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ABSTRACT
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The NW Iberian continental margin has a complex structure, resulting from the succession of
several rifting episodes close to a ridge triple junction, and a superimposed partial tectonic
inversion stage. The wide-ranging physiography matches the diverse tectonic deformation
domains related to its evolution. Each deformation domain has a distinctive gravity signal, so
the detailed Bouguer anomaly map presented here is a good ﬁrst approach to the regional
study of the whole margin. Moreover, as the presented chart is a complete Bouguer anomaly
map (including terrain corrections), its analysis and interpretation can be done in terms of
density, geometry and depth variations below the seaﬂoor. This map is mainly based on the
dataset obtained during seven one-month surveys carried out in the frame of the Spanish
Economic Exclusive Zone project, and also includes two 2 + 3/4D density models illustrating
the deep structure of the margin.
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1. Introduction
The use of the potential ﬁeld methods for the analysis
of the structure and geodynamics of the Earth’s interior
is widespread (e.g. Hinze, Von Frese, & Saad, 2013 and
references therein). The gravity method allows to infer
density distribution in the Earth’s interior, identifying
lateral variations (with density contrasts) resulting in
gravity anomalies (e.g. Hinze et al., 2013; Jacoby &
Smilde, 2009). In general terms, we consider a gravity
anomaly as the diﬀerence between the measured gravity acceleration and the expected measure at a determined location, calculated from a theoretical model
of the density distribution in the Earth’s interior (e.g.
the Geodetic Reference System). In general, gravity
anomalies can be related to mass excess (positive
anomalies), such as dense rocks, basement highs, mantle rises, etc., or to mass deﬁcit (negative anomalies),
such as sedimentary basins, thicker crust, etc. Thus,
gravity anomalies allow the discrimination between
continental and oceanic crustal domains, and can be
used as a ﬁrst approach to the location of basins with
potential hydrocarbon reservoirs and the identiﬁcation
of prospective ore deposits. Further advantage of this
method is that it allows the construction of 2D and
3D density models of the geometry and lateral density
variations in the subsurface, properly constrained by
other geophysical information like seismic data,
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geological mapping or wells. At sea, where geological
and geophysical exploration expenses make diﬃcult
to accomplish broad detailed studies, this kind of geophysical analysis allow a low-cost ﬁrst approach to the
general structure of a region.
The sector of the NW Iberian continental margin is
connecting the hyperextended west Iberian margin
with the partially inverted margin to the north. The
west Iberian margin has been extensively studied
since the 80’s decade of the past century as an archetype of hyperextended margin (e.g. Boillot, Winterer,
& Meyer, 1988; Péron-Pinvidic, Manatschal, &
Osmundsen, 2013; Whitmarsh, Sawyer, & Klaus,
1996). Also, many studies have been carried out
along the north Iberian margin in order to understand
the mechanisms and magnitude of the Cenozoic partial
inversion (e.g. Álvarez-Marrón et al., 1996; FernándezViejo, Gallastegui, Pulgar, & Gallart, 2011). However,
despite this, the transition between the west (extensional) and the north (compressional) margins has
been scarcely studied to date (Druet et al., 2018).
The ﬁrst gravity mappings in the NW Iberian margin were accomplished by Bacon, Gray, and Matthews
(1969) and Bacon and Gray (1970). They presented
Free-air anomaly maps, identifying diverse relative
minimum and maximum, related to localized structures of the margin. Later, in the frame of the Deep
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Sea Drilling Program, a new Free-air anomaly map was
published by Groupe Galice (1979), where they diﬀerentiate the gravimetric signal of the main morphotectonic regions of the continental margin. Nevertheless,
Free-air gravity anomaly maps have high bathymetry
(and topography) dependence and, for this reason, it
is not possible to achieve a direct interpretation from
them if the relief isn’t taken into account. Conversely,
using Bouguer anomaly maps oﬀshore is much more
signiﬁcant from a geological point of view, especially
if terrain corrections are applied (Jacoby & Silde,
2009). Only then, the Bouguer gravimetric anomalies
can be interpreted in terms of density, geometry and
depth variations of the diﬀerent anomaly sources
below the water sheet (Ball, Eagles, Ebinger, McClay,
& Totterdell, 2013; Carbó, Muñoz, Llanes, & Álvarez,
2003). Recently, Druet et al. (2018) made a detailed
gravimetric analysis from the Bouguer anomaly data
of the NW Iberian margin, including spectral analysis,
Bouguer anomaly grid ﬁltering, and gravity modeling.

