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Abstract The interaction of ocean waves with either the seafloor or other ocean
waves generates primary (PM) and secondary microseisms (SM) that propagate through
the crust and mantle, predominantly as Rayleigh waves. The horseshoe geometry and
surrounding bathymetry of the Cape Verde archipelago play a significant role in the
ambient-noise generation in this region. We analyze the microseisms recorded in the
region using two different temporary seismic networks, and we determine the number
of signals polarized as Rayleigh waves and their back azimuth (BAZ) as a function
of time and frequency. The relative number of polarized signals between PM and
SM varies between the stations. At most of the stations, the SM can be divided into
two frequency bands. At lower frequencies (0.1–0.2 Hz), the number of SM signals
is stable throughout the year, whereas at higher frequencies (0.2–0.3 Hz) this number
varies with the season, with more polarized signals during the northern hemisphere
spring and summer. In both frequency ranges and at most stations, the BAZ does
not vary significantly over the year and points toward sources within the archipelago
and outside. We compute the source site effect and show that the local bathymetry
around the Cape Verde Islands strongly amplifies local SM sources. Finally, we compare
the measured BAZ with source areas derived from an ocean-wave model, which con-
firms that Cape Verde stations mostly record local sources.

Introduction

The absence of earthquakes or big explosions is no
longer a problem in the study of the Earth’s interior structure.
Ambient seismic noise (ASN) is omnipresent, recorded in a
broad frequency band. It can be recorded on multiple orders
of magnitude, from a few millihertz to several tens of hertz. It
is also clearly visible on seismograms that are recorded by
seismic stations worldwide, whatever their location on con-
tinents, islands (Stutzmann et al., 2000), or on the ocean
floor (e.g., Stutzmann et al., 2001; Corela et al., 2017). The
application of ASN when it comes to mapping and to mon-
itoring the Earth’s subsurface structure is now widely used.
This technique is particularly attractive and inexpensive in
areas where the source–receiver geometry and uneven seis-
micity distribution make it difficult to obtain high-resolution
models via traditional passive seismology. Advances in the
computational speed and storage made possible the quick
analysis of years or even decades of continuous seismic data
(Koper and Hawley, 2010; Takagi et al., 2018), extending
our knowledge of the crust and upper mantle on multiple
scales and in different tectonic environments (e.g., Shapiro
and Campillo, 2004; Shapiro et al., 2005; Yang et al.,

2007; Lin et al., 2008; Liang and Langston, 2009; Saygin
and Kennet, 2012; Behr et al., 2013; Haned et al., 2015;
Corela et al., 2017).

The uncertainty on the source locations of ASN can
become demanding while interpreting results from seismic
noise cross correlations (Behr et al., 2013). ASN mostly
comprises surface waves, which are less attenuated and have
sources close to the Earth’s surface in the oceans. The weak-
est and the most energetic known ambient noise are the hum
and the microseisms, respectively. The hum signals can be
recorded in a period band from 30 to 300 s. The generation
mechanism is the same for the primary microseisms (PM)
and the hum, but also considering gravity waves for the
PM and infragravity waves for the hum (Ardhuin et al.,
2015). In this article, we will focus on the microseisms that
mainly consist of Rayleigh waves in the frequency band of
0.03–0.33 Hz, and whose sources vary in time, frequency,
and azimuth.

Microseism spectra display two peaks. The peak in the
frequency band 0.03–0.1 Hz is called PM, or single-
frequency microseism, whereas the peak that appears in the
frequency range from 0.1 to 0.33 Hz is the secondary micro-
seism (SM), or double-frequency microseism.

The PM is generated when the ocean waves break near
the shore and interact with the sloping sea floor. The wave
energy is directly converted into seismic waves through
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pressure fluctuations at the shallow ocean bottom. In con-
trast, the generation of the SM depends on the interaction
of two ocean gravity waves of similar periods that are trav-
eling in opposite directions. When these ocean waves meet,
they produce standing gravity waves, which in their turn,
cause a nonlinear pressure perturbation close to the ocean
surface (Longuet-Higgins, 1950). Hasselmann (1963) extended
this model to random ocean wavefields. This theory has been
applied to quantitatively model surface waves (e.g., Kedar
et al., 2008; Ardhuin et al., 2011; Stutzmann et al., 2012)
and more recently to body waves (e.g., Obrebski et al.,
2013; Gualtieri et al., 2014; Farra et al., 2016; Meschede
et al., 2017).

