Eur-
ope (Fig. 4). However, reconstruction of the Ligurian
Tethys also depends on possible motions of Adria rela-
tive to Africa: only if Adria was part of Africa during its
Mesozoic history, can the kinematic evolution of the
Ligurian Ocean be deciphered.

In fact, recent critical reviews of paleomagnetic data
concerning Adria (Channel et al., 1979; d'Argenio et
al., 1980; Lowrie, 1980) conclude that there has been no
significant rotation—or, at most, little rotation—of
Adria relative to Africa. As will be seen later, field evi-
dence appears to be consistent with this conclusion. Be-
side a certain amount of displacement, which may have
occurred during the Late Cretaceous or the Tertiary
compressional events, Adria may have been, at least
during the Jurassic, a promontory of Africa (Fig. 5).
But this is, of course, nothing but a hypothesis.

If we adopt this hypothesis, the motion of Africa-
Adria relative to Europe implies Late Jurassic-Early Cre-
taceous opening and spreading of the Ligurian Ocean, a
conclusion that is consistent with the earlier mentioned
stratigraphic, sedimentological, and paleotectonic data.

Nevertheless, at this state of our reasoning, both
shape and width of the Ligurian Ocean remain un-
known; they depend on the shape of the western flank
of Adria, that is, on the path of the initial break. As a
matter of fact, this flank has been deformed or obliter-
ated by subsequent tectonic events, namely, by the Al-
pine collisional deformations as well as by the still-later
formation of the young Mediterranean back-arc basins
(e.g., the Tyrrhenian Basin). To solve this problem,
other lines of evidence originating from field research
both in the Alps and in the Apennines must be taken in-
to consideration.

RIFTING AND EARLY DRIFTING

Liassic Rift Structures, Their Directions in the Alps
and the Apennines, and Their Relations to the
Ligurian Rhombochasm

Spectacular examples of Liassic synsedimentary block
faulting have been described both along the European
margin (western Alps and their Cévennes foreland: de
Graciansky et al., 1979, 1980; Lemoine et al., 1981; Le-
moine, in press) and in the Adria margin (southern
Alps: Bernoulli et al., 1979; d'Argenio et al., 1980; Cas-
tellarin et al., 1978). After the Triassic events (see the
following discussion), the Liassic rifting gave birth to a
system of synsedimentary horsts and grabens, among
which tilted blocks bounded by inclined (listric?) normal
faults are rather frequent (e.g., see Gaetani, 1975; Le-
moine et al., 1981). Most of these Liassic faults re-
worked into thrust faults or strike-slip faults during the
Tertiary orogeny; at certain places, however, they re-
mained rather well-preserved (southern Alps; foreland
and external zone of the western Alps: Fig. 6). In such
places, these Liassic faults can be either actually ob-
served in the field or at least reconstructed from field
evidence; their directions can sometimes be mapped
(Fig. 6).

Examples such as the Celtic-North Biscay margin
(Montadert et al., 1979) or the Gulf of Suez (Garfunkel
and Bartov, 1977) suggest that the mean trend or the
rifting-originated structures (elongation of main horsts
and grabens, listric faults that bound tilted blocks) may
be more or less parallel to the intracontinental break,
that is, to the ocean continent boundary.

If we accept this postulate, some consequences can be
deduced regarding both the motions of Adria and the
shape of the Ligurian Tethys. As a matter of fact, both
in the western Alps (European margin) and in the south-
ern Alps (Adria margin), the preserved Liassic rift direc-
tions follow almost the same northeast to north-north-
east trend. As a consequence, (1) a significant (more

