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PosragHyTo rpaBiTalliliHi NOepepAHUKU MerazeMAeTpyciB B A3ii Ta [TiBAeHHO-CXipHIN

A3zii: Cuuyans, M7.9, 12 TpaBHa 2008 p.; AHpAaMaHCBKI ocTpoBy, M7.5, 10 cepriag 2009 p.;
octpoBu Camoa, M8.1, 29 BepecHsa 2009 p.; I'liBniuna Cymatpa, M7.8, 06 kBiTHa 2010 p.;
Toxoxky, M9, 11 6epe3nga 2011 p. Yci rpasiTaliliidi nonepepAHUKY OyYAM 3alIMCaHi 3 BUKO-
PHUCTaHHAM CTaHIiN TporHOo3yBaHHA 3eMAeTpyciB ATROPATENA. 3anponoHOBaHO CTBO-
PEeHHS Mi’)KHapOAHOI CUCTEMHU IIPOTHO3YBAaHHS 3€MAETPYCiB Ha OTPUMAaHUX PE3YAbTATIB.
AAs MOHITOPHUHTY IIPOCTOPOBO-YaCOBUX Bapiarllili rpaBiTallitHOTO IIOAS PO3POOAEHO Ta
BUTOTOBAEHO crerliaabHi peTekTopu — cTaHIli ATROPATENA. AeTekTopu 6e3mepepBHO
BUMIPIOIOTh BEAWUHMHY I'PaBiTaIifHOI cTaA0l G ¥ B3aEMHO IIePIIEHANKYAIPHUX HAllpSIMKax
i BIAHOCHI 3HAUEeHHS CUAU TSOKiHHA Ag. Ao i micag MerazeMaeTpyciB B A3sii Ta [liBAeHHO-
CxipHilt A3ii BUSBA€HO 3MiHU IPaBiTAIliiHOTO TTOAST 3eMAl Ha BEAUKMX BIACTaHSIX BiA efTi-
neHTpy (6an3pko 8000 km); ix BuMmipsaau craHIlil ATROPATENA y Baky (AzepbaiipkaH)
Ta AsKokbgkapTa (IHpoHe3id). Ha nmokasHuku OaraHcy KaBeHpUIa IpHU BUMipIOBaHHI
rpasiTaniiHoi ctarol G BHAMBAIOTH IPOCTOPOBO-YaCOBI 3MiHM 30BHIIIHIX IPaBiTaIliiHIX
TIOAIB T€OAOTIUHOTI'O TOXOAKEHHS, IKi 3 4aCOM 3MIiHIOIOTH O3HAKM CIIPAB’KHIX 3HAUYEHb
G. BumiproBaHHS CIIPAB>XHBOTO 3HAUEHHd IpaBiTallifiHol cTarol G Ha MOBEPXHI 3eMAi 3
TOYHICTIO, III0 NIePEBUIILYE APYTY NU(MPY HiCAT AeCATKOBOI KpallK¥, HEMOJKAUBE depes
ITPOCTOPOBO-YaCOBI Bapiallil rpaBiTaI[iiHOTO TTOAS MiA BIAUBOM F'€OAMHAMIYHUX ITPOIIECIB.

Ynepie ipAeHTU(IKOBAHO CIIPAB’KHIO MPUYNHY KOAUBAHb 3alIMCAHNUX 3Ha4eHb I'PaBi-
TaninHoi craroi G. Lli Bapialnii OyAn IpeapMeTOM HayKOBUX AMCKYCIM IIPOTSATOM yCBOTO
MHHYAOTO CTOAITTS.

KA1040Bi cA0Ba: IPOTHO3YBAaHHS 3€MAETPYCIB, I'PaBiTalliliHi TOTePEAHUKHY, TeKTOHIUHI
xBUAi, ctaumigs ATROPATENA, celicMOAOTisI, reOAMHAMIKa, TeOTeKTOHIKaA.

Introduction. During the whole history of
humanity the people have been trying to learn
the possible natural cataclysms beforehand.
It is mentioned in ancient historical sources,
legends, myths and in religious writings. For
this purpose they used all accessible for them
opportunities in accordance with their level
of knowledge and philosophy. They tried to
use astronomical phenomena and they as-
sociated the natural cataclysms with them.
For example, ancient people take the solar
eclipses, approaches of the Mars to the Earth,
appearance of spots on the Sun, unusual be-
havior of animals and unusual phenomena in
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atmosphere as special signs of approaching
of the catastrophe.

How far have the modern scientists gone
from their predecessors? If we try to make
parallels, we'll see that the modern science
with more interest studies the influence of
planets of solar system, solar activity and
other cosmic factors on seismicity and volca-
nism. Meanwhile, for short-term forecasting
the earthquakes different precursors of earth-
quakes are also used (as earlier). The main
difference is in explanations of the mecha-
nism of connection between the observed
precursors and the process of preparation of
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the earthquake. Another main difference is
the application of modern recording equip-
ment, which use high tech. In other respects
«philosophy» of forecasting the earthquakes
practically hasn't been changed.

