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INTRODUCTION

The geological history of the Bay of Biscay and its role in the
evolution of the North Atlantic Ocean first attracted interest when
Carey (1958) and Bullard et al. (1965) proposed an anticlockwise
rotation of Iberia away from Europe to account for the triangular

opening of the Bay and the Pyrenean deformation.

Subsequent studies have confirmed the oceanic nature of at least
the central part of the Bay and show that.the Bay probably formed by
spreading in Aptian time (Bacon et al., 1969; Montadert et al., 1971;
Montadert et al., 1974, 1979). Deep seismic reflection profiles across
the facing margins of Biscay have however demonstrated a very striking
asymmetry. The northern or Armorican margin of the Bay and its pro-
longation in the Aguitaine Basin consists of a series of tilted and
rotated fault blocks covered by Tertiary and Cretaceous sediments

(Montadert et al., 1974, 1979). In marked contrast the southe;n or

Iberian margin has been greatly affected by overthrusting alony its
entire length from the Pyrenees to northwest Spain and is flanked to
the north by the deep marginal North Spanish Trough (Boillot et al.,
1971; Montadert et al., 1974) (Fig. 1). The Iberian margin has been
interpreted as a 'subduction' complex representing the western continu-
ation of the collisional Pyrenean orogen (Boillot et al., 1971; Boillot

and Capdevila, 1977; Le Pichon and Sibuet, 1971; Montadert etwal., 1974).

In models of the evolution of the Bay of Biscay, these contrasts in
structural style have been reconciled by an initial phase of rifting
(Late Jurassic-Early Cretaceous) followed by Aptian spreading with a
later phase of compression in Late Cretaceous to Eocene time (e Pichon
and Sibuet, 1971; Montadert et al., 1974; Boillot and Capdevila, 19277).
However, the original position and the sense of movement during the
later compression of Iberia relative to Europe and North America has
remained uncertain although of obvious relevance to understanding the
palaeogeographic framework of the Southwestern Approaches during the
phases of rifting and early spreading. One important reason for the
uncertainty has been that the history, nature and position of the west-

ward continuation of the Pyrenean orogen toward the mid-Atlantic Ridge



required by plate tectonic theory has remained largely unknown and speculative.

This report is principally concerned with the tectonics of the margin off
northwest Spain (Fig. 2) considered by some to be a conjugate of the margin
in the Southwestern Approaches. The study area includes the margin north and
northwest of Spain, Galicia Bank and the adjacent parts of the floor of the
Bay of Biscay. Seismic reflection profiles, gravity, magnetic.and long-range

sonar data are used to demonstrate the westward continuation of the Pyrenean

compression zone.
METHODS OF STUDY

The first cruise to the area from R.R.S. Shackleton (Cruise 6/76) was made
because FCO policy excluded work in the original working area of the Southwestern
Approéches and a second cruise R.R.S. Discovery Cruise 90, was made in 1978.
buring these cruises seismic reflection profiles weré occupied using a 300 cu
inch airgun and 6-channel seismic array. Gravity and magnetic data were also
acquired and sonobuoys were deployved at key points to determine interval
velocities and sediment thicknesses. During R.R.S. Discovery Cruise 90 the long-
range sonar GLORIA (Scmers et al., 1978) was used extensively. The latter
results are the subject of a separate report (Roberts and Kidd, 1980) but have
been used herein to establish the continuity and trend of structures identified -
on the seismic reflection profiles. Operational details of these cruises can
be found in the cruise reports (Roberts EE.E&:' 1976,11978). Additional data

. . . - § LX)
sources are referred to in the relevant sections of this report. :

BATHYMETRY (Fig. 2)

The physiography of the continental margin northwest of Spain has been previously

outlined by Berthois et al. (1965), Black et al. (1964) and Laughton et al. (1975).

The linear margin north of Iberia trends WNW-ESE between 7° and 9°w and
consists of a relatively narrow shelf and steep slope whose junction with the
adjoining Biscay abyssal plain is sharp. The slope is cut by rare canyons
whose course has been controlled by major left lateral transcurrent faults
(Boillot et al., 1971; Lamboy and Dupeuble, 1975). The very narrow shelf off

northern Spain compared to the broad shelf in the Southwestern Approaches here



reflects the thin Late Tertiary sediments that have prograded over

highly deformed sediments of Tertiary and Mesozoic age.

Near 9OW, the slope changes abruptly in trend to NE-SW. The upper
part of the slope is in contrast gentler and is cut by two broad
troughs originating in mid-slope and known as Coruna Canyon and
Lage Canyon (Fig. 2). The latter feature is bounded to the south
by a prominent steep sided ridge of WNW-ESE trend called the Pardo
Bazan spur. West of this feature the slope changes trend to E-W

and comprises the northern flank 'of Galicia Bank.

To the south a broad N-S trending trough, here called the interior
basin, separates the shallow Galicia Bank from the shelf and slope off
mainland Iberia. The interior basin continues northward as far as the
base of E-W trending part of the slope proper and effectively breaks
the continuity of the steeper slope developed north of Galicia Bank

and northwest of Coruna.

Fast of the interior basin the Iberian shelf is narrow and ohly
thin sediments are present (Boillot et al., 1971, 1979; Lamboy <and
Dupeuble, 1975; Groupe Galice, 1979). A few canyons and minor
seamounts that may represent small horsts break the slope. Thé western
side of the basin is the eastern slope of Galicia Bank defined in the
north by a prominent NW-SE trending scarp that becomes increasingly
subdued to the southeast. North of Galicia Bank the east-wesgf{ slope
is particularly steep and in its upper part is broken by sevefal small,

isolated ridges. West of lZOW, the slope curves to the southwest and

then trends N-S.

No clear continental rise is present off northern Spain and the
Biscay abyssal plain directly abuts the foot of the slope. The abyssal
plain is constricted between the Iberian slope and the Biscay Seamounts
but widens north of Galicia Bank. In this region, the abyssal plain
(hereafter called the Galicia Abyssal Plain) has a barely perceptible
slope to the southwest and funnels toward the Theta Gap (Laughton,
1960, 1968). The plain is cut by numerous distributary channels, that
converge toward Theta Gap and are thought to have been cut by turbidity
currents outflowing from the Biscay Abyssal Plain to the Iberian

Abyssal Plain wvia the Theta Gap. (Roberts and Kidd,Al980).



The northern edge of the Galicia abyssal plain is defined by the
prominent east-west trending Biscay and Charcot Seamounts. Asymmetrically
situated in the mouth of the Bay of Biscay, Williams (1975) postulated
that these seamounts represented the extinct mid-ocean ridge axis of
Biscay. However, Laughton et al. (1975) have noted that the seamounts
are anomalously shallow compared to adjoining ocean basins of similar
age. The Biscay seamounts are separated from the North Charcot
Seamount by a prominent NW-SE trending scarp. The North and South
Charcot Seamounts are divided by an E-W trending trougthhat is
closed westward by the WNW curvature of the south side of Charcot
Seamount. Coruna Seamount, located northwest of Theta Gap and on the
west side of the Galicia Abyssal Plain has in comparison a subdued
relief and an i1l defined NW-SE trending northern edge. GLORIA
traverses across Coruna Seamount show NNE-SSW topographic trends that

parallel the oceanic magnetic lineations (Fig. 2).

To the west of Charcot and Coruna Seamounts, the topography is
dominated by the elevated Azores-Biscay Rise. This feature trends NE-SW
and links the Charcot Seamounts to the complex en echelon pattern of
NW-SE trending ridges and troughs that comprise the King's Trough and
Peake-Freen deeps. In its northern part, the Azores-Biscay Rise is
linked to the Charcot Seamount by an east-west ridge that cuts across
anomaly 31-32 (Fig. 2). Between the Azores-Biscay Rise and Coruna
Seamount, the ocean floor is substantially depressed below the adjoining
basins and depths are the greatest in the North East Atlantiq‘outside
the King's Trough complex (Laughton et al., 1975); This regiénal
depression only occurs along the length of the Azores-Biscay Rise
between the King's Trough complex in the south and the Charcot Seamounts
in the north. Within the depression are a series of NE-SW trending
linear ridges and troughs that include the Mirrol Trough (Laughton et al.,
1975; Addy and Kagami, 1979) and lie oblique to the oceanic magnetic

anomalies.,
REGIONAL GEOLOGY AND SEISMIC STRATIGRAPHY
4.1 Regional Geology

The southern part of the study area embraces the northern edge of the



Iusitanian basin of onshore and offshore Portugal. The basin has an
overall NNE-SSW trend that cuts across the tectonic grain of the
Hercynian terrains of northwest Iberia (Wilson, 1975; Arthaud and
Matte, 1975). Within the basin, the oldest Mesozoic beds are
conglomerates, sandstones and evaporites of Triassic age. Evaporites
and dolomites were deposited in Early Jurassic time but open marine
conditions followed and prevailed until a regression in Oxfordian
time. Marine deposition continued during the Late Jurassic and

was succeeded in the Latest Jurassic and Early Cretaceous by a regional
regression and associated clastic deposition possibly coeval with the
important 'Cimmerian' epeirogenesis of western Europe that preceded
the onset Qf spreading (Montadert, Roberts et al., 1979; Groupe
Galice, 1979). After the mid-Cenomanian transgression, the basin was
subjected to alternating transgressive~regressive episodes in Late

Cretaceous and Tertiary time.

In northern Spain ih contrast, the Mesozoic and Tertiary sediments
are highly deformed and flanked‘northward by the thick and overthrust
sediments of the North Spanish Marginal Trough (RBoillot et al., 1971;
Montadert gE_gi:, 1974). The deformed zone that characterises the
margin corresponds to the north Pyrenean Frontal Zone and is continuous
with the Pyrenees and southern Aquitaine Basin. The northern Iberian
margin and the contiguous Pyrenees have been structured by both rifting
énd compression (Montadert gE~§£:, 1971; wWinnock, 1971; Boillot et al.,
1971; Montadert et al., 1974; Boillot and Capdevila, 1977; Boillot
et al., 1979). Rifting may have begun as early as Late Stephénian—
Early Permian time when Late Hércynian shear movements fractured the
deformed Hercynian terrain (Arthaud and Matte, 1975). Regional extension
took place in the Triassic but the major phase of rifting that structured
the margins of Biscay was initiated in Oxfordian time and intensified
during the Late Jurassic-Early Cretaceous to be followed by spreading
in Aptian time (Montadert, Roberts EE_Eif' 1979). Possible initiation
of the Pyrenean deformation in the Late Cretaceocus may be recorded by
the Late Cretaceous flysch (Mattauer'and Henry, 1974). Partial
'subduction' or closure of the Bay of Biscay took place between Late
Cretaceous and Eocene time culminating in late Eocene and Early Oligocene
time although movement continued until Oligocene and perhaps as late as

Miocene time in parts of the Pyrenees (Mattauer and Henry, 1975).



4.2 Seismic stratigraphy Data Sources

Seismic profiles occupied during RRS Shackleton 6/76 and RRS Discovery
Cruise 90 form the major part of the data base. These profiles were
planned to examine the structural relationships between the North
Séanish Trough, Biscay Seamounts and the margin north 'of Galicia
Bank. Previously published seismic profiles (Collette (1971);

Talwani et al. (1974); Addy and Kagami'(l979); Anonymous (1971);
Groupe Galice, (1979)) have also been used in the regional ggl;;;é
interpretation. In addition GLORIA sonographs obtained during

RRS Discovery Cruise 90 have been used to establish the trend and

continuity of structures identified on the seismic profiles.
4.3 Seismic stratigraphic nomenclature

Po>r convenience and ease of description we have followed the seismic
stratigraphic nomenclature developed by Montadert et al., (1974, 1979)
for the Bay of Biscay and adopted by Groupe Galice (1979) for the

margin west of Iberia.

In the margin off Portugal the seismic reflection'profiles typically
show a layered sedimentary sequence resting on acoustic baseQ§nt. Four
gseismic formations numbered 1 to 4 in downward suﬁcession comﬁrise the
sedimentary cover. Of these formations 1 to 3 correspond to those
previously identified in the Bay of Biscay (Montadert et al., 1979).
Information on the age stratigraphy and lithology is based on the
calibration given by the section cored at DSDP site 398 and on the
results of dredgings in the Galicia Bank area (Black et al., 1964;
Dupeuble EE;E&:' 1976; Mauffret gj;gi:, 1978; Ryan, Sibuet et al.,

1979; Groupe Galice, 1979).

4.4 Seismic stratigraphy and structure west of Iberia

To the south, west and east of Galicia Bank, the basement exhibits
considerable relief and is considered to consist of a series of tilted

and rotated fault blocks (Fig. 3). In the deeper part of the basins
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the original asymmetry of the tilted blocks has been preserved but the
flat tops of Galicia Bank and small seamounts adjacent to the west
Iberian shelf may indicate truncation by sub-aerial erosion (Montadert
et al., 1974; Mauffret EE_EE:' 1978; Groupe Galice, 1979). The

tilted blocks can be followed close to the continent-ocean boundary
west of Galicia Bank where Lherzolites of continental affinity have
been dredged (Boillot et al., 1980). Plutonic and metamorphic rocks
have also been dredged from basement outcrops as well as neritic
limestones of late Jurassic and early Cretaceous age although these

may not represent part of the basement (Group Galice, 1979).

Formation 4 is apparently restricted to the margin since it cannot
be followed out into the oceanic crust west of Iberia (Groupe Galice,
1979). It infills narrow troughs between tilted blocks or horsts and
the reflectors exhibit upward flattening dips indicative ;f syn-
tectonic deposition. Formation 4 was partly penetrated at site 398
(Sibuet & Ryan, 1979) and at T.D. consisted of Hautervian limestones
and marls that graded upward into Aptian turbiditic non-calcareous
sandstones and siltstones. The top of formation 4 thus corresponds
to the lower part of formation 3 of Biscay (Montadert et al., 1979;
Roberts et al., 1980). The oldest Mesozoic beds dredged in the area
are of Late Jurassic-Early Cretaceous age and in contrast comprise
shallow water bioclastic limestones and Calpionellid pelagic micrites
indicative of open sea shelf conditions (Boillot et al., 1971; Groupe

Galice, 1979). These beds may correspond to the base of formation 4.
"

Formation 3 is in contrast transparent exhibiting only minor layering.
The site 398 data indicates that it represents the Alblan-Cenomanian

black shale interval (Sibuet, Ryan et al., 1979).

Formation 2 rests with erosional and perhaps minor tectonic unconformity
on top of formation 3 and is of Campanian to Eocene age. As in the Bay
of Biscay much of the Late Cretaceous section is absent. Well developed
reflectors within formation 2 are attributed to variations in CaCO3

content (Sibuet, Ryan et al., 1979; Groupe Galice, 1979).

