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Abstract

This article examines certain limitations of applying the Self-Organized
Criticality (SOC) model to earthquakes. An analysis of earthquake distribution
throughout the day reveals that in some areas, earthquake frequency strictly depends
on the time of day, with more occurrences connected to the midday and midnight.
This frequency also aligns with the lunar day cycle of 27.35 days. Proposed a new
type of histogram illustrating the daily dependency of earthquake occurrences. It can
be used for a better understanding of the seismic regime in the given territory within
short time periods. It is concluded that earthquake-generating forces exhibit periodic
patterns with periods of 12 and 24 hours, as well as 14 and 28 days. Since the
combined tidal periodicity for spring tide is 12:25 or 24:50 per day presented in
report observation is limiting the possibility to apply the trigger model of moon and
sun combined forces influence to the earthquake generation process.

Key words (earthquake distribution, SOC model, daily distribution,
earthquake model).

Introduction

The problem of earthquake forecasting is closely tied to their true nature.
The scientific community is divided into two opposing groups: one believes
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earthquakes are predictable (Danijel Schorlemmer et al., 2018; Keilis-Borok
1988; Adams R.D. 1976.), while the other believes they are virtually impossible
to predict (Yan Y. Kagan 1997; Mulargia F. et al. 1996). This latter view is
more common, supported by the very limited success in predicting earthquakes.
Although no widely accepted forecasting method exists, this does not imply that
the task is inherently unsolvable. True scientific arguments for the inherent
unpredictability of earthquakes need to be presented to justify such a strong
claim. A detailed understanding of the mechanism of the earthquake preparation
process is the key.

Some researchers have classified earthquakes as SOC phenomena, which
are unpredictable by nature (Geller et al., 1997). This idea assumes that
earthquake magnitude "develops™ during the event, similar to avalanches. The
magnitude of an avalanche does not depend on the specific trigger but rather on
the amount of accumulated snow, its condition, and other environmental factors
(Geller et al., 1997). This conclusion is primarily supported by laboratory
experiments using an "earthquake apparatus” (e.g., Stein, 1999) that aims to
replicate natural earthquake conditions.

Stein’s laboratory experiments show that brick on sandpaper, as it is
positioned on Figure 1, will cover different distances S over the same amount of
applied forces F. There is no correlation between the amount of applied force
and the distance covered by brick.

In terms of earthquake magnitude, this means that it does not depend on the
last amount of trigger forces. However, applying this conclusion to actual
earthquakes remains questionable and requires further verification, as the
experimental basis alone does not fully justify the widespread notion of
earthquake unpredictability in the scientific community.

To test whether earthquakes genuinely represent SOC phenomena, we must
first assess the adequacy of the laboratory model in relation to observed natural
phenomena. The main assumption in the SOC model is that the force leading to
earthquakes steadily increases, reaching a critical threshold at the earthquake's
onset (Bak P., 1996.). This assumption stems from the fact that, in experiments
with a brick on sandpaper, a constantly increasing force is applied until the
block begins to move, with the displacement being unpredictable in relation to
the force applied.
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Fig.1. Earthquake simulation apparatus principal schematic view.
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The variability in both the threshold force required to initiate movement
and the resulting displacement led some researchers to conclude that the process
is Self Organased Critically (Staine 1999). They hypothesized that the block's
movement derives energy from sources beyond the last applied portion of
pulling force, making it inherently unpredictable. This has drawn parallels to
avalanches, where a small trigger (e.g., a single snowball) can result in a large,
self-sustaining chain reaction, suggesting self-organization. However,
predicting the scale of such events remains difficult due to unknown factors in
the initial conditions.

In the context of earthquakes, proponents of this model argue that large
earthquakes are essentially a “non-stop” small one. Since the individual small
earthquakes are unpredictable, because there are too many of them, the larger
events should also be unpredictable. However, the oversimplification of the
phenomenon may be an obstacle to applying it to earthquakes.

One of the main differences seems to be the high friction in the real model.
For instance, by putting the initial brick within a box of sand and covering it
entirely to increase the friction within the system, we will obtain a completely
different result. In the presented laboratory experiments, the friction in the
system decreases after the brick starts moving. In contrast, during a real
earthquake, because it occurs within the lithosphere, the resistance to movement
after it begins is expected to increase sharply.

Data and Results

Currently, the extension of the oceanic floor due to mantle convection
is regarded as the primary mechanism driving tectonic plate movement.
This continuous plate motion generates forces that cause earthquakes, both
at tectonic plate boundaries and within plates (intraplate). Since the
spreading rate of the oceanic crust and the velocity of tectonic plate
movement remain constant, it is assumed that the overall rate of stress
accumulation leading to earthquakes steadily increases (Forsyth, D., &
Uyeda, S., 1975).