Short-term forecasting of earthquakes:
pros and cons. The scientific researches,
aimed at creation of effective technology of
forecasting the earthquakes were financed
about 100 years in many developed coun-
tries of the world. Disappointment of pub-
lic officers and wide mass of the population
because of absence of serious achievements
in this sphere can be understood. Seismolo-
gists, who forecast the earthquakes and spent
milliards of dollars in the whole world, found
themselves in difficult and delicate situation.
Most of them were looking for justifications
of their scientific failures, and gladly found
them during international scientific meeting
which was called in London on 7—8 Novem-
ber 1996 on the subject of interrelation of
earthquakes with other phenomena in order
to forecast them. Transactions of this meeting
were published in [Geller, 1997].

During this authoritative forum the famous
seismologist Dr. Robert J. Geller declared the
impossibility in principle of forecasting the
earthquakes. His main idea is that the process
of preparation of the earthquake source has a
big probability of randomness and influence
of many external factors. That is why he con-
siders this process as a maximally approxi-
mate to chaotic processes. Many further ar-
ticles and speeches of Dr. Robert Geller were
the continuation of his idea about impossibil-
ity of forecasting the earthquakes. Thisidea is
reflected in his basic statement: «Research in
the sphere of forecasting the earthquakes have
been carrying out more than 100 years with-
out evident success. The results of researches
didn't allow receiving the great achievements.
The extensive researching was not able to find
reliable precursors. Our theoretic work sup-
poses that break displacement is nonlinear
process, which is very sensitive to unknown
details of structure of the Earth in bulk, and
not only in immediate proximity to the epi-
center. «The reliable accordance of alarms
about unavoidable strong earthquakes is in-
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efficient and impossible» [Geller et al., 1997].

Registration of different precursors in big
distances from epicenters

Now there is known more than 300 pre-
cursors of earthquakes of different character
and origin. During the last years a number of
scientists published the results of research-
es, indicative of possibility of registration of
strong earthquakes precursors in the distance
of more than 5000 km, and in some cases more
than 10000 km [Petrova et al., 2005; Hasanov,
Keramova, 2006; Khain, Khalilov, 2006; Kopi-
lova et al., 2007; Lyubushin, 2008; Sobolev et
al., 2008; Khalilov et al., 2011].

Seismic-gravitational precursors. So, as
a result of researches, carried out by the de-
partment of physics of the Earth of Peters-
burg's State University, seismic-gravimetric
complex in Petersburg has registered the
long-term tensile deformation (vertically)
with duration of 12 days and nights, which
forestalled the cycle of strong earthquakes
of December 2004, including the strongest
earthquake on the north of Sumatra island
on 26.01.2004, which caused the catastroph-
ic tsunami. Before each strong earthquake
there were registered the deformations of less
continuation (1—2 days and nights), which
were observed earlier too. There was also
noted the increasing of intensity of seismic-
gravitational fluctuations, which accompany
these deformations, the beginning of which
always advanced the moment of breaks of
strong earthquakes for 1— days and nights.
At that, the first estimates of speed and length
of waves: low-speed waves (speed from 0,35
to 0,68 km/s) of seismic origin had long from
1520 to 7310 km. As a result of analysis of
the received data the scientists came to the
conclusion that the observed fluctuations are
connected with the deformational processes,
which are taking place inside the continent
with the complex block-hierarchical structure
[Kopilova et al., 2007].

Tideless variations of gravity. So, from
2002 the Scientific-Research Institute of
forecasting and studying the earthquakes
(Baku) has been carried out the continuous
measurement of tideless variations of gravity
in the station «Binagadi», which is located in
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Absheron peninsula 24 km from Baku. The
measurements were carried out simultane-
ously by four high-precision quartz gravime-
ters of KV and KS types. As a result of mea-
surements and interpretation of the received
data, there were found out the gravitational
signals in variations of gravity, which preced-
ed the strong earthquakes, the epicenters of
which are in big distances (in the radius of
two thousand to ten thousands km) from the
registered stations. In the process of inter-
pretations of results of researches there were
deducted the gravitational effects from lunar
and solar tides. As it is known, the solar tides
cause the variations of gravity which do not
exceed 0,1 mGal, and the amplitude of lu-
nar variations is about 0,2 mGal. Changes of
tideless variations of gravity were registered
before strong earthquakes in Indonesia, Pak-
istan, Japan, Taiwan, India, the Philippines
and Iran.
Statistic data show that the gravitational
signals were registered more than in 85 % cas-
es, on the average, 5—10 days before strong
earthquakes [Khain, Khalilov, 2006].
Classification of the considered «long-
range»precursors. So, the carried out brief
review allowed marking out a few precursors
of earthquakes, which appear in big distances
between registering points and epicenters of
earthquakes:
—seismic-gravitational anomalies [Petrova
et al., 2005];

—tideless variations of gravity [Khain,
Khalilov, 2006];

—changes of hydro-geo-chemical mode
[Hasanov, Keramova, 2006];

—changes of the level of ground waters
[Ludwin, 2001];

— synchronization of micro-seismic noise
[Lyubushin, 2008; Sobolev et al., 2008];

— long-period three-dimensional variations
of gravitational field [Khalilov et al., 2011].

We didn't review some other precursors,
which also display in big remoteness from
epicenters of strong earthquakes (variations
of different parameters of ionosphere, electro-
magnetic noise disturbances, electric, mag-
netic and other precursors).

Methodology. A new instrument for ex-
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perimental study of the space-time variations
of measured values of G was created, called
the ATROPATENA detector [Khalilov, 2013].