The SM dominate seismic noise all over the world.
Dorman et al. (1993) distinguished the SM according to their
generation mechanism. It can be generated by swell from dis-
tant storms or caused by waves induced by local winds,
resulting in the splitting of the SM peak into two peaks.
One of these peaks is at about 0.1–0.2 Hz, and the other
is between 0.2 and 0.5 Hz (see fig. 18 in Stephen et al.,
2003). Stephen et al. (2003) proposed that the first peak
(0.1–0.2 Hz) is associated with swell from distant storms,
and the second one (0.2–0.5 Hz) is due to local sources, such
as local sea state and/or local wind. Bromirski et al. (2005)
found similar results. Later, Ardhuin et al. (2011) proposed
three classes that represented different situations that were
capable of generating microseismic sources. Class I corre-
sponds to the generation within a single storm when the
ocean-wave directional spectra are broad. Class II character-
izes the generation close to the coast when the incoming
ocean waves meet the ones reflected on the shore. Finally,
Class III classifies the generation caused by a swell meeting
another swell or a wind sea.

There are a few studies that consider both PM and SM.
Stehly et al. (2006) performed an investigation on seismic
noise from its long-range correlation properties and con-
cluded that PM and SM noise directions are different, which
indicates that the two dominant peaks do not have the same
region of origin. Also, their results showed that sources of
SM remain stable in time, and the sources of PM exhibit
strong variability. Later, Gerstoft and Tanimoto (2007) sug-
gested not only that the locations of excitation are different,
but also that they change with the season. They achieved this
conclusion by analyzing the noise-source directions during
winter months and summer months.

Through the following years, several research papers
were published that demonstrated agreement with these con-
clusions (e.g., Schimmel et al., 2011; Moni et al., 2013;
Sergeant et al., 2013). Besides the seasonal variability, seismic
noise is also dependent on the station location within continents,
close to the coast, or on islands (e.g., Stutzmann et al., 2009).

In this study, we used two different deployments;
specifically, YW and CVPLUME in the Cape Verde Islands.
The first is composed of seven seismic stations that were
recording continuously for 2 yr, from August 2002 to
September 2004. The second, with 38 stations, was con-

tinuously recording from December 2007 to September
2008. Using the data collected by these two networks,
we performed the time–frequency-dependent polarization
analysis (Schimmel and Gallart, 2004; Schimmel et al.,
2011) to detect polarized signals in the time–frequency
domain and to determine their back azimuth (BAZ). With
this information, we were able to characterize the SM sources
in Cape Verde and also to compare them with the locations of
SM noise sources that were predicted by numerical wave
modeling.

The Cape Verde Archipelago

The Cape Verde archipelago consists of nine inhabited
volcanic islands, an uninhabited island, and several islets that
are located in the eastern Atlantic Ocean, 500 km of Senegal,
West Africa [14°–18° N and 22°–26° W].

The islands are built on the top of the largest Atlantic
within-plate bathymetric anomaly in ocean basins, the
Cape Verde Rise. It has formed as the African plate moved
slowly towards the east over a fixed mantle hotspot (Ali,
2002) via persistent volcanic activity; this has been occurring
since the Oligocene (Torres et al., 2002) and continues to
present times.

The archipelago has a particular west-facing horseshoe
shape distribution with two diverging chains, with older
islands in the east and younger islands in the northwest
and southwest. Traditionally, two main groups are identi-
fied—a windward group (Santo Antão, São Vicente, São
Nicolau, Sal, and Boavista) and a leeward group (Maio,
Santiago, Fogo, and Brava) (Fig. 1).

However, the regional bathymetry suggests a different
division, based on the coalescence of the submarine pedestal
of the island edifices. Specifically, this would be two chains:
a northern chain, comprising the islands of Santo Antão,

Figure 1. Geographic distribution of the islands and bathymetry
of the archipelago (contour interval 2,000 m). Triangles in red and
yellow represent the CVPLUME and YW seismic stations, respec-
tively.
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São Vicente, Santa Luzia, and São Nicolau; and an east-to-
southern chain, comprising Sal, Boa Vista, Maio, Santiago,
Fogo, and Brava. The bathymetry also revealed, in the vicin-
ity of the islands, the presence of several volcanic edifices
that never reached the sea level (Ramalho, 2011).

