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Abstract

As part of a systematic mapping program of the Hydrographic and Oceanographic Research Plan for the Spanish
Exclusive Economic Zone (EEZ), gravity surveys were carried out offshore the Canary Islands. Using the gravity
data collected during cruises between 1998 and 2000 aboard the RV Hesperides and satellite and land data, we
construct free air and Bouguer anomaly maps and discuss the geodynamic implications.

Using maps of Bouguer anomaly, free air anomaly, vertical derivative, long wavelength Bouguer anomaly and
short wavelength anomaly, a detailed description of the gravity characteristics of the archipelago is presented,
describing gravity anomalies from a geologic point of view. The character of the crust throughout the studied
area has been defined, as well as high gradient zones that limit crustal blocks of different density. High gradient
zones have been mapped for the first time and interpreted as fracture zones, taking into account geophysical and
geological information. Gravity highs and lows have been studied and related to crustal, mantle and volcanic

effects.

Introduction

In 1995, the ‘Instituto Espafiol de Oceanografia’ and
the ‘Instituto Hidrografico de la Marina’ undertook
a geologic and oceanographic research study of the
Spanish Exclusive Economic Zone (EEZ). The main
objectives of this research were to map the EEZ in
order to obtain bathymetric charts and to perform a
geophysical survey, consisting of gravity, magnetic
and other information compatible with a 10 knot ship
velocity. The EEZ program involved the coopera-
tion of the ‘Real Observatorio de la Armada’, which
was responsible for magnetic data, and the ‘Departa-
mento de Geodindmica, Universidad Complutense de
Madrid’, responsible for gravity data. The investiga-
tions of the EEZ program were carried out offshore the
Canary Archipelago (Figures 1 and 2), during cruises
EEZ-1998, EEZ-1999 and EEZ-2000.

These cruises constituted the first systematic grav-
ity survey performed in the Canary Islands region,
providing data acquired using the same self-consistent
acquisition system along quasi-regularly spaced sur-

vey tracks. The purpose of this paper is to present
consistent, regional gravity maps of the Canary Islands
region, and to interpret some of the geodynamic impli-
cations they provide. The publication of these maps is
of great interest for tectonic and geodynamics studies.
Among other applications, these maps, combined with
other geological and geophysical information, provide
constraints on the different tectonic models proposed
to explain the origin of the Canary Islands (e.g., An-
guita and Herndn, 2000; Carracedo et al., 1998), on
the structure of the island crust and upper mantle (e.g.
Watts et al.,, 1997), on the thermal and mechanical
properties of the oceanic lithosphere underneath the
archipelago (e.g. Canales and Dafiobeitia, 1998), and
on the nature of the ocean-continent transition in the
region (Watts and Marr, 1995).

Geological setting and previous geophysical work

The Canary Islands are an intraplate volcanic
archipelago formed of seven volcanic islands located
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Figure 1. Location map of the Canary Islands and bathymetric map (depth in meters).

in the eastern Atlantic Ocean, close to the northwest
African continental margin (Figure 1) and lying on
Jurassic oceanic crust, between isochrons M21 and S1
(150 and 175 Ma, Roest et al., 1992). The easternmost
island, Fuerteventura, is only 100 km from the African
coast. Their proximity to the continent, together with
the sparse data available, influenced discussions about
the character of the crust under the Canaries. Hausen
(1962) suggested a continental character for the is-
lands while Rothe and Schmincke (1968) proposed a
continental character for the eastern islands (Lanzarote
and Fuerteventura) and an oceanic one for the western
islands. Fuster et al. (1968) advocated an oceanic ori-
gin for all the Canary Islands. The oceanic character of
the lithosphere under the Canaries has been confirmed
by seismic multichannel reflection and refraction stud-
ies at both a crustal and a lithospheric scale (Bosshard
and MacFarlane, 1970; Banda et al., 1981; Watts et al.,
1997).

The first marine gravity study of the Canary
Archipelago, together with some refraction seismic
profiles, was published by Dash and Bosshard (1969)
for the western islands. They obtained free air and
Bouguer anomaly maps using a 50 mGal contour in-
terval, described how free air anomalies followed the
bathymetry quite closely, and noticed the absence of
an offshore belt of negative anomalies associated with
the islands, such as seen in Hawaii (Watts and Talwani,
1975). Based on Bouguer anomalies they interpreted
all the islands as independent structural blocks, ex-
cept Tenerife and La Gomera, which lie in the same
block. They also interpreted two main faults, one

between Gran Canaria and Tenerife trending NE-SW,
and another through Tenerife, La Gomera and El Hi-
erro trending in the same direction. Dash and Bosshard
(1969) proposed oceanic crust for the west and a tran-
sitional type in the central area of the archipelago.
Using the same data for the western island, Bosshard
and MacFarlane (1970) constructed a more detailed
Bouguer anomaly map and used the free air values to
compute the depth of the Mohorovicic discontinuity
and Bouguer values for structural models, but their
general conclusions were the same as those of Dash
and Bosshard (1969).