However, this last assumption that during the earthquake preparation
process, the actually applied forces are constant in magnitude and direction
requires further investigation. To test this, we analyzed earthquake
distribution over time. Our study focused on the Transcaucasia region,
using data from the NSSP Armenia seismic catalog. For the territory of
Armenia, earthquakes within a one-hour time zone interval, from 1962 up
to 2007 (17833 events), regardless of magnitude, were chosen for this
analysis. The time of each earthquake was converted to local time.
Daytime was divided into minutes (24 x 60 = 1440 min), and the overall
number of events per each minute interval of the day for the entire
instrumental period of earthquake monitoring was counted (Fig. 2).

If the forces responsible for earthquake preparation were constant, we
would expect a uniform distribution of earthquake occurrences throughout
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the day. However, our results indicated the contrary, implying variability
in the forces involved.

The peak number of earthquakes occurred around midday (720
minutes), and the distribution showed a periodic nature over a 24-hour
cycle, as it can be seen on fig.2. This pattern was also tested for the lunar
cycle 27.35 days, as it can be seen in fig.3.

If seismic activity was independent of the lunar day, seismic events
would distribute evenly across the entire interval. Our analysis revealed
periodicities of approximately 14 and 28 days, suggesting that earthquake
activity in the region is influenced by both solar and lunar cycles.
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Fig.2. Earthquake distribution by the time of day in minutes for entire instrumental
period 1961 2007 year for the territory of Armenia (Kazarian, Mkrtchyan 2017).
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Fig.3. Earthquake distribution by the lunar day (27.35 days, 39384 minutes).
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These findings suggest that, in reality, the forces responsible for earthquake
preparation are periodic in nature, with intervals of 12 hours, 24 hours, 14 days,
and 27.35 days. Understanding the exact implications of this periodicity
requires further research. For now, we argue that the constant-force assumption
in laboratory experiments has limited applicability to natural earthquake
preparation processes. It's more reasonable to assume that they have periodic
character according to the revealed periodicity of seismic activity. The
correlation of the number of earthquakes with solar and lunar periodicity needs
further investigation.

To test whether this periodicity is region-specific, we replicated the study
using data from the seismic catalog on territory of Turkey. Although the
seismic catalog of of Turkey (Kandilli Observatory and Earthquake Research
Institute (KOERI) catalog2005-2016, 200204 events) is recorded spanning over
two time zones we do obtaine similar result. (fig.4).
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Fig.4. Earthquake distribution by the time of day in minutes for the entire instrumental
period 1961-2007 year for the territory of Turkey (Kazarian, Mkrtchyan 2017).

The narrow maximums on this histogram correspond to the industrial
mining activity however, after removing them, the basic line for seismicity
revealed bimodal distribution with major activity by midday and midnight.

Discussion

A detailed study of earthquake frequency per minute could reveal the
influence of fault orientation and structural anisotropy on daily earthquake
distributions, which is the subject of our future research. Earlier, it was
demonstrated (Kazarian, Mkrtchyan 2017) the correlation between the unimodal
and bimodal distribution of earthquakes during the daytime and dominated focal

19



mechanisms for the territory of Greece and Italy compared to the territory of
Turkey and Armenia. However, within this report we want to concentrate on the
possibility of the SOC model application for the earthquakes and the assumed
triggering role of the planetary forces on the process.

Obtained results show the correlation of the number of earthquakes with
planetary rotation, primarily with the period of daily rotation and the period of
common rotation of Earth and Moon around the barycenter. It is important to
mention that the revealed periodicities are not tidal periods since those have a
period of 12 hours and 25 minutes or 24 hours and 50 minutes. Consequently,
the combined amplitude of Moon and Sun tidal forces is unlikely to serve as a
trigger for earthquakes.

A more detailed explanation is needed to make our point clearer. On the
one hand, we observe the periodicity of earthquakes with diurnal and
semidiurnal cycles, as well as the bimodal distribution during the lunar cycle
(28 days). The correlation between planetary periodicity and basic seismicity
appears evident. However, we argue that the combined amplitude of the Sun
and Moon's tidal forces cannot be solely responsible for triggering earthquakes.

The presence of planetary periodicity (12 and 24 hours) does not imply a
direct connection to combined tidal forces, as the latter have a periodicity of 12
hours and 25 minutes. If seismic activity were tied to (maximum) spring tides, it
would shift by 50 minutes each day. For example, if it coincided with noon on a
given day, it should shift to 12:50 the following day, 13:40 the day after, then
14:30, and so forth.

