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Abstract: Mediterranean Ridge accretionary complex (MAC) is one of the most critical subduction
zones in the world. It is known that the region exhibits a continuous mass change (horizontal/verti-
cal movements). This process is associated with the devastating and tragic earthquakes shaking the
MAC for centuries. Here, we investigate the ocean bottom pressure (OBP) anomalies in the MAC
derived from the Gravity Recovery and Climate Experiment (GRACE) and GRACE Follow On
(GRACE-FO) satellite missions. The OBP time series for the MAC comprises a decreasing trend in
addition to 1-, 1.53-, 2.36-, 3.67-, and 9.17-year periodic components partially explained by the at-
mosphere, oceans, and hydrosphere (AOH) processes, and Earth's pole movement. We noticed that
the OBP anomalies appear to link to a rising trend and periods in earthquakes' power time series.
This finding sheds new light on the mechanisms controlling the most destructive natural hazard.

Keywords: GRACE; Ocean Bottom Pressure; Earthquakes; Mediterranean Ridge accretionary com-
plex.

1. Introduction

The satellite gravimetry technique has been developed for measuring gravity anom-
alies across the Earth. The gravity anomalies are caused by mass variations, including
those in the ocean basins. The ocean basin mass variations are linked to changes in the
hydrostatic pressure at the seafloor [1]. This hydrostatic pressure at the seafloor is known
as the ocean bottom pressure (OBP). The OBP is the combined pressure caused by the
column of seawater's weight and the atmosphere above the seafloor [2]. Hence, the OBP
can be derived from the gravity anomaly data [3,4].

The OBP variations are driven by (i) air masses pressure; (ii) changes in ocean water
mass due to an inflow of water from the continents and regional redistribution due to
attraction effects of external masses located at the continents and in the atmosphere; and
(iii) the redistribution of water within the ocean basins in response to atmospheric surface
winds, atmospheric surface pressure gradients, and ocean thermohaline effects (i.e., the
general ocean circulation) [5,6], [1], [7-10].

Plate tectonics is a distinctive source of mass change in the Earth's lithosphere. Espe-
cially, divergent and convergent plate boundaries are the places where continuous mass
changes occur. A divergent boundary is an area where two plates are moving apart, and
a new crust is created by magma pushing up from the mantle. A convergent boundary is
an area where the plates move towards each other. When two plates meet each other, the
thinner, denser, and more flexible one subducts under the other. As a result, a mass
change (horizontal/vertical movements) around the subduction boundary [11-15]. Briefly,
mass change in the divergent and convergent plate boundaries are reflected in OBP vari-
ations.

In this study, we investigate a link between earthquake activities and OBP anomalies.
The area of interest (AQI) is the Mediterranean Ridge (MAC) accretionary complex - one
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of the most critical ocean bottom subduction zones globally, covering an area 300 km wide
and 2000 km long. We use the OBP data from the database of the GRACE and GRACE-
FO satellite missions.

2. Materials and Methods

The Mediterranean Ridge accretionary complex is an arc-shaped wedge located on
the Eastern part of the Mediterranean seafloor. The MAC is formed by the African Plate's
collision with the Eurasian Plate [16], [17], [18]. The MAC consists of three parts: the outer,
the inner parts, and Hellenic trenches. Figure 1 illustrates the location of MAC.
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Figure 1. Location of the MAC in the eastern Mediterranean sea basin. The arrows indicate the
present plate kinematic direction and rate between Africa and Eurasia [19,20].

The African Plate in MAC subducts beneath the Eastern European plate with the rel-
ative velocity of approx. 3.5 cm/year [21-26]. The subduction zone of the MAC experience
a systematic mass change. This ridge system frequently produces major earthquakes,
sometimes associated with tsunami events [27-28]. Figure 2 shows the earthquakes > M6
that occurred in MAC since 1970.
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Figure 2. Earthquakes occurred since 1970 in MedRidge Zone. Source: [29].

OBP estimates were obtained from the GRACE and GRACE-FO mission [3,4]. The
data can be downloaded from [30]. The spatial resolution is 1° x 1°, and the temporal res-
olution is one month, except for some missing records. Consequently, on average, seven
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records/year are available in the dataset. The data cover the period from April 4, 2002, to
October 25, 2017 (GRACE mission), and from June 1, 2018, to July 1, 2020 (GRACE-FO
mission), which results in a seven-month-long gap in the OBP time series. The OBP data
available at the source was altered by removing the time-average OBP value calculated
from January 2003 and December 2007 period [30].

Figure 3 shows a map of a section of the Mediterranean Sea, including the MAC re-
gion. Over 200 earthquakes (M > 5) locations are marked with black crosses. The OBP
anomalies are shown as a background map. A spatial association between the OBP anom-
alies and the location of earthquakes is apparent in the MAC region.

