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MOTIVATIONS The Red Sea is an ideal natural laboratory to study the
transition from continental rifting to seafloor spreading and the formation
of transform faults because it is one of the youngest ocean rift basins on
Earth. The Zabargad Fracture Zone is located in the Northern Red Sea and
significantly offsets the rift axis to the East. Thus, it is considered a key
tectonic element to understanding the evolution of the Red Sea rift (Figure
1). Here we present the first passive seismic network in the Red Sea
deployed within the Zabargad Fracture Zone (Figure 1-2-4) to study its
faults system and lithospheric Earth structure.

FINDINGS
• Current-generated vortices could make the individual elements of the

OBSs resonate at a frequency larger than 8-10 Hz (e.g., Essing et al., GJI,
2021; Corela et al., NHESD, 2022; Stahler et al., SRL, 2018; OBS02 and
OBS07 of Figure 5) .

• Even OBSs that only include a sensor placed on a small frame with no
additional elements can produce high-frequency (up to 40 Hz) noise
modulated (SOUTH, Figure 5).

• The comparison of the noise levels between stations deployed at sea,
on islands, and on land highlighted that noise at frequencies between 1
and 8-10 Hz is not due to resonance of the OBSs elements (figures 7-8).

• Site effects seen on local earthquake waveforms may reveal important
information on the sedimentary coverage (Figure 9).

CONCLUSIONS Our analyses suggest that the ZAFRAN dataset has an
overall good quality and is promising in answering our research questions
on the Red Sea (Figures 3 to 9).
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Figure 8. Noise levels (medians of the PPSD) for the vertical and
horizontal components seismograms for the entire duration of the
deployment. Gray lines: New High Noise Level and the New Low Noise
levels. Black lines: self-noise of the CMG-40T-OBS (dot-dashed) sensor
on the DEPAS OBSs and the Trillium compact (dashed) sensor on the
Fugro OBSs.

Figure 3. Z-component spectrograms for the entire deployment time.
Stations are ordered from South (bottom) to North (top). Where not
specified, spectrograms are from OBSs. The red (green) box picks the
teleseismic (local) earthquakes in Figure 6 (9).

Figure 9. Vertical-component highpass filtered (f>1Hz) seismograms
displaying a local event of ML 3.4 occurred on 30 Jun 2022, in the
proximity of OBS01 and OBS02.

Figure 6. Lowpass filtered (T>1s) waveforms of two Mw6.7 teleseismic
earthquakes occurred on 22 March 2022, about one hour after the
other. Earthquakes are recorded at roughly the same epicentral
distance of 73o distance and azimuths of 292o (first) 67o (second).

Figure 5. One-day-long 1-compoment spectrograms of acceleration
waveforms for March 1, 2022. Top: OBSs with tight rope (OBS02 and
OBS07) or no rope (SOUTH). Bottom: OBSs with free rope (OBS02 and
OBS07) and a malfunctioning OBS (OBS08). Seismic energy generated
by a Mb 5 earthquake occurred in New Guinea are seen from about
1000 s.

Figure 4. Left: DEPAS OBS on board the RV Thuwal just after recovery.
Centre: Fugro deep-lander connected to seismometer on the seafloor.
Right: Direct burial of the land/island station seismometer.

Figure 1. Study area and overview of the deployment. ZFZ: Zabargad
Fracture Zone. DSF: Dead Sea Fault.

Figure 2. Timeline of the data availability from September 2021 to
January 2023. White: unavailable. Green: 3-C available vertical-
component. Yellow: available but in need of pre-preprocessing. Red:
sensor failure.
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around 200 lithium cells. These adaptations have impacted self-
noise strongly. It cannot be said with last certainty whether the
source of the higher self-noise is the sensor itself or the titanium
casing in which it was installed by K.U.M., but testing the sensor

outside the casing delivered similar self-noise levels to the ones
shown in the Sensor Self-Noise section. At the time when the
DEPAS pool was designed (2005), the CMG-40T-OBS was the
optimum for its role in terms of price, power consumption, size,

and availability. The instrument performance
was not tested independently of the manufac-
turer before acquisition; a lesson from this exam-
ple is that this should be mandatory for such
large purchases of a modified instrument. Since
2005, wideband seismometers of similar size but
with better performance have been designed,
which allows to improve performance of the DE-
PAS pool at moderate cost. The seismometer is a
quarter of the total cost of an OBS, so it will be
more likely to replace the CMG-40T-OBS sen-
sors in the DEPAS pool by Trillium compacts
than to purchase other OBS types. With the
CMG-40T-OBS, the LOBSTER is suited best
for regional seismicity studies and active experi-
ments; waveform tomography is restricted to
stronger earthquakes (above Mw 6.5). Ambient
noise methods have been successfully applied for
short interstation distances (100–200 km) (Ry-
berg et al., 2017; Hable et al., 2018) but are lim-
ited to a narrow period range between 2 and 10 s,

▴ Figure 5. Harmonic signal created by the head buoy. (a) Displacement record of 3 days, filtered between 0.1 and 10 Hz. (b) Acceleration
spectrogram of the same seismic record. Below 1 Hz, the signal is dominated by local gravity waves. Above 1 Hz, a harmonic signal is clearly
visible, which corresponds to the high-current time windows. (c) Oceanographic data for comparison. The solid line marks the wind speed in
12.5-m altitude measured at the measurement mast. The background colors show the absolute value of current velocities in the water
column. The water depth is 20 m, so the head buoy is affected by currents in water depth of more than 10 m. (d) Median (black) and
5th and 95th percentiles (gray) of spectral acceleration power. The color version of this figure is available only in the electronic edition.

(a) (b)

▴ Figure 6. (a) Excitation mechanism of the current-generated harmonic signal.
(b) Resonance frequency of the head buoy mooring for different rope lengths, as-
suming a linear density and force described in the Head-Buoy Strumming section.
For comparison, the excitation frequencies between 10 and 15 cm= s for different
rope thicknesses are shown. The current rope length of the LOBSTERs is around
10 m, and the diameter is 17–20 mm, which means that the first and second over-
tone are regularly excited (circles). The resonance frequency could be moved out
of the excitation range by choosing a thinner or longer cable. The color version of
this figure is available only in the electronic edition.
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Figure 7. Comparison between the PPSD of an OBS (OBS10), island
(BREEM), and land (KHUF) stations for the vertical component.
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