Despite the latitude, the climate in Cape Verde is tropical
arid with temperatures generally not too high. This is mainly
due to four important systems—the subtropical Azores and
Santa Helena anticyclones, the low equatorial pressures, the
Canary maritime current, and the thermal depression over
the African continent during the summer. The dry season
includes almost nine months (November to mid-July), and it
is characterized by strong maritime winds. From mid-July to
October, the archipelago is affected by the rainy season,
caused mostly by the flow of tropical maritime air and
the passage of the African east waves and isolated con-
vective systems. Cape Verde is also affected by the West
African monsoon, winds that blow southeast during the
warmer months and northeast during the colder months
(Cropper, 2013).

It is not common for significant storms or hurricanes to
affect Cape Verde. However, the southern islands are close to
the starting point of the hurricane’s path. As soon as they
form, they move toward the west or northwest and head to
the Caribbean. Those that reach the southern islands are usu-
ally not strong, considering that at that time they are still in a
tropical depression stage.

Seismic Data and Preprocessing

We processed three-component data records (north–
south, east–west, and vertical) that were obtained through two
different temporary deployments: YW (Lodge and Hellfrich,
2010) and CVPLUME (Vinnik et al., 2012; see Fig. 1).

The YW network is composed of seven Güralp CMG-
3T broadband temporary stations, continuously recording for
2 yr, from 2002 to 2004, and sampling at 50 Hz. Several gaps
were detected in the stations of this network; even so, the
results are in agreement with the ones computed using the
CVPLUME network.

The CVPLUME network recorded continuously from
December 2007 to September 2008. It is composed of 38
Earth Data BB(PR6-24) stations that were equipped with
Güralp CMG-3ESP (60 s) sensors, installed over the nine
inhabited islands, and sampled at 100 Hz.

Data were preprocessed using Seismic Analysis Code.
The horizontal components were rotated through north and
east to correct seismic station installation orientation errors.
The instrument response was removed to convert each record
to ground velocity and then decimated to 1 sample per sec-
ond, in order to extract frequency-dependent noise pola-
rization from the continuous three-component records in
the 0.03–0.33 Hz frequency range. For practical reasons
in the following polarization analysis, the continuous daily
records were cut into 2 hr segments. Problematic data were
removed through different consistency and quality checks

during the processing. Earthquake signals were detected;
however, at the microseismic frequency range, they last
for shorter time spans than the microseisms. Through a boot-
strap resample analysis, we downweighted the signals with
BAZs that were clustered in time for short duration instead of
being distributed over several hours. This step was per-
formed automatically before the analysis of the polarization
measurements.

Polarization Analysis

To analyze and characterize the primary and secondary
microseismic signals, we performed a frequency-dependent
polarization analysis of the recorded signals (Schimmel and
Gallart, 2004; Schimmel et al., 2011) in the frequency range
between 0.03 and 0.33 Hz. The polarization described the
particle ground motion at the receiver, taking into consider-
ation the seismic records along the three directions (north–
south, east–west, and vertical). Polarization analysis was
performed on individual stations, so no dense network was
needed, as it would have been with the beamforming method.
Nevertheless, in both cases, and because surface waves
propagate parallel to the Earth’s surface, the determination
of the distance to the source was not possible. Only the
propagation direction could be determined.

The polarization analysis enabled detection of signals
that were elliptically polarized in the vertical plane. We deter-
mined two attributes of the polarized signal: the instantane-
ous degree of polarization (DOP) and the azimuth of the
incoming waves (BAZ). Microseisms are mainly composed
of Rayleigh waves, which have elliptical polarization. In the
ideal situation, this ellipse stands in the vertical plane, which
connects the sensor and the source. The azimuth toward the
source—BAZ—is estimated at every station in the time–
frequency domain. There is a 180° ambiguity in the determi-
nation of BAZ, which is easily removed by assuming that
the orientation of ground-motion ellipse is retrograde, as
is usually the case for fundamental-mode Rayleigh waves
recorded in stations installed in rocky ground (Tanimoto
and Rivera, 2005).

