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-DSDP Site 398 is located on the West Iberian passive 
continental margin, south of Galicia Bank, 20 km to the 
south of Vigo Seamount (Figure 1). The kinematic evo- 
lution of the Iberian plate is closely controlled by the 
relative motions of the African, European, and North 
American plates. A study based on magnetic data and 
land data was undertaken to better define the relative 
motion of Iberia with respect to these main plates 
(Sibuet et al.. in preparation). Trapped between these 
plates, microcontinents such as Galicia Bank and Flem- 
ish Cap (located between Iberia and North America) as- 
sumed their own relative motions with respect to Iberia 
and North America during the early evolution of the 
North Atlantic. Consequently, the initial oceanic cir- 
culation between small basins corresponding to the Bay 
of Biscay and the North Atlantic West of Iberia and 
Europe is closely controlled by relative positions and 
movements of these microcontinents. Site 398 paleoen- 
vironment data, therefore, are of crucial interest in 
understanding the early evolution of the North Atlantic 
and the vertical evolution of continental margins. - 

ACOUSTIC STRATICRAPHY 

Site 398 was drilled about 400 meters laterally off the 
IFP-CNEXO Flexichoc seismic line GP  19 near shot- 
point 440 (Figure 2, see location on Figure 1), in a water 
depth of 3900 meters. A total penetration of 1740 
meters was obtained. Four main acoustic units (Figure 
2) lie over the acoustic basement (Groupe Galice, this 
volume). 

The acoustic basement is clearly of sedimentary 
origin on this profile. It is highly diffractive in most 
places and shows strong relief either as broad undula- 
tions or as sharp crests corresponding to buried highs. 
Some of these highs may even outcrop as shown on 
some seismic profiles. Sharp crests and strongly dipping 
layers in the basement suggest the presence of tilted 
fault blocks frequently observed over passive margins. 
On some profiles, several highs are flat-topped and 
covered by a thin sedimentary blanket which suggests 
that they have been affected by subaerial erosion. 

Formation 4, which is a moderately to strongly lay- 
ered formation, is separated from the overlying Forma- 
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tion 3 by a strong reflector. Formation 4 lies in troughs 
between horsts and tilted blocks. Layering is quite con- 
formable between its base and the top of the basement 
in the lowest part of the fill. At the top, it can be almost 
flat. This indicates that sedimentation occurred as base- 
ment blocks were being tilted. 

Formation 3 is generally transparent or slightly lay- 
ered. It fills depressions similar to Formation 4, but 
actually differs from it by its less inclined or even hori- 
zontal bedding. It may be absent on top of some struc- 
tural highs. 

Formation 2 often seems to  have been deposited on 
an almost flat topography. It is a layered sequence 
marked by several good reflectors. Bedding is generally 
flat and conformable with the lower boundary. 

Formation 1 is acoustically transparent on top 
(acoustic Unit 1A). Layering increases towards the base 
(acoustic Unit 1B) where it merges into Formation 2. 

STRATIGRAPHY FROM PISTON CORES, 
DREDGE SAMPLES, AND HOLE 398D CORES 

The acoustic formations just described can be related 
to the lithologic column of Site 398 and to  the stratigra- 
phy obtained from core and dredge samples (Dupeuble 
et al., 1976 and this volume; Site 398 Report; Groupe 
Galice; de Graciansky and Chenet; Sigal; Maldonado; 
all, this volume). 

Based upon correlations between lithologic and 
'acoustic units, stratigraphic and seismic hiatuses, 
physical properties, mineralogical composition of sedi- 
ments, and acoustic impedance, the proposition has 
been made that the lowermost 73 meters were drilled 
into acoustic basement (Site 398 Report; Bouquigny and 
Willm, both, this volume). This lowermost section con- 
sists of a complex sequence of marlstone, siltstone, and 
white indurated limestone of late Hauterivian to early 
Barremian age. The white indurated limestones were 
deposited under pelagic conditions, whereas marlstones 
and siltstones could have been emplaced by low-density 
turbidity currents in a quiet-water environment. Lime- 
Stones were deposited above the CCD but probably at 
depths reaching 2 km at the site (Site 398 Report, this 
volume). 