Formation-l consists of én upper member la and a lower member 1lb. The
latter member rests on the deformed surface of formation 2 with clear
angular unconformity revealed by onlap of the well developed reflectors
in the lower part of the unit. Cofrelation with site 398.shows that

the basal part of Formation 1 is of Oligocene age and therefore that
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the deformation affecting formation 2 is contemporaneous with that observed
in Riscay and is thus related to the Pyrenean deformation (Sibuet,

Ryan et al., 1979; Groupe Galice, 1979). The upper part of formatioﬂ

1b is of Miocene age. Formation la is of Late Miocene to Recent age.
Beneath the slope, mud waves observed in formation la indicate differential
deposition by bottom currents but beneath the Iberian abyssal plain

it is well layered.
4.5 Seismic stratigraphy and structure north of Iberia

Correlation of the seismic stratigraphic éeqﬁences observed south and
east of Galicia Bank with those observed to the north is difficult.
This is because the deformation extending up to the top of formation 2
increases northward and becomes most intense in a narrow zone of over-
thrusting that extends the length of the margin from Finisterre
Seamount to the North Spanish Trough (Fig. 4, 7, 8). The existence of
this zone precludes a direct correlation between the sequences observed
on and around Galicia Bank and those present north of and within the
deformed zone. Contemporaneous tcctonism also extends from the Azores
Biscay rise, north of the Biscay-Charcot Seamounts and through the
Biscay Abyssal Pléin (Fig. 5). In these areas correlation is further
complicated by the change from the well layered seismic facies character-
istic of the abyssal plain areas to the acoustically transparenf facies
draped on the crests of seamounts and buried abyssal hills. Nonetheless
throughout this region two seismic formations divided by a cl&ar
unconformity that marks the end of a'period of regional tectonism are
present (Fig. 5, 7, 8). In the abyssal plain areas the upper seismic
unit extending to the present sea-floor is not deformed and is
characterised throughout by numerous strong reflectors interpreted as
turbidites although a number of sequences may also be present within
the unit. Correlation with DSDP holes 118, 119 and 400A (Laughton,
Berggren et al., 1972; Montadert et al., 1974; Montadert, Roberts
et al., 1979) shows that the base of this unit is of Oligocene age
in good agreement with the correlation established south of Galicia
Bank. The seismic formation above the unconformity corresponas to
formations la and 1lb identified to the west of Galicia Bank and is
probably equivalent to the undeformed and acoustically transparent
formation that drapes the Biscay and other seamounts. The stratigraphic
equivalence of the underlying deformed formation is however much more
questionable. It is clear that the top is of Eocene age but the age
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of its base is uncertain because a clear basement surface cannot always
be seen partly because of the quality of the seismic data but also
because of subsequent tectonism. For example, formation 3 can be
followed south and across Biscay to the Biscay Seamounts but there
disappears completely in the tectonised éone bordering these seamounts
(Fig. 5). Impersistent but coherent reflections within the seamounts
may indicate that they consist of uplifted and tectonised Biscay ocean
crust and sediments. Between the Biscay Seamount and Galicia Bank
there are hints of deeper reflections within the basement. In this
area the nature of the transition between continental and ocean crust
and its position is obviously relevant to the presence or absence of
formations 3 and 4. The magnetic and gravity data discussed later
impose some constraint on this problem but an unambiguous division of
basement into crustal types within this tectonised zone is clearly
impossible from the seismic reflection data alone and there are no
refraction data. For the purpoées of this report, the basement has

been mapped as the deepest clear reflector (Fig. 4).
STRUCTURE OF THE MARGIN AND THE ADJACENT DEEP SEA-FLOCR (Fig. 4)'

The structure of the margin west and northwest of Spain can be
divided into two provinces of contrasting structural style and age
that are reflected in the physiography (Fig. 2,'4).

1"

The slope and adjacent sea-floor north of Spain<have been téctonised
by transcurrent and thrust faulting that ended in Eocene-Oligocene
time (Fig. 4, 5, 7, 8). Those movements created the complex topography
between the Azores-Biscay Rise, Biscay Seamounts and Galicia Bank as

well as the steep slope off western and northern Spain.

In contrast, the region to the south of and including Galicia Bank
was largley shaped by rifting during Late Jurassic-Early Cretaceous
time. The shallow banks and deep troughs developed in the area
represent the original relief of horsts and grabens developed during
rifting and modified by subsequent sedimentation (Fig. 3). 1In this
region, the principal faults have been mapped from seismic reflection
profiles and GLORIA data. Three different fault trends are apparent
on Galicia Bank (Fig. 4). Major faults of NW-SE trend that control

the east margin of Galicia Bank probably also structured the interior
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basin between Galicia Bank and the Iberian margin. Faults of this
trend are hinted at by steeper gradients in the isopachs of the
Iberian slope but their identity is less clear. On the west margin
of Galicia Bank NW-SE trending faults influence the major relief

but are themselves cut by a system of NE~SW trending faults producing
a complex region of horst and graben. N-S trending faults are
apparent near 42°N in the west margin of Galicia Bank but are
generally rare. These fault trends are closely similar to the

trends of the principal structural lineaments observed in the
Hercynian terrains of Iberia (Bérthois and Sibuet, 1979). These
lineaments are of Permo~Stephanian age and origiﬁated in the Late
Hercynian shear movements (Arthaud and Matte, 1975). Rifting between
’Iberia, Eurcpe and the Grand Banks may have rejuvenated and followed

these older lineaments.

North of Spain, in contrast, folded and faulted sediments of
Mesozoic and Palaeogene age underlie the shelf (Boillot et al., 1971;
Lamboy and Dupeuble, 1975). Folds are cut by prominent NW-SE
trending transcurrent faults that may also be rejuvenated Late Hercynian
shears. Beyond the base of the slope, at least 4 seconds of sediment
underlie the North Spanish Trough, which is flanked to the north by
the South Gascoﬁy Ridge. Within the trough, close to the base of
the slope, the flat lying sediments below formation 2 are overthrust
by a series of thruét faults (Fig. 4, 8). Horizontal displacement
on the outer thrust fault may be about 20km but the cumulative
shortening cannot be estimated from our data. These faults t¢an be
followed on both seismic profiles and GLORIA sonographs as a characteristic
zone of rough topography along the base of the slope as far as its
change in trend near 9%u. Although the seismic profiles do not provide
any information on the deformation beneath the steep slope, the GLORIA
sonographs show a very clear WNW-ESE trending lineament that obliquely
crosses the contours up slope and can be linked to one of the thrusts
observed at the base of the slope (Roberts and Kidd, 1980). A
particularly striking feature is the westward decrease in width and
depth of the North Spanish Trough also revealed by the convergence of

the thrusts within the trough toward 9% (Fig. 4).

Between 9°W and 12°13'W the slope is also tectonised and is

similarly flanked to the north by a deep trough here called the
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Galicia Trough (Fig. 4). The Galicia Trouéh joins the North Spanish
Trough at its constriction near 9°W and is thus its westward
continuation. However, in contrast to the WNW-ESE trend of the latter,
the axis of the Galicia Trough trends NE-SW. Within the trough and
towards the slope, sediments below formation 2 are cut by thrust
faults, that are clearly revealed in the topography and on GLORIA
sonographs as curvilinear features extending.along the base of the
slope. North of Pardo Bazan Spur, thrusts on the slgpe curve to the
south and are truncated against this prominent NW-SE trending spur.

To the west, the zone of thrusting is confined to the region othhe
slope and has not apparently affected the normal faults on Galicia
Bank (Fig. 4). The thrusting cannot be traced with confidence beyond
12°30'W where the isopachs show that the deep basement underlying the
North Spanish Trough and associated with the deformation has shoaled

. to depths more typical of the adjoining oceanic basement (Fig. 4).
West of Galicia Bank, faults continue up to the top of formation 2 but
the spectacular compression observed to the north is no longer

apparent.

Deformation has also affected much of the sea-floor north ana noxrth-
west of the Iberian margin. The deformation can be traced as far
north as the Trevelyan escarpment but it becomes most significant at
the northern edge of the Biscay and Charcot Seamounts. In this area
(Fig. 4, 5, 8) transcurrent and thrust faults affect about 2.0 seconds
of sediment above the'underlyinq oceanic crust, which is thgp cut out
on the seamounts where less than 0.5 seconds of sediment res£ on the
'basement' of the Biscay Seamounts. The seamounts plunge eastward
beneath the younger Oligocene to Recent turbidities of the Biscay
Abyssal Plain to merge with the South Gascony Ridge (Fig. 4).

Uplifted fault blocks developed along the South Gascony Ridge include

Cantabria Seamount (Laughton, Berggren et al., 1972; Montadert et al.,

1974) (Fig. 7).

To the west the Biscay Seamounts are separated from the North and
South Charcot Seamounts by a prominent NW-SE trending fault. These
seamounts are thinly covered in sediments and themselves divided by
an east-west trending trough that is closed near 14% by the north-
west curvature of South Charcot Seamount (Fig. 4). In this area, the western
edge of both North and South Charcot Seamounts is marked by a NE~SW
trend that defines an abrupt change in the depth and nature of the
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relief. To the west, the sea-floor is deeper (Fig. 2, 4) and
characterised by extremely irreqular topography of short wavelength
in which no trends can be mapped convincingly. The zone, which

is crossed by anomaly 31-32 (Fig. 2) rises westward to form the
northeastern limit of the Azores-Biscay Rise. The fault zone
associated with the northern edge of the Biscay and Charcot

Seamounts may persist westward along the northern edge of the Azores-

Biscay Rise but its continuation beyond 15°% is doubtful.

To the south, the Galicia Trough comprises'the region between the
Biscay and Charcot Seamounts, Coruna Seamount and Galicia Bank. The
north side of the trough is defined by a prominent fault zone that
marks the southern edge of the Biscay and Charcot Seamounts (Fig. 4). .
The fault zone gradually changes trend westward from ENE to WNW and
in the east is continuous with the north flank of the North Spanish
Trough or faulted flank of the South Gascony Ridge. The fault has
a throw of between 1 and 2 seconds near 10°W but increases in throw
westward to about 3 seconds adjacent to the more elevated point of
South Charcot Seamount. The fault cannot be traced west of 149w
with confidence. However the clear east-west gradient marking the
boundary between the Azores-Biscay Rise and adjacent rough zone to
the south may mark its continuation. Within the Galicia Trough the
basement shoals westward toward Coruna Seamount. There is some
evidence (Fig. 4, 8) of a buried sub-surface E-W trending high that
plunges eastward dividing the western Galicia Trough into tw& sub-basins
but the structural relationship between the Coruna Seamount and the
Galicia Trough is not clear. NNE-SSW structural trends on Coruna
Seamount parallel the magnetic ancomalies but terminate against the inferred'
NW-SE trending fault defining the north edge of the seamount near
44030'N 14OW. Further south however, these trends bear to the NE,
parallel to the tilted blocks off West Galicia Bank and apparently

merge with the sub-surface high.

Northwest of Coruna Seamount, there is a radical change in the
topography and tectonic trends of the basement. The northwestern
side of the seamount is defined in part by a prominent NE-SW scarp
with downthrow to the northwest (Fig. 4). Within the intervening
basin between Coruna Seamount and the shallower Azores-Biscay Rise,
are several deep troughs whose trends lie obligque to the Azores-Biscay

Rise and the Coruna Seamount fault (Addy and Kagami, 1979). These
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troughs end northward against the shallower and generally east-west
trending topography of the northern Azores-Biscay Rise and Charcot
Seamounts. To the south, they become parallel to the steep east
flank of the Azores-Biscay Rise. These troughs, of which the most
prominent is the Mirrol Trough (Addy and Kagami, 1979) are sub-
stantially deeper than the adjoining ocean floor and at least partly
cut across the trend of the oceanic magnetic anomalies here of
anomaly 31-32 age. Seismic profiles across the troughs show a
deformed pelagic sequence of presumed pre—Oligocene age infilled by
turbidites. The anomalcus depth of these troughs and their cross
cutting relationship to the magnetic anomalies suggests that they
have been affected by tectonism that post~dated the formation of the

ocean crust and may have continued up till Oligocene time.

Topographic and structural trends on the adjacent Azores-Biscay Rise
are E-W in the norxrth but NE-SW in the south. The trends established

from GLORIA surveys cut across the magnetic anomalies that characterises

the undexrlying crust.
FREE~AIR GRAVITY ANOMALIES

6.1 Data Sources

The free-air gravity anomaly map (Fig. 6) has been compiled from data
collected by the Institute of Oceanographic Sciences, the Déﬁartment
of Geodesy and Geophysics, University of Cambridge, the Centre
Oceanologique de Bretagne (Anonymous, 1971), the Hydrographic Department
(MoD) of the United Kingdom and Lamont-Doherty Geological Observatory.
Cross-over errors between tracks positioned using satellite navigation
were less than 5 mgal and the contours have been weighted toward

these better quality gravity data.
6.2 Free-air gravity anomalies

The free-air gravity anomaly clearly reflects the major topographic
elements of the study area but shows three obvious and important features.
To the north of Iberia, a WNW-ESE trending zone of strongly negative

anomalies coincides with the thick sedimentary section of the overthrust
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North Spanish Trough (Fig. 6). Towards theAcontinent, the anomaly has
-an amplitude of about 250 mgal. The northern edge of the anomaly is
defined by a strong ENE-WSW trending gradient coincident with the

flank of the South Gascony Ridge. The negative anomaly narrows
westward reflecting the partial closure in the sub-surface of the

North Spanish Trough and has a value of ~60 mgal at the most
constricted point near 9°w. In the Galicia Trough the anomaly broadens
and deepens southwestward but closely parallels the trend of the

slope. The axis of minimum gravity values coincides with the maximum
sediment depths in the Galicia Trough. The negative anomaly 1s smaller
than that associated with the North Spanish Trough although the
amplitude of the anomaly reaches 270 mgal near 9°W. The anomaly is
closed to the southwest near Finisterre Seamount by the zero

contour. Thé sub-surface high within the Galicia Trough is revealed

as an east-west trend of more positive values in the negative zone.

To the north, the steep gravity gradient and positive anomalies are
associated with the Charcot and Biscay Seamounts. The anomaly contour
map clearly shows the continuity between the Biscay-Charcot Seamount

and the South Gascony Ridge.

In the western part of the area, the gravity field is dominated by
topographic effects associated with the Azores-Biscay Rise and Coruna
Seamount. The positive anomalies associated with the latter feature
define the western edge of the broad negative anomaly associated
with the Galicia Trough. The northeastern edge of Coruna Séamount
is defined by a fairly linear NW-SE gradient suggesting a clearer
structural break than is immediately obvious from the structure
map. Between the Coruna Seamount and Mirrol Trough there is a total
change in gravity of 130 mgal . The Mirrol Trough region is associated
with. negative anomalies of about -50 mgal that close southward in the
region where linear structural trends become important. The total
gravity change between the Mirrol Trough.and the Azores-Biscay Rise
is 200 mgal and is comparable in value with the change between the

Galicia Trough and the margin off Galicia Bank and northwest Spain.

Galicia Bank is associated with a positive arocmaly that locally
exceeds 120 mgal . Prominent NE-SW trending gradients and anomalies
reflect both topographic effects and the influence of buried NW-SE
trending faulf blocks. Off west Iberia, the more complex anomaly

pattern may arise from the effect of buried fault blocks of uncertain
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trend superimposed on regional topographic effect of the slope.