For a detailed investigation of the OBP anomalies, we selected 14 earthquake loca-
tions (M = 6) that recently occurrences in the MAC. They are shown in Figure 3 as red
dots. The time series of the OBP anomalies for the 14 locations are shown in Figure 4. The
OBP anomalies are consistent, except for one location. The outstanding location belongs
to the North Anatolian fault Zone (NAFZ) and not MAC.
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Figure 3. Map of the OBP in the MAC region, location of earthquakes (M > 5) occurred in the area
from 2002 to the present. The red dots are M > 6 earthquake locations selected for detailed study.
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Figure 4. OBP anomaly range for 14 selected earthquake locations. A solid black line indicates a
time-averaged OBP anomaly time series for the selected locations. The outstanding plot represents
the OBP anomaly data for the M = 6.9 earthquake location (40.29N, 25.39E) at the 2014.482 epoch.
This location belongs to the North Anatolian fault Zone (NAFZ).

3. Results

The OBP time series contain a decreasing trend and oscillations. To model the OBP
anomalies, we first resampled the OBP time series to a uniform sampling rate of 12 sam-
ples/yr. In the next step, we detrend the time series using the piecewise linear function
found in MatLab. As breakpoints, Jan. 2003 and Dec. 2017 were selected. This is because
records between Jan. 2003 and Dec. 2007 were time-averaged, and the average OBP value
was extracted from the data. Figure 5 (left pane) shows the OBP time series, the trend, and
the resulting detrended OBP time series. To filter out high-frequency data, we used the
low-pass Butterworth filter. Using the Fast Fourier Transform (FFT) algorithm, we identi-
fied 9.17-, 3.67-, 2.3-, 1.53-, and 1.02-year periods in the detrended OBP time series. Figure
5 (right pane) shows the power spectrum density of the detrended OBP time series.
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Figure 5. (a) OBP time series (blue line), piecewise trend (black line), and detrended OBP time se-
ries (red line). (b) Power spectrum density of the detrended OBP time series.
Here, we attempt to link the OBP anomalies trend with the tectonic activities in the
MAC zone. To this end, we investigate a time series of the power of earthquakes recorded
in the MAC zone. We use equation (1) to convert earthquake magnitude into energy:
logE = 5.24 + 1.44M, (1)
where E is in (J).
We summarise the energy in one-year bins. Figure 6 shows the time series of (M 2 5)
earthquakes' power in annual intervals from 2002 to 2020 in the MAC zone. A clear rising
trend in the power of earthquakes is visible. Some local extremes are also present in 2008,
2014, and 2020 years, suggesting a certain periodicity.
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Figure 6. (a) Time series of the (M=>5) earthquakes' power, including linear trend. Periodic compo-
nents appear to present as well. (b) The periodogram of the earthquake power time series is
shown in the right pane.

4. Discussion

A close study of Fig. 3 concludes that a significant OBP anomaly is present in the
MAC zone's western section. Such a prominent feature is not observed outside of the
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MAC region. This part of the ocean floor subducts under the continental part in the MAC
zone's eastern section. Therefore, a long-term decrease in the OBP anomaly in the region
is anticipated because of the constant mass change.

The time-series analysis yields a prominent decreasing trend and 1.02, 1.53, 2.3, 3.67,
and 9.17-year oscillations in the OBP variations. The AOH processes play a dominant role
in Earth's dynamic process for seasonal and interannual periods up to 4 years [31]. In this
respect, the 1.02, 1.53, 2.3-year oscillations are evaluated to be caused by AOH processes.
Longer oscillations and a linear trend in the dynamic processes of the Earth are believed
to be caused by a combination of geophysical causes such as a slow rebound of the crust
and upper mantle [32,33], and decadal angular momentum exchange between core and
mantle [34-39]. Based on this expression and the MAC's geological settings, the linear de-
creasing trend and 9.17-year oscillation period of the OBP can be explained by the sub-
duction tectonic process in the MAC Zone.

To investigate the hypothesis that tectonic interactions in the MAC zone drive the
long-term OBP variations, we compiled a time series of the annual released power of
earthquakes M > 5 for the AOL The earthquakes' power time series features a rising trend
and a periodic component. The increasing trend of the earthquake energy is consistent
with the decreasing trend of the OBP and support the hypothesis that the tectonic process
mainly drives the long-term OBP variation in the MAC Zone. The earthquakes' power
time series includes four oscillations with 6, 3.01, 2, and 1.64 year periods. Tectonic pro-
cesses drive the six-year oscillation. The periods 1.64, 2.00, and 3.01 years are similar to
those in the OBP and probably driven by AOH forces.

5. Conclusions

MedRidge is one of the most critical subduction zones in the world. This fault system
produced earthquakes > MS that devastated the ancient cities in the region. However, such
an earthquake has not been experienced for centuries. The OBP time series from GRACE
and GRACE-FO satellite platforms show that the OBP around the MAC Zone drastically
goes down. According to the literature, mass redistribution in mantle and crust are among
the possible reasons for OBP variation. Linear trend and 9.17-year oscillation period in the
OBP data point out the effect of the subduction tectonic process in the MAC Zone. The
increasing linear trend of the earthquake energy released also supports this hypothesis.
The MAC has the potential to produce devastating earthquakes. Therefore, the OBP vari-
ation in the region must be studied with longer records to understand better the relation-
ship between OBP and tectonic processes in the zone.
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