Acoustic Formation 4, corresponding to  upper Bar- 
remian to latest uppermost Aptian, consists of sand-silt- 
clay graded sequences interbedded with thick (1 to 10m) 
slumped beds or debris flows. These sequences resulted 
from the redeposition of older deposits on submarine 
slopes and on a subsiding sea floor (de Graciansky et 
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Figure 1. Location of' Site 398 and bathymctric map of' t11c Galicia Bank area (Laicghton et al., 1975) in corrected fathoms. 

al., in press). A stratigraphic break exists in the upper- Acoustic Formation 3 corresponds to lower Albian to 
most Aptian which corresponds both to a sharp litho- middle Cenomanian. At its base, lower to middle 
logical change and to  a major reflector between Forma- Albian laminated dark shales, mostly of continental 
tions 4 and 3. provenance, are succeeded by interbedded dark shales 



Figure 2. Migrated seetiori of tire Fle.~ic/ioc seisir,ic profile GP 19 (IFP-CIVE,YO-CEP~\I) located on  Figirc. 1. Siiot iii,rnbers are ai the top  of the profile. Sliot spacirzg: 
50 meters. Horizoriial seale is in the lower part; vertical scale, Ni seconds o f  doitble traivel tirne. TIic nzairi seisni ic rejlectors aiid acoitstic utlits are shown on the 2 
interpreted profile. Lirnits and deptlzs oj'geological stages (based ori Site 398 resitlts) are on the riglit side. z 
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and marlstones of middle to  upper Albian and by upper 
Albian to middle Cenomanian redeposited pelagic mari 
and chalk. Acoustic Formations 3 and 2 are separated 
by the well-known Cenomanian to lower Senonian 
hiatus. 

Acoustic Formation 2, corresponding to Senonian to  
upper Eocene, consists of two main lithologic units. 
Reddish to yellowish brown marly nanriofossil chalk, 
calcareous mudstone, claystone, and siliceous mudstone 
in the lower part underly siliceous marly nannofossil 
chalk and mudstone interbedded with turbiditic sand- 
silt-marl sequences. 

Acoustic Formation 1 spans recent to Oligocene sedi- 
mentation, and consists of rhythmically bedded marly 
nannofossil ooze, nannofossil ooze, marly nannofossil 
chalk, and nannofossil chalk. 

MAGNETIC DATA: T H E  EARLY EVOLUTION 
OF T H E  NORTH ATLANTIC 

The sedimentary evolution of this continental margin 
should be considered in the general context of the kine- 
matic and tectonic evolution of the North Atlantic. Al1 
published kinematic solutions for the evolution of the 
Atlantic north of the Azores-Gibraltar line, and also al1 
reconstructions of continents before their separation 
(Le Pichon, 1968; Pitman and Talwani, 1972; Laugh- 
ton, 1972; Le Pichon et al., 1977; Groupe Galice, this 
volume), are based on magnetic lineations and/or frac- 
ture zone trends. As a general rule, the fit of corre- 
sponding magnetic anomaly lineations, on each side of 
the spreading ridge axis, from anomaly 32 (Upper Cre- 
taceous) to the present gives a good idea of the kine- 
matic evolution of the North Atlantic (Pitman and 
Talwani, 1972; Laughton, 1972). No magnetic data 
were available to  provide other kiriematic constraints 
between the anomaly 32 fit and the pre-opening posi- 
tions of the continents. These positions were deduced 
from the shape of the continental margins, the corre- 
spondence of trends of the oldest oceanic portions of 
fracture zones, and of pre-rift linear markers on land 
(Le Pichon et al., 1977). 