location, and locally uplifted (to the north) under the
later Alpine compressional regime (e.g. Druet et al.,
2018 and references therein); (3) the named Deep Galicia Margin, where hyperextension and mantle exhumation occur (e.g. Whitmarsh, White, et al., 1996; Lymer
et al., 2019); (4) a marginal platforms region to the
northwest of Galicia, resulting from the tectonic inversion of former half-graben basins (Druet et al., 2018;
Murillas et al., 1990); (5) the Iberia abyssal plain, surrounding the margin to the west, and (6) the Biscay
abyssal plain, to the north and northwest. These deformation domains are related to diﬀerent crustal thickness and crustal type distribution, having distinctive
gravimetric signal along the margin (Druet et al.,
2018). Thus, the detailed Bouguer anomaly chart that
we present here is a good ﬁrst approximation to
address a regional study of the whole margin and to
characterize its deep structure.

2. Data set and methods
1.1. Geological setting

2.1. Data acquisition and processing

The NW Iberian margin was originated by the northward propagation of the North Atlantic Ocean opening. Several rift pulses underwent in this margin from
Late Jurassic (∼150 M.a.) to Early Cretaceous times
(∼120 M.a.) (e.g. Murillas et al., 1990), including a
westward rift axis jump (Manatschal & Bernoulli,
1999), in the vicinity of a triple ridge junction connecting the west and north Iberian margins. As a result of
this staged rifting, there is an along-strike segmentation
of the margin, as well as an across-strike succession of
the diﬀerent deformation domains related to the rift
process (Druet et al., 2018). Since Late Cretaceous
(∼85 M.a.) to Oligocene-Miocene times (∼23 M.a.),
the Alpine compressional stress ﬁeld led to a partial
tectonic inversion of the north Iberian margin (De
Vicente et al., 2008; Thinon, Fidalgo-González,
Réhault, & Olivet, 2001; Tugend, Manatschal, & Kusznir, 2015). The eﬀects of this later compressional episode clearly extend to the northern sector of the west
margin (Grimaud et al., 1982; Murillas et al., 1990),
partly overriding the former extensional deformation
domain succession (Druet et al., 2018).
The result of the complex tectonic history of the
margin is a wide-ranging physiography (Figure 1).
This intricate orography matches the succession of
the diﬀerent tectonic deformation domains related to
the evolution of the margin. In this connection, along
the margin we can identify (Figure 1): (1) a marginal
basin (the Galicia Interior Basin) whose origin is
related to the former rift axis active during the ﬁrst
extensional episode (e.g. Murillas et al., 1990; PérezGussinyé, Ranero, & Reston, 2003); (2) a seamounts
region, that is a horst area between the Galicia Interior
Basin aborted rift axis and the westward ﬁnal rift axis