6.3 Gravity models

To further investigate the relationship between the deep structure
and negative gravity anomalies associated with the overthrust Galicia
and North Spanish marginal troughs, profiles oriented perpendicular
to the slope of Galicia Bank and Coruna were selected for gquantitative
model studies (Fig. 7, 8). A third NW-SE profile from the Azores-
Biscay Rise to Galicia Bank was also modellea to investigate the
Mirrol Trough and the slope region west of Galicia Bank apparently
unaffected by overthrusting (Fig. 9). A specific objective of the
”study was to determine the position and nature of the continent-ocean.

boundary within the overthrust marginal troughs.

Seismic refraction velocity control on the depths and densities is’
limited to early refraction profiles on Galicia Bank reported by
Black et al. (1964) and more recent refraction profiles in Biscay
(Bacon et al., 1969). Interval velocities in the sedimentary section
are better known from sonobuoy velocity measurements (Sichler EE_il"
1971; Miles, 1979). Two-dimensional gravity models were computed
using a program developed to compute and plot sea level graviﬁy

and mass anomalies.

The choice of densities of the sediment and underlying crystalline
basement was made using the Nafe-Drake curve (Ludwig g;~313:‘l970)
and the limited refraction data. An average density of 2.0 Mg m
was used for the upper sediments. Higher densities within these
sediments indicated by interval velocities of over 2.5 km sec
did not significantly improve the fit between the calculated and
observed anomalies. Deeper sedimentary layers were assigned densities
of 2.2- 2.4 Mg m_3 according to the Nafe-Drake relationship and
further adjusted to allow for depth of burial. Average crustal
densities of 2.6 and 2.9 Mg m”3 were assumed for the crystalline
basement and a density of 3.4 Mg m—3 for the upper mantle. Lateral

variations in mantle density were simulated by a small density

gradient.

Profile 3 (Fig. 7) is a nearly N-S profile that crosses Cantabria

Seamount atop the South Gascony Ridge and the North Spanish Trough,
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and lies close to profiles previously modelled by Bacon et al. (1969)
_and Sibuet and Le Pichon (1971). Control on the position of the
interfaces in the upper part of the section is based on the over-
thrusting observed on the seismic profile above and profiles reported
by Montadert EE;éif (1974). The agreement between the observed and
calculated anomalies is very good. The model does however have a
number of unusual features. The depression of the surface of the
crystalline hasement toward the base of the slope is particularly
clear but it does not begin to thicken appreciably until a point
about half-way across the marginal trough.  To satisfactorily model
the anomaly, it was found necessary to include a sharp density
discontinuity beneath the lower slope between low density material
oceanward'and a high density landward. The existence of such a
discontinuity was préviously recognised by Sibuet and Le Pichon
(1971) who concluded that it was not produced by relative changes in
the depth and gradient of the Moho relative to the slope, and they
considered that the lateral variation in density might be caused by
the presence of intrusive bodies such as are known at DSDP site 118,
or by the presence of imbricated sheets of ocean crust incorp5rated
in the thrust zone along the northerxn margin of Iberia. The pésition
of the continent-ocean boundary is not obvious from the model and it
is quite possible that the original boundary may have been totally
obscured by the overthrusting. There are nonetheless two possibilities.
The steep discontinuity in density may correspond to the boundary
modified by oceanward thrusting that has iﬁcorporated the ogganic
basement. Alternatively, a zone of thinned continental crust (c.f.
aAvedik & Howard, 1979; Montadert §E~§£:, 1979) may underlie the

inner part of the North Spanish Trough.

Profile 1 (Fig. 8) crosses the Biscay Seamounts, Galicia Trough and
Galicia Bank. The interpretatioh is constrained by sonobuoy data in
the Galicia Trough and by refraction data on Galicia Bank and in central
Biscay. The agreement between the calculated and observed profiles is
good. The most striking feature of the profile is the very gradual
increase in thickness from north to south and the very small difference
in depth of the Moho beneath the Biscay Seamounts and Galicia Trough.
The profile across the Biscay Seamount has been satisfactorily modelled
using a high density basement thus precluding the existence of a low
density sedimentary section perhaps incorporated in the seamount by
the thrusting along its northern edge. Within the Galicia Trough only

3km of sediments are present compared to 5km beneath the North Spanish Trough
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although the two troughs are comparable in width. In contrast to the
profile across the North Spanish Trough (Fig. 7), the landward edge

of the Trough has been modelled by a vertical boundary suggesting that
here the boundary may consist of high angle thrust faults as opposed

to low angle thrusts. Further the observed anomaly has been satisfactorily
modelled without postulating the large density discontinuity required

in the lower crust in profile 3, suggesting its absence. The position
of the continent-ocean boundary is again not obvious on the model

and, on the basis of the gravity profile alone, it would be perfectly
reasonable to postulate thinned continental crust beneath the Galicia
Trough that thickens southward beneath Galicia Bank. The seismic evidence
however shows that the Late Eocene-oligocené deformation affecting
formation 2 extends the length of this profile in contrast to the
restricted but more intense deformation observed in the North Spanish
Trough. The greater width of the tectonised zone in this area may

here reflect the presence of a wider zone of thinned cgntinental crust
beyond the base of the slope in contrast to a narrower zone off

Northern Spain.

Profile 2 (FPig. 9) extends from the Azores-Biscay Rise to Galicia Bank.
The profile is arguably not two-dimensional but is approximately
perpendicular to the NE-SW trending fault blocks of northwest Galicia
Bank. The profile is not constrained by any refraction data except
on Galicia Bank. Sediment depths have been taken from the accgmpanying
reflection profile and the deeper crustal layers simply adjusted to
give the best fit. The crust thins northwestward from Galicia Bank
to about 17km in the vicinity of Finisterre Seamount. The change in
magnetic anomaly character at this point and the presence of continental
Lherzolites along the strike to the south (Boillot et al., 1980)
suggests the continental-ocean boundary may lie in this area. The
Moho shoals westward beneath the Coruna Seamount to a point near
300km. West of this point and beneath the complex area of the Mirrol
Trough the Moho deepens to rise again beneath the Azores-Biscay Rise.
Coincidence of the changes in Moho depth with the tectonized zone at
the foot of the Azores-Biscay Rise suggests that these may be real
although the sense of change is the reverse of that which might be
anticipated from the topography alone. More refraction data are
clearly needed but we speculate that one cause of the crustal thickening

might be due to compression related to that observed off Northern Spain.
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MAGNETIC ANOMALIES

The magnetic anomaly contour map (Fig. 10) is based princiaplly on
the compilation by Roberts and Jones (1975) of data from a variety
of sources including the aeromagnetic survey of the Bay of Biscay

(Le Mouel et al., 1971).

There are three distinct magnetic anomaly provinceé in the area. The
shelf and slope are characterised by low amplitude predominantly
negative anomalies whose trend broadly reflects the underlying topography.
Beyond this region, the anomalies have substantially greater amplitude
énd two distinct sets of lineations are present. One set that character-
ises much of the Bay of Biscay, trends WNW-ESE to E-~-W and terminates
near 45°N 14°W. North of this point the prominent lineations sub-parallel
the axis of the Mid-Atlantic Ridge and curve from NNW to NNE. The
change in trend of these anomalies and their junctionywith the Biscay
anomalies closely coincides with the tectonised area at the junction

of the Azores-Biscay Rise and Charcot Seamounts.

The pattern of anomalies within the Bay of Biscay is complex and not
easily understood in terms of a‘simple spreading model (Le Mouel et al.,
1971). 1In the northern and eastern parts of Biscay, the rather weak
anomalies trend NW-SE parallel to the North Gascony Ridge. These
anomalies are superimposed on the broad positive anomaly assotiiated
with the Biscay Seamounts and terminate against the prominent east-west
trending negative anomaly that continues westward across the Charcot
Seamounts. South of this negative anomaly an ENE-WSW trending positive
anomaly coincides with the outer flank of the North Spanish Trough (the
South Gascony Ridge) and continues southwestward across the foot of the slope
and into the Galicia Trough. Displacements in the axis of this anomaly
coincide with major thrust faults identified from seismic records and the
GLORIA sonographs (Fig. 4). North of the seamounts and west of 9OW,
the suite of WNW trending anomalies continues as far west as the prominent
NNW trending anomalies of Late Cretaceocus age lying to the west of the
Goban Spur (Williams, 1975; Kristoffersen, 1978; Roberts et al., 1880).
The marked discontinuity between the two trends may indicate a buried
fracture zone but the seismic coverage in the area is presently

inadequate to test this. The central part of the Bay is in contrast
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dominated by a pair of positive and negative anomalies whose axes trend
east-west. In detail the northernmost positive is a complex anomaly’
that consists of a number of WNW-ESE trending anomalies superimposed
on an east-west axis. These anomaliés and the positive as a whole

cut across both topographic and structural trends e.g. the anomaly
continues from the Biscay Seamounts to the abyssal plain and cuts
across the tectonised zone bordering the northern edge of the Seamount.
The prominent east-west negative to the south shows rather less
convincing evidence of superimposed WNW trends but equally bears no
clear relationship to topography or structure. Indeed, the southern
part of the Charcot Seamount is characteriséd by a positive magnetic

anomaly.

The region of Galicia Trough is characterised by broad low amplitude
positive and negative anomalies that are related to the buried structure.
The sub-surface high within the Trough is identified as a series of
negative anomalies but the WNW-ESE trends observed to the north, are
not apparent. The anomalies associated with the Galicia Trough are
terminated near l3ow by a series of NW-SE trending anomalies tﬁat may
be related to the fault inferred to the north of Coruna Seamount.

These anomalies apparently cut across the structural trends identified
on thenorthern part of Coruna Seamount but further south, the structural
and magnetic anomaly trends on the seamount are subparallel. Between
Coruna Seamount and Galicia Bank broad low amplitude anomalies are
present. The change in magnetic anomaly character Ooccurs in the

vicinity of Theta Gap which with the gravity and seismic evidence is

tentatively considered to represent the ocean continent transition.

The junction of the Biscay anomalies with the NNW and SSW trending
anomalies characteristic of the Mid-Atlantic Ridge flank occurs in the
vicinity of 45°N 14°30'W. West of this point, the magnetic anomalies
are curvilinear and continuous. Their pronounced curvature decreases
westward toward the axis of the Mid-Atlantic Ridge. The supposed
contiguity of the three sets of anomalies in the Jjunction area has
been previously cited as evidence for a former triple ridge junction
in the Bay of Biscay (Williams, 1973, 1975). It should be noted
however that the supposed junction occurs in the highly tectonised
zone at the junction of the Charcot Seamount and Azores-Biscay Rise

(c.f. Fig. 4, 10).
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The oldest anomaly of the suite of Mid~Atiantic Ridge lineations has
been identified as anomaly 31-32 by Williams (1975) and Pitman and
Talwani (1972) (Fig. 2, 10). Cande & Kristoffersen (1978) have
presented an alternative interpretation that the anomaly is 33-34.

North of 45°N 14°30'W the anomély trends north-south and is greatest

in amplidue just north of the junction. GLORIA and seismic observations
(R.C. Searle - pers. comm.) indicate structural trends are parallel to
the axis of this anomaly and show no convincing evidence of major
tectonism of Late Eocene~0ligocene age. South of 450N'l4o30'w, the
aﬁomaly trends SSW approximately sub-parallel to the Azores-Biscay
Rise but in the vicinity of the deep Mirrol Trough structural trends
cut across the axis of the anomaly. The anomaly is also cut by the
major east-west trending structures at the northern end of the
Azores-Biscay Rise. Anomalies to the east of anomaly 31-~32 are

linear but markedly less so than the equivalent set north of 45°n 14%30"w.

The negative anomaly 31-32 merges without major interruption with
the prominent east-west negativé of Biscay near 45°N 14030'W,
immediately west of Charcot Seamount. In contrast the adjoining
positive ancmalies are discontinuous and their junction to both/north
and south of the supposed triple point is complex. North of the
'triple point' the discontinuity occurs at the end of the NE trending
break between the WNW trending negative anomalies of Biscay and the
NNW trending anomalies. To the south the pattern is complex and

coincident with the fault zone along the South Charcot Seamoypt.

The magnetic anomalies associated with the Biscay and Charcot Seamounts
have beén modelled by Williams (1973, 1975) and Kristoffersen (1978)
to test the hypothesis of an extinct spreading ridge and triple Jjunction.
Williams (1975) considered that for east-west blocks the axis of magnetic
symmetry did not lie along a particualr lineation but lay between a positive
and negative lineation. The youngest anomaly was identified as anomaly
31-32 and the axis of symmetry was found to lie along the southern flank
of the prominent positive anomaly associated with the Biscay Seamounts.
The oldest anomaly was identified as anomaly -34 in the vicinity of
the 2500km contour of North Biscay. In an alternative interpretation
Kristoffersen (1978) modelled the axial anomaly in the same position
but identified it as anomaly -34. At best, both models crudely
approximate the shape of the anomalies and require.an asymnetrically
situated spreading axis. In the former case, the oldest anomaly
overlaps the continent-ocean boundary of north Biscay and is inconsistent

with the evidence of continental crust in this area and with the
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evidence for Aptian ocean crust in Biscay given by Leg 48 results
(Montadert, Roberts et al., 1979; De Charpal EE;QL" 1978). These
show that Aptian-albian éediments rest on the oceanic basement and
continue across Biscay to the northern edge of the Biscay Seamounts,
without apparent onlap. However, the existence of pre-ancmaly -34
crust proposed by Kristoffersen (1978) is consistent with the Leg 48
results. Magnetic modelling of the basement topography identified
from seismic profiles has clearly shown (IOS - unpublished results)
that the southern part of the Biscay Seamount is reversely magnetised.
Because of the age constrain provided by the Seismic data and the
absence of any reversal during the long Cretaceous normal polarity
interval, (Larsen and Hilde, 1975) a late Cretaceous age is implied
for part of the Seamount. This negative magnetic anomaly can be
followed as far east as 6OW and the adjoining WNW trending lineations

are truncated against it.

To the west of Biscay, anomaly 31-32 curves north-eastward at the
junction between the tectonised zone of the Charcot Seamounts and the
Azores-Riscay Rise. The trend of the anomaly is also discordant with
the structural fabric of the Mirrol Trough and the adjacent Azores-—
Biscay Rise (Fig. 2, 4). Kristoffersen (1978) has demonstrated that
reconstruction of the North East Atlantic to anomaly 31-32 results in
an overlap of about 100km. The overlap is greatest along the Azores-
Riscay Rise but is less south of its junction with the King's Trough
lineament and is absent to the north of the Rise. The overlap of
this anomaly indicates post-Late Cretaceous compréssion alonésthe
rise that is supported by the gravity model (Fig. 9) and may be
contemporaneous with the Pyrenean deformation. West of the Azores-Biscay
Rise, the anomalies are consistently displaced on either side of
King's Trough (Roberts and Jones, 1975). The displacement evidently
ended by anomaly -13 (Oligocene time) (Grimaud et al, in press),
because this anomaly passes the western end of King's Trough without
interruption. The displacements of the anomalies indicate the
presence of a plate boundary active between Late Cretaceous and Early
Oligocene time associated with convergence along the Azores-Biscay

Rise and shear (or oblique extension) along the King's Trough.
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STRUCTURE OF NORTHWEST IBERIA

The seismic, gravity and magnetic data presented in this report show
that the continental margin off northwestern Iberia has been affected

by extensional and compressional tectonics in two distinct episodes.