Regional and local gravity anomaly data were pre-
sented by MacFarlane and Ridley for the islands of
Tenerife (1968) and Lanzarote (1969). Their results
point to a gradational position of the islands between
a truly oceanic and a truly continental environment.
Bouguer anomaly values increase from a fairly typical
continental value of 25 mGal over the continental shelf
to over 250 mGal west of El Hierro. An interpretation
of the regional and local gravity data was attempted
and some broader genetic implications were briefly
discussed. More recent local gravity studies have been
done, basically to define the structure and volcanism
in Tenerife and Lanzarote (Ablay and Kearey, 2000;
Arafia et al., 2000; Camacho et al., 2001; Vieira
et al., 1986). On a regional scale the most recent
studies focus on lithosphere analysis of the Canary
Islands using both seismic and gravity data (Canales
and Daflobeitia, 1998; Daflobeitia et al., 1994; Ranero
et al., 1995; Watts, 1986).
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Figure 2. Track lines map. Line 1 is used in the spectral analysis of Figure 6.
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Figure 3. Block diagram that shows the parameters used in ‘sea bottom corrections’ (left) and variables used in calculations (right).

Data Collection

An area of more than 124 000 km? offshore the Ca-
naries is studied here. The marine gravity data were
collected during the EEZ cruises, where a total of
338,421 useful readings were obtained (Figure 2).
Satellite-altimetry-derived gravity data (Sandwell and
Smith, 1997) as well as data from a cruise previous
to the EEZ project (Teide-95) were used to complete
the study area. Land gravity data from the ‘Instituto
Geografico Nacional’ database, distributed over the
seven major islands (I.G.N., 1996), were also used to
avoid border errors inside the studied area. The loca-
tions of track lines together with land and satellite data
are shown in Figure 2.

The acquisition of marine gravity data was carried
out aboard the RV Hespérides using a 1 mGal ac-
curacy Bell Aerospace BGM-3 gravity system, with
an automatic pitch and roll elimination. The gravity
meter used for the land link was a +0.01 mGal accu-
racy LaCoste & Romberg. The offshore gravity data
set was corrected for instrumental drift and tied into
the land network throughout the ‘Instituto Geografico
Nacional’ gravity bases of Cartagena (SE of Iberian
Peninsula) and Las Palmas (Gran Canaria).

Ship navigation data was obtained by two simul-
taneous differential GPS (DGPS) systems integrated
with RV Hespérides’ central navigation system. A lo-
cal DGPS base station and a second system based on
a regional base station network were used, resulting
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in better than 5 m navigation accuracy. Water depth
was recorded with both a multi-beam echosounder
Simrad EM-12S and single beam echosounder Simrad
EA-500.

Data Processing

Ship gravity data was merged with navigation data
(date, time, ship’s speed, water depth, course, latitude
and longitude), and the Eotvos effect was corrected.
Gravity data were reduced to the 1967 Geodetic Ref-
erence System (GRS), the water slab was corrected us-
ing a density of 1.03 g/cm® and Free-Air and Bouguer
anomalies were calculated following the procedure of
Nettleton (1976). Land gravity data were also reduced
to the 1967 GRS using a density of 2.67 g/cm? for the
Bouguer correction.

A total of 397 processed track lines, containing
the data described above, were included in a georef-
erenced database. Spikes were corrected in each line
and, due to the regional character of the map, high
frequency anomalies were eliminated by a low pass
filter (anomalies under 1.5 km of wavelength).

Sea bottom correction

Nettleton (1976, Chapter 5) described how to correct
the effect produced by the water slab and irregularities
of the ocean floor. This author calls the result of ap-
plying these corrections ‘Bouguer anomalies’, though
the corrections at sea are not exactly equal to those
applied on land. It should be remembered that the cor-
rection for the water slab is done with a slab of water
situated below the reference level. Also, the gravity
effect produced by sea bottom irregularities, treated as
positive and negative spikes above the lower limit of
the slab of water, are computed at sea level and can
be positive or negative. When working in areas close
to the continental slope, or in archipelagos with large
bathymetric variations, these corrections should be ap-
plied so that the map of gravity anomalies, obtained at
sea level, reflects the distribution of the densities at the
sea bottom and is not heavily affected by bathymetric
irregularities.