The systematic oceanographic surveys carried out in
the frame of the Spanish Exclusive Economic Zone
Project (SEEZ) provide an unprecedented detailed
mapping of the whole NW Iberian continental margin
and its adjacent abyssal plains. The marine datasets we
use here were obtained during seven one-month
cruises, carried out between 2001 and 2009
(ZEEE2001, ZEEE2002, ZEEE2003, ZEEE2006,
ZEEE2007, ZEEE2008, and ZEEE2009), onboard the
R/V Hespérides. A total amount of 16,620 nautical
miles were navigated with gravity data acquisition,
with more than 400,000 valid data points obtained
(Figure 2). As the main objective of the SEEZ surveys
is to obtain multibeam swath bathymetry with 100%
coverage of the seaﬂoor, the survey lines are planned
according to the multibeam requirements. As a result,
the spatial distribution of the gravity measurements is
not uniform, with an irregular spacing and variable
orientation of the surveyed lines (Figure 2).
During the surveys, time and position information
was acquired via a diﬀerential GPS, using two TRIMBLE 4000 DL systems. Heading and velocity data
were provided by the vessel’s navigation system. Gravity data were obtained with a Bell Aerospace Textron
BGM-3 marine gravity meter, with ± 1 mGal accuracy,
mounted on a gyro-stabilized platform damping ship’s
movements. At each marine survey, the gravity data
were tied to the on land gravity network using the
ﬁrst-order absolute gravity bases from the Instituto
Geográﬁco Nacional of Spain, using two terrestrial
gravity meters: a Lacoste & Romberg (model G) and
a Worden Master. During the tying works for the
ZEEE2001, ZEEE2003 and ZEEE2003 cruises, both terrestrial gravity meters were used simultaneously.
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Figure 1. Structural sketch of NW Iberia, over the digital terrain elevation models from the EMODnet (oﬀshore) and SRTM (onshore)
open databases. Modiﬁed from Groupe Galice (1979), Boillot et al. (1988; 1995), Grimaud et al. (1982), Murillas et al. (1990), Malod,
Murillas, Kornprobst, and Boillot (1993), Álvarez-Marrón et al. (1996), Ramírez et al. (2006), Vázquez et al. (2008), Druet (2018), and
Druet et al. (2018). Inset: Location of the study area represented on the Main Map.

Meanwhile, for the ZEEE2006, ZEEE2007, ZEEE2008
and ZEEE2009 cruises, only the Worden Master terrestrial gravity meter was used for this issue. Depending
on the origin and arrival ports, the ﬁrst-order absolute
gravity bases used were those located in La Coruña,
Vigo, Santander and Cartagena, following the procedure described by Carbó et al. (2003). The error estimations during the tying works were always below
0.5 mGal.
Dataset reduction was executed with the GRS67.
The Eötvos eﬀect was corrected taking into account
the navigation data (date, time, speed, course …)
during the marine gravity acquisition. Solid Earthtide eﬀects, due to the moon and sun tidal accelerations, were corrected using Longman’s formulations
(Longman, 1959). For the water slab correction, we
have followed Nettleton’s procedure (Nettleton,
1976), using 1.03 g/cm3 for the water density. The
gravity eﬀect related to the sea-bottom relief must be
corrected also, especially in areas with large bathymetric variations, so that the ﬁnal Bouguer anomaly
reﬂects the density distribution at the sea bottom,

without the bathymetry variations inﬂuence. The seabottom correction was applied using the dedicated
software LANZADAF (Carbó et al., 2003). Sea-bottom
correction was carried out up to a distance of 22 km
from the gravity measure, using a 2 km-gridded digital
terrain model (Sandwell, Müller, Smith, Garcia, &
Francis, 2014). In order to correct herringbone eﬀects
and intersection errors related to the systematic acquisition during the oceanographic surveys, a statistical
leveling correction was also applied using the Geophysics Leveling extension of the Geosoft Oasis MontajTM
software. Here on, it should be noted that when we use
the term ‘Bouguer anomaly’ we refer to a complete
Bouguer anomaly, as sea-bottom and topographic corrections have been included.
Where no ship gravity data are available oﬀshore, we
have used the satellite altimetry-derived Global Gravity
Model data (Sandwell et al., 2014). The parameters
used to reduce satellite derived data have been those
used in the corrections made to marine data. In order
to compare the accuracy of the marine and satellite altimetry derived datasets, and to evaluate the resolution
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Figure 2. Ship navigation lines with gravity data acquisition during the diﬀerent surveys, and on land station locations, over the
shaded relief model obtained from EMODnet (oﬀshore) and SRTM (onshore) open datasets. Modiﬁed from Druet et al. (2018).