Figure 3 presents a new map of magnetic lineations in 
the northeast Atlantic based on a compilation of pub- 
lished data north of the Charlie-Gibbs fracture zone 
(Pitman and Talwani, 1972; Kristoffersen and Talwani, 
1977). West of anomaly 25 (Williams and McKenzie, 
1971; Pitman and Talwani, 1972; Williams, 1975; 
Laughton et al., 1975; Cande and Kristoffersen, 1977), 
and on a new re-examination of magnetic profiles east 
of anomaly 25 (Sibuet et al., in press). Magnetic anoma- 
lies 33 and 34 have been identified using the proposed 
criterion of Cande and Kristoffersen (1977). 

A triple junction point probably existed West of the 
Bay of Biscay a t  the time of anomalies 33 and 34, as 
proposed by Williams (1975). Although Late Cretaceous 
to  late Èocene compressive movements have affected 
the initial configuration of anomalies 33 and 34 in the 
Bay of Biscay, the shape and amplitude of these 
anomalies associated with the Charcot-Biscay-Canta- 
bria seamounts d o  not seem to  have been strongly af- 

fected by this compressive episode. (Sibuet et al., in 
preparation). 

In the Iberian Abyssal Plain, West of the lberian 
Peninsula and east of anomaly 34, magnetic anomalies 
reach about 150 nT. The size and spacing of these 
anomalies are similar t o  those of the Cretaceous quiet 
zone West of North Africa (Hayes and Rabinowitz, 
1975). From south to  north, the eastern limit of the 
domain outlined by these anomalies corresponds to the 
Tore-Madeira rise along the J anomaly (Pitman and 
Talwani, 1972; Olivet et al., 1976; Kabinowitz et al., 
1979), then to a positive anomaly which continues the 
Tore-Madeira rise to the 41 ON parallel and which could 
Correspond to the MO anomaly, and finally to a line 
which bounds the northwest corner of Galicia Bank. 
The J anomaly has been identified with the MO- 
Ml  anomaly (Kabinowitz et al., 1979) dated as late Aptian 
(Leg 53, Francheteau, persona1 communication; van 
Hinte, 1976). If those assumptions are correct, the 
wide area located between anomaly 34 and this feature 
should correspond to the Cretaceous quiet magnetic 
zone. East of this feature, the M sequence would not 
exist. Nevertheless, this should not necessarily imply 
that oceanic crust created by sea-floor spreading is lack- 
ing east of the J anomaly. 

LEC 47R RESULTS IN THE FRAMEWORK O F  THE 
EARLY EVOLUTION OF THE NORTH ATLANTIC 

Triassic-Liassic or Older Tensional Episode 
The first epoch of rifting of continents in the North 

Atlantic is still being debated. It is thought to be linked 
to several tensional phases occurring from Permian to 
late Lias in the continental Eurasian-American frame- 
work (e.g., Arthaud and Matte, 1975; Groupe Galice, 
this volume) and to the early history of the Mesogea 
(e.g., Aubouin, 1977). Generally, the existence of this 
rifting eposide is supported by the presence of thick 
evaporitic series linked to  a fast subsidence of continen- 
tal blocks. Reliable age data around the lberian Peninsula 
and Grand Banks exist, especially for the Triassic-Lias 
episode. On the Grand Banks, Jurassic and older form- 
ations are presented in structural basins bounded by 
block-faulted basement structures and display Salt dia- 
pirism (Daily Oil Bulletin, 1973). In Aquitaine, Triassic- 
Liassic sedimentation is characteristic of a subsiding 
basin filled with thick detrital and evaporitic deposits 
(Winnock, 1971; Darde1 and Rosset, 1971; Winnock et 
al., 1973). In initial reconstructions of continents, the 
Aquitaine basin could be continued towards the West by 
grabens and basins related to the Labrador-Biscay Fault 
(Laughton, 1972; Le Pichon et al., 1971a). In the in- 
terior basin (Figure 1) between Galicia Bank and Iber- 
ia, the deep sedimentary layers may be Jurassic or 
older (Groupe Galice, this volume). Nevertheless, the 
very thick sedimentary series shows no evidence of salt 
diapirism on seismic profiles and does not indicate that 
this area has been affected by a Triassic-Liassic episode 
of rifting. In the smaller basins of the continental slope, 
however, formations are affected by salt diapirism, as 
between the Porto seamount and the Portuguese shelf 