South of Galicia Bank and off western Iberia the structure consists
of tilted and rotated fault blocks, horsts and grabens of predominant
NNW-SSE trend although other trends are also present. These fault
blocks developed in response to the major rifting between Iberia, Europe
and North America during Late Jurassic-BEarly Cretaceous time. The major
NNW-SSE trends contrast with the predominant WNW-ESE fault trends
observed on the conjugate margin off North Biscay where the fault blocks
are draped in varying thickness by a largely undeformed sequence of

Cretaceous and Tertiary sediments.

In marked contrast, the slope off Northern and northwestern Spain
and the adjacent deep floor of Biscay has undergone compression that
ended in Eocene-Oligocene time. Thrusting has affected the slope
north of Galicia Bank and north of Spain and several thrusts affect
the thick sediments of the North Spanish Trough. Thrusting is also
observed in the Galicia Trough but is not observed west of Galicia Bank.
In the vicinity of the Ortegal S?ur, the North Spanish Trough is
constricted and the zone of major thrusting changes trend from WNW-ESE
to NW-SW. The northern edge of the North Spanish Trough is defined
by the flank of the South Gascony Ridge. Mapping shows that this feature
is the sub-surface continuation of the South Charcot and Biscay Seamounts.
These seamounts are reversely magnetised in part and abnormally shallow.
Their southern edge is faulted and there is a change in basement depth
of 1.5 seconds. Northwest-southeast trending faults also cross the
seamounts. The tectonised area embraces the entire Biscay-Charcot Seamount
group but is most intense between their northern edge and Galicia Bank.
Thrusting and transcurrent faulting can be follqwed across the entire
Bay to the Trevelyan uplift on the Armorican margin. To the west the
tectonised zone continues to the Azores-Biscay Rise, Evidence of a
southwestward continuation is shown by the recently tectonised deep troughs
that are aligned along the eastern base of the rise and possibly by the
King's Trough-Peake Deep lineament whose activity apparently ceased in
Oligocene time. Eastward, the zone of deformation encompassing the North

Spanish Slope and marginal trough continues into the Pyrenean orogenic
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belt. The tectonised zone extending the length of the north Spanish
margin and west of Iberia into the King's Trough thus represents the

submarine extension of the emerged Pyrenean plate boundary.

CONCLUSIONS

The geological development of northwestern Iberia has resulted from
the opening of the Bay of Biscay by rifting and spreading followed by

partial closure due to the Pyrenean compression.

After the Hercynian orogeny Late Hercynian shear movements extensively
fractured and displaced the highly deformed Hercynian terrain. Important
examples of such faults include the South Armorican Shear Zone of
Brittany and the North Pyrenean Fault. These late Hexrcynian shears
may have profoundly influenced the fabric of rifting around Iberia.
Sedimentary basin development was first initiated in Permo-Stephanian
time but these movements had largely ceased by the Triassic. During
Triassic and Liassic time, further distension took place and thick
evaporites were deposited in tﬁe Aguitaine Basin and Grand Banks basin.
A parallel seqguence of events is known in the Lusitanian Basin but
the absence of diapirs north of 42°N suggests that the evaporite basin
was closed to the south. There is some evidence of minor volcanism
which took place in the Triassic (190-225 m.y.) and during the Lias
(172-190 m.y.). Epicontinental conditions persisted throughout the
area however until Late Jurassic time when a regional regressfén
occurred possibly in association with the initial phases of rifting.

In the Aquitaine Basin rifting may have begun as early as Oxfordian
time but there is little doubt that there was major rxifting throughout
the region in Early Cretaceous time. In the Agquitaine Basin, thick
contemporaneous sedimentation took place in fault bounded troughs
accompanied by local submarine eruptions. In northern Spain, 'Wealden'
sediments overstep the Kimmeridgian and older Jurassic beds and a
‘closely similar pattern is apparent both west of Spain and on the
conjugate margin now represented by the Grand Banks. Palaeomagnetic
data indicate that spreading between Europe and Iberia began in
Barrennian-Aptian time. The Aptian date for the end of rifting is
independently confirmed by results from Leg 48 and Leg 47B. On the

Grand Banks, the end of rifting may be marked by a major angular
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unconformity close to the base of thé Cretaceous that truncates fault
blocks containing Jurassic and older sediments. Following the rifting,
_the Bay of Biscay opened by sea-floor spreading initiated in Aptian
time. The duration and direction of this spreading are not known

but it seems reasonable to suppose accretion in a NNE-SSW direction
perpendicular to the trend of the weak anomalies that characterise

the Cretaceous ocean crﬁst of Biscay. This episode ended by Late
Cretaceous time when convergence-began along the northern margin of
Iberia, initiating the Pyrenean plate boundary’and its westward
extension into the Atlantic. The nature of the early movements along
this boundary and the role of the Biscay Seamcunts cannot be determined
from our data. The Biscay-Chaxcot Seamouﬁts hitherto interpreted as
the extinct spreading axis of Biscay lie within the tectonised zone

and their origin is thus enigmatic. There was quite clearly a major
reorganisation in plate movements during the Late Cretaceous that

could have involved uplift and extension so producing the seamounts,
although later movements could have been responsible. By Eocene time,
the compressional boundary extended the length of the Iberian margin

to continue out into the Atlantié where it is marked by the Biscay-
Charcot Seamounts, the Azores-Biscay Rise and the King's Trough lineament
(Fig. 11). The compression affected north Biscay and caused the
development of the North Spanish and Galician Troughs. NW-SE faults
that offset these troughs and the Biscay-Charcot Seamounts, and
significantly terminate the compressional zone north-west of Galicia
-Bank are interpreted as transform faults. The possible ccnfiguration
of the plate boundary is shown in Figure 11l. The’model sugg;;ts that
the Pyrenean deformation was produced by WNW-ESE oblique convefgence and

shear rather than orthogonal NE-SW motion as has been previously supposed.
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FIGURE CAPTIONS

FIG. 1.
FIG. 2.
FIG. 3.
FIG. 4.
FIG. 5.
FIG. 6.
FI1G. 7.
FIG. 8.
FIG. 9.
FIG. 10.

FIG. 11.

Principal structural elements of the Bay of Biscay:
Survey area 1s indicated by box off North West

Spain.

Bathymetry (in fathoms) and principal magnetic anomalies
(after Laughton et al., 1975; Roberts and Jones, 1980).
Seismic control coverage is shown with positions of

profiles illustratéd in Figs. 3, 5, 7, 8, 9.

Seismic section across Galicia Bank. (Profile is located

on Figs. 2 and 4).

Tectonic map indicating thrusts, major faults basement
structural highs and sediment isopachs contoured at
0.5 sec. reflection travel time. Profiles illustrated

in Figs. 3, 7, 8, 9 are shown.

Seismic section north of the Biscay seamounts. Profile

is located in Figs. 2 and 4.

Gravity - free air ancmaly with tracks and 2-D
model locations. Contour interval 10 mgal. Principal

bathymetric contours are also shown.

Model profile 3. Cantabria Knoll to north'Spanish

shelf. (Profile is located in Figs. 2, 4, 6).

Model profile 1. Central Biscay to Galicia Bank:

Biscay Seamount at left. (Profile is located on Figs.

2, 4, 6).

Model profile 2. Galicia Bank (left) to Azores-Biscay

Rise: G (gravity), M (magnetic).  (Profile is located

on Figs. 2, 4, 6).

Magnetic anomaly chart: contour interval 50 and 100 nT

(from Roberts and Jones 1975, 1980).

Schematic configuration of Pyrenean plate boundaries in

Late Eocene-Oligocene time.



ADDY, S.K. and KAGAMI, H. 1979 Sedimentation in a closed trough north of
the Iberia abyssal plain in the northeast Atlantic. Sedimentology,
26,4,p561-576.

ANONYMOUS, 1971 Resultats de la Compagne Noratlante du N.O. Jean Charcot
(3 aout-2 nov 1969) Publication CNEXO, pp 1-385.

ARTHAUD, F. and MATTE, P. 1975 Late Hercynian wrench faults in southern
Europe and northern Africa: Geometry and nature of deformation.
Tectonophysics,25,p139~171.

AVEDIK, F. and HOWARD, D. 1979 Preliminary results of a seismic refraction
study in the Meriadzek-Trevelyan area, Bay of Biscay. Initial reports
D-SoDcPo ,Leg 48,p1015‘1024-

BACON, M., GRAY, F. and MATTHEWS, D.H., 1969 Crustal Structure studies
in the Bay of Biscay. Earth and Planetary Science Letters,6,p377-385

BERTHOIS, L., BRENOT, R. and AILLOUD, P. 1965 Essai d‘'interpretation
worphologique et tectonique des leves bathymetriques executes dans
la partie sud est du Golf de Gascogne. Revue Travauxzx Institute
Scientifique et Technique Peches Maritime 29,p321-342.

BLACK, M., HILL, M.N., LAUGHTON, A.S. and MATTHEWS, D.H., 1964 Three non-
magnetic seamounts off the Iberian coast. Quarterly Journal of
the Geological Scciety of London, 120, p477-517.

BOILLOT, G., DUPEUPLE, P.A., LAMBOY, M., D°0ZOUVILLE, L. and SIBUET, J.C. 1971
Etude structural de la marge continental nord-~Espagnole entre 4W et
9W. Symposium sur 1l“histoire structural du Golf de Gascogne, 1970,
Editions Technip,Paris,22,1I,V-6.

BOILLOT, G. AND CAPDEVILA, R. 1977 THE Pyrenees: Subduction and Collisicn
Earth and Planetary Science Letters, 35, plb51-160.

BOILLOT, G., AUXI{ETRE, J.L., DUNAND, J.P., DUPEUBLE, P.A. and MAUFFRET, A.
1978 The northwestern Iberian margin: a Cretaceous passive margin
veformed during the Eocene, Maurice Ewing series 3, pl133-153.

BOILIOT, G.,GRIMAUD, S., MAUFFRET, A., MOUGENOT, D., KORNPROBST, J., MERGOIL-
DANIEL, J. and TORRENT, G. 1980 Ocean continent boundary off the
Iberian margin: A serpentinite diapir west of the Galicia Bank.
Earth and Planetary Science lLetters 48,P23-34

BULLARD, E.C., EVERETT, J.E. AND SMITH, A.G. 1965 The fit of the continents
avound the Atlantic. Philosophical Transactions of the Royal Society
A 258 p4l-51.

CANDE, S.C. and XRISTOFFERSEN, Y. 1977 Late Cretaceous magnetic anomalies
in the north Atlantic. Earth and Planetary Science Letters,35,p215

-224.

CAREY, S.W. 1958 A tectonic approach to continental drift. Symposium
Continental Drift, University of Tasmania, Hobart, pl77-355.

COLLETTE, B.J., SCHOUTEN J.A. and RUTLEN, K.W. 1971 Sediment distribution in
.ue west Eurcpean basin (Atlantic ocean). Symposium sur i‘histoire
tructural du Golf de Gascogne,1970, Editions Technip, 22, II,pVI-7.



DUPEUBLE, P.A., REHAULT, J.P., AUXIETRE, J.L., DUNAND, J.P. and PASTOURET,
L. 1976 Resultats de dragages et essai de stratigraphie des bancs
de Galice et des montagnes de Porto et de Vigo(Marge Occidental
Iberique), Marine Geology, 22, M37-M49.

DE CHARPEL, 0., GUENOC, P., MONTADERT, L. and ROBERTS, D.G. 1978 Rifting,
crustal attenuation and subsidence in the Bay of Biscay, Nature
275, p706-711.

GROUP GALICE, 1979 The continental margin off Galicia, Portugal: Acoustical
suratigraphy, dredge stratigraphy and structural evolution; In
Initial Reports of the Deep Sea Drilling Project, Vol 47,Part 2:
Washington{US Government Printing Office),p633-662 :

GRIMAUD, S., BOILLOT, G., COLLETTE, B., MAUFFRET, A., MILES, P.R., ROBERTS,
D.G. IN PRESS Western extension of the Iberian~European plate
undary during the early Cenozoic (Pyrenean) convergence: a
oW model. Marine Geology.

KRISTOFFERSEN, Y. 1978 Sea-floor spreading and the early opening of the
' worth Atlantic. Earth and Planetary Science Letters,38,p273-290.

LAMBOY, M. and DUPEUBLE, P.A. 1975 Carte geologique du plateau continental
nord~oust Espagnol entre les canyon Aviles et la frontiere Portuaise
Bullitine de la Societe Geologique de France. Serie 7,17, pb42-461.

LARSEN, R.L. and HILDE, T.W.C. 1975 A revised time scale of magnetic reversals
»0r the early Cretaceous and late Jurassic, Journal of Geophysical
Research, 80, p2586-25%4.

LAUGHTON, A.S. 1960 An interplain deep sea channel system. Deep Sea Research
7, p75~-88.

LAUGHTON, A.S. 1968 New evidence of erosion on the deep sea floor. Deep Sea
Research, 15, p21-29.

LAUGHTON, A.S., BERGGREN W.A.,et al., 1972 Initial Reports of the Deep Sea
Drilling Project, Vol.l2, Washington(US Government Printing Office)

LAUGHTON, A.S., ROBERTS, D.G. and GRAVES, R. 1975 Bathymetry of the northeast
Atlantic: Mid Atlantic Ridge to southwest Europe. Deep Sea Research

22,12,p791~810.

LE MOUEL, J.L., LE BORGNE, E. and LE PICHON, X. 1971 Aeromagnetic survey
uf southwestern Europe. Earth and Planetary Science Letters 12

p287-299.

LE PICHON, X.and SIBUET, J.C. 1971 Western extension of boundary between
European and Iberian plates during the Pyrenean orogeny. Earth
and Planetary Science Letters 12,p83-88.

LUDWIG, W.J., NAFE, J.E. and DRAKE, C.L. 1970 Seismic refraction : in The
Sea, Ed. Maxwell, Vol 4 p53-84.



MATTAUER, M. and HENRY, J. 1974 Pyrenees: In Mesozoic-Cenozoic orogenic
belts. AM.Spencer Ed., Geological Society of London Special
Publication No4,p3-23.

MAUFFRET, A., BOILLOT, G., AUXIETRE, J.L. and DUNAND, J.P. 1978 Evolution
structurale de la marge continentale au Nord-Ouest de la peninsule
Iberique. Bulletin de la Societe Geologique de France, 7e Serie
20, p375-388.

MILES, P.R. 1979 Seismic wide angle velocity analyses from disposable
sonobuoys. Institute of Oceanographic Sciences Internal Document
No-68 (Unpublished manuscript).