The correction of these effects was performed for
each point at which a reading was taken, using an orig-
inal computer programme (LANZADAF). The pro-
gramme can be explained as follows (Figure 3). The
programme uses two matrixes: appearing in the first

data matrix (DM) are the geographic coordinates of
the reading points to be corrected, their bathymetry
and the free air anomaly; in the second prism matrix
(PM) are the geographic coordinates of each regular
prism into which the study area has been divided and
their average depths. It is first necessary to divide the
sea bottom into regular prisms with the sides defined
and the altitudes equal to the average bathymetry at the
base of each prism.

The flux of the programme is carried out following
three levels described as follows and by repeating the
process for each reading point.

(1) Bouguer slab correction. This is done in the clas-
sic way, though the density under consideration is
the negative contrast arising from the presence of
seawater and the thickness of the slab is the depth
of the reading point.

(2) Creation of a residual prism matrix (RPM) with
the same geometrical disposition as in the PM. The
new geographic coordinates and their altitude will
be established by the difference between those of
the PM and those of the point to be corrected. It
is evident that the altitudes defined in this way will
be positive when the bottom surface in the position
of the prisms is greater than the lower limit of the
slab of water used for the Bouguer correction and
negative in the opposite case (Figure 3).

(3) The sum of all the effects generated by the prisms
of the RPM above the reading point and the elab-
oration of a departure matrix in the appropriate
format to execute the mapping of Bouguer anom-
alies. The operation will be broadened to a distance
at which the calculated effects will be irrelevant.
The relative X and Y coordinates, the slab correc-
tion, the depth correction, the free air anomaly and
the Bouguer anomaly are included in the departure
matrix. The gravity effect of a regular prism, with
a density ¢ over a point (Figure 3), is expressed by:

x2 y2 2

zdz
gzzycf/a'x/dy/—3
(x2 +y% +2)?

x1 yl z1

where y is the constant of universal gravitation and o
the density of the prisms.

As a base of calculation for programming, we
have used the solution of this integral proposed by
Nagy (1966), because of its simplicity and appropri-
ateness for the programming of the problem, although
there have been a great many further advances (e.g.,
Plouff, 1976; Danés, 1982, Ma and Watts, 1994). In
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Figure 4. Histogram of sea bottom terrain values obtained for all
the data.
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Figure 5. Histogram of differences between calculated Bouguer
gravity anomalies at cross-over ship’s tracks.

a complimentary way, Nagy (1966) also executes a
classic topographical correction for nearby land ele-
vations, breaking down the topography into straight
prisms. This correction is necessary in cases like the
Canary Islands, where altitudes of nearby emerged
land reach 3500 meters above sea level.

The prism used was 2 km wide and the sea-
bottom correction was extended to 22 km. The digital
elevation model used included satellite sea-bottom
data (Smith and Sandwell, 1997) and land data
(ETOPO30). Statistical analysis of the sea-bottom cor-
rected values showed a mean value of —1.92 mGal and
a standard deviation of 6.64 mGal (Figure 4).

Levelling correction

To estimate the overall accuracy of the gravity mea-
surements obtained during four different cruises,
differences between gravity anomalies observed at
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intersecting ships’ tracks were examined, since this is
considered the best method to evaluate uncertainties in
marine gravity data (Talwani, 1971; Wessel and Watts,
1988). The statistical cross-over analysis shows than
84% of the values have differences below 10 mGal
and 64% of the cross-over errors are under 5 mGal
(Figure 5).

The levelling correction method used was a sta-
tistical levelling that corrects errors by modelling a
trend surface to the intersection errors and removing
the trend from the tie line data. To level the tie lines
we assumed that the difference between the tie line
and all crossing survey lines can be used as an esti-
mate of the error along the tie line. It is reasonable
to assume that the tie line should, on average, match
the crossing lines. Any single line may be out of level,
but the average of all lines should follow the correct
tie line. The statistical levelling was first applied to
individual cruises and later to all the cruises together
because there are some lines that cross groups of lines
of other cruises.

Coherence analysis

Because interpolation of the anomaly maps included
both ship gravity data and satellite gravity data (ERS-
1, Geosat and Topex-Poseidon, from Sandwell and
Smith, 1997) (Figure 6 a, b), a spectral analysis of the
coherence between both kind of data was done. The
objective of this analysis was to check the precision
and the existence of a cut-off frequency that marked a
lower limit in the satellite data accuracy. The longest
ship track (495 km length), with an E-W direction,
was selected for the analysis (Line 001, Figure 3). In
that line, the auto- and cross-spectrum were calculated
for free air anomaly values obtained by both ship and
satellite (Figures 6a,b). Because the sample interval
was different in each case, about 50 m for the ship
and 3500 m for the satellite, the larger sample inter-
val was chosen for the analysis. To avoid aliasing, the
ship data were low-pass filtered before re-sampling to
the coarser interval. For that interval, we have calcu-
lated the spectral density by Welch’s method (1967)
of ensemble averaging of multiple overlapped win-
dows, using the standard error estimates of Bendat and
Piersol (1986) and following the Wessel and Smith
(1995) procedure. Finally, we have plotted the spec-
tra for the two sources and the coherence between
them. Power values are equivalent in both types of
data (Figure 6¢). The coherence has values near 1
for long wave-lengths >20 km (Figure 6d), while for
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Figure 6. Coherence analysis of free air anomaly values. a) Representation of ship and satellite free air anomaly data for Line 001, sampling
interval 3500 m. b) Ship bathymetry profile for Line 001 (located in Figure 2), sampling interval 50 m. ¢) Comparison of power spectrum of
ship and satellite data along the line. d) Coherence analysis between ship and satellite gravity data along the line.