Figure 3 .  Magrietic lirieatiorzs iiz the northeast Atlaritic. See text for data sources. Numbered squares corresporld to locatiorzs aild riumbers o f  
DSDP sires. 
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(Montadert et al., 1974; Wilson, 1975; Groupe Galice, 
this volume). Consequently, numerous studies support 
the hypothesis that the initial Eurasian-American conti- 
nent has been affected, at least locally, by intense frac- 
turing and by an episode of rifting giving rise to subsid- 
ing basins filled with Triassic-Liassic evaporites and/or 
clastic sediments. The westernmost extension of these 
basiiis is located east of the Cretaceous quiet rnagnetic 
zone (Figure 3), but cannot be traced easily because of 
the great thickness of sedimentary cover, especially in 
the lberian Abyssal Plain south of Galicia Bank. The 
amount of oceanic crust, if any, which was created dur- 
ing this tensional episode cannot be determined. This 
crust is probably a mixed type, neither purely oceanic 
nor purely continental as supported by seismic velocities 
in similar zones of early opening. 

Late Jurassic-Early Cretaceous Tensional Episode 

South of Grand Banks, on the western Scotian shelf, 
a Berriasian/Valanginian hiatus has been discovered in 
sediments deposited in a shallow marine environment 
(Gradstein et al., 1975). On the Grand Banks, the most 
striking structural feature is a major angular uncon- 
formity at the base of the Cretaceous section. Beneath 
this unconformity, Jurassic and older formations are 
preserved in structural basins bounded by basement 
block-faulted structures (Daily Oil Bulletin, 1973). 
Coeval tensional episodes have been noticed iri the 
Alpine-Mesogean domain (e.g., Aubouin, 1977). 

In the Galicia Bank and Vigo Seamoiint arcas, a 
major tectonic event responsible for the main mor- 
phologic trends of the continental rnargin (Groupe 
Galice, this volume) occurred in the Late Jurassic-Early 
Cretaceous. Faulted blocks subsided and rotated along 
faults of  Panamean type. Rotating faults were active on 
both the lberian and Armorican margins during this 
episode (Montadert, Roberts, et al., 1977a). However, 
since the last 73 meters of core frorn Site 398 drilled into 
a half-graben structure seem to have been redeposited 
above the CCD at a depth up to 2000 meters (Site 398 
Report, this volume), it is impossible to evaluate how 
much vertical motion is associated with each tensional 
episode. Fan-shaped sedimentary accumulations, ob- 
served in acoustic Formation 4 (Figure 2), show that 
sedimentation occurred during tilting of basement 
blocks (Site 398 Report; Groupe Galice; both, this 
volume). Latest Aptian is the age determined frorn 
borehole data for the end of the Late Jurassic-Late 
Cretaceous episode. 

The Cretaceous rnagnetic quiet zone is bounded on 
the east by the J or MO anomaly (Figure 3). East of this 
lirnit, the M sequence is lacking, but a quiet rnagnetic 
dornain exists and could be related either to  a continen- 
tal subsided area or to the Jurassic magnetic quiet zone 
(Sibuet et al., in preparation). If these assumptions are 
correct, this would rnean that either the Permian to Lias 
tensional episode has affected a large area between 
North America and the lberian peninsula with oceaniza- 
tion of continental crust, or, more probably, that an  

. early opening of limited extent occurred durinp the Mid- 
dle Jurassic after the Permian to Lias tensional episode. 

In both hypotheses, as the M sequence is lacking, there 
is no creation of typical oceanic crust between North 
America and the lberian Peninsula in the Early Creta- 
ceous before the late Aptian. 

