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Abstract: For earthquakes (M>4.0) occurring along and arond the East Anatolian fault zone and the
the Dead Sea fault zone between January 2002 and December 2022, we analyzed the correlation
between the Earth's rotation and the earthquake occurrence before the Mw7.8 Gaziantep,Turkey
earthquake occurring on 6 February 2023. We statistically evaluate the Earth's rotationally
dependent seismicity. The results were judged by the P-value. There was a clear downward trend
in the P-values from early 2020 to late 2022 in the study region. Starting in early 2021, the P-value
drops below 0.1%, corresponding significant correlation between the Earth's rotation and the
earthquake occurrence . We also calculated the spatial distribution of the P-values and obtained a
result showing a low P-value area in the vicinity of the northeastern end of the aftershock zone.
Although the stress caused by the Earth's rotation is very weak, when the focal medium is loaded
to the critical state to release a large earthquake, the stress due to the Earth's rotation could control
the earthauqgke occurrence. Therefore, the lower P-values obtained in this study indicates the Earth's
rotation-related seismicity prior to the Mw 7.8 Turkey earthquake and could be considered as its
precursor.

Keywords: Earth's rotation-related; seismicity; the Mw 7.8 Turkey earthquake; Schuster test;
precursor

1. Introduction

The physical essence of earthquakes is instability or failure of a stressed medium under the
action of tectonic stress. When an earthquake occurs, the accumulated stress is quickly released.
Based on rock test results, a focal fault will experience two stages before its failure: a stress-increase
stage and a sub-instability stage[1,2]. During the latter the focal medium becomes extremely unstable
and is approaching instability, where the time of earthquake occurrence can be controlled by weak
stress perturbations that make some earthquakes occur more easily than usual. Although the stress
changes (~1Pa) due to the variation in the rate of Earth's rotation in the crust are quite tiny[3], when
a strong earthquake is approaching, earthquakes in and around the focal medium would be
susceptible to the weak changes of stress, resulting in a strong correlation between the Earth's rotation
and the earthquake occurrence. Significant correlations were found between the Earth's rotation and
the occurrence of earthquakes occurring before some strong earthquakes[4-9] On 6 February 2023 an
My 7.8 earthquake occurred in Gaziantep, Turkey with its epicenter located at 37.1662°N, 37.0421°E
by the USGS Network. In the present study, we focused on this event to investigate the correlation
between the Earth's rotation and the occurrence of earthquakes that occurred in and around its source
region during pre-quake time interval.

2. Data and Methods

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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The 2023 Gaziantep Mw 7.8 earthquake occurred at the junction of the East Anatolian fault zone
(EAFZ) with the Dead Sea fault zone (DSFZ). Its focal mechanism solutions indicate a steeply dipping
fault plane striking NE-SW with a left lateral slip, or one striking NW-SE with right lateral slip.
Aftershocks of the Gaziantep earthquake spread along the direction of NE-SW (Figure 1a). According
to this, the Gaziantep earthquake ruptured on a left-slip plane striking NE-SW due to the relative
motion between the Arabian plate and the Anatolian block.

Earthquakes used in this study were obtained from the USGS earthquake -catalog
(https://earthquake.usgs.gov/earthquakes/search/). The epicenter distribution of aftershocks of the
Mw 7.8 Gaziantep earthquake were showed in Figure 1a (grey circles). The epicenters of earthquakes
of M>3.0 that occurred from January 2002 to December 2022 were plotted in Figure 1b. The spatial
distribution of seismic numbers was obtained from the earthquakes in Figurelb applying a spatial
window of 1.0° x1.0° moved by 0.1° in both the latitudinal and longitudinal directions (Figure 1c).
Three higher seismic frequency areas are located near the Mw 7.8 Gaziantep mainshock, at the central
segment and near the junction of the EAFZ and the North Anatolian fault zone (EAFZ), respectively.
For analysis of the P-value as a function of time , we considered an area of~ 400kmx230 km as the
study region (Figure 1lc, the green boxed region) that covers the aftershock zone of the Mw7.8
Gaziantep mainshock and two nearby higher seismic frequency areas. For all earthquakes in Figure
1b, we considered the completeness of earthquake catalogue with respect to the observed Gutenberg-
Richter relationship via visual inspection. The event frequency-magnitude plot (Figure 2) suggests
the threshold of completeness to be M. = 4.0. For calculation of the P-value as a function of time we
took 190 earthquakes of M>4.0 that occurred in the study region from January 2002 to December 2022.
For mapping the spatial distribution of the P-values, all earthquakes (M>4.0) in Figure 1b were used.