ATROPATENA is a system of sensors
closed and isolated from the environment,
using the physical principle of the Cavendish
balance, with small weights on the ends of two
(instead of one) mutually perpendicular bal-
ance-beams hung by threads 2. Between the
small weights and large weights are placed
equally spaced 3, Fig. 1, a.

The third measuring sensor, the trial mass
4,1is hung on a special elastic lever and makes
available the possibility of vertical displace-
ments during changes in the relative values
of acceleration of gravity, Ag. Variations of
Ag are stipulated for luni-solar floods and for
the appearance of local gravitational anoma-
lies, which can be caused by the changing
of density of rock mass under the instrument
as a result of changes in their stress condi-
tion, and consequently their mass. As seen in
the scheme, on the balance-beams with the
weights 2 and on the lever of the vertical sen-
sor 4, there are tiny mirrors on which three
laser beams are directed. Being reflected from
the mirrors, the beams hit the sensitive opti-
cal matrix 6 and 7, where the transformation
of optical signal from laser mark into electric
signals and their transmission into an analog-
to-digital converter occurs. After that, the dig-
ital signal is transmitted to a special block of
the computer as the next record in a special
format. The software, written at the Scientific-
Research Institute of Forecasting and Study-
ing of Earthquakes (SRIFSE), automatically
records the information in the form of sepa-
rate files for a period of time determined by
the operator.

The entire sensitive system is placed into
the special, isolated from the environment,
glass body 1, where a deep vacuum has
been created and is constantly supported
(10’4 MPa). Temperature sensors accurate to
0,1 °C are placed in different sections of the
sensitive system and connected to the tem-
perature control block. For excluding the me-
chanical effects and for better heat insulation,
the vacuum body with the sensitive system
is placed into translucent plastic body which
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Fig. 1. The ATROPATENA station is shown schematically (a); photo of ATROPATENA CRYSTAL Kh11 Station in
Baku (Azerbaijan) (b): 1 — glass body of the detector; 2 — balance-beams with small weights on the ends; 3 —
big weights; 4 — trial weight hung on elastic lever; 5 — laser emitters; 6 — sensitive optical matrix for horizontal

sensors; 7 — sensitive optical matrix for vertical sensor.

also allows to observe the work of the system
visually Fig. 1, b.

Together with the noted sensors, ATRO-
PATENA is also provided with a digital seis-
mic station using a three-component seis-
mic receiver, the information of which is also
transmitted to the computer and is continu-
ously recorded in three channels X, Y, and Z
digitally.

The registration of seismic fluctuations is
necessary in order to exclude the possible
influence of these fluctuations on destabili-
zation of the sensitive system of the ATRO-
PATENA detector and the appearance of false
anomalies caused by seismic processes. The
remote control of the detector and remote
pickup of information minimize the external
influences on the sensitive system.

All elements of the sensitive system have
been made of non-metallic materials to ex-
clude the influence of magnetic fields and
electromagnetic radiation on these elements.
ATROPATENA stations is placed in: the
building of the Scientific Research Institute
of Forecasting and Studying of Earthquakes
in Baku (Azerbaijan); Building of Governor
of Yogyakarta (Indonesia); Center for Earth-
quakes Study, Islamabad (Pakistan); SETAC
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Ltd. Istanbul; Institute Geophysics of National
Academy of Sciences of Ukraine, Kiev. Since
1 April 2007 the first station ATROPATENA
has been in operation, and has recorded
high-quality information about variations of
the gravitational field over time in three axes
X, Y, and Z, and the seismologic information
simultaneously recorded by means of the
Tethys-SD wide-band digital seismic station.
First, ATROPATENA station was provided for
experimental research on the possible influ-
ence of tectonic waves on indications of the
Cavendish balance.

However, this detector does not measure
changes in the gravitational constant G but
rather deviations of the Cavendish balance's
indications, being influenced by altered ex-
ternal masses of geological origin. It should
be taken into account that astronomical mass-
es such as luni-solar tides affect indications
of the Cavendish balance as well. But this in-
fluence is very weak and is reflected in the
gravitational constant values in the fifth and
sixth digits after the decimal point [Khaliloy,
2004].

ATROPATENA station's measuring pa-
rameters. The ATROPATENA station mea-
sures the AG index which is the difference
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between the gravitational constant G (initially
measured G value) and measured values of
the Cavendish balance at the measurement
time G

AG=G-G.. (1)

The ATROPATENA-AZ station (Baku,
Azerbaijan) was used to register gravity
anomalies before strong earthquakes, namely
in Japan on 7 May 2008 and Sichuan, China
on 07,12, 13and 17 May 2008 and other earth-
quakes [Khalilov, 2009a,b, 2013; Khalilov et
al., 2011]. Since only relative changes of the
gravitational field reflecting deviations from
the initially measured G value are impor-
tant for researchers, a conventional index of
variations of the gravitational field AG was
taken as a basis for registration and subse-
quent analysis. To convert the AG index into
a gravitational constant G measuring unit,
the recorded AG index should be accepted
at the first approximation as the G value start-
ing from the second digit after the decimal
point. According to CODATA (https://www.
nist.gov/sites/default/files/documents/pml/
div684/fcdc/Motivation.pdf) as of April 2011,
the value of the gravitational constant G is
6,674 28x107"" m? kg71s72, standard uncer-
tainty 0,00067x10"'' m*kg's 7%, relative stan-
dard uncertainty 1,0x107*, concise form 6,674
28(67)-10""' m’kg™'s ™. So, only two digits after
the decimal point remain unchanged in the
measured value of the gravitational constant
G; from the third digit on, the ATROPATENA
stations register periodical spatio-temporal
variations that depend on the location of the
recording device and its spatial orientation:

G, =6,67(+AG) 107" m’kgs 2, (2)

where Gg is the actually measured value of
the gravitational constant at the measure-
ment time.