MONTADERT, L., DAMOTTE, B., FAIL, J.P., DELTEIL, J.R. and VALERY, P. 1971
Structure geologique de la marge continentale asturienne et
.antabrique (Espagne du Nord). Symposium sur 1”histcire
structural du Golf de Gascogne,1970,Editions Technip,Paris,22,1I,V-7

MONTADERT, L., WINNOCK, E., DELTEIL, J.R. and GRAU, G. 1974 Continental
' wargins of Galicia-Portugal and Bay of Biscay : in The Geology
of Continental Margins, Ed. Drake and Burke, p323-342.

MONTADERT, L., ROBERTS, D.G. 1979 Initial Reports of the Deep Sea Drilling
Project, Vol48: Washington(US Govermment Printing Office).

MONTADERT, L., ROBERTS, D.G., DE CHARPEL, O. and GUENNCC, P. 1979 Rifting and
subsidence of the northern continental margin of the Bay of Biscay:In
Montadert, L., Roberts, D.G.,et al., Initial Reports of the Deep Sea
Drilling Project,Vol48:Washington(US Government Printing Office),
»1025-1060. :

PITHAN, W.C. and TALWANI, M. 1972 Sea floor spreading in the north Atlantic
Geological Society of America Bullitin, 83, p619--654.

ROBERTS, D.G. 1976 Geophysical studies of southwest Biscay, RRS “Shackleton’
Cruise 6/76, Institute of Oceanographic Sciences Cruise Report

No 49, (Unpublished manuscript).

ROBERTS, D.G. 1978 Sonar imaging of the European-North African continental
margin, RRS ‘Discovery’ Cruise 90, Institute of Oceanographic
Sciences Cruise Report No 68, (Unpublished manuscript).

ROBERTS, D.G., MASSON, D.G., MONTADERT, L. and DE CHARPEL, 0. 1980 Continental
margin from the Porcupine seabight to the Armorican marginal basin.
Proceedings Conference “Petroleum geology of the continental shelf
.f northwest Europe.(in press).

ROBERTS, D.G. and JONES, M.T. (1975) Magnetic anomalies in the northeast
Atlantic. Abstract:European Geological Society meeting, Reading 1975.

ROBERTS, D.G. and KIDD, R.B. 1980 Sedimentary and structural patterns on
the Iberian continental margin: an alternative view of continental

wargin sedimentation. (In preparation).



SIBUET, J.C. and LE PICHON X. 1971 Structure gravimetrique du Golf de
Gascogne et le fosse marginal nord-~Espagnol. Symposium sur 1 histoire
structural du Golf de Gascogne, 1970, Editicns Technip, Paris,22,I1I,

Vi-9.

SIBUET, J.C.,RYAN, W.B.F.,et al., 1979 Initial Reports of the Deep Sea Drilling
Project, Vol47 Part 2: Washington(US Government Printing Office)

SIBUET, J.C. and BERTHOIS, L. 1979 Dominant structural trends on the western
continental margin of Iberia: Implications on initial rifting. In
Sibuet, J.C.,Ryan, W.B.F.,et al., Initial Reports of the Deep Sea
Drilling Project, Vol 47, Part 2:Washington(US Government Printing
Office), p753-760.

SIBUET, J.C. and RYAN,W.B.F. 1979 Evolution of the west Iberian passive
continental margin in the framework of the early evolution of the
North Atlantic ocean. In:Initial Reports of the Deep Sea Drilling
Project, Vol 47, Part Z:Washington(US Government Printing Office)

p761-776.

SICHLER, B., MARTINAIS, J., SIBUET, J.C. and LE PICHON, X. 1971 Vitesse des
ondes sismiques dans les couches sedimentaires profondes du Golf
de Gascogne. Symposium sur 1 histoire structural du Golf de Gascogne
2,Editions Technip,Paris,pVi-8.

SOMERS, M.L., CARSON, R.M., REVIE, J.A., EDGE, R.H., BARROW, B.J. and ANDREWS,
A.G. 1978 GLORIA IT : an improved long range sidescan sonar. pl6-24
in Oceanology International 78 Tech. Sess. J. London: BPS Exhibition

Letd.

TALWANI, M. (Ed) 1974 Lamont-Doherty survey of the world ocean. Underway marine
geophysical data in the Noth Atlantic, June 1961-~June 1971, Parts
A-F, Palisades N.Y. Lamont-Doherty geological observatory of
Columbia University.

WILLIAMS, C.A. 1973 A fossil triple junction in the northeast Atlantic west
- of Biscay. Nature 244,p86-88.

WILLIAMS, C.A. 1975 Sea floor spreading in the Bay of Biscay and its
relationship to the North Atlantic. Earth and Planetary Science

Letters,24,p440-456.

WILSON, R.C.L. 1975 Atlantic opening and Mesozoic continental margin basins
of Iberia. Farth and Planetary Science Letters, 25, p33-43.

WINNOCK, E. 1971 Geologie succinct du basin de Aquitaine. Symposium sur
1’histoire structural du Golf de Gascogne, 1970, Editions Technip,

Paris,22,1,IV-1.



S
Q
[}
Q
A
Porcupine
Seabight
Bas
e
g V2
Amorican
shelf
SPECIAL g
SURVEY
AREA

Lusitania

'\\\

A AB pyrensan folds limit

7
G

~
-

200

Trevelyan

Gascony
Cantabria

Isobaths {mtrs)

. Continental Mesozoic&Cenozoic basins

1 Asturian marginal  plateau
2 Landes marginal plateau

3 Cap Breton Canyon

4 Cap Ferret Graben

5 Tectonised area
6 S$5.Gascony Ridge

7 M.Gascony Ridge
8 Central area with irregular basaltic

bosement magnetic anomalies

50

140



lberia
abyssal
plain

15°

Magnetic Anomalies Figure profiles



i

i

dais FNRINES

3 e
9 ..

3 el

b R

-5

2 e e

Bank

cia

* o

Cai

"