170°
Longitude

190°

Figure 4. Motions of Africa relative to Europe (after Biju-Duval et al., 1977). (These relative motions may
be divided into two stages: [1] Tethyan kinematics between 180 [160?] and 100 Ma [opening of Central
Atlantic and Ligurian Tethys]; and [2] combination of Tethyan and Atlantic kinematics from 100 Ma
onward [Tethys closure, continental collision]. Note that an estimate for the beginning of motion at
180 Ma may be somewhat too early, as suggested in this paper.)
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Figure 5. Late Jurassic Central Atlantic and Ligurian Tethys: a tenta-
tive model. (Ib. = Iberia; Ad. = Adria; G. = Gibraltar-Alboran
transform zone; NP. = North Penninic transform zone; M = pos-
sible oceanic-crust area in the eastern Mediterranean ["Mesogea"
of Biju-Duval et al., 1977]. Relative location of continents in the
Late Jurassic [Tithonian], after Smith and Briden [1977]. Trans-
form faults shown in the Central Atlantic are believed to be the an-
cestors of present-day transform faults [Oceanographer, Hayes,
Atlantis, Kane, Barracuda, Vema]. But those that are drawn in the
Ligurian Tethys are hypothetical both in location and magnitude
of offset; they are here shown for the sole purpose of suggesting
the very likely presence of numerous strike-slip faults in this area.)

than 20-30°) rotation of Adria relative to Europe seems
unlikely; (2) the initial Ligurian-Tethys break was very
likely orientated northeast to north-northeast with re-
spect to Europe; and (3) the "Ligurian rhombochasm
model" can be adopted as a first approximation.

Such a highly simplified rhomb-shaped oceanic area
(Figs. 3 and 5) appears to have been bounded in the Ju-
rassic (1) by two passive margins, the Adriatic one to the
southeast and the European one to the northwest, and
(2) by two transform margins, the Gibraltar strike-slip
zone to the south and the hypothetical North-Penninic
strike-slip zone to the north (e.g., see Kelts, 1981). But
this scheme is oversimplified, and needs to be compli-
cated by introducing transform faults cutting both pas-
sive margins as well as the ocean-crust area (Bourbon et
al., 1977; Lemoine, 1980). Let us point out, for in-
stance, that the first Tethyan "oceanic" sediments were
often laid down directly upon a serpentinic or gabbroic
basement, or upon ophiolitic breccias (Fig. 7) similar to
those encountered along recent oceanic fracture zones.

CENTRAL ATLANTIC DATA

Assuming, as a working hypothesis, that at least in
the Jurassic Adria was a promontory of Africa, we may
suggest that rifting and early drifting stages were more
or less analogous and coeval in both the Central Atlan-
tic and the Ligurian Tethys. A detailed comparison, how-

Tr. Be. Fr.

C F . 5 km

Figure 6. Mesozoic structural directions related to rifting in the western Alps (European continental margin)
and in the southern Alps (Adria continental margin). (Heavy lines indicate known Liassic synsedimentary
faults, which mainly bounded tilted blocks; CF. = Cevennes fault; L.F. = Lugano fault; mainly after
Gaetani [1975], Winterer and Bosellini [1981], Arnaud et al. [1976], and Lemoine et al. [1981]. Br. = Bri-
anconnais domain; Tr. = Trento high; Be. = Belluno trough; Fr. = Friuli platform. The upper section
shows a reconstruction of Late Jurassic margins [dotted areas = Jurassic, mainly synrift, sediments].)
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Figure 7. Relations between oceanic basement and overlying sediments in the Ligurian Tethys. A. Schema-
tic diagram using data from the northern Apennines, Corsica, and the western Alps. (Ophiolitic rocks:
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Cretaceous, seveal hundred meters]; 4 = sandstones and shales [Late Cretaceous, several hundred me-
ters]. B and C. Two examples chosen from the western Alps. Note that other, numerous examples
would show the pelagic sediments resting directly upon a serpentinite bottom capped by ophicalcites.
B. Pelvas d'Abries section (after Lagabrielle et al., 1982). (The Upper Jurassic limestones were directly
deposited, with local unconformity, upon already foliated gabbros. sbr. = more or less brecciated ser-
pentinites (olistoliths and/or sedimentary breccias) containing huge rounded blocks of gabbro; ark.g.
= arkose made up of gabbroic debris.) C. Rocca Bianca—Lac Blanchet series (after Lagabrielle et al.,
1982). (This section results from unfolding the present-day folded structure. No vertical scale. Note
that the breccias and olistoliths [sbr.] in the half-graben were probably 20 to 30 m thick.)

ever, is still difficult, as data concerning the Triassic and
Jurassic sediments of the continental margins and of the
oceanic area of the Atlantic are rather scarce.