Researches have found that AG records
obtained using the mutually perpendicular
Cavendish balance are not always synchro-
nized and often lack a pronounced correla-
tion [Khalilov et al., 2011]. This fact can also
be observed from the records of all the sta-
tions before and after the disastrous Japanese
earthquake of March 11, 2011. Along with
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measuring AG, the ATROPATENA stations
simultaneously register variations in time of
relative values of gravity Ag, using a microgra-
vimeter installed inside the vacuum tank. Ag
values arc also measured in arbitrary units to
facilitate research. If necessary, the measured
Ag values can be converted to mGal. Among
the participant of the experiments and their
analysis were organizations: Global Network
for the Forecasting of Earthquakes (GNFE,
London, UK, www.seismonet.com), Scientific
Research Institute for the Forecasting and
Studying of Earthquakes (Baku, Azerbaijan)
and Lanzhou Institute of Seismology (Lan-
zhou, Gansu, China).

Measurement results. From 2008 to 2013
the ATROPATENA earthquake forecasting
stations of the Global Network for the Fore-
casting the Earthquakes (GNFE) recorded
the gravitational precursors of earthquakes
before all major earthquakes in Europe, Asia
and Southeast Asia. Let us consider the most
interesting and characteristic records of
gravitational precursors of earthquakes and
gravitational effects before, during and after
strong earthquakes that were registered by
ATROPATENA-ID stations (located in Yog-
yakarta, Indonesia) and ATROPATENA-AZ
(located in Baku, Azerbaijan). Hereinafter we
will call the records of ATROPATENA stations
«the gravitograms».

Let us consider the gravitogram records for
the following strong earthquakes: 1) Tohoku,
March 11, 2011, M9.0; 2) Sumatra, April 06,
M?7.8, 2010; 3) Samoa, September 29, 2009,
M8.1; 4) Andaman, August 10, 2009, M?7.5;
5) Sichuan, May 12, 2008, M7.9.

Analysis of gravitogram of the earthquake
Tohoku, March 11, 2011, M9.0. We have con-
sidered the recording of gravitogram of the
earthquake in Tohoku, March 11, 2011, M9.0
(Fig. 2, a, f) made by the ATROPATENA-ID sta-
tion. The distance between the epicenter and
the ATROPATENA-ID station was 5,950 km.

Table 1 shows the parameters of a strong
earthquake in Tohoku, as well as foreshocks
and aftershocks.

Fig. 2 shows maps of the epicentre zones
of the earthquakes under consideration (a—e)
and gravitograms of these earthquakes (—).

145



E. KHALILOV, L. WANG, L. KHALILOVA

2011 Tohoku

earthquake
11 March 2011, M9

b JAPAN P QECp—

]
1

X |
]
]
1
|
1
I
|
[ S
|
6

T
I
1
|
1
2 10 22

March April 2010 T, Days
h

* Tide Gage
60° « DART

OEaﬂhquake =

180°

210° 300° 8 Sépztemll()ier 0 4 Ef‘ﬂghzgx 2&!9]—,

- AG i

0

401

20;
Earthquake \ B . 0:

¥ of 10 August ) = '20‘
2009, M7.5 -40

-601

-80

2345 6 7 8 910111213
August 2009 T, Days

g 1 Channel|
6
o

AGx

1

Moagnitude: 7.
Date: May 12, 2008
Depth: 19 km (11.8 mi)

15D W

1 1

B ™ | |

. | :

WOWAN l

o 1-7 :

CHINA e | ™ o

| 11 |

[
[— 28 2 6 10 14 18T j

G i April May 2008

Fig. 2. Maps of the epicentre zone of the earthquakes in: Tohoku, March 11, 2011, M9.0 (a); Sumatra, April 06, 2010,
M7.8 (b); Samoa, September 29, 2009, M8.1 (c); Andaman, August 10, 2009, M7.5 (d); Sichuan, May 12, 2008, M7.9
(e). Recording of gravitogram of ATROPATENA-ID (in Indonesia) station before, during and after earthquakes:
Tohoku (f); Sumatra (g); Samoa (h); Andaman (i); recording of gravitograms of ATROPATENA-AZ (in Azerbaijan)
station before, during and after Sichuan earthquake (j). AG — index which is the difference between the gravita-
tional constant G (initially measured G value) and measured values of the Cavendish balance. The AG-index values
correspond to the value G starting from the third decimal place; I, 2, 3... — numbers of gravitational precursors;
1", 2", 3'— secondary gravitational anomalies. Moments of earthquakes are designated by the circlets.
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Table 1. Earthquakes parameters in Japan from
09 to 22 March 2011

No Da(lﬁlrtcir)rle Location Dle;?;h’ N‘{i?igi-
U s | tarsaos | 2| 73
2 |osuo2aute | 1anzies | 0| 90
3 oeasaoute | tataiee | 2| 79
t |'omigarue | 143ases | 205 | 60

It should be noted that the gravitograms f—i
have been recorded by the ATROPATENA-
ID station, and the gravitogram j has been
recorded by the ATROPATENA-AZ station.