J Anomaly and the Beginning of True Sea-Floor 
Spreading in the Northern Atlantic 

Following the above events, the history of the 
Tethyan Ocean becomes independent of the Atlantic 
evolution. While compressive phases induced the first 
Alpine deformations, opening of the Atlantic is occur- 
ring. A first approximate configuration of the land- 
masses is given in Figure 4. The relative positions of 
Africa and North America are well established (personal 
communication from Shouten, in Rabinowitz et al., 
1979). The relative position of the Iberian Peninsula 
with respect to North America is based on a well- 
documented position for the eastern limit of the Creta- 
ceous quiet magnetic zone seaward of the Iberian Penin- 
sula and on sorne limited identification of the J anomaly 
using available rnagnetic profiles located east of Grand 
Banks (Pitman and Talwani, 1972). In a first attempt, 
positions of Europe and Rockall are those of the initial 
fit of Le Pichon et al. (1977). This fit can be improved 
by using a better shape of MO anomalies on each side of 
the northern Atlantic and by including fracture zone 
constraints, which is not the case in Figure 4. Neverthe- 
less, this new preliminary step in the kinematic evolu- 
tion of  the North Atlantic provides further constraints 
on the early opening and on the initial fit of continents. 

By definition, the J anomaly is associated with topo- 
graphie features (Pitman and Talwani, 1972) such as the 
Tore-Madeira rise on the eastern side of the North 
Atlantic and the "J-Anomaly Ridge," south of Grand 
Banks and the Newfoundland fracture zone. Ballard et 
al. (1976) have proposed that these J anornaly twin fea- 
tures were associated with an Azores-like hot spot. The 
formation of  these twin structural features, whatever 
their mode of  formation, must have rnodified both the 
tectonic evolution of the nearby continental margins 
and the style of sedimentation. This could explain the 
change in sedimentation type frorn the Aptian graded 
sequences emplaced by turbidity currents to the Albian 
dark shales and also the Dresence of the main seismic 
discontinuity between acoustic Formations 4 and 3 
(Figure 2). The rniddle Aptian dark shales found on the 
Arrnorican rnargin (Montadert, Roberts, et al., 1977a) 
may have been deposited at an earlier date because the 
connection between the Iberian Abyssal Plain and the 
Bay of Biscay was not established north and south of 
the Flemish Cap-Galicia Bank structural feature at  the 
tirne of anornaly J. 

Since latest Aptian, the western continental rnargin 
of the lberian Peninsula has subsided because of vertical 
cooling of the lithosphere as the accreting boundary 
rnoved westward. 

Anomaly 34: A Step in the Opening of the 
North Atlantic 

The trend and length of anomaly 34 on each side of 
the North Atlantic have been defined from numerous 



Figure 4 .  Ter irat i~~ recoristriictiotz of the positioris of tlie contirierits ai the rime of J ariomalil (iippemzost Aptiari). Batli?nietric coritolirs are iii me- 
fers. America is kept fixed. J atiotnaly is represerzted by the dotted lirie or1 tlie eastertz side aizd by die coritiriilous litze on the westerri side o f  the 
North Atlaritic. 
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data. Hctueen the Charlie-Gibbs fracture zone and the 
Alores-Ciihraltdr line. i i  is iiiipossiblc, using the con- 
\traiiits of tticsc t u o  ! r ,tcturc rones, I O  malch ihe corre- 
sponding plate boundaries at  the time of anomaly 34 
(iipper Santonian in the van Hinte scale [1976)). 