wavelengths shorter than 15 km, there is low coher-
ence between both data sets, as also suggested by the
power values (Figures 6¢,d). These data agree with the
resolution of satellite data established at 22-30 km in
previous works (Yale et al., 1995). The good results
of the coherence analysis may be due to the system-
atic character and quality of the gravity data used. The
spectrum also shows that satellite data are sparse be-
tween 6 and 12 km wavelength. Below this value only
the ship data have a significant signal level. Because
of the regional character of the research area, it is
possible to use both kinds of data to get a synthesized
map, knowing that, for satellite data only wavelengths
above 15 km are reliable. On the other hand, results of
the spectral analysis of the coherence indicate that for
high resolution studies the use of ship gravity data is
essential.

Gravity maps
Map construction

All filtered offshore gravity data were merged with
gravity data onshore to construct free air and Bouguer
anomaly maps. The combined data were interpolated
using a Kriging algorithm that divides the search area
into six sectors. After trying different grid cell sizes
and taking into account the results of the spectral
analysis, a 6 km grid cell size was chosen as the
most suitable for this study. The final maps include
the anomaly contours over an illuminated coloured im-
age computed from a directional derivative in the 310°
direction and were drawn using GMT software (Wes-
sel and Smith, 1995). The free air anomaly map was
contoured at 10 mGal, while the Bouguer anomaly
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Figure 7. (a) Free air anomaly map (contour interval = 10 mGal). (b) Bouguer anomaly map (contour interval = 5 mGal, except to the east
of Fuerteventura and Lanzarote where the contour interval = 10 mGal). The colour palette range has been emphasized for anomalies between

125-225 mGal.

map was contoured at 5 mGal, except in the area east
of Fuerteventura and Lanzarote, where steep gravity
gradients occur and a 10 mGal contour was chosen
(Figures 7a and 7b).

Free air anomaly map

The free air anomaly map is shown in Figure 7a. Val-
ues above 100 mGal occur above sea level, reaching as
much as +400 mGal on the highest island. Values be-
tween +100 and +50 mGal mark the submarine flanks
of the islands with steep slopes. The 0 mGal represents
deep seafloor with less island influence. Minimum
values of —75 mGal appear east of Tenerife, NE of
Gran Canaria and west of Fuerteventura. Looking at
the gradual distribution, from positive values on the

island to negative values in deep areas, there is a clear
correlation with bathymetry. This is expected, since
free air anomalies are dominated by the large density
contrast at the seafloor (Lin et al., 1990). As free air
anomaly values have a dependence on the topography
and bathymetry, it is not possible to derive a correct in-
terpretation, even qualitatively, without taking account
of bathymetry. For geological interpretations Bouguer
anomaly values are more useful, especially when a
sea bottom terrain correction is done, because the
anomalies can be interpreted in terms of density vari-
ations below the water slab and depth of the sources
that generate these variations. This allows us to make
an detailed description and to be able to discuss the
gravity data based on the Bouguer anomaly map.
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Bouguer anomaly map

The Bouguer anomaly map with both sea-bottom ter-
rain and topography corrections is shown in Figure 7b.
The Bouguer gravity values range from 4315 mGal in
the westernmost side to +30 mGal in the easternmost
one. This change takes place in a steep and discon-
tinuous way, shaped by three major elongated high
gradient zones: near the eastern coast of Fuerteventura
and Lanzarote, across Tenerife island (both with a NE-
SW orientation) and just to the west of La Palma and
El Hierro islands, with a N-S orientation. These high
gradient zones separate four areas with different grav-
ity responses. It is clearly observed that the Canary
Islands occupy the two zones of intermediate Bouguer
anomaly values (160-240 mGal). The mean value of
the western islands is higher (220 mGal) than the east-
ern ones (180 mGal). In addition to the high gradient
zones, there are other effects that disturb the general
progressive variation in the Bouguer anomaly values
from east to west, such as the presence of more local
highs and lows and high gradient zones (Figures 7b
and 8).

There are some gravity highs of special relevance
because of their signal amplitude: Two of them are
related to Gran Canaria and another is centred on
La Gomera. Other gravity highs, located SW of
Fuerteventura, have shorter wavelengths but consider-
able amplitude (40-50 mGal).