On the gravitogram (Fig. 2, ) itis clear that
before the indicated series of earthquakes
three gravitational anomalies were registered.
The first and the second ones on March 7
at 17:15 and at 21:57; the third anomaly on
March 8 at 11:36. Then, the AG value is re-
duced by 55 units and remains unchanged
until March 12, 20:33, after which it is in-
creased by 60 units. Thus, approximately 15
hours after the moment of decreasing of AG,
there occurs a strong foreshock on March 09,
2011 at 02:45UTC. Then on March 11, 2011 at
05:46 UTC there occurs a strong earthquake
with M9.0 and 29 minutes later the second
strong earthquake (aftershock) with M?7.9
occurs. The last strong aftershock occurs on
March 22, 2011 at 07:18UTC. Thus, if we do
not consider the weak foreshocks and after-
shocks, four strong tremors occur in the epi-
centre zone.

Meanwhile, as it can be seen on the gravi-
togram, the gravitational anomalies of 1, 2, 3
were recorded before first three earthquakes.
Then we see a decrease in the value and a
straight line from 8 to 12 March, after which
three nearby anomalies were registered
again: 1, 2’and 3'. Thus, we can assume that
the anomalies 1, 2, 3 are the precursors of
earthquakes, and the anomalies 1’, 2"and 3’
are secondary and were formed as a result
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of the release of powerful tectonic energy
from three strong earthquakes. Between the
primary and secondary anomalies, a straight
line has been registered, which persists for
four days. On March 18, another very in-
tense gravitational anomaly 4 is recorded,
after which the value of AG is increased by
60 units and remains unchanged until March
22. At the moment of the end of the straight
line and the beginning of the next gravita-
tional anomaly, the fourth strong shock takes
place, after which, about five hours later, an
intense negative anomaly 4’ was recorded.
Thus, gravitational anomaly 4 is a precursor
of earthquake 4, and gravitational anomaly
4'is a secondary anomaly from earthquake 4.
We see that again between the primary and
secondary anomalies a straight line is regis-
tered, which persists for four days.

Analysis of the gravitogram of the earth-
quake Sumatra, April 06, 2010. The record-
ings of gravitogram before, during and after
Sumatra earthquake was done by the ATRO-
PATENA-ID station (Fig. 2, b, g). The record
shows that a straight line was recorded from
March 19 to March 29, and since March 29
the station had registered an increase of AG
by 135 units, after which four intense impuls-
es are registered until 04 March, then again a
direct line is observed until March 09, 22:32.

Then, on April 10, we observe a sharp
negative impulse AG with a decrease by 65
units after which AG is restored to its previous
level and immediately afterwards a positive
impulse was registered with an increase of AG
by 40 units. Then the value returns to its previ-
ous position and from April 10 a direct line is
registered again until the end of observations
on April 23, 2010.

A strong earthquake M7.8 occurred on
April 06 during the recording of a straight
line. Thus, we believe that gravitational anom-
alous impulses I—4 are the precursors of the
strong Sumatra earthquake, and we take the
most intense impulse 3 as the precursor of the
main shock, and the AG impulses I, 2 and 4
are precursors of two foreshocks and after-
shock. At the same time, the impulses 1’ and
2" are secondary impulses. As in the previ-
ous case, a straight line is recorded between
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gravitational precursors of earthquake and
secondary impulses within 5 days.

Analysis of gravitogram of the earthquake
Samoa, September 29, 2009, M8.1. The re-
cording of gravitograms before, during and
after Samoa earthquake was done by the
ATROPATENA-ID station (Fig. 2, ¢, h). The
record shows that from September 7 to Sep-
tember 10, 2009 a direct line was recorded
and starting from September 10 the station
registered an increase of AG by 20 units, after
which a direct line is registered again until
September 12, 17:30, after which five intensive
anomalies AG were registered.

Beginning from September 15, 22:17, a di-
rect line is registered until October 1, 2009.
Meanwhile, on September 29, there occurs
a strong earthquake with M8.1, after which
since October, 1 five anomalous impulses AG

—5"are successively recorded.

We see that, in amplitude the impulses
1—5 roughly correspond to the impulses
1—5"', while impulses 3 and 3’ are the most
intense and have the same amplitude of
about 85 units. In our opinion, impulse 3 is
a precursor of an earthquake, and the im-
pulse 3’ is a secondary impulse as a result
of the isolation of tectonic energy during
the earthquake. In this case, impulses I, 2,
4 and 5 are precursors of two foreshocks and
two aftershocks, and the impulses 1', 2’ 4’
and 5’ are secondary impulses release of two
foreshocks and two aftershocks. As in the
previous gravitogram records, we had been
observing a direct line between the prima-
ry and secondary impulses AG for 15 days.
Then the value of AG again increased by 50
units and remained unchanged from 10 to
13 August, after which two intense negative
impulses AG were recorded, the latter with a
decrease by 72 units.