The DOP is a quality measurement connected to the
stability of an arbitrary polarization in time, based on the
assumption that the polarization of a high-quality signal
should not vary in a small time window (Schimmel and
Gallart, 2003). The DOP is built from the semimajor and
semiminor axes of the ellipse that best fits the ground
motion, which are determined through the analysis of the
eigenvalues matrix between the three components of the seis-
mogram. A detailed description of the polarization analysis
method can be found in Schimmel et al. (2011).

The DOP parameter is normalized and goes from 0 to 1,
where 0 means a random ground motion and 1 corresponds
to a perfectly polarized signal of elliptical particle motion
in a vertical plane. Our detections were based on a DOP
larger than 0.7, in order to keep only the measurements
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corresponding to stable elliptical polarization within the
frequency-dependent polarization analysis window.

The polarization analysis outcome is a matrix with time
(s), frequency (Hz), DOP, and source BAZ (°) for all the
signals detected at each seismic station. With these data, we
analyze the microseismic sources originating inside the
horseshoe chain and their variations with time and frequency.

Results

We started by quantifying the number of elliptically
polarized signals as a function of frequency, for each station
and for both seismic networks. Among the selected signals
with DOP values larger than 0.7, most of them have DOP
values between 0.75 and 0.85. The polarization spectrum is
defined as the normalized number of polarized signals as a
function of frequency. It is shown in Figure 2 for all stations
from CVPLUME network where individual stations in each
island are plotted in gray. The black line represents the
median. Results for the YW network are similar and can be
seen in Figure A1. The polarization spectra are evidence of a
bimodal distribution, with a minimum number of detected
signals between the PM and SM, around 0.1 Hz, for all sta-
tions. Within the SM frequency band, and for most of the
stations, we recognized a bimodal distribution of second
order, with a minimum around 0.20 Hz. At the stations in

São Nicolau, we detected a systematic signal above 0.20 Hz
coming from all BAZ directions. It is possible that this was
caused by cultural noise, which we discarded (the top right
part of Fig. 2).

The relative number of polarized signals between the
SM and PM frequency band varies between the different sta-
tions (Fig. 2). CVSL stations (Sal Island) exhibit, in general,
a higher number of polarized signals in the PM frequency
band, and CVSN (São Nicolau Island) exhibits an equivalent
amount of polarized signals in both PM and SM. For all the
other stations, the number of polarized signals is larger in the
SM frequency band.

The observed separation between the PM and the SM is
also visible across the entire recording period. In Figure 3,
we display the time–frequency-dependent polarization spec-
tra for two stations, CVMA3 and MAIO, from CVPLUME
and YW networks, respectively. Red colors correspond to the
highest number of detected elliptically polarized signals. The
number of signals has been normalized to 1 per day, and the
color scale has been saturated to 0.5. Two continuous red
bands mark the PM and low-frequency SM signals, which
are present for both stations across the entire recording
period. We observe no strong seasonal variations in these fre-
quency bands. The same patterns are found for the other sta-
tions of the archipelago. The absence of seasonal variation
can be related to the location of Cape Verde, close to the

Figure 2. Polarization spectra for all CVPLUME stations. Gray lines represent the result for all stations on the same island. A black line
represents the median of the observations. PM, primary microseism; SM, secondary microseism. The maximum value of the polarized signals
was normalized to 1.
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Equator. At higher frequencies (0.2–0.33 Hz), more polar-
ized signals are detected during the northern hemisphere
spring and summer in both stations (CVMA3 and MAIO),
and this feature repeats itself for different years (Fig. 3).
A similar pattern was found for station TAM in Algeria
(Schimmel et al., 2011), which is located at a similar latitude
above the equator.

We represented the number of elliptically polarized
signals as a function of BAZ at each seismic station.

Figure 4 shows the monthly variations of the SM BAZ, as
a function of frequency, for stations MAIO (YW) and
CVMA (CVPLUME), both located on Maio Island. The
station here defined as CVMA combines the four stations
(CVMA1–CVMA4) from CVPLUME deployment, which
were located on this island.