Le Pichon and Sibuet (1971), having cxamined the 
kirierriatics of the Eocrne epijode of compression 
between the Iberian and European plates, show that the 
boundary between the two plates extended West of the 
Pyrcnees, alorig the Spanish marginal trench to end West 
of King's Trough at a triple juriction point. Consequent- 
ly, the positions of anomalies 34 or. each side of this 
plate boundary have been shifted after their creation. 
Segments of anomal,ies 34, located north and south of 
the C'harcot and Hiscav searnounts. have been matched 
withoi~t any ambiguil; with anonialy 34 on the Arneri- 
can side, using the trend constraints of the Charlie- 
(iibbs fracture 7one and the A/.ores-Gibraltar line. 
Orle of the main kincniatic iiiiplicaiioni i5 that at the 
tirrie of anomaly 34, the Ray of Hiscay was not com- 
pletely created. This is 5upported by the possible pres- 
ence of anomalies 34 and  33 in the central part o f  
the Bay of Biscay (Williams, 1975; Sibuet et al., in 
preparation). 

In late Santonian time, the open sea is well devel- 
oped south of the Charlie-(iibhs fracture Lone (53 "N). 
1 he 5iidden occurrence of  primary mirierals formed 

i r i  upstream w i l \  (illite, chlorite, sandy silicate, kao- 
liriitc) frorri latc Saiitonian to itt  least early blacstrich- 
tiari is probably due tc )  the siipplv of minerals iriher- 
ited from high latitudes and traiijported by the newly 
e5tabli5hcd north-south oceanic circulation (Chamley et 
al.. this volume). This oceanic circulation could have 
beén established'during the early opening of the Labra- 
dor  Sea (Le Pichon et al., 1971b) which is at  the time of 
anomaly 34 (Figure 5). 

General Evolution of the West Iberian Continental 
Margin in the Framework of the Early Evolution of 
the North Atlantic 

Based on  arguments which have been developed, the 
following evolution is tentatively proposed. The West 
Iberian continental margin was likely created during the 
Permian Triassic-Lias rifting episode (280 to 174 m.y. 
B.P.). 

A limited oceanic domain (about 100 km wide) 
opened between the lberian peninsula and Grand Banks 
in the Middle Jurassic (174 to  150 m.y. B.P.). However, 
n o  oceanic opening occurred in Late Jurassic-Early 
Cretaceous (150 to  109 m.y. B.P.) but, simultaneously, 
a second tensional episode would be responsible for 
fault-block subsidence a n d  tilting on  the West lberian 
continental margin. In latest Aptian (109 m.y. B.P.), 
the main features of  the continental margin morphology 
would have been in place. Since then (109 m.y. B.P.), 
the continental margin has subsided regionally except in 
a few zones such as  the northern part of Galicia Bank 
where Late Cretaceous-Tertiary compressive move- 
ments have occurred. The decisive opening of the north- 
ern Atlantic dates from tl-iat time. 

MECHANISMS OF FORMATION AND 
EVOLAJTION OF PASSIVE 
CONTINENTAL MAUGINS 

To estimate vertical movements, one  must consider 
the structural and tectonic evolution of a passive con- 
tinenral margin. North of the Azores-Gibraltar line in 
the North Atlantic where graben-type subsidence oc- 
curred prior to splitting in Permian to  I.ias tirne, the 
vertical evolution of continental margins is hidden by 
the complex posterior evolution which has taken place 
since Early Cretaceous. Indeed, in the Bay of Biscay and 
between the Iberian peninsula and Grand Banks, a pos- 
sible Middle Jurassic limited oceanic opening followed 
by a Late Jurassic-Early Cretaceous tensional episode 
has affected the vertical evolution of both the Armor- 
icari and West Iberian continental margins. 

Several mechanisms to  explain the formation and the 
evolution of continental margins have been proposed 
(Ho[[, 1976). Doniing of  continental crust before and at  
the time of the break-up of continents is generally not 
observed according to Kent (1977) except along the Red 
Sea and thc East Al'rican rifts. However, thermal re- 
sponse t o  the emplacement of hot material should cause 
vertical movernents during arid after splitting. During 
the break-iip of continents, the thickness of the con- 
tinental criist along the newly created margin is reduced 
by subaerial and siibcrustal processes. Afterwards, the 
coritiriental shelf subsides, probably due  to the thermal 
contraction of the lithosphere with a time constant of 
about 50 n1.y. (Sleep, 1971). 