Analysis of the gravitogram of the earth-
quake Andaman, August 10, 2009, M7.5. The
gravitogram recording before, during and
after Andaman earthquake was done by the
ATROPATENA-ID station (Fig. 2, d, 7). The
record shows that from 01 to 06 August 2009
a direct line was recorded, and starting from
August 6 the station registered four intensive
anomalies AG.
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On August 08 at 21:37 the AG value was
reduced by 65 units and remained at this
level with minor variations until August 9,
10:32, after which it rises by 35 units. On Au-
gust 09, from 22:05 to 00:00 the AG impulse
was registered with an increase in the level
by 23 units, after which the value returned to
its previous position. During this impulse, a
strong earthquake occurs on August 10 with
M7.5.

Thus, we assume that the most intense
anomaly 2 on Fig. 2, i, is the precursor of the
main shock. Anomalies 1, 3 and 4 are pre-
cursors of weak foreshocks and aftershocks.
Anomalies 1'and 2’ AG in Fig. 2, i are secon-
dary and appeared as a result of the released
tectonic energy during the earthquake and
aftershock. As in the previous cases, the direct
line was also registered between the primary
and secondary anomalies from 10 to 13 August.

Analysis of gravitogram of the Sichuan
earthquake, May 12, 2008, M7.9. Recording
the gravitograms before, during and after
the Sichuan earthquake was done by the
ATROPATENA-AZ station (located in Baku,
Azerbaijan) (Fig. 3). The distance between the
epicenter and the ATROPATENA-AZ station
is 4850 km.

Table 2 shows the parameters of a strong
earthquake in Sichuan, as well as previous
and subsequent shocks.

Since April 25, 2008, ATROPATENA-AZ
stations have registered three-dimensional
gravitational anomalies AG, and AG indexes
which is the difference between the gravita-
tional constant G (initially measured G value)
and measured values of the Cavendish bal-
ance at the measurement time G_ in two mutu-
ally perpendicular directions (Ag — variations
of the relative values of gravity (the values
after the decimal point are shown mGal).

Analysis of the first channel of gravito-
gram (Fig. 4) of the Sichuan earthquake shows
that since April 24, 2008 to April 30, 2008,
seven intense gravity anomalies — the AG,
index, have been recorded. In the subsequent
period from 01.05.2008 till 05.05.2008 there
are no anomalies and starting from 05.05.2008
the values of the AG, index are reduced by
10 conventional units and remain unchanged
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Fig. 3. Map of the distribution of tectonic waves in the
region of research.

Table 2. Earthquakes parameters in Sichuan

No |Date, time (UTC)| Location Dil:r)rtlh’ Niggi'
IR IR
| Mg | o | 5
| MBI | | e | 5
R |y o | a0
s | e | oo o
o | M |y | | o
7| Mhonas | toseeee | 00 | 59

up to 12.05.2008, after which the value of the
index increases to the previous value. At the
time of index recovery, one strong earthquake
occurs: with M7.9 in Sichuan, China on May
12, 2008 (time 06:28:01) and four strong after-
shocks (No 2—5 in table 2).

Then two more strong earthquakes occur
in this epicentre zone: with M5.8, 13 May 2008
and with M5.8, 17 May 2008. From 12 to 13
May can see seven minor secondary anoma-
lies on the gravitogram (1 —7).

Also, between the primary and second-
ary anomalies, we observe two straight lines,
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which persist from 01.05 to 05.05 and from 05
to 12 May 2008.

Analysis of the records of the second
channel shows that from April 24, 2008 to
April 29, 2008, six gravity anomalies were re-
corded — the AG, index, with a smaller am-
plitude, compared to the recording of the first
channel. These anomalies are precursors of
the Sichuan earthquakes.

In the subsequent period till 08.05.2008
there are no anomalies and starting from
06.05.2008 the values of the AG, index de-
crease by three conventional units and remain
unchanged up to 12.05.2008, after which the
index value increases by two conventional
units and we observe seven secondary anoma-
lies in the period from 12.05.08 to 16.05.08.
The authors consider that these anomalies are
not precursors of earthquakes, but they are
secondary ones and occur as a result of the
release of powerful tectonic energy at strong
earthquakes and aftershocks. At the moment
of index AGy recovery one strong earthquake
occurs: with M7.9 in Sichuan, China on May
12, 2008 (time 006:28:01) and four strong after-
shocks (No 2—5 in table 2).

Then two more strong earthquakes occur
in this epicentre zone: with M5.8, 13 May 2008
and with Mb5.8, 17 May 2008. From 12 to 13
May can see seven minor secondary anoma-
lies on the gravitogram (1 —7").

As it can be seen on the recording of the
second channel, from 12 to 17 May, the au-
thors identified seven gravitational anoma-
lies. According to the authors, these anoma-
lies are the result of strong earthquakes and
aftershocks, which occurred in the epicentre
zone of Sichuan earthquake during this pe-
riod of time.

Thus, we single out two types of gravitation-
al anomalies on the second channel. The first
type of anomalies — the precursors and the
second type of anomalies — arise as a result
of earthquakes that have already occurred.