In the North Atlantic-Biscay system, the occurrence
of "starved margins" (at least in the Iberian and North
Biscay sectors) allows both synrift sediments and struc-
tures to be drilled and reconstructed. In contrast, the
Central Atlantic continental margin sediments are much
thicker: there, the deepest sediments and structures are
in most cases beyond the reach of drilling, and interpre-
tation of seismic profiles is difficult.

On both margins of the Central Atlantic, only a lim-
ited number of drill holes (e.g., see Manspeizer et al.,
1978; Grow and Sheridan, 1980) provide some informa-
tion on Triassic and Jurassic beds; other information
comes from the neighboring land areas (Manspeizer et
al., 1978; Lancelot and Winterer, 1980). All this infor-
mation suggests that rifting occurred during the Triassic
(at least the Late Triassic) and Liassic (at least the early
Liassic).

In the deep ocean, the Jurassic crust has been reached
in very few DSDP drill holes (100, 105, 534); it is only
Leg 76 results (this volume) that have led to the dis-
covery of the oldest, or nearly oldest, Central Atlantic
oceanic crust and, accordingly, to the reinterpretation
of the ages of the Jurassic magnetic anomalies. From
these results, one may wonder whether a 180-m.y. (late
Liassic) birth of the Central Atlantic oceanic crust can

be ruled out, except perhaps for the inferred oldest crust
concealed below thick sediments of the North American
East Coast rise and slope.

From this information, and especially from strati-
graphic data, it appears rather likely that in the Central
Atlantic drifting started 150 or 160 Ma (Bathonian-Cal-
lovian), subsequently to rifting during the late Triassic
and Liassic.

COMPARISON AND DISCUSSION

The time scale of the early evolution of the Ligurian
Tethys described earlier can now be compared with that
of the Central Atlantic (Table 1). It must be remem-
bered that some of the data used to establish this Tethy-
an time scale derive from the stratigraphic paleotectonic
study of the Alps, of Corsica, and of the Apennines;

Table 1. Atlantic versus Tethyan time table.

Age
(m.y.)

65

100

135

150

175

190

Age

Tertiary

Late Cretaceous

Early Cretaceous

Malm

Dogger

Liassic

Triassic

Atlai

Central

Drifting

Drifting

Drifting

Drifting

Early drifting?
End of rifting?

Rifting

Rifting and/or prerift

ltic

North + Biscay

Drifting

Drifting

Drifting and rifting

Rifting and/or prerift

Ligurian Tethys

Collision

Closure

End of drifting

Drifting

Early drifting?
End of rifting

Rifting

Rifting and/or prerift
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others are deduced from Central Atlantic data, particu-
larly from the magnetic anomalies that allow kinematics
of the surrounding continental blocks to be reconstruct-
ed. These latter data were used mainly to support the for-
mer ones derived from stratigraphic and tectonic research
in the folded belts.

In this table, time limits, as well as a definition of
what is rifting, appear to be somewhat fuzzy. In fact,
for a simple, clear-cut model of margin evolution, the
onset of the rifting period should be known as well as its
transition into the drifting period. Definition of these
critical moments is, however, extremely difficult. Even
should sufficient geological data be available, natural
events are more complicated than usually recognized,
and have a perverse tendency to eschew rigid man-made
frames.