There are some gravity lows west of Lanzarote and
Fuerteventura, and it is remarkable that the axis of
minimum values has a N-S direction in the channel
between Fuerteventura and Gran Canaria. The biggest
gravity lows, because of their amplitude values, are
related to La Palma and El Hierro.

The map shows different kinds of signals, due to
the small grid side and the large size of the studied
area. This characteristic makes it necessary to apply
frequency separation techniques to analyse the differ-
ent anomalies and to avoid possible distortion due to
their superposition.

Gravity data filtering and transformation

The Bouguer anomaly map shows a combination of
long- and short-wavelength features. In order to better
determine gravity gradients that may indicate geologi-
cal contacts between bodies of different density, and to
distinguish between deeper and shallower sources, we

have applied the following filtering and transformation
techniques: A) vertical derivative maps, by taking the
2-D Forward Fast Fourier Transform; and B) filtering
of the Bouguer anomaly map in different wavelengths
by applying Fourier analysis (cut-off wavelength val-
ues have been obtained by the 2-D spectral analysis of
the Bouguer anomaly map described later in the text).

First vertical derivative map

The first vertical derivative enhances shorter wave-
lengths, suppresses longer wavelengths and is ac-
complished by multiplying the Fourier transform of
a potential field map by the wavenumber. The ef-
fect is to enhance anomalies caused by abrupt lateral
changes in near-surface densities at the expense of
broader anomalies caused by deeper or more gradual
density changes. For this reason, the map is useful for
comparison of anomalies associated with geological
bodies exposed at the surface. Suppression of longer
wavelengths also helps in comparing and distinguish-
ing trends and anomaly fabrics in various domains
(Simpson et al., 1986; Jachens et al., 1989). As the
first vertical derivative map (Figure 9) has consider-
able similarities with the short wavelength Bouguer
anomaly map, we will discuss both maps together
below.

Bouguer anomaly filtered maps

The Fourier analysis was done with the regularly-
spaced Bouguer anomaly grid shown in Figure 7b.
Figure 10 represents the radial-averaged power spec-
trum of the Bouguer anomaly grid. It consists of a
number of linear trends, which can be interpreted in
terms of the mean depth to the major density contrasts
within the lithosphere following the method of Karner
and Watts (1983). We recognize two linear segments
of differentiated slope. The steeper one is related to
deep sources (mean depth = 65 km), responsible of
long wavelength anomalies (between 200 and 40 km),
while the other represents the shallower sources (mean
depth = 20 km), responsible for short wavelength
anomalies (between 40 and 12 km).

Using the spectral analysis results we have ob-
tained two maps of filtered Bouguer anomalies, one
of long wavelengths that show deep density variations
and/or crustal flexures, and another of short wave-
lengths, from which the noise has been eliminated,
that represents local density variations of crustal scale.



Figure 8. Interpreted Bouguer anomaly map (contour interval = 5 mGal, except to the east of Fuerteventura and Lanzarote where the contour
interval = 10 mGal). Black solid lines show linear high gravity gradients. Gravity highs are represented with + symbols and gravity lows with
— symbols. Dashed black line labelled as A-A’ represent an axis of gravity lows. See text for explanation.
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Figure 9. First vertical derivative of the Bouguer anomaly map.
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Figure 10. Radial-averaged power spectrum of Bouguer anomaly
map and depth estimation for the density interfaces contributing to
the long and short wavelengths.

Long wavelength Bouguer anomaly map

The description of the long wavelength Bouguer
anomalies refers to the map of Figure 1la. It has
some similarities with the Bouguer anomaly map (Fig-
ure 7b). As was mentioned previously, the change
from low Bouguer anomalies in the east to high
Bouguer anomalies in the west takes place in a steep
and discontinuous way, allowing us to define four
sectors separated by three major high gradient zones:
— Lanzarote — Fuerteventura Gradient Zone (LFGZ).
The easternmost gradient zone is located to the east of
Lanzarote and Fuerteventura. It runs in a general NE-
SW direction, although near Fuerteventura it takes a
NNE-SSW direction. The maximum gradient values
are reached near Lanzarote (12 mGal/km).
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— Tenerife Gradient Zone (TGZ). Crossing Tenerife in
a NE-SW direction, there is a stronger gradient on the
north side of the island than on the southern edge.
—La Palma - El Hierro Gradient Zone (PHGZ). This is
the westernmost gradient trending N-S, and it passes
west of La Palma and through El Hierro. In areas
where it is not modified by wavelengths related to
other anomalies, it reaches a 3.5 mGal/km.

Some differentiated anomalies seen in the general
map appear to have an overlap effect as a unique long
wavelength anomaly, while there are others whose
effects seem to be absent.