Bott and Dean (1972) suggest that differential stress 
occurs along continental margins and  is the result of  
unequal loading across the margin. This implies a vary- 
ing stress system between the lower continental crust and 
the adjacent upper mantle, which causes a migration of 
lower continental material by creep in the sub-oceanic 
mantle. Thii, process may cause subsidence of the shelf, 
which favors normal faiilting in the brittle upper con- 
tinental crust (Bott 1971, 1973). Such a subsidence, 
intense a t  the time of  splitting, may continue at  a 
decreasing rate indefinitely thereafter. 

Subsidence may also occur in response to  increased 
crustal density produced by metamorphic processes 
such as the gabbro to eclogite transition (Ringwood and 
Green, 1966; Collette, 1968), or  the greenshist t o  am- 
phibolite transition (Falvey, 1974), or  by intrusions of 
basic or  ultrabasic igneous rocks (Beloussov, 1960; 
Sheridan, 1969). Lithosphere should respond to  such 
variation of the density structure by a lithospheric flex- 
ure involving rnargin subsidence (Walcott, 1972). Re- 
cently, Foucher and Sihiiet (in press) qiiestioned the 
validity of this last rriectiariisrri and propoted an inter- 
pretation of heat-flow data from the Armorican margin 
compatible with a thinninp of the continental crust by 
creep in the lower part of the crust, the upper brittle 
part of the criist being affected by Panamean or normal 
faulting (Montadert et al., 1977b). All of the above 
niechariisins inay contribiite to margin subsidence; the 
problcm is to assess thcir relative importance. 



Figure 5 .  Reconstruction of the position of cotztiiients at the time of anomab 34 (late Santonian). Bab'vmetric contours are in meters. Amer- 
ica is kept fixed. Magnetic anomalies J and A-34 are represented by the dotted litze on the easteril side aiid by the contitluous line on the 
western side of the North Atlailtic. Using conventions of Le Pichon et al. (19761, parameters of rotation are: EuropelNorth America - 
6 3 . 0 " ~  149 .3"~  -19.0'; Iberiarz peninsulalNorth America - 8 2 . 8 " ~  121 .3"~  -22.5". 
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VERTICAL MOVEMENTS AT THE LEVEL 
OF SITE 398 

The complexity and diversity o f  proposed mech- 
anisms to explain the formation of continental margins 
are  partly due  to the fact that paleodepths across con- 
tinental margins are unknown. The  history of subsid- 
znce remains to be unraveled using sedimentological 
patterns on  the sea floor depending on,  for example, 

tern of the West lberian continental margin was sealed 
up since latest Aptian (Groupe Galice, this volume), ex- 
cept locally where tertiary compressive phases took 
place. Consequently, either the whole margin subsides 
globally, the vertical motion being consumed at  the level 
of a vertical fault pattern parallel t o  the margin trend, 
or  the continental margin was flexured, continental and 
oceanic plates being coupled or  not (Figure 8). Because 
such a fault pattern has not been noted, the second 

dissolution and ~roduct iv i tv  for o ~ a l  and carbonate. hy~othes is  seems more urobable. -. 
and of surface and deep water circulation. The vertical 
distribution of benthic faunas allows paleodepth estima- Vertical Evolution at the Level of Site 398 

tion as follows: continental shelf (O to 200 m), upper 
bathyal (200 to  500 m), middle bathyal (500 to  1000 m), 
and lower bathyal (1000 to  2000 m). In the abyssal 
domain (>2000 m),  depth distinctions are often im- 
possible. 

We will try to  show how the Site 398 results, placed in 
the general context of the West Iberian continental mar- 
gin evolution can provide constraints about the ver- 
tical evolution at  Site 398 (Sibuet et al., in press). 