Ela

4

PR AR




46
-44°

FIG U

rrrr— fault

+ banmenf h'gh

=




FiG 5

: ; P; SOI [IHS/OSC: llns/DS UJ : :8501 (lHS/OS[; []MS/D Sol . ) l;;:; ) IIMS/USOI rlnsz'USOl ) l;;}' ;';/D SG) 11 :/D ?jl ) [3?15301 ;HS/O SO ) ;P‘!S/OSOI ) fg P: ;J ) .ln-,?_w; I]Hé 0‘38) g (gﬂgfgl (} M%/g Sgl [% };’ /8 Sg ) g ég;l ;; /8 El lé Hglgs?l i l[ :Z] (1 MS/G ‘_-: : Z ; SO ) ) ll HS‘_:;] llMSIUSO! IIMS/USOJ 1 ; : 30 ) (lnq/o S 01 |1ns/05 D] ) ;:’Z) (IHS/OSE: (1 MS/O SDJ ; L(;;‘501 llHS/OSOl (IHS/OSO] ) {5 E“? ‘l llns/OSUl llns/oSol .,% 'Ns‘rm m
= o e i i a - e e oam 6 o = 5t ifge dee ol e g2 o G 12 %ocanoemmc SCENCES
g0 doos 873 o e ok lgi%go §§§§ 1:{1:8:6 8800 dsoo 11741 13150%% §§§§ g;gg 1030 8000  9asu 11000 8000 9431 17000 8000 Suae HH9R Cop - e : TIR0 S et 11000 8000 7185 11000 8309 7686 17000 8000 'Geds PROSPECT: S.W. APPROACHES
11000 8000 7639 ) i BLOCK: NORTH BISCAY
LINE SHACK 1
| SPs 6222—-9200
RS 0300HRS 0400HRS 0S00HRS 0600HRS 0700HRS 0800HRS 0900HRS 1000HRS 1100HRS  1107HRS S T
WATER DEPTH IN "E%%S;HRSDAHM 9 e 5 R i 3 g 7 ooo B = 3 ' 7250 7u80 7580 7430 0 aego augo 8600 v 8830 9080 92‘00 oY e 6/76
= 2 y e * e | T jilisisuenianenniany s it ggheianianin 1 T I
’ I I H|| | | | l ’ | H | ‘ m ' II i | DATE APRIL 1977
T o D DR Bl hwﬁl‘ B ol R e A A R T Ml WU AT A e e L A B ML L L A ANl VAR L G R R s s o e e e o A o g
) i IhRer el A ‘,m% AR 'ﬂmm..m«w,,wwwWﬁm@.w iy mmwm«%a"wwmwmumrmmu e www%rm T S D e ‘:WWWYM e e N *.J::«WM‘*WMMMM ik uh.cw«w R e A ,,ft N ;i‘w“ TR R AP e TR e e s e ety Sl IO R R B (E:;i*j;?{;‘,’m
IIB*.%«m.F‘A«“.‘ﬂ. Wil e SN %‘M}}‘z‘ﬁ*‘wm“&‘ufu’»Nlﬁ‘W WWM‘S&. MMML WM*‘M b _me e W I’}g R AL I Bl “1 e f"MWMWJ L«T‘MWF"MW* %«M{rjﬂw’)" MMWWMWW ,mnmwmwwwmm [ mwﬁwaqn*‘tmww "M‘ﬁ,.wwf«fam wsu WMMMMWWMW ww,mwm e «”‘mﬁg o M‘u"‘;ﬁ: m.gu,«,;r E‘W% w.f gl ..:L il ”4!«1:&& ol '{W ﬂ?ﬂ '; f«’f""u'ﬂlnﬂ‘ﬁfd“'fw 1nE«“'“;gNI}érJHn'*quﬁ'&‘iv‘»k‘M hEA, 'I‘ﬂl“Wﬁ M“ﬁ WW:«W Gl ‘.rfa'r.ﬂmwmwwamw}:mmmur I'i"“l1lldItlllI|liIlllll1IIlIIiliiltll!1llllIlI|IIllIII"IHHI|IIN|I.|§H| r F“'*« e L el v e ‘!_IM S Tl Fu'«wwWw .s"lt".dm'h'n m Ll S S w I *"IIIIIII|||||||| 5.
i 151%«,‘% i 'ﬂ’u’“«thum‘«Wﬂ"%F e bl e W%ML«,MW, ‘ ) L‘” SN b %W«mw RN mm«m A P LA A B M'mm D Nt e BN W N M\u’aﬂﬁ-a‘.ﬂw'" ﬂt‘a"“ﬂe:w“fdft o W Y M‘WMWM a«ﬂ*;‘u WW‘:‘M JW«W;@ T ‘”t‘ﬁ‘"’; i A ""‘H’W““‘*L iy ‘W 0 "1,“.,;,».4‘“ fitt .wm.mwmw; WAMREN MMW«% A W“W%W«i‘n«m Jmamt«m.«,mwms;;wmmnm1mnnmmmmuuuhnuuz,lmmcwulk ity % _.Aef.dw'.‘“?“«"‘w AT AN R AR e i "i';!. it o “‘_ il A Aq.,wm"tm'a« A0S ot e 1R =
llkvlﬁ?.- TN AR %M‘WMWW ~*«uurW~«*v RN T w«wm WL‘ML Mo, WWFWM‘«'%W mmﬁ "Jl““l’w, oot ‘MW ) 'W“W‘«W\« A W‘M‘ wwrw,:sr MJ‘MMWWW«W"“wﬁ‘\\tvs‘h b RN AT M‘W N O L et A i e R L ﬁ O A g m'u‘”'l'ﬁ:““‘hl!'dﬂ‘“%‘ ’ ﬁkh""ﬁfm‘«' e ’«“‘:w" i) ‘.‘**“‘w‘*ﬂw TN Wkl WMM%E*JLF& e Tt mﬁmr;; ﬂ!ﬂ?ﬁ Wﬁ%‘ (e S it vt R R AT hIMF‘“‘ M‘:‘«L“‘«m"% W 'P'ﬂ‘"hllll'hl A s |'“Nllll L il ot :"‘I'fﬁr!f"“ NI} R JN“ AL A ..J«.«.f’t. LAY w.“‘WIIIIIHHHlI .
I WW‘ A W“"‘WNMMW‘W‘M el ol @EM«, 14 il MM"MW«WMWM‘MW’H‘ G s WWLM A2 "“"W “Jm&‘ff et .«WMW««WMMW Rl J&‘&.WMM“ Rl A el et «?MW‘F"‘MM&WMM mmﬁr et u"‘&a"ﬁqu UWWWWW«J‘ TR mww.awwrzr AW"“"% Wl “’"“«‘T‘W‘l‘:" "‘w‘*ﬁ« iy H"MM.WM m’%‘m M lﬂuw‘: s W‘M Wl ey ﬂﬁ*«ﬂw ot e R W«w«wmm hlinf"'dlmllllmlﬂd! hl"l]hlllt]l!l,#"?,.-] A IJII ,J" ,_,‘i!“‘ﬁ&'m"' Al A i eI Illl!hﬂl'llﬂl ull‘lllﬂﬂﬂ\lh"llhld bt ‘M i ( Al el il .~"'w‘d'” u.ul‘M"“ *ﬁx““'x’r%“"“mﬂygt“f” W i S
T ”F«M W‘ﬂ'l", i mmwa Ct"“"t"‘" ) M«ﬁ WJ"“‘?» Cidn it %M R Y (e uu. m. MWM A WMWW"W ,.Jk mamw.w lﬁ'm,nm-. , W el _n.}\ o w‘ @tmm o mmwww’ww.ww NAMRRATAENT S s WWMW i %‘NM gaﬁmmmmw e G H“"ﬂ'y w‘ﬁ b AN e g ANy -'mm«w o G A ﬁ.‘;« R YA b «"Mj*"'m LRI #{LW%“, i ﬁ m WM mmm U’M}W\M”rﬁmm"‘“ﬂw o T e fj; [l gl s .L.nﬂ'"uﬂijﬂc.Ilml'lwwal, d!nﬁ'llwldm.d u,.u.r"t [ o, WM‘L A o [l ‘M-.WFW‘L 31.., MR N ot mww“m i f(: g e [~
RSN NS e A, ‘m«sﬁ?m«m&m el ,.z mm«m i RN A P e I A R e A o A A e e e S N R RN R i, AR SR MLMM T AR m«m«mmw i !W'J't"lhlltl,ﬁr o T S TR I [ e . PN 4[1."“"'43'“4 R paTh IR
O N ‘W“WMMMMMMMWM K Wwﬁw«mﬂm ‘fl«,a,um_ ,m @m |,~f e R ST a‘uwm@ mw e A ,mMW‘""ﬁ T Wm ek mww.mm P AR SN LN NS ot S el g R T T SR 1*‘11 R D RN et ‘«;{«‘Mﬁdr i AN P el mﬁm i i i‘ % MM iy wmmumw~|«ﬂzwmr IS e L N P et ; i e ity “W %f“ m"‘l an “‘ﬂ gt ot SRR
B N i L R IR M G A AR A S AR s L A e e R i N TN _«W@mm IV N T AR AR R S R e -‘“»W“‘agu .wwg*wmw “(‘1‘3)’7’”(’*41'%M*u'"ﬁuﬂ'ﬁ“‘w A b L AN, !L A R SN o R ey o i SRR e
TN D Wwwmnmw wmmw W o *r‘ m N mwm%wwm nn .aw, a,:«m wwfmwmwmm N st ;w:wfm" i) b T ,‘:@ h‘EZNM%%MWU‘{ PR m}"*%%*‘vmm‘wfE"‘*NM”W«’Ww T e e o e T U G S AT A WM ‘M ' o A&&Wﬁ;‘%ﬂ;‘f‘w‘?”M'w, O 64 G NN WA %‘W S Tt i e e Sy i A e = e g W MG i Bl fkr m ww st o S
umw.qumM..Nrwmn R wwg i “ ,. Cor me D AR il B D TN A N AR R S0 G R bR SR PN mmwww“"wwmWW'Ww i S e el i _mfw o A e P N T T Hs B O e TN o SRt A T R SN i R RTINS o I e
fig! ma. ity www,« s «va «,:hww"muww iR ,. ot N B G e s S e A wwwwwwww RN AN At e NS r«::w,..w, TR WS Byl .m;u o o %W«L‘ sty %mwmww«w N wwmmuw R S L o i e , e SN et i e Ay
||wnwa«..m.w s N T SN a S A N MMW%W% IS AN S T A R T A e S N A U b P A,.rﬁ;FW?« i ol i ) ,,4“me gnw MW‘A AR Wwaﬁ‘WM”ﬂ' S~ RS AL, ‘ M il st S UMM R, I iy A o
N B KW . MM s hn) Wm mﬁ,i M.&wwﬂmmum' e e R A e N R A S O AN BTN D gy Wﬂms.ﬁx.mmwwm.m"h;m%en@ e Ry A Ry ﬁ,:;“w' e 0 e L ﬁamw o i il wmw,.«wwwww wmwwwm i o e A R e e, qu«wrwm e N e Ay
||mgwwmp wwuwmmwww x,«;m.cwﬂm mmw wwm ww Wa& M qugw:f _# d .,,‘nmm;gg % '«an Wﬂ«w,a«mmwumwm e e "w*ﬂ*wwmwmw,wmmm oA AN J}m mwmmmmm A il mwmmwwmw Mm.w “«w, «?’ dwm ngﬁh ,w,nwwum ﬁ‘f‘“‘”ﬁ?" 'MWW"W’W el ;W ,r‘ w ".M AR J‘W{w‘u«mwm.mm I, mumuunwuwm|umnwnmumwmmmwN« i AT Il T e i s B o i i Vet T el .,‘ m i wm..w sty e 1] cp—
Il R A N et ok Mw;mum .*«‘m:r I *“« «%‘“ Wm«w i) A e SR R S R RS e W O Rl S R e e mc«mwwr R I MO ATl R e e~ T e S O o A e e DRI S e LRy i ._ﬂ.m«rw WA "w il
i e e e Sl S e w PG ".: e A A TN uwwmwwm s @Wwﬁ%wwm« I iR G T B A A SR A R ) MHE LRI wm mﬂ'.ﬁ e i R S *“““‘w.‘*‘“* AL " il s e e e e N A AT g 0 :.W"*»m"'\\““ : i 2 N S :
B N i w.mw WWWWW “""% Sl iy w R ”W"%”"’”w A A AN Bl Mmmwwwm«mm RN :M“TWMW«“T@""WW Fri F«“"“‘:‘W‘“ A G il Aq;"‘m DN m 'M‘W N r«u'?«** @W”"‘wﬂ"ﬁw‘m SR '“’W' } ww e amm' wwr SR ot SN mra R R A ol MO ATty ML O Y w«wwr:«k i RSN Wi i T e S
o ) -vﬂ"Wﬁ* Wa“’mwmm m;« (i mmm mww m wm m mfvaef«‘ww«w«w ﬁmwmm«wn mm‘fn%mm«tmm,,..mmmwmm mwwm m‘mwmmwmm SN 2 SN e N ,u.umwr.wm ey nem'.‘m P Am et mww‘ u{‘:ﬂ“ AN by m wﬁww wmww«rm: A W“W M-- E’mwmw;m@«mm i w«m«mw«w e 0 ww,:w Ak wwm Vi wr,u, mww RN ﬁ«www o J.«««r“.«wmw w«' a«mwmw R s ) Ay xwm e *MWW R Y
'"1 H ..,1 : i ' ,: .. g ! ’ h ‘. ‘, e U ) L« A ‘ ‘ ' ilflH n."‘l ‘ l ‘ﬂu. “w‘ml 14} ‘ "1 uw,*u 'w.W. "H f ) ..J.l " M “ ulllul h i ﬂ 1 Wc‘i nJ% 'H '»1!. " 1‘“!' ' .Naﬁ‘ ,H“J A ) I ’ / L " ) A‘MMW "V ‘40' ‘ll. ‘ " "lﬂ ‘ “"«' NHJ“N‘ '1‘ " “LHL uluﬂ JN‘;'M ‘I‘l “ | “‘” ‘I“ 14":«:14 " “' Bt I .v.“ i 1, Y u‘ 1"14“«! " e 1 1!‘11.1‘,1"«: ) e ‘1‘““ ‘ |I ““F "L
e o ‘-*& P memmwﬂw% e e e s oo 'Ef%mm;m;:ﬁ;ﬁﬂh‘n e T G et e SN
| R AN . ' I e s G T e it i e T , , ey 2 i o P ¥y kel i ket fu el A 2 ..M ﬂ." el A A R N h RN B T A _ R tialafi, s m;««d ; m}f m« i '1.4. I i L e s PN b e
- MMW%%WM S o e W%%W‘“ Sheai e ﬂmmwwww e w,f S ke e e N =
430 i * Wl “, \ i , .5' q i i ) : : g 1"" s ol .“. NMTF ‘-‘ y Y u..:»4"‘." «4:"‘ ‘i‘u""wu.' et i’ 1'(.. i e "'4 'H‘n.'“ i " ﬂ“‘lﬁ’k Wlf W) ul J“l' s ‘M.M.. !ﬁ e ! g i I‘H !l (g il ‘. UL gy A PR L P S M h.«uﬂ | h 0 l“i 1 il ) l " ) 0 14 il E'” ﬂi." Ty ‘M"] I I ‘"1“}- e 1!‘11 ‘bﬂﬂ il w] v ,«‘:c'ﬂ..' i |‘l I I.“‘ﬂ!ln‘! Wll -":.1 gt q“” “1"51 “tl:n i N XN | ANALOGUE TO 0IGITAL CONVERSION
IIF"WW‘*«EL‘{::M‘W%W ”Eﬁé@i‘ e mxwm«mwmw AT ARG e 2o e W e m« e “WWMQW‘? mﬁm%;wmy&wﬁ# s »%?‘mﬁmwmﬂa ey iy T R LT g A N wmewp -mww‘mmmm m?a.mqrq, i m o MW b A *’M it :,ﬁdhh’aﬂhﬂlwllhl S o W o R e RO Al ¢ s S O N T et M.'sr'w,mm“rw«, ¢“,<1.:ww [N NG M'aj.:m.ﬂafw e '«:zc«.wﬁw" el g
AR m,“,mmw @WMM@@WJ&M Tl e an Aot w ) Mw W Ja mﬂ i ;ﬂm i ,w,« ,‘rm« | J,wqqu, e iy Sl mw el ,»ngggg B ey wwww&ummmmme; S Y AU D ;:,qw,,:w "W gt e wh«k‘;ﬁf W:*"JJ"%WM'@EMW ]hﬂ* m" { i MM i 'I‘:’r % | Uil ..A* T‘", mm il &tg 'uU‘«M““ M«WW e ;4* i ww , N.Mgmuw o n“ ; w-wzﬁ;\ RN W‘“W‘MWWNW“‘ MWMM I s Al W‘% AN i Mﬂ“‘ﬂwb«ﬁ C%‘“«' fue Mn“«tvu. T «w.mq J*'a Sl amw», DA R WF‘WM'WIIMIHHHHH T ne s o
BN R e WWW B it M I i Dl Mdt,' i ﬁw uﬂ 'a mh o s m@rmmmw A s T ey L A T ST At S R %‘wg mwwmh ittt o Mumm ﬂwmmmwa«,.w Wauw“' Gl N‘%@W A Al «" *“"‘ 111: AL, *;ﬂﬂl o ,».{;.& X wﬂr«lkli el .Wﬂf«ww ﬂw ‘«h&cjﬁ N A RIS Mer e i e B uﬂn‘@m e A ‘mm AT A TN el "m Al o .Ld".“,qfwrw'"' i vm"iwmh s .,u*mvmmm.Wumumml SR e e