Both results exhibit, at the very least, a dominant BAZ.
Also, despite representing two different years, the patterns
are very similar, presenting just small variations between

Figure 3. Polarization spectra as a function of time and frequency for stations CVMA3 and MAIO. Red colors correspond to the maxi-
mum number of polarized signals. PM and SM signals are present in both stations and visible as horizontal red bands.

Figure 4. Monthly variations of back azimuth (BAZ) in 2003 at station MAIO and 2008 at station CVMA, both located on Maio Island.
Red colors represent the maximum number of polarized signals, and each small circle corresponds to a particular frequency. The inner circle
is at 0.1 Hz, and the outer circle is at 0.33 Hz, with small circles plotted at a 0.05 Hz interval.
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0.1 and 0.2 Hz. At higher frequencies (above 0.2 Hz), we
detected another dominant BAZ, which is also present in
both results; however, it is stronger and more evident in
CVMA stations. Station MAIO exhibits a clear source direc-
tion in the frequency band 0.1–0.2 Hz, stable all year in the
northwest–southwest direction. A second source, neither sta-
ble nor as strong as the previous one, is also present, pointing
to a direction between northeast and southeast.

At CVMA stations, besides the similar source BAZ at
lower frequencies (below 0.2 Hz), there is also an important
source, around 0.25 Hz, that is present almost every month;
this one has a clear direction toward the southeast. At this
frequency, we are probably facing a local source toward
the southeastern coast. It can be related to rain showers,
stronger winds, or a sandstorm from Sahara Desert.

To better understand the distribution of the sources at
Cape Verde, we present, in Figure 5, the detected polarized
signals in the SM frequency band in each island. In São
Nicolau, we only represent the frequency band between
0.1 and 0.2 Hz, due to the detection of cultural noise at higher
frequencies, which we already mentioned. As said before,
stations from the same island present similar dominant
BAZ distributions. Therefore, we plot the normalized sum
of all SM-polarized signals, within each one of the islands,
as a function of the BAZ. This representation favors the
visualization of the results for the archipelago, and it gives
a better idea of the dominant sources. Signals have been
normalized to 1, and the color scale has been saturated,
so that bins above 0.5 are represented in dark red.

In each island, at least one clear and dominant source
BAZ is observed for the SM-polarized signals. At each island,

there is at least a clear BAZ in the fre-
quency band 0.1–0.2 Hz, in most cases
pointing toward the middle of the horse-
shoe shape chain of islands. Stations from
CVSL (Sal) and CVBV (Boavista) also rec-
ord signals coming from the east.

At higher frequency, around 0.25 Hz,
CVMA stations (Maio Island) detected a
clear BAZ toward the southeast. In CVSA
stations (Santo Antão) and CVSV stations
(São Vicente), we observed BAZ toward
the northeast, which are in agreement
with the direction of the local winds that
have a larger effect on the islands of the
northern group.

Similar results have been obtained
with the YW network data (Fig. A2).

Discussion

For both networks, and at almost all
stations, the polarization spectra enable us
to identify the SM and PM clearly, but
the relative number of polarized signals
between PM and SM varies among the

islands (see Fig. 2). Nevertheless, the PM is always clearly
visible. PM are generated by the interaction between ocean
waves and the coast (Hasselmann, 1963). In Cape Verde,
on top of the interaction of ocean waves with the island coasts,
the presence of submarine seamounts between some of the
islands may favor the interaction of the ocean waves with
the sloping seafloor.

In the following, we focus only on the SM in the 0.1–
0.33 Hz signals and compare our polarization measurement
with an SM noise-source model. SM sources are pressure
fluctuations close to the ocean surface generated by the inter-
action of ocean waves. We use the pressure power spectral
density (PSD) on a grid of 0.5° in latitude and longitude from
the Integrated Ocean Waves for Geophysical and Other
Application (IOWAGA) numerical wave model (Ardhuin
et al., 2011) to compare with our BAZ measurements.
The IOWAGAmodel is based on WAVEWATCH III(R) code
(Tolman, 1991, 2014), and forced by 6 hr wind analysis
from the European Centre for Medium-Range Weather
Forecasting. The model takes into account all wave–wave
interactions, including those generated at the coast between
incident and reflected waves. Reflected waves are computed
for a coastal reflection coefficient of 10%. The frequency-
dependent pressure PSD model is then multiplied by the sur-
face-wave source site effect (Longuet-Higgins, 1950; Kedar
et al., 2008; Ardhuin et al., 2011; Stutzman et al., 2012) to
obtain the SM source maps every 6 hr for seismic frequencies
between 0.3 and 0.1 Hz. Longuet-Higgins (1950) demon-
strated that the source site effect modulates the pressure
source recorded by seismic stations. This effect should be
taken into account for an investigation of the source locations