The data of length of day relating to the Earth's rotation was acquired from the Earth Orientation
Center (http://hpiers.obspm.fr/eop-pc). The raw data of length of day with the standard length of day
(24 hours) subtracted is shown in Figure 3a. The variation of the length of day consists of different
periodic components, which mainly include the long period component with a period of more than
ten years, the seasonal component with a period of more than one month and less than one year, and
the short period component with a period of less than one month. The nine-day-cycle component is
contained in the short period component and is caused by atmospheric effects[10]. We will use the
nine-day-cycle component to investigate the correlation between the Earth's rotation and the
occurrence of earthquakes occurring prior to the 2023 Mw 7.8 Gaziantep event in this article. The nine-
day-cycle component of the length of day is plotted in Figure 3b, obtained by band-pass filtering with
a period band between 8d and 10d.
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Figure 1. (a) The epicenter distribution of aftershocks of the Mw 7.8 Gaziantep earthquake occurring
at the junction of the East Anatolian fault zone (EAFZ) with the Dead Sea fault zone (DSFZ). Grey
circles show the epicenters of the aftershocks of M>4.0 that occurred from 6 to 8 February, 2023. (b)
Epicenters of earthquakes (M=>3.0) that occurred from 2002 to 2022. (c) Map showing the spatial
distribution of seismic frequency obtained from earthquakes plotted in Figure 1b. Yellow circles are
epicenters of aftershock events. In each picture,the green star epresents the epicenter of the Mw7.8
mainshock, the thick blue lines mark the boundaries between the different plates, the thin red lines
show the active fault traces and the red boxed region shows the study area.
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Figure 2. Cumulative number of earthquakes versus magnitude.
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Figure 3. The length of day relating to the Earth's rotation versus time. (a) The raw data. (b) The nine-
day-cycle variations in the length of day (filtered with a period band between 8d and 10d).

We statistically examined the correlation between the Earth's rotation and the earthquake
occurrence. The used method has been applied to investigate tidal triggering of earthquakes[11-13].
Based on a temporal change series of length of day, the phase angle of the Earth's rotation at the
occurring time of each earthquake can be calculated. The phase angle is defined as 0° at each
maximum of the rate of the Earth's rotation, -180° at the first minimum on the left of the maximum,
and 180° at the first minimum on the right one. The phase angle at the occurring time of an
earthquake is calculated according to the following formula.

te'tO
6=180°x ——_ t<t,
to-t180
L 1)
~180°x 2 | 2ty |
t180-to

Where te is the occurring time of an earthquake, to the time at the maximum of length of day
immediately before or after te, t-1s0 and t1s0 are the times at the minimum of length of day immediately
before and after te respectively. With the phase angles of all earthquakes, we can statistically judge
whether there is a significant correlation between those earthquakes and Earth's rotation by use of
Schuster’s test. The results were valued by P-value between 0 and 1. The P-value of N earthquakes
can be obtained on the base of the following formulas.
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Where, @ is the phase angle of the i-th earthquake, N >10. In general, if P 5%, the earthquakes
could be non-random][14,15].

)

3. Results

For 190 earthquakes of M>4.0 that occurred in the study region from January 2002 to December
2022, we examined the correlation between the nine-day-cycle variation of the Earth's rotation and
the earthquake occurrence. The result is evaluated by the P-value. First, we determined the phase
angle of the Earth's rotation at the occurring time of each earthquake on the base of eqation (1) from
the temporal change series of length of day (Figure 3b), then P-values as a function of time can be
obtained via considering an eight-year time window moving 6 months at a time (Figure 4a). We
calculated the P-value of each window according to eqation (2), and took the occurring time of the
last earthquake in each window as the time of P-value. The minimum number of earthquakes in all
time windows is 46, the maximum 102 and the mean 63. Therefore, the requirement of earthquake
number greater than 10 for the analysis can be met. A total of 40 P-values were calculated, of which
only 8 are below 5%. This can be found in Figure 4a, where the P values were between 7% and 98%
until April 2020 and no significant correlation can be found during this period. The P value dropped
to ~0.8% in the beginning of August 2020, approached the lowest value (0.001%) in August 2022. The
P values were below 0.1% from the beginning of 2021 to December 2022, therefore, a higher
correlation between the earthquake occurrence and the Earth’s rotation occurred in this period due
to the focal medium’s approaching instability.