It Tl J"I“«EWB«“WWM R EL PR i e W‘W Wh 4ud lm ‘f ‘ ‘M“‘ﬁﬂ! “«W‘ et B mmw«wmw e O e A e N N VS ol St 0 m Ao w:;tm rvww m«« ﬂmm Wm‘ "'d}jf_ fﬁ‘f"ﬁ'w« WJMW{v«“*hm4|u‘ﬂ“*“ﬂ«“%&'!" il i Mﬂwm g oy o Ll v«aﬂ.«wv;*mwmwmmwwm' A s R e e oyl e X e LA ”."«!Wf..w N b “! A wwwmmmmumnn S s e
P Tl ﬂl! WWW"‘W T O e P WW%WMW:‘J'W!IN ~£14 e mm«!lz“ U W‘H ““‘“ ”' '"“ "‘ J‘“ﬁ’ " MWN« W Rl I !}lﬂ'« e me J“x«lWMs o Aﬁ“‘ Mwl‘uﬂ“t*ﬁ Fu“m«w*‘“u*ﬁwt'*WMJIM&'«EWWM i ww«wwwww Wl ul’”*‘““«*‘*‘.]J'::’f«%v’“mmi‘?'WW‘“'*”W“‘:,‘W ,MWMWN‘H M‘Wat‘ U “‘Fﬁmmm’,ﬁ.’f “«f“u ,'N‘ o W“WE*:W‘“‘!,WWWW ol "“‘"‘Wﬂ' M it N J“" WMW, et et R AN TR "‘WL"“I‘I‘Z{:@W«”‘J (i M A "‘"MHW pJﬁm (TR AR N V'i'uﬂ*“!ﬂ“%"*"""ﬁ“* v o 'ﬂ":" .&«Ah‘ﬁuﬁ e «WJ G .MI'WWW I "«mﬂﬁw*ﬁ“‘“, M i N W,....A Ma N R U"lr"“w e I WL B o
I w.'.:wra i rﬁr««mw«wmmw||uﬂrwmud*m«~-a|r«m.wm«nwmmwn:"mmm e i o «.mmmw 'mm w S e e g o ARG S e T A AN SISO e wwwmmw S S Aty o R Ed!"l'imum ol S «MiEW&WM g'.«mwmgrﬁwwwW«.ﬁm AL AR .wa e Sty SR W N e R AT R o b e S Al R N RS SR g
| mmmwu sl S IM WMMM m.ﬁ*ﬂﬂmm R 4uillm|mmuw by mamﬁ;rn it 'umwuu o “!"L‘AIMW ‘H LA ',Ww«rm u,nn., b mmw: el WWM Wun.. i M\M A .!wﬁ"lﬂ' il ,MBW i ul!.wm WH ulf .n*PMkWWI ww,r w.mm..mwmmmm.mmuumewmmw il umu Huwruw«nwm m‘*'M:huIﬂIH Iw.wn:ﬁ*mw LM.MMM | Iw MA W e ;,kf»' thu A A ,,m. ’% S t‘ Mt GGl A e amwlu!t‘w ML NGV IGRRS e ol ME'Lm?«mew.«am:'u L ‘W*'wwu “‘.«M‘ Al *wwai' R w‘;«««n e T AR A Wq«.u A AL a1 or g st o
| e == T s “ _jj__‘ — = e sl S G surns i e ol ARG e o ’M%__ Ml OB e ;:.;m,.‘ pret AN Ty ,;w«nwm«rw ey NN m&r.mw ron s PSS AN N N T At AN A Fima SN RS L e 53
s 1 m - e B —— e ot S S —— B ——— Rt T NWW;:, v m G‘WW&#‘W R m,wmm;smmmmmm.% i MRS o T %‘W'.W:"WM'M A G A ?'1,!“! A el s R AT 1 e
U = : 2oz m— T e R WP _— — e o s.\ R G .Mﬁw«m O AT N R ORI, DS i e e A N e S W et tisniatliig =
it - ' = s = e e _ | e ) i “'w.« i ""‘;;t e M”‘Us.«a IR wwm AR N B e ol «mm.m W ST NG mw«««www.w«u«mu A i S e i el ;
: bk I R R e _,,_ e .. B e S .53 s w' 'M* M: WW% (it WW‘NWW%““' A MI&M Ml!r‘m MF«MWMWM.«W GRS, SN W ettt o et I VAR o MU T w,«e.w«..m W “ﬂz“«:m': Y el ,, e | ¢
§ T soknt e S ' o i e o e i = T ———— ,, wir , ,, — ""“W“".‘“ wwmmmm WM@ M T A b V’* m««.. .mmm uwwumwvwwmwmmm«d. PNl Rl RO MO AN G e R e e -
5 . ||MWW L) ‘" T N e MO A ,_____.,_____.___,, st L ety ""..;:"‘“’“,"‘“'.“‘"“,“"’““"‘" W mwwmmwww ] mm"w‘aw"/ﬁ MUM hf”'ﬂﬂtl*l% e afl"' e ‘W‘ﬂ"‘u ) gl Wm e Mmlﬂg.. el }Waﬁm&l“}«%‘ «MM‘M AL L QFW"‘%“M.} i) ‘wua.ww«':um xWW«'Muw;«"u“«WJ«n ‘w“““ v mmau..w.hw.“«wwg«,*~1,.«: VI A I ‘«‘M«W‘“w Ul AR ,,m'a:',;.“ﬂ:m@mw Wi i wm um mﬂm .W"“.IIWWEIIIIIIIIIIIIHI -
: e e i T LI M e e ——— e e e e W“mmmmﬁl e W' e awm ».www e Y T W‘mﬁtvm IR e e e RGN CENMATAPE NS, BT M R S S S e U N T AT St A i i B e
2 nmem««mmww R e DA — Tl s o S WW S P i I b s o N e wﬂ*w (sl «“*“M«\N MM O G Ot R I N T QA sl i g 0 T U DR e AT s e S e o MMW ]| D [l 0000 e
e = D i s o S T ' A T e e — m!s@%dmmm Mww;: ey wm e mw WW.'M Wm‘fwwwm LA AR e R T T T mm« YA Ty e it W w.r«mww TR P S Y R et i M.m.‘“’”“‘““’““**"""‘n L e | ol P oo
e S e e mewmw* e T T T R I I TR T, et e = wwww—mm. W 'u, AL MMMM m i @«% AT A ik e e a«;wm:w “‘W%JMWWJW&WM""I'.mWI«'“‘M««TJ‘J o w"wmmwwmw« AR SN i R NS e um O wr,:«'" A N BN, G L el I ———— || =T Sk
g . Lol W N i it mmmmfm %MIT"ML"T el o temomtp mrinshol i “‘WE‘WMMMMHWH T i ‘M"WW&W:%MM:“M: T Al .“W _.ua o an .ﬂwm i m sl Wl Sl et s gt (o e e s e e MWWMW ‘W ,Lnﬁm W“‘ wi« il «.«1}?‘4,.. ‘J i “‘W’ m“ Wmh ol ,.- b w«w St ﬂt‘m W‘fM‘M"x“M«{F‘W"WWM uuwwmmm* 'H‘“MMVL.«Q%M A N, A A O A AN A ‘J‘W"f.mhkr il ML%‘N‘“WW“T*"WWW Wi ai‘m v ef el ‘1'««““‘]«"‘;« I xnl““*m el el R «%""' R Ml"ﬂi‘?% *ww«.mm.m: i "'r«“rh‘.llllllllllllll v B : : = g kil
ol W«ML‘A««H’AM}M ﬂ""’m'f s Mw m i iy ;LW!F‘Wlf”W“HMTW‘IVNHWI!‘Wlmm* Al pns [l et smwm«wmmw "“aiiFufuMwF*«MT A TR o T m«.i::;:,.m el mmuwmm.. ks «ANMIMWW'MM@M“W oot MM* oo WmMWMM‘W e JMMJ‘BWWMWWWMM Al W oo MMM i (Qf ey AR i !,n“’ "WWWW ﬂi JLW‘:W Pl W“ il "W‘w‘WM, et T M LU WAL *’L‘"‘W“‘“ i D L A AR B S T o g A (L i RSN e, M«Td«‘a" .dh'b,"rﬂhW““ bR i “"‘”“""‘«‘MWWnJ"."“? it A m ol 2
gl ...MM.RMKL“I«HW«{M el I«Jmmmu..uumww||1muuwn Mkl .wurmmwﬂiugumﬁ'lu"::mr.ﬁn. A A mwm«wmwmm ool "’W“Jtﬂ‘ﬂ";%!"!“"‘ﬂ wwmm E!li!l‘lﬂJ ﬁlu““w AT et «ﬁ“ "M“‘ Mﬁ 1.mmwm.mm»:rmm.mum«rw%wwwm' il W‘M et WWM WMMM":J& eI Al *“**f"‘“ﬁmmmf Wt el mmmmw. N wwm.w (i ,mw “prw« "‘W "1" e fﬁf" 1’ Mrru !g‘ﬂ‘(.ly .,:". P W ,M it ';1 (Tt unwammm i i E“IE';‘JQI s mgw NS R A o MWWMM ‘1W«.«‘“ WL "‘""Mu‘“ﬁ‘ﬂ““"%“"%«J“‘”H«M e T T ,|~«'1"”“im«a'""wﬁﬂv"«"wu“ﬂ'“ I el WL«WM il \*,«:N%.a«« R W'W w««w:v “'*‘1“,”“ D s i ‘«.uh«w“"“ A e W“Wwwu«%m e 1 I e N
A b AT MM«JM o “ﬁﬂm.ﬂm|ﬁﬁhkmﬂfd 4l MJWW b MW T 1,}@ A mmmm«wmn vl KA wmrmw«lm b W 'Iiﬂ'.}lwlmw.:‘." e P Y e WW“W e o AN 1 S s b St i M me st o ol MIWEM M Mﬂ* %'ﬁ«i[h W g '"«’:ﬁﬂ’loﬁ.'a*' ‘M‘;l u“jfi Ww b |‘” wﬂ“’h‘.‘i AL ‘,mm. ‘&«MF"?M’“MM’MMM TN M’! Wn\fhWM"W";‘MWMm S uﬁ-( AL S il N‘M“Wu LA G SR bt s L M LT A Wl"‘rw A IV ALY h«l"Ml sl LT g Y G ..«WW‘ er«m !WMM NMN&WT wmmmmmmmm P el
e T e o e o e it o ﬁw"““ el it A tfxT. ?«Wu ol J@N sl L e EIM Gt e '....wmmm oot i ek ot T&WWWWM e P"me ukeneudel “ﬂ'!Hn*&ﬂl‘“MZtW AT ot 1 ettt oy ml*m ffn‘ W’V“‘w‘rw B B Wﬂ"ﬁ“«" .m*. 4*“ W :n!kg.«mym:qw AR Ry A o wmwmww MG M *f«mww.ww il A‘W«hfw ‘M«w i ol M UM‘\.J‘S'UN% .«.',.,.?"rmmn B m‘lm AT A el S AN A “.'.mg e w.i«rM Rl o S e S Mo oo s w0 v
||mm FMMJMMLW‘WMJ«WW r‘"“umwmammmw’ mlmﬂ«umm., «.&“ﬂrﬁ«m J‘L” ,J@MW e “‘dﬂnn usmun.. g LR ﬂ'lLWM!«M% el R e e TS ‘M‘N o O T T e - 9«1‘.115. e e T 7 R FMW JLM“WW'“W“‘MV‘ i '""':WM"‘-: ol w Al "‘ il ’in(‘m’ﬂr‘ W««M«. ,““MHMI‘%RJWM R e 'wmwuwmmw T AN Y eV u«ufwmwm el W ey mewmﬂ‘m SRRl ‘f wv AR AL R g Y e W mww o NN i ..h«."*«&««‘:.a‘|'i1u‘.‘1“‘,'&‘!1’w B it wﬁm‘“ﬂmmmnwwmmm . |
* T MMMN e A Ty W“.‘J‘ oY yta|mzuhwwwwfamm‘luwrr ol "G‘Wﬂﬂmﬂ& it ‘““‘h«l&%m...«.ﬂ.m«M:MW” AL ettt o e ujwwwm: o o ) AT w:..wmmwm ﬂ:‘.‘t‘t‘“-‘i“«‘«*«‘n«"f*nraf“h wmmmwmwm, i mmwmmww w w«w»«wwa,..f mma..ﬁwrw. mw;mw RN mWs«m‘i‘ wuN«ﬁJth«aW W ,“‘ L TR il Wd i W% AR "'I‘wu TP WWW}WWM Wl “ﬁ%l} R ’M‘E‘« b U LT gl %u..L'inMM«uh« Rt N T N, ‘!*J?‘“ . Wﬂ, o e e W T A :M;:t?«!‘h‘*'? A M et e e T |
i p}w.q.mwgﬂmuuw. T, NWWW’ >y 'ﬂw‘"‘ i w .l 1W .mm. M| .,...Mm@ "'WW‘WW,«W ‘u..,f' T g sl Tl -'w:wwmww,wm . i e J:%H Ufammet o ;:M (T W“WJIUW TGt Mmﬁ' it ehgetlen ?n«,ﬁ‘,‘«t‘"w" Al el e Mﬂ" WW J“%I;WNMHM‘ i RN i dlu"tlmhwﬂ M‘A.‘m‘ AN Rl "W«t“!‘w 'W«!“ A I :M' U PN b s R T e TG gl .m,w”«.wmmm Ml w.m o W"‘"Tm St A W MNMW. el .«MW‘N d«wh"’ h w'1w”'||wm«:"“«w,.u,rp;«,'ugm Srten S | |
) Ve “m,“],m,ur ,Ja m&mm Fu ,‘Jw‘;’] WE‘WW e 'mw 'w |pr ,!r e e W wil .w sy s 11 ’“M«M«WWMM&.«i@'um‘:ﬁsv«“‘““""“.i% I T A ek P ot e i ol e, e m&t@ i w«m W&M’.’.ﬁmﬁ“ﬂ%w MW"W”.@ w.“'; WWI‘WWMMWHT“. ' flfit Al Sl A MH‘M«MW.« RN T ‘W‘«W AR N e me N i, .w,mw,.mwwwm:wm.w; R b YT L A PR I P Ww;“'«m«“‘ﬁ:“ , ‘J.‘ il e SN W “«Uq peate e el e S T a::'.u«rﬂ..mw, i | ‘ e
L S AT At i mwumq gt T g el «....,.m '""mwwauw«.wm.. Mmgmww wmmwn'wmw‘rq.a«wm.um N Rt s e e e e e L UL, ,;wwmwwwwwwmwmmwwwmmw i N e R T A A Al by iy .4« 'rw o e i AR e Bt R m«nwn A T QT o N PG A T e N A e N o e R |
MW‘WW'JLEW%M'mW.MMW.M m«..m e WWW A AR MM&"L«WM “ MG * I bl il k'mq b um AT W.ITI«'“'atqu.gm,Ludwmwmunwmmtm wm«c jwwmwmmm.wwwm O o A Y e o s M:“‘MWMWWW "‘WNMWMM e J:TNFNW«‘.WAW‘ M) nw Wy Mﬂ‘ ‘-“!1 ‘1" WM‘# ‘?“M f il ~«.T uﬂ'm«.ﬁd‘ﬂh‘M“b i “vW«”!’*&MI‘IW‘W D AR B 141'”‘11;*“ M“W‘ “M' Wkl m'" *’WW Al e NN O T M Do e T el A ':r,w«rnv.mmx«wm i Hahe (il ‘. M W«fﬁ‘m il "J%‘W«". gl et M“ll‘ﬁ‘ﬁ«“ BN “|'MJ"'W'L“‘ "!Sﬂ'uﬂ‘m;“f«l‘l‘*fmm« vt'& o s e 1
B oy T A el unm LA R 'Wﬂ' u éwmm.«ummmmwww S vrw.u,lw.m «,} i Mw mmmm R St e s ,z«:.:‘amrmwmwwmm“,L.m.m g L e T e wmmm ALl wmww@ww,”ﬁ w“‘*’ A ‘-‘M DR m R xm«ﬁw LRy PN N e ~"“"*WﬂﬂM‘jLM’r L WAy LT R e R o e i SNSRI e il e s i S e »
o i, o RN Lol "faé‘ﬁ'-»‘ e e '*""M LA, ot WL ﬁ?”"“"*“ L o s e A o S T s e e iy AT N A G .«*W*!‘M Sy M" ’"’“3‘“ %;f 'f (o M"”’WW« NI ‘W«"“ﬂ 2 AT TR ey L e S e e e *x‘a:q il R AR AR R R iy i WW“«M RN
"MMW v NW*?W Al W««M{& flrztelt 'ﬂ. et Mmr ﬂ* -ﬂ il ey Batay T s el 'wmmw«wmm S B e o e o Rt T WWN e N S el WM«W Mﬂ A A ,'m“ "”*WU"M“W “"“‘Vﬂ"‘ “‘M‘% W“'W, e AR AT G AR NS Ut (T O Y I (A TSN A T 'wxﬂ REN I m«m T R R s ey A el Y A, wwmm il i
Il 3 Mw«« s s R fﬁf v :f mm ﬁ "" W‘*E&W ; *'fﬁ*"'m Mu,..mmmmiamm. {‘M«Mww”“tﬂ”“"‘ R b Ay W T Nl el e g P SN by Y ettt ammm il lUWq AT A S e ~Il. M. wﬂu«,'. e ai“’l‘ (A ‘r"*a“gW" AR A W Wﬂn‘*‘«‘w.«’ AR (R NG 4, :J"M N AR T el T RO Gt ..WW R ) AN m«.wr;«wmwnﬂt«ﬂmww Ay A el il |