Figure 5. Detection of SM-polarized signals throughout the time for CVPLUME
deployment. Diagrams represent an average of all the stations per island. The inner circle
is at 0.1 Hz, and the outer circle is at 0.33 Hz, with small circles plotted at a 0.05 Hz
interval.
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that generate the detected signals to be possible (e.g., Kedar
et al., 2008; Ardhuin et al., 2011; Stutzmann et al., 2012).
Hereafter, we call SM sources the pressure sources combined
with the source site effect.

Figure 6 shows the map of SM source distributions in
two frequency bands (0.2–0.33 Hz and 0.1–0.2 Hz), aver-
aged for January and August 2008. We observe that the SM
sources with higher energy occur during the north hemi-
sphere winter (Fig. 6a) in both frequency bands. The strong-
est sources are localized in the North Atlantic. Between 0.2
and 0.33 Hz, sources spread across all the western North
Atlantic basin, whereas at lower frequencies (0.1–0.2 Hz),
strongest sources are located along the northern part of the
Mid-Atlantic Ridge and at the west Iberia margin and Cadiz
Gulf. The strong sources in the vicinity of the ridges are due
to the source site effect, which amplifies sources at these
locations with respect to elsewhere (e.g., Stutzmann et al.,
2012; Gualtieri et al., 2014). No strong sources are observed
close to Cape Verde. During the north hemisphere summer
(Fig. 6b), SM sources are weaker. We observe some sources
around Cape Verde in the 0.2–0.33 Hz frequency band. At
lower frequencies, we observe no significant sources.

We observe strong large-scale seasonal variability of
the SM source model in the 0.1–0.33 Hz frequency band
(Fig. 6), but our polarization analysis shows no substantial
seasonal variations of the detected signals in that frequency
band (see Fig. 3). Furthermore, Figures 4 and 5 show that the
measured BAZ are not toward the strongest North Atlantic
sources; therefore, SM recorded in Cape Verde are probably
generated by local sources. Cape Verde has a tropical oceanic
climate, without an apparent change between summer and
winter weather, as well as a quasi-persistent northeasterly
wind that affects the archipelago. These characteristics of
its climate may explain the absence of systematic seasonal
variations in the low-frequency SM noise.

We present in Figure 7 the SM sources in the region
around Cape Verde, averaged over the entire 2008 recording
period. In Figure 7b, we show the measured BAZ averaged
over the same recording period and all stations. In the low-
frequency band (inner circle), the BAZ points toward the
southwestern sector, toward the aperture of the horseshoe
formed by the distribution of the islands. The corresponding
SM source model (Fig. 7a) does not show large sources along
that BAZ. This BAZ points toward the direction of the tropical

Figure 6. SM noise-source distribution maps averaged for (a) January and (b) August 2008 for the frequency bands 0.1–0.2 Hz (5–10 s)
and 0.2–0.33 Hz (3–5 s), modeled with a 10% coefficient of ocean-wave coastal reflection.
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depressions that mark the starting point of the hurricane paths
across the equatorial Atlantic. The SM source model also dis-
plays weaker but closer sources along the island coasts. The
resolution of the model (50 × 50 km) does not allow for dis-
tinguishing sources along coasts inside the island ring or along
outside coasts. At higher frequencies (0.2–0.33 Hz), (Fig. 7c),
the source model displays strong sources around the islands,
close to the African coast, and weaker sources at the east and
the west of the archipelago. These numerous sources probably
explain the spread of the recorded BAZ.