Analysis of gravitograms of the third
channel. Let's consider the record of the third
channel, which characterizes Ag — variations
of the relative values of gravity (the values
after the decimal point are shown). These
anomalies have been recorded by a special
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Fig. 4. Records of the first, second and third channels of the ATROPATENA station; AG, and AGy — indexes which
is the difference between the gravitational constant G (initially measured G value) and measured values of the
Cavendish balance at the measurement time — Gg in two mutually perpendicular directions; Ag — variations
of the relative values of gravity/the values after the decimal point are shown; I—7 — numbers of gravitational
precursors; I —7'— numbers of the Sichuan earthquakes.

gravimeter of the ATROPATENA station. We
have identified seven intensive anomalies in
the record from 24.04.2008 to 06.05.2008, after
which the value of Ag significantly increases
by 2,3 mGal. This value remains unchanged
till 12.05.2008, after which it drops sharply
by 1,2 mGal. In the period from 12.05.2008
to 13.15.2008, seven secondary anomalies of
smaller amplitude were recorded. Starting
from 13.05.2008, the Ag value is stabilized and
no anomalies are recorded.

Results of gravitogram analysis. It should
be noted that analyses of more than 100 grav-
itograms records by ATROPATENA stations
before, during and after strong earthquakes
in other regions of the world in the periods
from 2008 to 2011 allowed confirming reg-
istration of gravitational precursors before
strong earthquakes [Sobolev et al., 2008;
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Khalilov, 2009]. The first type are anomalies
before strong earthquakes — they are precur-
sors of earthquakes and the second type are
anomalies after strong earthquakes (second-
ary anomalies), which are formed as a result
of radiation of tectonic waves at the time of
the earthquake and release of tectonic ener-
gy. Between these two types of anomalies, in
the overwhelming majority of cases, a long-
term gravitational anomaly with the increased
or decreased value of the AG index and Ag,
which remains stable, usually for 2—15 days,
is recorded. These characteristic features of
gravitational anomalies on the records of
gravitograms before, during and after strong
earthquakes are observed in more than 90 %
of cases.

According to the authors' opinion, which is
supported by the results of numerous experi-
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ments, the gravitational precursors of strong
earthquakes are the result of the emission of
tectonic waves (stress waves) by earthquake
centers 2—10 days before the earthquake [So-
bolev et al., 2008; Khalilov, 2009]. The time
of registration of gravitational precursors
of strong earthquakes also depends on the
distance of the ATROPATENA station to the
epicenter. The periods of three-dimensional
gravity anomalies vary from 10 minutes to
10—12 hours and depend on the geological
structure of the epicenter zone. It should be
emphasized that the seismic stations that are
included in the set of all ATROPATENA sta-
tions of earthquake forecasting do not regis-
ter any anomalous seismic signals during the
registration of gravitational precursors. The
authors came to a very important conclusion:
AG index and Ag they are universal precursors
of earthquakes and are recorded in more than
90 % of cases.

Possible physical model. What physical
model of manifestation of gravity anomalies
can be considered for these experiments?
Currently, in our view, the most optimal is
the model based on emission of slow stress
waves (tectonic waves) from the focus of an
imminent earthquake immediately before
the shock. The possibility of existence of
slow mechanical waves in the lithosphere
has been shown theoretically in the works
[Elsasser, 1969; Lehner et al., 1981] and oth-
er studies. Researches by some authors con-
firm the possibility of formation in the lith-
osphere of slow tectonic waves, which are
sometimes called stress waves or lithosphere
waves [Keilis-Borok, 1999; Gorbunova, Sher-
man, 2012].

Subsequent research and works by
E. N. Khalilov corroborate the generation
of these waves by the focuses of imminent
strong earthquakes and possibility of record-
ing them with the use of the Cavendish bal-
ance. Besides, there are some features in the
ATROPATENA station records that can evi-
dence of the wave origin of the observed grav-
ity anomalies [Khalilov, 2009; Khalilov et al.,
2011]. As the distance between the recording
station and the earthquake's epicenter grows,
less high-frequency gravity anomalies and
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appearance of low-frequency anomalies can
be observed [Khalilov et al., 2011].

Let us consider the process of rupture of a
crust fragment during the motion of tectonic
blocks along the fissure plane as a possible
model for the generation of tectonic waves
before strong earthquakes. Fig. 5, a shows
a fragment of the Earth's crust with a fissure
before the deformation process. Fig. 5, b pic-
tures the moment when crustal blocks move
relative to each other on the fissure plane at
the time of plastic deformation. Plastic defor-
mation precedes the rupture of a continuous
medium and is accompanied by alternating
voltage which can be a source of stress waves
or tectonic waves. At a certain moment of
plastic deformation and motion of tectonic
blocks, the breaking point for crustal blocks
adhesion strength is reached, followed by a
rupture and abrupt movement of the crustal
blocks leading to emission of seismic waves
and an earthquake as shown in Fig. 5, c¢. Given
that the plastic strain rate is much lower than
the rate of motion of the tectonic blocks at the
moment of rupture, in the plastic deformation
zone there can be formed slow mechanical
waves, that is, tectonic waves (stress waves).
Plastic deformation of a medium is accom-
panied by destruction processes, forming of
minor cracks which grow and join together
as the deformation continues. The formation
of cracks leads to emergence of hi-frequency
seismic waves.