The instance of principal tidal constituents with corresponding average
amplitude and periodicity are shown in Table 1. Tidal forces consist of several
components most influenced presented (Coastal Dynamics. Judith Bosboom,
Marcel J.F. Stive). The main lunar tide has a period of 12.42 h and the main
solar tide a period of 12 h respectively (M2 and $2). The basic seismicity reveal
connection to only principal solar S2 period. Although the lunar M2 constituent
has more than 2 times influence in tidal daily amplitude. The seismicity relation
to Lunar period reveals only on 28-day histogram, which corresponds to Mm
327.9 h and Mf 661.3 h constituency.

We also can see that Lunar-Solar declination K1 with period 23.93 h also
can be blamed for initial activation of seismicity. However, as it clearly seen from
the table the most influential principal lunar M2 constituent with period 12.42 h
does not reflect by basic seismic activity. This brings us to the conclusion that
amplitude of tidal forces unlikely can be blamed for increase of seismic activity.

Table 1: Principal tidal constituents with equilibrium amplitudes (Coastal
Dynamics. Judith Bosboom, Marcel J.F. Stive).

Tidal constituents ‘ Name Amplitude [m] Period [h]
Semidiurnal
Principal lunar ‘ M2 0.24 12.42
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Principal solar S2 0.11 12
Lunar elliptical N2 0.046 12.66
Lunar-solar declinational K2 0.031 11.97
Diurnal

Lunar-solar declinational K1 0.14 23.93
Principal lunar 01 0.1 25.82
Principal solar P1 0.047 24.07
Lunar elliptical Q1 0.019 26.87
Long Period

Fortnightly Mf 0.042 327.9
Monthly Mm 0.022 661.3
Semiannual Ssa 0.019 4383

In the context of the Self-Organized Criticality (SOC) model for
earthquake preparation, as demonstrated by Stain’s laboratory
experiments, the constant tension on the cord represents the continuous
build-up of tectonic stress. Our statistical analysis of seismic data from the
region suggests that the applied forces likely have a periodic nature with
planetary cycles, but they do not align with the timing of maximum tidal
forces.

The strongest earthquakes in the region sometimes align with new or
full moon. Figure 4 illustrates the most significant earthquakes in the
region from 1900 to 2023, with some coinciding with new or full moons:
Kahramanmaras doublet (2023, M=7.8)

Manjil-Rudbar (1990, M=7.8)
Tabas (1978, M=7.4)
Amorgo6s (1956, M=7.7)

llgaz (1943, M=7.5)

Erzincan (1939, M=7.8)

oL E

1. Kahramanmarash 2023 M-7.8,
2. Manjil-Rudbar 1990 M =7.8.

= 3. Tabas 1978, M-7.4.

4. Amorgds 1956- M =7.7.

5. Dgaz 1943, M-7.5.

4 6. _Erzinjan 1939 M=7.8

‘Strong earthquake connected to the fool or new moon

. Most strong earthquake (M >6.5) in the region since 1900

30.00

/ Active tectonic faults
0

2% 500 km

Fig.4. The strongest events in the region since 1900 according to the USGS catalog.
Active tectonic faults presented by Trifonov, Karakhanyan (Trifonov, Karakhanyan
1994, 1996).

21



It is noteworthy that while the number of strong earthquakes coinciding
with new or full moons is not large, their proportion increases with increase of
the magnitude.

The histograms discussed above show that the increase in earthquake
occurrences during specific periods predominantly consists of weaker events.
These weaker events generally are more frequent, as described by the
Gutenberg-Richter empirical Law (Beno Gutenberg and Charles F. Richter
1940).

Since the attached to the midday and midnight time earthquakes has low
magnitude, we can conclude that the geological media was not in a critical state
when planetary forces was assumed to act as a trigger.

According to SOC theory, the magnitude of an earthquake develops as the
event unfolds after the initial trigger. If strong earthquakes are essentially
“uninterrupted” sequences of weaker ones, then tidal forces are unlikely to be
the triggers for such events. This restricts the potential role of tidal forces
amplitude in earthquake generation. From the other side we observe the
correlation of the weak earthquakes with 14 and 28 days of lunar periodicity.
This, in turn, suggest that seismic activity indeed connected with planetary
rotation.

Conclusion

In summary, the SOC model with triggering mechanism at the end of the
earthquake preparation process's applicability is limited, at least in certain
regions. Daily periodic characteristics of seismicity, which vary by region,
could complement the Gutenberg-Richter law in characterizing seismic activity.
We anticipate that earthquake activity's daily distribution might shift during
earthquake preparation periods, potentially providing new insights into the
earthquake preparation process. It is difficult to imagine that an area with an
active earthquake preparation process frequently reaches a critical stage at
midday/midnight or at the new or full moon. Understanding these periodic
characteristics in different regions may lead to a more complete model of
earthquake behavior. Our study reveal that the basic seismicity has close
relation to planetary rotations, however it also shows that this connection is
unlikely goes through the increase of last portion of tectonic stress implied by
combination of moon and sun tidal forces.