improvement when using marine gravity data, a coherency analysis was performed (Druet et al., 2018). It
showed that, for wavelengths lower than 20 km, the
coherence between both datasets diminish, and satellite
altimetry derived dataset loose in accuracy.
In order to prepare the complete map oﬀ the NW
Iberian margin, we have included onshore gravimetric
data from the Instituto Geográﬁco Nacional of Spain,
the Empresa Nacional de Residuos Radiactivos of
Spain, the Bureau Gravimétrique International, and
the Instituto Geológico y Minero de España databases
(Ayala et al., 2016; Álvarez, 2002) (Figure 2). Finally,
ship, on land, and satellite-derived data were jointly
processed and included in a georeferenced database.
The ﬁnal regular grid was calculated with the continuous curvature splines in tension method (Smith &
Wessel, 1990) using GMT software (Wessel, Smith,
Scharroo, Luis, & Wobbe, 2013), with a tension parameter of 0.25 and 2 min interval regular grid. The
map presented here covers an area of 306,000 km2
between parallels 40° 17′ N and 45° 11′ N and meridians 7° 13′ W and 14° 29′ W.
Additionally, in order to facilitate the Bouguer
anomaly map interpretation, two 2 + 3/4D density

models have been performed from Bouguer anomaly
proﬁles. They are partially constrained by refraction
and reﬂection seismic data (Clark, Sawyer, Austin,
Christeson, & Nakamura, 2007; Druet et al., 2018;
Ercilla et al., 2008; González, Córdoba, & Vales,
1999; Murillas et al., 1990; Sibuet et al., 1995; Reston,
Krawczyk, & Klaeschen, 1996; Whitmarsh, White,
et al., 1996). These density distribution models have
been calculated using the Geosoft GM-SYS proﬁle
modeling software. For the conversion from seismic
velocities to densities, we have used the empiric
relationship curves by Ludwig, Nafe, and Drake
(1970), Barton (1986), Christensen and Mooney
(1995) and Brocher (2005).

2.2. Data plot
The Bouguer anomaly map of the NW Iberian continental margin and the adjacent abyssal plains (see
Main Map) is a composite sheet made of three maps
(a main map, and two auxiliary maps), and two 2 +
3/4D gravity models representative of the deep structure of the margin.
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The main map represents the Bouguer anomaly at
a 1:750,000 scale, color shaded with an artiﬁcial illumination from an azimuth of 315° and an elevation
of 45°. The ﬁrst of the two complementary maps
(Figure 2) shows the track lines with gravity data
acquisition during the marine surveys, and the
onshore gravity stations, over a composite digital terrain model constructed from the European Marine
Observation and Data Network (EMODnet, oﬀshore)
and Shuttle Radar Topography Mission (SRTM,
onshore) open databases. Besides, the second auxiliary map shows the Bouguer anomaly grid (colored)
over the same shaded relief, with the tectonic
interpretation of the main features (see tectonic
interpretation on Figure 1).
The ﬁrst gravity model, A-A′ (see location on the
main Bouguer anomaly map), crosscuts the west Iberian margin from West to East, and is representative of
the deep structure of this hyperextended margin (Druet
et al., 2018). The second one, B-B′ (see location on the
main Bouguer anomaly map) is a North to South
model crossing the margin from the Biscay abyssal
plain north of the seamounts region, showing the partial tectonic inversion in this area, to the hyperextended
margin of south the Iberia abyssal plain (Druet et al.,
2018).

3. Brief Bouguer anomaly map description
and interpretation
Bouguer anomaly values range from −105 mGal
(onshore) to 385 mGal (oﬀshore, on the Iberia abyssal
plain region). On the whole, there is a progressive rise
of the Bouguer anomaly values to the north and to the
west, that is to say, from the continental crust region to
the oceanic crust regions of the Iberia abyssal plain and
the Biscay abyssal plain (commonly over 300 mGal).
The 100 mGal contour approximately matches the
continental shelf break. Along the Galicia Interior
Basin, a relative Bouguer anomaly high is found (up
to 250 mGal), linked to the thinned continental crust
and the related mantle rise in this region (Druet
et al., 2018; Pérez-Gussinyé et al., 2003), where extensional tectonics focused during the ﬁrst rifting stages
(Murillas et al., 1990). Westwards, the seamounts
region is linked to a relative minimum of less than
150 mGal, due to its relatively thicker continental
crust. The transition to the domains of Deep Galicia
Margin and the Iberia abyssal plain, where necking
and hyperextension domains are well developed, is
marked by steep Bouguer anomaly gradients ranging
from 2.8 to 3.6 mGal/km. Conversely, the transition
to the Biscay abyssal plain oceanic domain is staggered
and complex, with Bouguer anomaly gradients ranging
from 0.7 to 1.2 mGal/m, due to the eﬀects of the compressional tectonics in this area (Druet et al., 2018; Grimaud et al., 1982). These compressional tectonics
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eﬀects include oceanic crust thrusting at the foot of
the slope to the N and NW of the seamounts region,
the generation of foredeep basins, and the partial tectonic inversion of half-graben basins in the marginal
platforms region.