Triassic-Liassic Rifting Versus Liassic Rifting Alone

Definition of the nature of rifting and of the time of
its onset varies widely from one area to the other and
also from author to author.

In the Central Atlantic, available data generally come
from the surrounding land areas and from some neigh-
boring offshore basins, for example, from the eastern
part of North America (south of Newfoundland) and
from the western part of Africa (north of Cape Verde).
There, late Triassic and Early Jurassic rocks obviously
bear witness to distensional events: synsedimentary in-
filling of grabens, emplacement of both volcanic flows
and hypo volcanic dykes and sills (May, 1971; Van Hou-
ten, 1977; Manspeizer et al., 1978). Similar events also
occurred in the middle-late Liassic (e.g., in the Mor-
occan High Atlas); volcanic activity, however, faded
out. These events may be seen in the frame of a phase of
Triassic-Liassic rifting preceding the opening up of the
Central Atlantic (e.g., see Roberts and Caston, 1975;
Van Houten, 1977; Lancelot and Winterer, 1980; Grow
and Sheridan, 1980).

Around the Ligurian Tethys, Triassic and Jurassic de-
posits in the Alps and in the Apennines, and their possi-
ble relation to rifting, must be interpreted somewhat
differently. In fact, what is first noticed is a sharp con-
trast between Triassic and Liassic sedimentary environ-
ments: platform carbonates (mainly marine) prevailed
during the Triassic, whereas the dawn of the Liassic
marks the disintegration of the former carbonate plat-
form, giving birth to a system of marine basins and of
marine or emergent shoals as a result of synsedimentary
block faulting (Bernoulli and Jenkyns, 1974). This Lias-
sic faulting often resulted in synsedimentary tilted blocks
bounded by probably listric normal faults (Fig. 6) (see
de Graciansky et al., 1979; Bally et al., 1981). Both tec-
tonic style and sedimentary features of the Liassic Te-
thyan rifting appear to fit models of passive continental
margins derived from the study of present-day oceans.

An especially close comparison has been worked out
(de Graciansky et al., 1979) between the European Te-
thyan margin (Liassic rifting) and the starved margins
of the eastern side of the North Atlantic (Iberian and
North Biscay passive margins: Early Cretaceous rift-
ing). In the latter margins, a distinction has been pro-

posed between synrift and prerift formations (Monta-
dert et al., 1979), which boils down to taking the acous-
tic basement as a boundary; this boundary corresponds
to events related to the collapsing or tilting of the now-
observable crustal blocks from earlier, in fact, poorly
known, events. But the question arises whether these
"earlier" events can rightly be termed "prerift." In
fact, as an example, both the Triassic and the Jurassic
rocks of Portugal provide evidence for distensional
events during this so-called "prerift" period.

Returning to the Ligurian sector, it appears obvious
that the Triassic epoch (Fig. 8), even if dominated by
platform carbonate deposition, was nevertheless a peri-
od also dominated by distensional tectonics. This factor
is evidenced by (1) important variations in subsidence
rates of the platform carbonate series, (2) middle Trias-
sic or late Triassic development of small episodic hemi-
pelagic basins in the heart of, or between, these plat-
forms, and (3) local volcanic activity in the middle Tri-
assic (southern Alps2) or in the late Triassic (western
Alps). Taken together, these facts have led certain au-
thors to speak of a "middle Triassic aborted rifting"
(Bechstàdt et al., 1978), whereas others invoke "Triassic
seaways" which did not coincide with the Liassic Tethys
break (Scandone, 1975; see also Argyriadis et al., 1980;
Winterer and Bosellini, 1981).

Whatever the case, it must be emphasized that neither
Triassic nor Liassic doming occurred before the opening
of the Ligurian Tethys. On the contrary, the Liassic rift-
ing, prior to any appearance of oceanic crust, initiated
oceanic-water circulation as a result of block faulting
coupled with a certain amount of subsidence.