We computed the site effect for sources close to Cape
Verde (e.g., Stutzmann et al., 2012), using the digital bathy-
metric model (Weatherall et al., 2015). Figure 8 shows the
General Bathymetric Chart of the Oceans (GEBCO) bathym-
etry model; it has a grid spacing of 30 arcsec, along with the
source site effect in both frequency bands. For the frequency
band 0.1–0.2 Hz, any source located above an ocean layer
2500–3500 m thick will be strongly amplified. This corre-
sponds to the area surrounding the archipelago and the area
to the northeast. Very few BAZ are measured toward the
northeast at these frequencies. The measured BAZ toward
the east does not correspond to a local source that is strongly

amplified by the source site effect. Our simple 1D model of
the source site effect does not take into account the 3D crust
variability of the archipelago. Between 0.2 and 0.33 Hz, only
SM sources located above 1500–2000 m ocean depths,
which are close to the archipelago and at two areas along
the African coast, can be strongly amplified. We observe that
the most abundant BAZ points in the northeast to southeast
direction.

Conclusions

We investigate, for the first time, the impact of the
Cape Verde archipelago geometry and nearby bathymetry
in the generation of seismic ambient noise in that area of
the northeastern Atlantic ocean. The polarization spectra
of the microseisms recorded by two different temporary
networks allowed us to identify both PM and SM signals
and showed that the relative number of polarized signals
varies among the different islands.

Analysis of the number of polarized signals as a function
of frequency revealed an SM that is divided into low- and
high-frequency bands. The low-frequency SM is consistent
throughout the year, and its BAZ does not show significant

Figure 7. SM noise-source maps in the North Atlantic zoomed to Cape Verde area, averaged for the nine months of 2008, and computed
in the frequency bands (a) 0.1–0.2 Hz and (c) 0.2–0.33 Hz. (b) The BAZ was calculated by merging all the stations together. Inner and outer
circles represent the frequencies of 0.1 and 0.33 Hz, respectively.

Figure 8. (a) Bathymetric map; (b,c) amplification factor for the seismic wave frequency of 0.1–0.2 Hz and 0.2–0.33 Hz, respectively.
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seasonal variations. On the contrary, the high-frequency
SM seasonal variation displays a higher number of polarized
signals in the northern hemisphere during the spring and
summer.

We observed that in the SM frequency band, the dom-
inant BAZ points toward sources within the horseshoe-
shaped archipelago or to nearby sources. A comparison with
sources from the IOWAGA numerical ocean-wave model
indicates that the most significant North Atlantic storms
do not generate the recorded SM in Cape Verde.

Computation of the site effect in the archipelago reveals
that local sources are amplified, thus suggesting that the
horseshoe distribution of islands plays a key role in the
microseismic noise generation in this region.

Data and Resources

Data from the 2002–2004 deployment (Cape Verde
Mantle Structure) were obtained from Incorporated Research
Institutions for Seismology (IRIS) Data Management Center
at www.iris.edu, network code YW. Data from the 2007–2008
deployment (CVPLUME project) can be obtained from the
GFZ Seismological Data Archive at geofon.gfz-potsdam.de/
waveform/archive/. All figures were made using Generic
Mapping Tools (GMT; Wessel et al., 2013) available at
http://gmt.soest.hawaii.edu. Standard data processing was
handled with the Seismic Analysis Code (Goldstein and
Snoke, 2005), which can be retrieved at ds.iris.edu/ds/
nodes/dmc/software/downloads/sac/. All websites were last
accessed on November 2016.
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Appendix

The figures in this section show the similarity in the
results obtained with both seismic networks—CVPLUME
and YW. In Figure A1, the same bimodal distribution is
present, between primary microseism (PM) and secondary
microseism (SM). Figure A2 evinces the dominant back azi-
muth calculated with the YW stations, which is consistent
with the CVPLUME results.

Figure A1. Polarization spectra for the YW stations. Gray lines represent the result for each station. Fogo is the only island with two
stations; for that reason, it is the only one with the median of the observations (black line). PM, primary microseism; SM, secondary micro-
seism. The maximum value of the polarized signals was normalized to 1.
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Figure A2. Detection of SM-polarized signals throughout the time for YW deploy-
ment. Diagrams represent an average of each station per island. In Fogo, the two stations
are averaged together.
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