4. Conclusions
The new Bouguer anomaly map of the NW Iberian continental margin and the adjacent abyssal plains presented
here is built upon an improved gravity database, bringing
together marine, on land, and satellite-derived gravity
measurements. The map is represented at a 1:750,000
scale, using a 2 min-interval squared regular grid.
This Bouguer anomaly map covers a high geological
interest area, with the best accuracy ever attained to
date. A great advantage of gravity anomaly maps as
this one is the continuous nature of the information
that they show. This allow mapping geological domains
and regions at diﬀerent scales, including deformational
domains as those occurring along the hyperextended
and partially tectonically inverted NW Iberian continental margin.
The use of this new Bouguer anomaly map enables
geoscientists from academia, research institutions and
industry to perform a ﬁrst approach to interest zones,
following the evident relationship between the main
deformation domains in the margin and the observed
Bouguer anomaly.

Software
Marine gravity data were corrected using the dedicated
software LANZADAF (Carbó et al., 2003) and Oasis
MontajTM from Geosoft. The marine dataset was
merged with the onshore and satellite-derived data to
calculate a ﬁnal regular grid using GMT software
(Wessel et al., 2013). The three maps showed on the
ﬁnal chart (Main Map and complementary ones)
were constructed using ArcGIS, with a customized
rainbow color-coded scale to represent Bouguer
anomaly values. Gravity modeling was accomplished
using Geosoft GM-SYS software. The ﬁnal layout was
performed with CorelDraw.

Data availability statement
NW_Iberia_BouguerAnomaly_2019.tif is a downloadable geotiﬀ ﬁle of the Bouguer anomaly (mGal) information, with a 2′ × 2′ cell spacing in a UTM 29N
projection (WGS84 datum).

Geolocation information
The map and dataset presented are located between
parallels 40° 17′ N and 45° 11′ N and meridians 7°
13′ W and 14° 29′ W.

640

M. DRUET ET AL.

Acknowledgements
We want to especially thank all the institutions and participants in the research cruises of the Spanish Economic Exclusive Zone project. This project is leaded by Spanish ‘Instituto
Hidrográﬁco de la Marina’ and the ‘Real Instituto y Observatorio de la Armada’. Other participants are the ‘Instituto
Geológico y Minero de España’, the ‘Universidad Complutense de Madrid’ and the ‘Instituto Español de Oceanografía’. We are grateful for the work of the diﬀerent captains
and crewmembers operating the R/V Hespérides during
the cruises carried out from 2001 to 2009. The ‘Unidad de
Tecnología Marina’ (CSIC) oﬀered and unvaluable support
during the cruises. The composite digital terrain model
showed on the additional maps of the main chart has been
constructed from the European Marine Observation and
Data Network (EMODnet, http://www.emodnet.eu/
bathymetry) and Shuttle Radar Topography Mission
(SRTM, https://www2.jpl.nasa.gov/srtm) open databases.
Finally, we want to thank Gabriela Fernández Viejo, Songbai
Xuan, and Nick Scarle for their constructive revisions and
recommendations that certainly enhanced the ﬁnal manuscript and map.

Disclosure statement
No potential conﬂict of interest was reported by the authors.

Funding
The marine surveys are supported by the Spanish Defense
Ministry, as this is the managing body of the Spanish Exclusive Economic Zone Project (SEEZ). Additionally, the Universidad Complutense de Madrid funds travel expenses of
its personnel embarking on the surveys, as does the Instituto
Geológico y Minero de España in the frame of the internal
project entitled ‘Plan de Investigaciones Geológicas y Geofísicas de la Zona Económica Exclusiva Española (ZEEE)’.