The two independent gravity highs of Lanzarote
and Fuerteventura that are seen in the unfiltered gen-
eral map (Figure 7b) have a reflection as a unique
and elongated gravity high (Figure 11a). This trends
parallel to Fuerteventura’s west coast in the long wave-
length map (H1) and includes the Amanay and El
Banquete gravity highs. The various individual grav-
ity highs observed in the general map in relation to
Gran Canaria have a unique reflection (H2). The long
wavelength of this high suggests a deep source.

The gravity lows west of Lanzarote and Fuerteven-
tura that appear in the general Bouguer map (Fig-
ure 7b) have a possible reflection as a single gravity
low anomaly of low amplitude and a NE-SW orien-
tation (L1), with its position displaced towards the
northwest (Figure 11a).

The gravity lows located south of La Palma and
east of El Hierro are clearly visible in the long wave-
length map (L2 and L3, Figure 11a) as isolated gravity
lows displaced eastwards respect to their position in
the general map (Figure 7b).

Short wavelength Bouguer anomaly map

The description of the short wavelength Bouguer
anomalies refers to the map of Figure 11b. In this map,
as well as in the vertical derivative one (Figure 9),
gravity anomalies caused by shallow bodies and high
gradient zones are clearly visible. A detailed descrip-
tion of the most significant gradient zones, gravity
highs and gravity lows is given here:

— Gradient Zone G1. This zone is an E-W trending gra-
dient, located between Lanzarote and Fuerteventura.
It clearly separates the gravity highs located off both
islands. The associated gradient, of at least 50 mGal,
seems to separate and displace both gravity highs in a
dextral sense.

— Gradient Zone G2. This zone is located west
of Fuerteventura, separating the high values of

Fuerteventura’s west flank of some gravity lows lo-
cated to the west with a NE-SW direction. A change
of 70 mGal is observed over a distance of less than
15 km.

— Gradient Zone G3. On the eastern flank of Gran
Canaria there is a high gradient zone with N-S direc-
tion and a minimum Bouguer anomaly variation of 50
mGal.

— Gradient Zone G4. Zone G4 is located east of
Tenerife and has an ENE-WSW orientation. Based
on morphological criteria, a fault has been interpreted
as occurring in the same place and having the same
direction (Llanes et al., this issue). The fact that a
density contrast is observed across the fault supports
this interpretation.

— Gradient Zones G5, G6 and G7. There are three
gradients with a NW-SE direction located between
Tenerife and Gran Canaria. G4 and G5 are limited on
the north and south, respectively, by a gravity high
extending from Gran Canaria to Tenerife. Running
between Tenerife and La Gomera there is a NW-SE
axis of maximum values with a large longitudinal
manifestation whose southern limit is the G7 gradient
zone.

— Gradient Zone G8 is located south of La Palma and
La Gomera with a NW-SE orientation. It separates a
gravity high area to the south from an area of various
gravity lows to the north with a change of 20 mGal in
10 km. In the northern area of gravity lows there is an
isolated gravity high associated with La Gomera.

— Gravity highs H9 and H10. To the SE of Lanzarote
there is a gravity high (H9) that has no continuation
either towards the north or towards Fuerteventura. In
contrast to the high located to the east, Fuerteventura
has a gravity high on the west coast and its subma-
rine flank (H10). Both highs are separated by the high
gradient zone G1 described above.

— Gravity highs H3, H4 and HS5. SW of Fuerteventura
we find three closed gravity highs. H3 is located in the
submarine flank of the Jandia Peninsula and the other
two gravity highs (H4 and HS) are associated with the
‘Amanay’ and ‘El Banquete’ seamounts, respectively.
— Gravity highs H6, H7 and HS8. There are three grav-
ity highs associated with Gran Canaria. The larger one,
at the NW of the island (H6), is limited by gradients
G4 and G5, and shows attenuation towards Tenerife.
Another gravity high is located at the submarine con-
tinuation of ‘La Isleta’ peninsula (H7) and extends in
a NW-SE direction. The third one appears at the south
of the island (H8) with a strong gradient that reaches
75 mGal in just 10 km.
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Figure 11. Low- and high-pass filtered maps. Black solid lines show linear high gravity gradients (LFGZ, TGZ and PHGZ). Gravity highs are
marked as H and gravity lows as L. a) Long wavelength anomaly map (4 > 40 km). b) Short wavelength anomaly map (12 km < 4 < 40 km).
Dashed black lines (labelled as Al to A4) represents axes of gravity highs. See text for explanation.

— Gravity high H9. La Gomera has a very well defined
gravity high that is located at the north side of the
island.

— Gravity lows L4 and LS. Located near La Palma,
there are two remarkable gravity lows, one in the north
and the other in the southern region. The southern one
exhibits a larger geographic extent and amplitude than
the northern one.