e IIrE‘ “*’"‘ ”“EMMWW .ﬁf o A e MM‘WW Wﬂ"“‘“"l‘l‘n"tﬁ ww ! oy Mu«« M. h‘“n‘: an %WAMMMM. ao T e WM%WMW T M e W o MWJ”W‘“-:““&‘% it 4 M“*SWW RS AR e e Ot S ‘W"&l‘. e R “W il .mmuwm «.fmw e ‘M 'J*f &ﬁm A,.h? , W««M ‘n xﬂﬂ‘ﬂf‘ wﬁllhw P"‘IU!‘II Lt W v A AT YO P MW«NMHW R W“’Mww A AW&.‘«M.M"‘? i w’a‘g{w’m‘uﬁﬁ“ e T Gl e i e N e n“-«‘ Wl ,wﬁi"« e [Mh..m"«m“ﬁ i ‘“W it bl g e I o LWMWW i ",EM‘MJ.‘;Z}||||||I|I||||||| g b oo
IIW*« L W‘“‘«Wﬁ'ﬁ N, mﬁhw“"‘“‘"ﬂ'“w e mmﬁu ""W m«wamww Cr ettt e NMW« .L‘u" Jnh«,‘ lamw« "'"W M Ml W LN e Sl Tl '~‘4 ,JW"‘ e et g MJM“‘J‘:«M"WM %LHWPMJ imicads, Qe e N e LT W.*‘.W.M"W"W A I F&r‘}: NMW N *‘G‘W&W ol V"Wlﬁ. '““‘"f- b AN A '*" WW ol W"‘T“f AL e AN G, M'IN‘M“‘A‘A s e AN PR T ‘1" NN «Mr!‘.m'd' b N ..?M«u«'u“m AL R St om0 o dh“r‘“w.u «}~lﬂ.u.]“|1mw‘1"m AT }::m] _"w DN ‘dq‘MlMMF« T M‘h R wu,w ﬁw‘,“’;wuu«&rrwmpg«mmwm xmnlw|||||||;|||||||| e
AT W«wmmww bl e EW' 1, i w.::‘;W e s 'W‘«T“ “W W«w A i s R R o e g et P s N Y A AR PR N T i mc"'..m..'»:m.wmm« it o A B wm«w w JW mm u WJ e R Ao W%"nk.«wu Ry llummmz R R PPN P AR GO Rl ey SRR e i e G e T A i AT R R Y
t‘ MNM «W ) IM«M‘“HWMW '%“W P JJ%WLWM‘W t'TMW é‘ﬂ' W‘" ‘1 M W «Mﬂ"“f W "f« M‘Mt MQ""WNFMLWW\ A “TTM W« A T e il *w,ﬂrmmw WWHWWWWM"M‘" it M"\WMM i‘:M“‘.t&" E*ﬂfmﬁ"w‘“ AN Tl A R A R m}fumwwrwww NP VA D ..«m 'fb“.m“‘ by mem ) m., .WM‘ a0 el “41.,1' Wy mw.y.i el it M Tl | Mr"‘ ‘MM A “‘“’ "7‘ d’* D IR S AW Ve o D L ::.wm e Al Pt gl "“tW el ‘,a.ﬂ!m.ﬂ‘,«u.u mu.«wﬂw «ww;*«mnmw" A, .1«4"'*' ww,uh'n%‘ e quﬂ“ Wk S | |
‘r‘l'm“ﬂr‘“ Lt ATt OO NN ftit et AW*“ RN i L*WM‘M‘ DR M Pdenttl MMWWWMM. e e A e il I L Pt ¥ b A L) A W ?‘M"“WWM% A AR g Tl e WW«.:‘M«.‘:&*M«‘NI‘. “fhlmﬁm«mi«i‘“.ﬁ"«'fmw"‘t~‘ME»J&.NMFA&ML g A gl ol ﬁ:; 3 "1 "1 w«m"m W e 'M‘WMWJW‘"Mm! Wﬂ,‘“ﬂi'w [l ‘J‘Wﬁ“ﬁ!‘“‘i’W««l"‘4h"aﬂl‘ﬂ«" Al s AN «M«'“ P A e ) «‘«1’«4%1«‘“' F‘..«:.' ihafel f""“‘*"‘"; "&"‘1‘«%««« ) e ‘M ‘«W« i m”‘u"‘“' 'r'«.\‘ Fw AR !.K“t:'«lﬁ R T ,,;I‘!.‘nJi"h.1uﬂ,lf~1.’1|l¢lm~1f L M.}md R w11 | |
o« Yt iy .ﬂwmw_www AT et W«ﬂk‘”lﬁ*"«il‘«ﬁﬂm M '**M'":M 2 w STl MMW.MM"W I *‘“W«“‘M«W i A e s et e S RN wu,,w'vwwwuww««,,mr«.wrrw.wm«. T AN RIS oA NN crm WA el N o AR A e S o Mt s SR S NI B DA Wi kw‘«“Ml“?““w wmm Ui w.wwum«w 'vl“..m S el e |
e Mk o o A g «:**m«www whR T h*% il il mwmw.m M]IWJ:MWQII?‘W]EV G ﬁd'l”hWn\ MLy e i"‘.‘éEMW?“ﬁlnﬁ"“‘W”’“‘uL i) %M“mw dt‘u'M."M'&J‘W.."'ﬂ‘Wﬁ"th""M"M' B e ‘;W‘ O T T T T T A et L o e SR N A SRS %“M‘W i W‘m‘“w‘“&h‘lﬁn‘ﬂ%m L ‘;1 RN LR ﬁw «*“Wf I 0« ! "' JLW W"w"d‘ el J“‘J'm:‘d‘\l"ﬁ‘ w AR S gl n"""fufg'«u“s?“w R A T L !‘M‘M WWWMMWEI' ROV Lk ‘M‘w“MM‘* 'm‘*" (i, M F el 4’5*%!’1«“'3.«41 B A M«d‘«“.!“" s B TN AWl il 1!}“~11‘.«|..m«’4 i w«mmwwr.«wwm s e G AR N e |
nmww «'I:ﬁ'i”‘u'h.mWﬁ"ﬁt‘J“‘WWTW"M‘w“J W Y W Mﬁ!“ Y W”"""'ﬁtw« *‘*Mﬁ ‘@'«me WGt R e i fﬁ*" i Wlﬁ"ﬁlw iR #1" ‘ﬁuqm ol Am MM‘MW«M il .“.‘.«T:EW%JW A e Mf 'I il b T *ﬂmm« e W b T ﬁ" ) 'ijﬁx A A e WMWM“W‘M‘ Gl A I ot O it LR ﬁ"‘ah‘ [ ) K Ma“‘f{ﬁhﬁ‘ wmmm«..m if .W W pn LR R AN ’«'MM Rt "‘W‘*MN B i R M o Mm et L el il ﬂ““«“‘ﬁ‘« il ’ML‘M"‘""“*‘“‘«N“ el st AT i Mg M“ﬂ‘ o u«.u‘ N e :
N .«.«,MW#‘W««% AT ooty M.rmw;rf‘wwww RN iy A e e R Pt wwrﬂwrmwrmmwnr S e R G P Y o (NS G e R o nere A IR L Mﬁ‘:ﬁat el el n«wrﬂww L A T WL g e A g'«ﬂ...m«,, e S Tk O g M‘.1.«n|k&.«1§1.u"d‘lﬂu““‘ilh e P SEAR S b e
A e Ml T Mwﬂ"‘ﬁ“ WA A el B LA e Wm‘md{ «mr WM filla s Tk «W RS liz il ‘H" mmfw 0 "‘M‘“'W“' ! m‘HF! mw"w "’:n%““m W‘ TRt S (U Tl «M«mw«w .W.«MM G gl JFWV,JMMMM el 'LQIWMWWMM R et Mu Wi“ al T e MMMWWWw%r«iTM‘.H*“EL‘IH..WM‘W R AR iy IV e ) .W-Wm ! u«f W‘Elh%?‘ﬂ Al Jm*“ﬂmw“"‘««‘?' LR I Y M'«Q«A«WI‘MMWM.&'M il HASA GGG LTINS A R b e “ww”*u«:.‘.mw.. M ‘L‘ 4oy t!h‘ A M «w'«ww““w"m.' AL d‘mw“‘ el 11“-“2%',.*‘42‘%‘ '.JF .?&l M”“M TR :«'w. s W,«m«m‘ L AR e N O i
oo LN SRR L W«d‘ﬂf.me‘W&WWW‘WH&‘!"«‘MW‘H‘" [k 'J'EJ o '«‘“"«W VM .I.‘Mﬁum« AT AUAEN T m, ‘WM‘W. .mm il 'WWMMW M?w:‘*%"MMm.'JMW‘WW‘&W St ST, g e o o Wh L L el *ﬁ.xU“W‘FWh‘ITM S C‘MI*W A TSSO NI L e SRt g ««wmw.m'*wwm.«-. Ayt W A m’;“”ﬁ 'M«' ""W"‘WM "N‘MJ.‘:‘«M A A e W «mw (Nt TR R oy A NGl A U G S AN ) ) s N b N T il 'W.!!‘fug‘;_.* : ‘:?‘:'.«Mm«"hh“" “i11“‘"41'1»!““"“.rfhfi.!'u“. it il S, S A e A e L
AT L et et G D, AR T o T (i me M i e Sl DG ISR NI el R s T E i e ek o B S (A T el '1‘1%3de1‘4 Ul il ,rmwmw el Bl ST TR HAST SRt T A iy elFi gy L:.m.@ o At T B i e e A TG e A A AR |
[T e WWHM«M ww( Ayt i gl i Mﬂh ‘Jal“ﬂl‘iT M‘AMM««W.M “‘uﬁoML‘}MT W %Mw W‘MMUMWI V W« !' “*‘«u% # mm.w«wm‘w:w ‘Md‘MM’dk.ﬁ!ﬂ AT NG (Rl e mﬁmmwwmmm Flhe .«WWMWWN‘ﬁ‘.ﬂW‘*WMP R e T AR A AT AR W‘ «*“-‘4«1,N » ﬂu r‘v'w‘ [t w%"mu%url w'«m 1y 4% i «*ka:M"«WM M‘MW‘M wmm J#IWWW ,“;1 Aﬂf‘u F.M‘%‘Wuﬂ gl AT L T S mm«Mlﬂx.'m'dwwm L AR o L MM "‘:'"ﬂﬁ"' hg‘.'wl“"‘ma'"“ﬁ‘"“?«ﬂm'ﬁ.ﬁ»‘“‘%‘m““ 9'wm'uw.‘..xcm.M ‘:!.M"EM*MW““ W”“"w“'«lu"d* Al W"i it Wm‘« ‘:i”«l&"‘“lﬂ AFM u:‘awww.qm. leW‘H‘"LW w‘ m‘w Tl ||| J
e W“M .,T« a4 i ]‘WC\WWMW'“‘WM%“« m‘MM e ‘Eﬁrﬂh“u«"‘HF‘W‘“M*MM‘“B*W 4' gdoe %m .«M‘qumlt..kf« IW Iy i “‘m W ﬂ‘ll'AMﬂ!MlW A“% M‘MW’BMN Qe mmmWlwmwmwwm Gl f«w‘ AT e *'*wm' (bt e Nl AR MM“MM""MM r“lWh«fW\‘“TAF'«MMMM N««M« “WMWM\W« utﬂ, u‘««é ‘, Sl NN et G ﬁ,’“ by v“ AN R M e 4 AR '“MM‘. W'm.'a.uw.w.«m« L R R ww AN ﬂ‘w‘ﬂ“ﬁm“‘M‘Wﬂ“ﬂ«%‘%‘l‘ﬁ AP R S TR ol Rl AT b ““M.J«WM “'“fﬁ«. w [k M e “l‘uw N AT «1.««|1w P e ‘W“«NLW W
RN B et B TR mmﬂw RN W Il Q« il e wwﬁ' il M.ﬂ- DA ST o W g et iRl DI N b 0 MR DR ATl D AR NM' I, T TR W N Lw« fi lM iz e, W‘I'«WWM“ SRS SR T RIE Grl D RTO O A  TROHE N B AN SR e @w,:w""1«""««%‘%.wwn I A R i Lol
O T S el MJ Jr,,q N ,mm W w«um, et mrw e ot s A L ,r A, .umu'rrw«mw m *W‘M'%‘M it il Sl LA e a, q‘mm.mm ! L R ’x“ﬂllNMWz".rfm MWMM.WIR (fietl) DL Sk mm« TR kI WAl'wnWHMWNW«fll‘c'l AT mm «'I'H«M“'Mﬂ'r"r.m ity 'i' @ﬂuwi R i e “Vﬂ‘t et A1 "“"Nm&« Mm (e ‘«*‘1 e M N‘“«m wh DR ol o ol AT P P P M BN i A il | MM e el Mﬂm W“w.m Il ‘@WM.; Ll ANt G i e w.«"m::r«'«*11:w:. L'f*‘i ai"@w..ﬂ:lq M‘wu..«‘w AR AR ““N o IM«‘* r*"m« ‘“.MM‘*« “Wf'ﬁxww..u
[ b M‘ IRy 'Wt' wwum. “‘M«‘Wml YW.WW Ry R g MMM;}:WM e wwm y ,MW M‘WMMN LA 'A‘i.WW«Qﬂ.WMJ‘ WrﬁlﬂﬁMf‘ e w" MMWa el "m'mﬂm@mrm«m«w W e WA N T R A Tl AT :mwm'.w,m.aw,wmw«w W AR ',gu.‘.mum jll i RN WW‘I‘W' W 'W.W ) N& 'M“u'ﬂ" M”‘i el "'!“"‘"""A‘i’”‘“ (o Al AL i '**ﬁ:‘;gM!g'WM«W "M"NWMMM%«:MWL uu«dqnf;w]mm. el ""Nlm« h ~‘<W""h"MM MM‘P“ *1"1"1‘"&“"6 CAC Lt WW AN ATy .ﬂu...& il R ,,Awhw:& }ﬂ"““"w..«‘r'& i W "““‘a AT P'.M'ﬂ‘lil"'“w, Y .n.mw MO ) ,“.«1'*4‘.&"*.4.' ‘M "‘«WL’"1'WQJ“"1“'M Rl A A wmw« 'MLM l|||||M||||||||
e "" AN o 'mmw .Mﬁu‘mwmwm«mm‘d“«.. %WW. i ”&‘M’WLM‘“M.““ N:'Nmt«“ﬂ' ﬂfﬂi.,jl‘a“hk'w e At ‘fﬁMuum [ M "WM m QiR MV e AT i T e e e~-|~“~,wmwmw- o e o AN AT M*'.Mw ARt A e Nt w& gt o i o "4 a:m W‘M!‘m‘m I, W'I'IWMI‘!& ,wmwu i ’“‘E‘i“"ﬂ"‘“*“;ﬁ‘”“ G A el A A i MWW e R E A m' il Wﬂ A ",«W‘“ i ik “W'l' i G W‘«w:: «.‘:‘..:M‘L“«"m‘ AN A il ﬂﬂéi%;«“ﬂﬂ‘h R il 'I“iM“ ey W.Jﬂwﬁ.« il «iwum\r At |||||||||u|l||||
Ay o) ARV SR A R e R T N el D f&rg;“'"“}}jm‘“ﬂﬁ*g“t.%‘%g‘},“;ﬁ“*ﬂﬁ%}*;%‘;ﬂr@%%"mm AR IR m‘”‘”“*‘mwL{WW"“&W"@” Al A RN R e T e e e D A '“*“"’“‘“,Ef““"“‘""i* A R m“”ff*‘“«“" e 4'5*'. i it A S R S
' B AP ) » ) W A T MY A A i A A P AR WY o i TR P BN K g L T R S by e L Mg > SNy B Ny N G e e A S o e I e it 2 | W o e i 4..1‘ " PV ( W WAL L D e PR : ":Mh«”‘ »}:"n‘ Al ! ‘“'“ [l "ﬂ““ml"o‘ : ( f‘d' ! N W R ) 4 '~ “ 4
"F:J‘F“at':i;ﬂ mﬁﬂzwny Wi m“.‘.“",“;“‘“."‘ 4‘141‘1 i "c‘jﬁ“«",ﬁh";{?@j‘ﬂ;x’“ﬁ“ P’ i F" EI“!:W J W}H M\ f'f :fn«ﬁhoru mw.{wwuaw ot K‘«'. lﬂ‘;*: M" “&Wﬂ A *W WH"I “'A‘.ue‘r"t‘%ﬁ:“ u}«.m 1%4 wwﬁ oA ..1:: P L‘\.q w'“:‘a*.«. ; “thﬂ‘.“f,«fam% u;‘ o "‘!‘}‘Mh‘f"l‘iJ‘ fj‘ u‘wlmu «‘E’l‘g T T W ! "'”'"“:‘Ju. ﬁlﬁmw “ " l'ww:.‘(& 'mﬂi “:.?‘.w..r ol A AR i m. m."«\."':f ;." Iy i et MM.W..&MN w lr,.‘.. WA b h‘ f. 1‘:« }'7‘. “u rj‘ w‘,l f«”#u%w'q "Ml .alu.ﬂ '“ﬂffw‘l th”d ‘}'w*r‘ % «L«":t'lwimu‘u 33..1 2 e Mﬁ '“]'I. A (oW Ml ...MJ.* X "l‘rr‘w" el ,1 pﬁqjﬁll M‘!':.fq“'j A uum".lm‘;h':gfdlﬁl el mﬂ“q,;“:u gt a"ﬁjwru.'“%m,mt‘ el uqx.;nm 1‘"‘1«*4'”11 I :':.: IR ;‘L}ﬁ!’m«fﬂ} o J «wu!:'ﬂ :‘.“u ’ﬁ.“' Aol " 'ﬁw "HEM%.JML&L 'Lf,u‘ﬁ.ﬂ' JLIF ! jidn :1 g “wag"mi!«"ﬁﬂfghﬂ (el »'«1 j« / Mjfﬁ 11;11““‘” 1.}“1'“1'?“ i ‘|':1<].‘!u M o 1 T Ao At R ‘ﬁluffﬁi‘u“«d“”%%'m ”k," 1;']11 ‘”r;‘ ',l!n“ 7” 3”. EE"I:LM '*'JJ‘*“-:"'" m“ ‘“M: 1}”??“" w.,.llllllllllllll

110




N
i

O

Y
=

WRE

N
/]
|

12

FIG 6




SEC

150 -

100+

50

150-
KM

100

300

p=2-6

p=2-4

20
<

2P
5\

P

p=2

p=3-4

Si 4
10

Wi

20+

30~

FIG 7



150~

100+

50+

TYOW

50+

100~

150

400
t

300 -

KM

S8

¥-51km s

p=2-0

P=2:5

£=20

P22

2-00km § =P e e 2-67 k5

P=2-0

289 km s mete

p=2:6

pe29

D34

_Sle

5

10+

Wi

15+

20

25~

FIG 8



403

g

SYWWYO

o
It

—200

— 400

MIRROL
TROUGH

THETA GAP

150 4

100 =

wvow

100

150~

300

200
——

100

KM F

p-20

p=26

P29

p-34

St

Wit

15

20

25

FIG 9



48°

46°

| 44°

42°




FRANCE

IBERIA

20
i

O [7s O
e} <t <f
| 1 ]

FIG 11