ORCID
María Druet http://orcid.org/0000-0002-0534-0018
Alfonso Muñoz-Martín
http://orcid.org/0000-0002-53025119
José Luis Granja-Bruña http://orcid.org/0000-0001-87415388
Manuel Catalán http://orcid.org/0000-0001-9691-7101
Adolfo Maestro http://orcid.org/0000-0002-7474-725X
Fernando Bohoyo http://orcid.org/0000-0002-1044-8816

References
Álvarez, J. (2002). Análisis Gravimétrico e Isostático en el
Macizo Hespérico. Diploma de Estudios Avanzados.
Madrid: Universidad Complutense de Madrid. p. 77.
Álvarez-Marrón, J., Pérez-Estaún, A., Dañobeitia, J. J.,
Pulgar, J., Martínez Catalán, J., Marcos, A., … Córdoba,
D. (1996). Seismic structure of the northern continental
margin of Spain from ESCIN deep seismic proﬁles.
Tectonophysics, 264(1–4), 153–174. doi:10.1016/S00401951(96)00124-2
Ayala, C., Bohoyo, F., Maestro, A., Reguera, M. I., Torne, M.,
Rubio, F., … García-Lobón, J. L. (2016). Updated Bouguer
anomalies of the Iberian Peninsula: A new perspective to

interpret the regional geology. Journal of Maps. doi:10.
1080/17445647.2015.1126538
Bacon, M., & Gray, F. (1970). A gravity survey in the eastern
part of the Bay of Biscay. Earth and Planetary Science
Letters, 10, 101–105.
Bacon, M., Gray, F., & Matthews, D. H. (1969). Crustal structure studies in the Bay of Biscay. Earth and Planetary
Science Letters, 6, 377–385.
Ball, P., Eagles, G., Ebinger, C., McClay, K., & Totterdell, J.
(2013). The spatial and temporal evolution of strain
during the separation of Australia and Antarctica.
Geochemistry, Geophysics and Geosystems, 14, 2771–
2799. doi:10.1002/ggge.20160
Barton, P. J. (1986). The relationship between seismic velocity and density in the continental crust – A useful constraint? Geophysical Journal of the Royal Astronomical
Society, 87(1), 195–208. doi:10.1111/j.1365-246X.1986.
tb04553.x
Boillot, G., Beslier, M. O., Krawczyk, C. M., Rappin, D.,
Reston, T. J., et al. (1995). The formation of passive margins: Constraints from the crustal structure and segmentation of the deep Galicia margin, Spain. In R. A. Scrutton
(Ed.), The tectonics, sedimentation and paleoceanography
of the north Atlantic region (pp. 71–91). College Station,
TX: Geological Society of London, Special Publications.
Boillot, G., Winterer, E. L., & Meyer, A. W. (1988).
Proceedings of the ocean drilling program, scientiﬁc results,
103. College Station, TX: Ocean Drilling Program.
Brocher, T. M. (2005). Empirical relations between elastic
wavespeeds and density in the Earth’s crust. Bulletin of
the Seismological Society of America, 95(6), 2081–2092.
doi:10.1785/0120050077
Carbó, A., Muñoz, A., Llanes, P., Álvarez, J., & ZEE working
group (2003). Gravity analysis oﬀshore the Canary Islands
from a systematic survey. Marine Geophysical Researches,
24, 113–127. doi:10.1007/s11001-004-1336-2
Christensen, N. I., & Mooney, W. D. (1995). Seismic velocity
structure and composition of the continental crust: A global view. Journal of Geophysical Research, 100, 9761–9788.
doi:10.1029/95JB00259
Clark, S. A., Sawyer, D. S., Austin, J. A. Jr., Christeson, G. L.,
& Nakamura, Y. (2007). Characterizing the Galicia Banksouthern Iberia abyssal plain rifted margin segment
boundary using multichannel seismic and ocean bottom
seismometer data. Journal of Geophysical Research, 112,
B03408. doi:10.1029/2006JB004581
Druet, M. (2018). Geodinámica del margen continental de
Galicia: Estructura profunda y morfotectónica.
Publicaciones del instituto Geológico y Minero de
España, Serie Tesis Doctorales, 30.
Druet, M., Muñoz-Martín, A., Granja-Bruña, J. L., CarbóGorosabel, A., Acosta, J., Llanes, P., & Ercilla, G. (2018).
Crustal structure and continent-ocean boundary along
the Galicia continental margin (NW Iberia): Insights
from combined gravity and seismic interpretation.
Tectonics, 37, 1576–1604. doi:10.1029/2017TC004903
De Vicente, G., Cloetingh, S., Muñoz-Martín, A., Olaiz, A.,
Stich, D., Vegas, R., … Fernández-Lozano, J. (2008).
Inversion of moment tensor focal mechanisms from active
stresses around Microcontinent Iberia: Tectonic implications. Tectonics, 27, 1–22. doi:10.1029/2006TC002093
Ercilla, G., García-Gil, S., Estrada, F., Gràcia, E., Vizcaino, A.,
Vázquez, J. T., … Farrán, M. (2008). High resolution seismic stratigraphy of the Galicia bank region and neighbouring abyssal plains (NW Iberian continental
margin). Marine Geology, 249(1-2), 108–127. doi:10.
1016/j.margeo.2007.09.009