— Gravity lows L6 and L7. Two gravity lows, close to
each other, are associated with El Hierro, one towards
the NE and the other towards the SW.

Other features that were not observed in the
Bouguer anomaly unfiltered map appear clearly after
filtering. For example in the SE area of the map, near-
est to the African continent, a net aspect is seen with
two principal orthogonal directions, NE-SW (A1l and
A2) and NW-SE (A3 and A4).

Geodynamic discussion of the gravity data

The new gravity data available and its qualitative
and quantitative interpretation, together with other
geologic and geophysical data, allow us to discuss
different aspects of geodynamic interest. The main
features observed in the Bouguer anomaly maps are
fundamentally linked to three characteristics:

— The change shown in the Bouguer anomaly values,
which oscillate between 30 mGals in the eastern edge
to 320 mGal in the occidental one.

— The discontinuous way this change takes place,
clearly conditioned by the three high gradient zones
previously described: LFGZ, TGZ and PHGZ (Fig-
ures 8 and 11a).

— The general orientation of the Bouguer anomaly con-
tours. There is a NE-SW trend in the eastern area
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(nearest to the Africa continent) which progressively
changes to a N-S direction towards the western edge,
as we advance to more ‘oceanic’ areas.

Anomaly values under 40 mGals located in the SE
edge of the research area seem to indicate the presence
of continental crust. Between the values of 40 mGals
and east of Fuerteventura and Lanzarote, where values
of 140 mGal are found, the crust has a transitional
character. In this area, with values around 140 mGal
to the west, change takes place abruptly at the LFGZ.

All of the study area located west of LFGZ has
Bouguer anomaly values between 140 and 320 mGal,
which typically correspond to oceanic crust (e.g. Tal-
wani et al., 1965). The evolution of the anomalies in
this area is not defined in a continuous way. There
are areas of small increments, limited by narrow high
gradient zones (TGZ and PHGZ).

The Canary Islands are located between two high
gradient zones, LFGZ and PHGZ (140-250 mGal)
and there is a high gradient zone (TGZ) that divides
the archipelago into two areas. The eastern islands
(Lanzarote, Fuerteventura, Gran Canaria and part of
Tenerife) are located in an area of lower Bouguer
anomaly values than the western islands (La Gomera,
La Palma, El Hierro, and probably part of Tener-
ife). From the PHGZ towards the west, high Bouguer
anomaly values are higher than 250 mGal, and could
correspond to normal oceanic lithosphere not affected
by hotspot volcanism.

The closer to the continent, the more pronounced
the NE-SW orientation of the gravity anomaly con-
tours becomes, hile in the west, they become more
N-S oriented. In this sense, the variation in the high
gradient zones orientation confirms an increase of the
oceanic influence towards the west, because they are
more parallel to the fabric of the oceanic crust.

In the island area, between LFGZ and PHGZ, there
are some closed anomalies, several tens of km in
diameter. Important differences have been observed
between them. In the western islands the anomalies
are gravity lows (L1 and L2, Figure 11a), while in
the eastern islands they are gravity highs (H1 and H2,
Figure 11a). In the central islands (Tenerife and La
Gomera) these types of anomalies are absent. The
displaced position of the gravity lows of the western
islands with respect to the centre of the islands and its
high wavelengths suggest the influence of the upper
mantle as a source for these anomalies. The gravity
highs observed in the eastern islands are eccentric for
Fuerteventura and centred on Gran Canaria. In the
first case the sources can be related to crustal density