All above mentioned bring us to the conclusion that directional component
of tidal forces playing more significant role in earthquake generation process
then it was assumed previously.
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Erufucurgerp ZuUuslr SOC UNaeLk 2ZU4ELYUOR
UUzUULUOUUNRULEP UTUDL

Nwqupub Updkl, Uhtwuywt Suyubk, Skp-Jwppuiyut Lhyhp,
Ulpungyut Uuwwnnip

Udthnthnid

Uju hnnubénid ntumidbwuhpynid Eu htiptwjuquuljbpydus Yphnhlju-
Ju (Self Organised Criticaly) Ungbkih Yhpwndw npny vwhdwbwthulnidubpp
tpypwpwpdtph plypnid: Opfuw plpwgpnud kpljpupwpdtph pugputwi Yip-
[nudnipniip gnyg b twhu, np Epjpuowpdtph hwdwhjutnipmiup jupuwnn-
phi jupugws E opgu dwdhg wnun]bp hwdwpwuim ppuadp juudws [hibng
Ykuonh b Yhughobph htwn: Uju hwdwhwlwinipmiup hwdptljunud £ twb 27.35
op nbnnnipjudp jniubttught opdu ghljht: Unwewplynid £ unp mbkuwlh hhu-
unngpuddw, npp gnigunpmid E Eplpuowpdiph wnwewgdwt opwlwi Juiju-
Juémipiniup: Uyt Jupnn L oquuugnpédybt] mjju) nwpwspnid jupd dudwbu-
Yuhwwndwsubpnid ukjudhl nkdhuh wykh (uy pdpnudwt hwdwp: Gopuljug-
Ynud Lk, np Gpypuwowpdtp unbnénn nidkpp npubinpnid Bu wuppbpulwinipe-
jul tunpttp Unnwynpuybu 12 b 24 dwd, husybu twb 14 b 28 op wuppk-
pnipmitttpny: Uw vwhdwtwhwlnd t Epjpuowupdbiph winwewmgdw gnps-
pipugnid Lnwuh b Upbh hwdwwnbn wqpbgnipyut dnnkh Yhpundwb htiw-
nunpnipjnibp:

Ob OT'PAHUYEHUSAX TIPUMEHEHUS MOAEJIA SOC UIA
SEMJUIETPACEHUU

Ka3zapsan Apmen, Munacsu I'asine, Tep-Bapaansn JIniur,
MkpTusiH Acatyp

Pesrome

B nannoi#t cratbe paccMaTpuBaIOTCd HEKOTOpPbIE OTpaHUYEHUS MpHUMEHe-
HUS MOJENH CaMOOPTaHU3YIOIIUXCS CHCTEM JOCTUTIINX KPUTHYECKOTO COCTO-
saus  (Self Organised Criticaly) k 3emieTpsiceHHsM. AHaNN3 CYTOYHOTO pac-
TIpesieNIeHus 3eMJIETPSACEHUH MOKa3bIBAeT, YTO YaCTOTa MOABIIEHHS 3eMJeTpsce-
HUW CTPOrO 3aBHCHUT OT BPEMEHHU CYTOK, CBSI3aHHBIMH C TOJIyIHEM W TIOJNY-
HOYBI0. JTa YacTOTa TaKKe€ COOTBETCTBYET IIMKITY JIYHHOTO JAHSI, COCTABIIAIOLIE-
My 27,35 mus. [lpemnokeH HOBBIH THIT THUCTOTPaMMBI, WILTIOCTPUPYIONTHH Cy-
TOYHYIO 3aBHCUMOCTh BO3HUKHOBEHHS 3emierpsiceHuii. OH MoxeT ObITh HC-
MOJIb30BAH JUIS JIYYIIEro MOHUMAaHHUS CECMHUYECKOro peXHMa B TEUEHHE KO-
POTKHMX BpEMEHHBIX HHTepBasoB. CenaH BHIBOJ O TOM, UYTO CHJIBI, T€HEPUPYIO-
e 3eMIIETPSICEHNS, TPOSBIIAIOT MIEPUOANYECKIE 3aKOHOMEPHOCTH C MepHoa-
MU npuMepHo 12 u 24 daca, a Takke 14 u 28 qHs, YTO OTpaHUYUBAET BO3MOXK-
HOCTh MPUMEHEHUS TpUTTepHOM Moneny BinusHus JIyasl u ColHIa Ha mporecce
reHepanny 3eMJIETPSICEHU.
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