JOURNAL OF MAPS

Fernández-Viejo, G., Gallastegui, J., Pulgar, J. A., & Gallart, J.
(2011). The MARCONI reﬂection seismic data: A view
into the eastern part of the Bay of Biscay. Tectonophysics,
508(1-4), 34–41. doi:10.1016/j.tecto.2010.06.020
González, A., Córdoba, D., & Vales, D. (1999). Seismic crustal structure of Galicia continental margin, NW Iberian
Peninsula. Geophysical Research Letters, 26, 1061–1064.
doi:10.1029/1999GL900193
Grimaud, S., Boillot, G., Collete, B., Mauﬀret, A., Miles, P. R.,
& Roberts, D. B. (1982). Western extension of the IberianEuropean plate boundary during the early Cenozoic
(Pyrenean) convergence: A new model. Marine Geology,
45(1-2), 63–77. doi:10.1016/0025-3227(82)90180-3
Groupe Galice. (1979). The continental margin of Galicia
and Portugal, acoustic stratigraphy, dredge stratigraphy
and structural evolution. In W. B. F. Ryan, & J. C.
Sibuet (Eds.), Proceedings of the deep Sea Drilling project,
Leg 47 (pp. 633–662). DC, Washington: US Government
Printing Oﬃce.
Hinze, W. J., Von Frese, R. R. B., & Saad, A. H. (2013). Gravity
and magnetic exploration: Principles, practices, and applications. Cambridge: Cambridge University Press. p. 512.
Jacoby, W., & Smilde, P. L. (2009). Gravity interpretation.
Berlin: Springer-Verlag. p. 395.
Longman, I. M. (1959). Formulas for computing the tidal
accelerations due to the moon and the sun. Journal of
Geophysical Research, 64(12), 2351–2355. doi:10.1029/
JZ064i012p02351
Ludwig, W. J., Nafe, J. E., & Drake, C. L. (1970). Seismic
refraction. In A. E. Maxwell (Ed.), The sea, 4 (pp. 53–
84). New York: Wiley-Interscience.
Lymer, G., Cresswell, D. J. F., Reston, T. J., Bull, J. M.,
Sawyer, D. S., Morgan, J. K., … Shillington, D. J. (2019).
3D development of detachment faulting during continental breakup. Earth and Planetary Science Letters, 515, 90–
99. doi:10.1016/j.epsl.2019.03.018
Malod, J. A., Murillas, J., Kornprobst, J., & Boillot, G. (1993).
Oceanic lithosphere at the edge of a Cenozoic active continental margin (northwest slope of the Galicia Bank.
Spain). Tectonophysics, 221(2), 195–206. doi:10.1016/
0040-1951(93)90332-E
Manatschal, G., & Bernoulli, D. (1999). Architecture and tectonic evolution of non-volcanic margins: Present day
Galicia and ancient Adria. Tectonics, 18, 1099–1119.
doi:10.1029/1999TC900041
Murillas, J., Mougenot, D. G., Boillot, G., Comas, M. C.,
Banda, E., & Mauﬀret, A. (1990). Structure and evolution
of the Galicia interior basin (Atlantic western Iberian continental margin). Tectonophysics, 184, 297–319.
Nettleton, L. L. (1976). Gravity and magnetics in oil prospecting. New York: Mac Graw-Hill, p. 464.
Pérez-Gussinyé, M., Ranero, C. R., & Reston, T. J. (2003).
Mechanisms of extension at nonvolcanic margins:
Evidence from the Galicia interior basin, west of Iberia.
Journal of Geophysical Research, 108(B5), 2245. doi:10.
1029/2001JB000901