Thus it appears that when regarding the onset of rift-
ing, the Ligurian model does not exactly fit with the
Central Atlantic events. This may result from an actual
difference in evolution, but also from scarcity of relia-
ble data in both areas.

To conclude, distensional tectonics obviously acted
as early as the Triassic over a very broad part of Pangea
and lasted up the middle to late Liassic at least; more-
over, the onset of actual rifting may have been diach-
ronous. Nevertheless, Tethyan data strongly suggest
that a significant geodynamic change took place with
the dawn of the Liassic.

Transition from Rifting to Drifting

In the Central Atlantic and in the Ligurian Tethys,
the time of the beginning of drifting, that is, of the first
appearance of oceanic crust, must be derived from dif-
ferent lines of evidence that sometimes give contradictory
results. Besides indirect, disputable evidence (time of col-
lapse of continental margins, time of beginning of free
oceanic-water circulation), direct evidence may be de-
rived both from radiometric dating of the oceanic (ophi-
olitic) crust, and from paleontological dating of the first
sediments deposited upon this crust.

As the writer sees it, the presence of shoshonitic rocks in middle Triassic volcanites of
the southern Alps cannot be taken as a final argument for calc-alkaline magmatism, even less
for a Triassic subduction (Castellarin et al., 1979), because shoshonites may also occur as-
sociated with continental tholeiitic volcanites linked with the breakup of Pangea (e.g., Tuli
shoshonites in South Africa, Cox, 1972).
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500 km

Figure 8. Sketch showing late Triassic paleogeography between North America and Adria (modified from
Jansa et al., 1980; Bernoulli and Lemoine, 1980). (1 = volcanism; 2 = latest Triassic-earliest Liassic
evaporites; 3 = emerged land; 4 = areas periodically invaded by seawater [fluvial, sabkha, lagoonal
environments, etc.]; 5 = carbonate platforms [tidal flats], with local deposition of evaporites in the
earliest late Triassic (Carnian); 6 = pelagic seaways [e.g., ammonite-bearing limestones and marls of
the so-called Hallstatt fades]. Some major eastern North American grabens are also shown. The heavy
broken line shows the path of the future Tethys break [opening around 160 or 180 Ma) and of the
North Atlantic-Bay of Biscay breaks [opening around 100 Ma]. The light broken line simply indicates
the boundaries between 3, 4, 5, and 6. Note that there is apparently no close positional relationship be-
tween the wide area over which latest Triassic to earliest Liassic evaporite deposition took place, and
the future Tethys break [in the late Liassic? or Middle Jurassic]; nevertheless, when regarding only the
northern part of the Central Atlantic Ocean, such a relationship may exist.)

Radiometric ages of ophiolites in the Alps, in Cor-
sica, and in the Apennines are difficult to interpret, be-
cause they are dispersed from the Liassic up to the Late
Cretaceous. Before any discussion, more data are need-
ed. Nevertheless, at the present stage of our knowledge,
dating the oldest Ligurian oceanic crust as late Lias-
sic cannot be definitely ruled out, even if it contradicts
stratigraphic data.

Biostratigraphical data show us that the oldest earli-
est known deposits covering the Central Atlantic ocean-
ic crust are Callovian (Site 534 report, this volume).

In the Ligurian Tethys (Fig. 7), ophiolites are over-
lain first by undated ophicalcitic breccias, and then by
pelagic sediments, which at some places have been dated
by means of microfossils: (1) radiolarian cherts, of the
late Oxfordian-early Kimmeridgian (de Wever and Caby,
1981); (2) pelagic limestones of the Tithonian-Berria-
sian (Zia, 1955); and (3) pelagic limestones and shales of
the early Cretaceous; the latter may directly overlay ophi-
olitic pillow lavas, which may suggest either continua-
tion of spreading of oceanic crust up to the Early Creta-
ceous, or deposition upon a rugged oceanic basement.
In fact, paleontological evidence points toward deposi-
tion in the Oxfordian (possibly the Callovian, as far as
the undated ophiolitic breccias are considered) for the
oldest sediments, which suggests that the Ligurian oce-
anic crust was not older than Callovian or Bathonian.
Nevertheless, there is much yet to discover, because
Alpine "oceanic" sediments are very often metamor-

phosed and strongly folded, and, in any case, practically
devoid of fossils. Moreover, a significant part of the Li-
gurian oceanic crust has been subducted or eroded
away.