changes, flexures in the crust (as it is located near the
transitional area) and upper mantle related effects. For
Gran Canaria the source of the anomaly can be associ-
ated with crustal density variations and mantle related
effects. The absence of this kind of anomaly in relation
with Tenerife and La Gomera is of special interest.
Smaller gravity anomalies and high gradient zones
overlie the main features, indicating the presence of
more localized structures near the surface. Some of
these gradients have a rectilinear layout which to-
gether with other geophysical and geological informa-
tion, allow us to interpret them as fracture zones: a)
The E-W gravimetric gradient (G1, Figure 11b) that
separates and displaces in a dextral sense the grav-
ity highs of Lanzarote and Fuerteventura. On both
sides of this gradient the crust has different thickness
and seismic velocity characteristics (Dafiobeitia and
Canales, 2000); b) Another gravity gradient is the
N-S oriented structure located east of Gran Canaria
(G3, Figure 11b) which limits an axis of minima with
a N-S orientation (Figure 8). In this area there is a
strong structural control to the orientation of subma-
rine canyons that sharply changes its direction to N-S,
as can be seen in bathymetric maps (Llanes, 2000;
Acosta et al., this issue); ¢) The channel between
Tenerife and Gran Canaria is structured by gravimetric
gradients of NW-SE direction (G5, G6 and G7, Fig-
ure 11b) and a strong structural control in this direction
can be also inferred from the morphology when look-
ing at detailed bathymetry (Acosta et al., this issue).
An important NE-SW fracture has been tradition-
ally interpreted in this channel (Dash and Bosshard,
1969; Bosshard and MacFarlane, 1970; Mezcua et al.,
1992), but there is no gravimetric evidence related
to it. This is the area with the highest seismic activ-
ity within the instrumented period. An earthquake of
5.2 magnitude (09/05/1989) was provisionally inter-
preted as being related to a strike-slip fault of possible
NE-SW direction (Mezcta et al., 1992). However,
there is another solution calculated for the same earth-
quake (CMT Catalogue, Dziewoinski et al., 1981)
as a reverse strike-slip focal mechanism that implies
the possible presence of an E-W or a NW-SE fault.
There are gravimetric gradients with both directions
in the channel, but none with a NE-SW orientation;
d) The last gravimetric gradient interpreted as a fault
is located between Tenerife and La Gomera with a
NW-SE direction (G7). The detailed bathymetry also
shows a strong structural control with the same direc-
tion (Acosta et al., this issue). In this location, Dash
and Bosshard (1969) and Bosshard and MacFarlane



(1970) interpreted a fault running from El Hierro to
La Gomera and Tenerife, perpendicular to the one
proposed here (G7). However, no gravity evidence to
support this has been found on our Bouguer anomaly
maps.

The gravity highs located in Fuerteventura and La
Gomera (H2 and H9) are interpreted here as being
produced by the presence of the Basal Complex that
outcrops on both islands. The Basal Complex (Bravo,
1952; Fuster et al., 1968, Ancoechea et al., 2003) is
a thick Upper Cretaceous sedimentary sequence over-
laid by submarine volcanoes and intruded by an in-
tense NNE-SSW trending sheeted dyke swarm, which
formed in association with the location of alkaline
plutons. Their outcrops have been found on three is-
lands: Fuerteventura, La Gomera and La Palma. On La
Palma, the Basal Complex outcrops in the central area
of the island, where a relative gravity high is observed,
but it is partially masked by two gravity lows (L4 and
L5, Figure 11b). When comparing the described grav-
ity highs related to the Basal Complex with that on
Gran Canaria, we found some similarities. Two of the
described gravity highs related to it (H6 and HS) have
very high relative values of Bouguer anomalies, which
could suggest the possible presence of the Basal Com-
plex near the surface (although there is no outcrop on
the island). There are also some positive anomalies of
short wavelength and high amplitude in the submarine
extension of Fuerteventura (H3, H4 and HS5) that we
interpret as high density intrusive bodies.

Conclusions

From a methodology point of view it is necessary to
study Bouguer anomaly maps and not only free air
anomaly maps, in order to avoid water influence and
to have enough resolution for marine geological inter-
pretation. This is because Bouguer anomalies enhance
sub-seafloor density changes.

From a geodynamic point of view it is remark-
able that the Canary Islands have complex gravity
characteristics. The explanation is the superposition
of different effects. The following conclusions can be
drawn on the basis of this study:

— Bouguer anomaly values above 140 mGal have been
observed for all the islands in the Canary Archipelago,
which suggests an oceanic crustal character.

— Two areas are differentiated by their Bouguer anom-
aly values, one between 140 and 320 mGal that corre-
sponds to oceanic crust, and the other under 140 mGal
related with the transition and continental crust. The
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oceanic crust, located to the west, is separated from
the transitional crust by the high gradient zone LFGZ.
— The area of oceanic crust can be divided into three
bands limited by two high gradient zones, TGZ and
PHGZ.

— The orientation of the high gradient zones LFGZ,
TGZ and PHGZ progressively varies from NE-SE, in
the eastern edge, to N-S in the western edge. This vari-
ation reflects an increasing oceanic influence towards
the east.

— Circular anomalies with various tens of km in di-
ameter located in the eastern and western islands may
have different origins. The gravity lows observed in
western islands may be related to upper mantle effects,
while the gravity highs observed in the eastern islands
may be related to mantle and crustal effects. In the
central islands (Tenerife and La Gomera) these kind
of anomalies are absent.

— The gravity highs of Fuerteventura, La Gomera
and La Palma are related with the Basal Complex.
The gravity highs of Gran Canaria and the areas
of ‘Amanay Bank’ and ‘El Banquete Bank’, located
southwest of Fuerteventura, are produced by high
density intrusive bodies.

— There are some high gravity gradients that present
a linear layout and their study, together with other
geophysical and geological information, allows us to
interpret them as fracture areas. These fracture areas
have not been correctly interpreted until now or were
assigned to a different structural direction.
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