The distribution of phase angles was obtained for ninety-seven earthquakes occurring when the
P-value is at its lowest (Figure 4b), the corresponding time period is from September 2014 to August
2022. We found that most of these earthquakes occurred more easily when the phase angle was
between -70° and 30°, this phase angle range corresponds to the increasing stage of the linear
acceleration of Earth’s rotation[9]. Thus, it is the increasing acceleration of Earth’s rotation that
controls the occurrence of earthquakes preceding the Mw7.8 Gaziantep, Turkey earthquake.
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Figure 4. (a) P-value as a function of time in the study region. the downward arrow " shows the
occurrence time of the Mw 7.8 Gaziantep event, the red area shows the 95% confidence limit of the P-
value obtained by the bootstrap method. (b) Histogram showing the frequency of the phase angle of
earthquakes occurring from September 2014 to August 2022. The thick solid curve denotes sinusoidal
function fitted to the frequency distribution.
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The bootstrap method is widely used for analyzing the statistical uncertainty [16,17]. It is based
on the simulation of large number of data sets directly from the real experimental set of the events.
The statistical fluctuations of the parameters are estimated using the simulated data sets for the
investigated phenomenon. The simulation is based on the return-back sampling. That is, each
simulated data set is randomly selected from the experimental data set without taking into account
whether some events already have been taken to create this particular new data set or not. Any event
from the initial set of the experimental data can be taken once, more than once, or cannot be taken at
all. Each simulated data set contains the same number of events as the original experimental one.
When the simulation of a large number of the new data sets is finished then relevant parameters are
calculated for each of them. After this, it is easy to get the means and 95% confidence ranges of these
parameters. We analyzed the confidence intervals of P values for each bin in Figure 4a based on
bootstrap method. A sample of size 3000 is taken in the analysis. The confidence intervals of 95% of
P values for each bin are shown by the red area in Figure4a. In December 2021, the P value dropped
to a value between 0.25% and 0.44%, far below 5%.

The spatial distribution of the P-values for earthquakes (M >4.0) occurring from September 2014
to August 2022 is shown in Figure 5a. A time interval of ten years was used for obtaining the spatial
distribution of the P-values. A rectangle region with latitude range from 34°N-40.5°N and longitude
range from 33°E-42°E was considered. A circular spatial window of a radius of 100km moving by 0.1°
in along-latitude and along-longitude directions was used. When earthquakes in a window are over
10, P-value can be worked out. The spatial distribution of P< 1% was plotted in Figure 5b, where it
can be found that low P-values located in the northeast of the study area for analysis of the P-value
as a function of time. Two mainshocks occurred on 6 February 2023, their magnitudes are Mw7.8 and
Mw7.5 respectively. Their locations are shown by stars in Figure 5b. The minimum distances between
their epicenters and the edge of the area with P-values less than 1% less are 138km and 83km

respectively.
340 E 360 E

38,0 E

340 E

40.0 N o

380N

36.0 N

0 20 40 60 80 100
P %)

Figure 5. Spatial distribution of the P-values obtained using earthquakes occurring from September
2014 to August 2022. A circular spatial window of a radius of 100km moving by 0.1° in both along-
latitude and along-longitude directions was used. The star shows the epicenters of the Mw7.8 and 7.5
mainshocks. (a) P>0. (b) P <1% . Yellow circles are epicenters of aftershock events.

4. Discussion

We investigated the correlation between the Earth’s rotation and earthquakes that occurred
before the Mw 7.8 Gaziantep earthquake. For earthquakes of M>4.0 in the study area we calculated
the P-value as a function of time. We discovered lower P-values only occurred about two years prior
to the Mw 7.8 Gaziantep earthquake. Earthquakes happened more frequently when the phase angle
was between -70°and 30°, corresponding to the increasing period of the linear acceleration of the
Earth’s rotation.
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Furthermore, we calculated the spatial distribution of the P-values using earthquakes (M2>4.0)
occurring from September 2014 to August 2022 and found that low P-values (P <1%) covered an area
less than 140km northeast of the epicenter of the Mw 7.8 Gaziantep earthquake.

We also investigated the correlation between the rotation of the Earth and the occurrence of
earthquakes using the seasonal component and did not find any significant correlation. This may be
related to the critical stiffness of the focal medium. It was found based on slider-block models of slip
that slip can amplify dramatically under the action of given stress within a narrow band of resonant
periods [18]. Slip response amplifies significantly for a narrow range of periods near the critical
period Tec when stiffness k is equal to the critical stiffness ke, and at shorter periods when k is greater
than kc[19].

It has been well- known that when a stressed medium is approaching failure, it will reach a
critical state. Under this condition, when the period of the Earth’s rotation is within a narrow band
of resonant periods, seismicity could be significantly correlated to the Earth’s rotation.

5. Conclusions

From the above results, the significant Earth’s rotation-related seismic activity indicated that the
focal medium in the region around the Mw 7.8 Gaziantep earthquake was at a critical state. In other
words, the focal medium has become extremely unstable, and could failure at any moment to release
a strong earthquake. Therefore, we suggest that the Earth's rotation-related seismicity prior to the Mw
7.8 Gaziantep, Turkey earthquake could be considered as one of its precursors.
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