641

Péron-Pinvidic, G., Manatschal, G., & Osmundsen, P. T.
(2013). Structural comparison of archetypal Atlantic rifted
margins: A review of observations and concepts. Marine
and Petroleum Geology, 43, 21–47. doi:10.1016/j.
marpetgeo.2013.02.002
Ramírez, M. S., Lucini, M., Plaza, J., Carreño, E., Martínez, J.
M., & de Vicente, G. (2006). Proyecto PRIOR:
Determinación de fallas de Primer Orden mediante
análisis integrado de datos geológicos. Consejo de
Seguridad Nuclear, Colección Otros Documentos no 15.
Reston, T. J., Krawczyk, C. M., & Klaeschen, D. (1996). The S
reﬂector west of Galicia (Spain): Evidence from pre-stack
depth migration for detachment faulting during
continental break-up. Journal of Geophysical Research,
101, 8075–8091. doi:10.1029/95JB03466
Sandwell, D. T., Müller, R. D., Smith, W. H. F., Garcia, E., &
Francis, R. (2014). New global marine gravity model from
CryoSat-2 and Jason-1 reveals buried tectonic structure.
Science, 346(6205), 65–67. doi:10.1126/science.1258213
Sibuet, J. C., Louvel, V., Whitmarsh, R. B., White, R. S.,
Horseﬁeld, S. J., Sichler, B., … Recq, M. (1995).
Constraints on rifting processes from refraction and
deep-tow magnetic data: The example of the Galicia
continental margin (West Iberia). In E. Banda
(Ed.), Rifted ocean-continent boundaries (pp. 197–217).
Kluwer Academic Publishers. doi:10.1007/978-94-0110043-4_11
Smith, W. H. F., & Wessel, P. (1990). Gridding with
continuous curvature splines in tension. Geophysics, 55
(3), 293–305. doi:10.1190/1.1442837
Thinon, I., Fidalgo-González, L., Réhault, J. P., & Olivet, J. L.
(2001). Pyrenean deformations in the Bay of Biscay.
Comptes Rendus de l’Académie des Sciences – Series IIA:
Sciences de la terre et des planètes, 322, 561–568.
Tugend, J., Manatschal, G., & Kusznir, N. J. (2015). Spatial
and temporal evolution of hyperextended rift systems:
Implication for the nature, kinematics, and timing of the
Iberian-European plate boundary. Geology, 43(1), 15–18.
doi:10.1130/G36072.1
Vázquez, J. T., Medialdea, T., Ercilla, G., Somoza, L., Estrada,
F., Fernández Puga, M. C., … Sayago, M. (2008). Cenozoic
deformational structures on the Galicia bank region (NW
Iberian continental margin). Marine Geology, 249(1–2),
128–149. doi:10.1016/j.margeo.2007.09.014
Wessel, P., Smith, W. H. F., Scharroo, R., Luis, J. F., &
Wobbe, F. (2013). Generic mapping tools: Improved version released. Eos, Transactions American Geophysical
Union, 94, 409–410.
Whitmarsh, R. B., Sawyer, D. S., & Klaus, A. (1996).
Proceedings of the ocean drilling program, scientiﬁc results,
149. College Station, TX: Ocean Drilling Program.
Whitmarsh, R. B., White, R. S., Horseﬁeld, S. J., Sibuet, J. C.,
Recq, M., & Louvel, V. (1996). The ocean-continent
boundary oﬀ the western continental margin of Iberia:
Crustal structure west of Galicia Bank. Journal of
Geophysical Research, 101, 28291–28314.