Eroded surfaces 2.5 km deep, unaffected by the Late 
Jurassic-Early Cretaceous tensional episode, exist both 
on  the Armorican and West lberian continental mar- 
gins. Site 398 paleodepth will be estimated using data 
concerning the vertical evolution of these eroded surfaces. 

Eroded Surfaces 

Flat surfaces covered with post-latest Aptian sedi- 
ments have been identified on  the Armorican and West 
lberian continental margins at  depths ranging from 1.5 
to  2.8 km (Figure 6). These surfaces are horizontal or  
dip gently toward the ocean. We interpret them as relics 
of subaerially eroded areas which were at  zero depth in 
pre-latest Aptian time. They are identified on Galicia 
Bank, on  Vigo and Vasco d a  Gama seamounts (Figure 
l ) ,  and between these features. The depth of these sur- 
faces is a t  1.5 km on  Galicia Bank and 2.5 t o  2.8 km 
elsewhere. Because a subduction zone functioned in the 
Bay of Biscay, north of Iberia, from Late Cretaceous to  
Eocene time (Sibuet and Le Pichon, 1971; Le Pichon 
and Sibuet, 1971; Choukroune et al., 1973). the north- 
ern border of Galicia Bank could have been affected by 
this compressive phase. Depths o f  these surfaces are 
consequently constant on the Armorican (Montadert et 
al., 1Y77b) and West Iberian continental margins, but 
not on  Galicia Bank itself. 

These eroded surfaces have subsided on a regional 
scale f rom zero level to  their present depth since the 
beginning of  the real opening of  the North Atlantic, 
which is dated as latest Aptian. lsostatic readjustment 
due to  local o r  flexural loading is minor; sediment cover 
on  the eroded surfaces (Figures 6 and 7) does not exceed 
0.8 km. Consequently, the subsidence could be related 
to  the thermal cooling of the lithosphere as the spread- 
ing axis moved away. 

Several authors suggest that the subsidence of the 
entire continental margin follows the thermal oceanic 
subsidence curve since the creation of oceanic domain 
(Watts and Ryan, 1976; blontadert et al., 1977b). Seis- 
mic reflection profiles show that the whole fault pat- 

We  have supposed that the subsidence curve o f  the 
eroded surface was an exponential type (Figures 9 and 
10) and that at the level of Site 398, located 20 km south 
of such an eroded surface, the same subsidence curve 
could be applied, even if the drill site is 2 km deeper 
than the present depth of the eroded surface. Conse- 
quently, the paleodepth of the acoustic basement should 
be at least 2 km in the Lower Cretaccous, which is com- 
patible with the paleodepth of sediment ernplaced at this 
time (Site 398 Report). The local isostatic readjustment 
has been calculated using shipboard density measure- 
ments (Site 398 Report) (Figure 9). Compaction has 
been taken into account to calculate the Site 398 paleo- 
depth (Figure 10). The extremes of the CCD curve, 
superimposed on the paleodepth curve in Figure 10, are 
arbi trary. 

During the ante-latest Aptian evolution, we presume 
that the acoustic substratum was affected by the two 
episodes of rifting of Permian-Triassic-Lias and Late 
Jurassic-Early Cretaceous ages, without knowledge of 
the relative subsidence contribution of each phase. 
Between these two phases, during the Middle Jurassic, 
the West Iberian continental margin could regionally 
subside by thermal cooling linked to  the removal of the 
heat source (Figure 10). 

CONCLUSION 
The paleodepth a t  the level of a drilling site can only 

give local information on  the vertical evolution of a 
passive continental margin. Only biostratigraphic data 
from wells belonging t o  a transect of the margin linked 
to structural and tectonic processes could permit quan- 
tification of the vertical evolution of a continental 
margin and the understanding causes of subsidence. If 
the thermal subsidence seems to be the main cause of the 
vertical evolution of a continental margin, subsidence 
due to  sediment and water load including sea-level 
changes must be taken into account. 
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