That is why station 1, the closest to the epi-
center of the Japanese earthquake of March
11, 2008 registered high-frequency oscilla-
tions which were decaying with the increas-
ing distance from the epicenter. Stations more
distant from the epicenter could only record
very low-frequency components of the tec-
tonic wave spectrum [Khalilov et al., 2011].

Fig. 6 show the dependence of the value
of deformation of the earth's layers on the
growth of mechanical stresses.

At the time of the destruction of the me-
dium, along with seismic waves, secondary
tectonic waves are also emitted. Secondary
tectonic waves are recorded by ATROPA-
TENA stations in the form of secondary gravi-
tational anomalies.
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Fig. 5. Tectonic wave generation model: a — crust fragment with a fissure; b — movement of crust blocks along
the fissure at the moment of plastic deformation; c — moment of rupture and movement of tectonic blocks along

the fissure.

Conclusions. The conclusions drawn by
the authors can be divided into two catego-
ries: experimental results and the model pro-
posed by the authors.

1. Experimental results. To monitor spatio-
temporal variations of the gravitational field,
special detectors named ATROPATENA sta-
tions have been developed and made. The
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detectors continuously measure the value
of the gravitational constant G in mutually
perpendicular directions and relative values
of gravity Ag.

Before and after the Mega Earthquakes
in Asia and Southeast Asia, variations of the
Earth's gravitational field were registered
at large distances from the epicenter (near
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Fig. 6. Graph of the dependence of the value of deformation of the earth's layers on the growth of mechanical
stresses. Black zone shows the formation of tectonic waves.

8000 km); they were measured with the AT-
ROPATENA stations in the following location:
Baku (Azerbaijan) and Yogyakarta (Indonesia).

Indications of the Cavendish balance when
measuring the gravitational constant G are
influenced by spatio-temporal changes in ex-
ternal gravitational fields of geological origin,
which alter over time indications of the true
values of G.

Measuring the true value of the gravita-
tional constant G on the Earth's surface with
accuracy greater than the second digit after
the decimal point is not possible due to the
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spatio-temporal variations of the gravitational
field as a result of the impact of geodynamic
processes.

For the first time, the true cause of varia-
tions of the recorded values of the gravita-
tional constant G has been identified. These
variations were the subject of scientific dis-
pute throughout the last century.

2. Model. The authors propose a model
of emission of slow tectonic waves (stress
waves) in the focal region of an imminent
earthquake as a result of plastic deformation
of crustal layers immediately before the rup-
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ture (abrupt displacement). Tectonic waves
are a sort of mechanical waves, altering the
density of crust layers in the motion process.
Alternating changes in the density of the
earth crust layers lead to periodic changes of
the mass and, as a consequence, of the gravi-
tational field within of the tectonic wave. The
monitoring of spatio-temporal changesin the
gravitational field can be carried out using
special devices consisting of the mutually
perpendicular Cavendish balance and gravi-
meter (ATROPATENA stations).

The main conclusion. Over the years, geo-

physicists have been trying to find a univer-
sal precursor of earthquakes. They studied
more than 300 types of earthquake precur-
sors, but none of them was universal. Each of
the known precursors arose in 50—65 % of the
cases before the earthquake. This became one
of the main reasons for failures in forecasting
earthquakes. The authors believe that the de-
tected tectonic waves with the help of ATRO-
PATENA earthquake forecasting stations are a
universal precursor of earthquakes, since they
are emitted in all cases during the plastic de-
formation just before the destruction of rocks.

Analysis of global gravitational precursors
before some Asian strong earthquakes

E. Khalilov’, L. Wang?, L. Khalilova®, 2019

The authors consider the gravitational precursors of Mega Earthquakes in Asia and
Southeast Asia: Sichuan earthquake, M7.9, May 12, 2008; Andaman Islands earthquake,
M7.5, August 10, 2009; Samoa Islands earthquake, M8.1, September 29, 2009; Northern
Sumatra earthquake, M7.8, April 06,2010; Tohoku earthquake, M9, March 11, 2011. All
gravitational precursors were recorded using of ATROPATENA earthquake prediction
stations. The creation of an international earthquake prediction system based on the
results obtained is proposed. To monitor spatio-temporal variations of the gravitational
field, special detectors named ATROPATENA stations have been developed and made.
The detectors continuously measure the value of the gravitational constant G in mutu-
ally perpendicular directions and relative values of gravity Ag. Before and after the Mega
Earthquakes in Asia and Southeast Asia, variations of the Earth's gravitational field were
registered at large distances from the epicenter (near 8000 km); they were measured with
the ATROPATENA stations in the following location: Baku (Azerbaijan) and Yogyakarta
(Indonesia). Indications of the Cavendish balance when measuring the gravitational con-
stant G are influenced by spatio-temporal changes in external gravitational fields of geo-
logical origin, which alter over time indications of the true values of G. Measuring the true
value of the gravitational constant G on the Earth's surface with accuracy greater than the
second digit after the decimal point is not possible due to the spatio-temporal variations
of the gravitational field as a result of the impact of geodynamic processes.

For the first time, the true cause of variations of the recorded values of the gravitational
constant G has been identified. These variations were the subject of scientific dispute
throughout the last century.

Key words: earthquake prediction, gravitational precursors, tectonic waves, ATRO-
PATENA station, seismology, geodynamics, geotectonics.
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