Collapse of Tethyan Continental Margins

It is generally observed that a regional subsidence of
the continental margins more or less coincides with the
beginning of drift, that is, with the earliest appearance
of an oceanic bottom (cf., Falvey, 1974).

Again, Alpine data do not fit a simple model. At first
glance, an asymmetry appears between both margins:
both the end of rifting and the onset of regional subsi-
dence occurred in the Domerian-Toarcian (approx. 180
Ma) in the Adria margin, and only later (Bathonian-Cal-
lovian, approx. 150-160 Ma) in the European margin.
Moreover, a closer examination shows that block fault-
ing did not end at the same time everywhere in a given
margin. A clear-cut time limit cannot therefore be estab-
lished. As stressed by Winterer and Bosellini (1981), "it
may be that in close-up view the broad picture of a pas-
sive margin seen on seismic records is lost in the welter
of local complexities, or perhaps that the broad seismic
picture is an oversimplification of reality."

Additionally, in the northern part of the Ligurian
Tethys and close to a probable "North-Penninic trans-
form zone," closely-spaced transform faulting may have
been responsible for local complications (causing excep-
tions to the general rule) and possibly also for the pre-
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mature birth of small local pull-apart basins with ophio-
litic bottoms, and for the delayed submergence of cer-
tain horsts.

CONCLUSION

If Adria was a mere northern promontory of Africa,
at least in Jurassic times, the Central Atlantic and the
Ligurian Tethys were kinematically linked, and their tec-
tonic-sedimentary evolutions may therefore be directly
compared with each other. As a matter of fact, in most
cases such comparison of data yields a fairly good agree-
ment, although discrepancies are noted.

In predrift times, the Central Atlantic and Ligurian
areas show some differences in paleotectonic evolution.
Tensional tectonic events occurred as early as the Trias-
sic along both segments of the future, Jurassic Tethys
break.

In the Ligurian sector, a new element was added to
the picture when Liassic rifting began. In this area, there
was no uplifting ("doming") before or during rifting;
on the contrary, transition from the Triassic "aborted-
rifting" stage to the Liassic rifting s. str. period led to
an increased collapse of the margins-in-being, at least of
some grabens, enhancing free oceanic-water circulation.
This seems to have permitted the start of a westward
"reconquest" (Aubouin et al., 1977) by open-marine
waters, from the eastern Tethys toward the eastern Cen-
tral Atlantic, as a forerunner of actual drifting. Another
feature of Liassic rifting in the Ligurian sector may have
been the occurrence of tilted blocks bound by mainly
ocean ward-inclined normal faults, suggesting stretching
of the continental crust.

Based on biostratigraphical data, the transition from
rifting to drifting appears to have occurred approxi-
mately at the same time both in the Central Atlantic and
in the Ligurian Tethys. Site 534 results (this volume) and
the discovery of a surprisingly well-preserved radiolari-
an fauna in highly metamorphosed radiolarian cherts of
the western Alps (de Wever and Caby, 1981), indicate a
concordant Bathonian or Callovian age for the oceanic
opening both in the Central Atlantic and in the Ligurian
Tethys. Nevertheless, indirect, preliminary evidence sug-
gests that at some places oceanic crust may have been
formed somewhat earlier, both in the western Central
Atlantic (close to the North American East Coast), and
in minor parts of the Ligurian Tethys. These questions,
however, obviously require further research.
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