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AnHoTanus: PaccMaTpuBamTCS pe3yJibTaThl IKCIIEPUMEHTAIbHBIX UCCIeI0BaHUH, HallpaBJeHHbIX HA U3y4YeHUe Xa-
paKTepa BpeMeHHbIX U3MeHeHUH eCTeCTBeHHbIX reopusudeckux nosieii (El'T) Haz 3a1exblo ra3a, pacnosoKeHHOH B
30He BJIMSHUS aKTUBHOTO PETMOHAIBLHOTO Pa3JjioMa, a TAKXKEe BbIsIBJIEHHE CBSI3W 3TUX U3MEHEeHUH C CEHCMUYHOCTBIO.
OnpegsiesieH psiJi XapaKTepHbIX IPU3HAKOB U3MeHEHHUs [0JIel, IPOsIBJASIIOLUIUMXCS TOIbKO HaJ, 3a/1€XKbl0 ra3a. YCTaHOB-
JIEHO, UTO NPOsIBJsIOIMecs nepuonl HectabunbHocTH EI'TI HaJ 3a/1exbio ra3a npe/liecTBYIOT KOHEeYHOU da3e noj-
FOTOBKHU CEMCMHUYECKUX COOBITUH.
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1. INTRODUCTION

In 2003, the Geodynamics Laboratory of the Insti-
tute of Marine Geology and Geophysics, Far East
Branch of RAS commenced implementation of the long-
term programme aimed at studying natural geophy-
sical fields located above fluid-saturated geodynamic
systems in zones impacted by active regional tectonic
faults.

Main research objectives:

(1) Identify typical indicators suggesting the pre-
sence of a hydrocarbon deposit with reference to tem-
poral variations in geophysical fields, and, based on
such indicators, propose a technique for forecasting oil-
and-gas bearing capacities of complexly structured fa-
cilities located in zones of active faults;

(2) Reveal a relationship between variations of geo-
physical fields above gas-saturated facilities and seis-
mic events, and assess a possibility for proposing a
technology to ensure short-term forecasting of earth-
quakes.

Prerequisites of this programme were provided by
results obtained in studies conducted by the Institute
of Physics of the Earth [Bulanzhe, 1986], Institute of
Geology and Development of Fossil Fuels [Volgina,
1988, 1990] and geophysicists from Ukrain [Osadchy et
al., 1976; Chekalyuk et al., 1974], which revealed speci-
fic features of gravity and thermal fields above hydro-
carbon accumulations.

2. GEOLOGICAL SETTINGS OF THE STUDY AREA

A geophysical survey polygon was equipped in the
Yuzhno-Lugovskoe gas field located 4 km to the west of
the Aniva city in South Sakhalin (Fig. 1, A). The poly-
gon’s area covers the impact zone of the regional tec-
tonically active Central Sakhalin fault.

The Yuzhno-Lugovskoe field is confined to the lower
sub-suite of the Maruyamskaya suite of the Miocene
age (N1 mr1), which consists of 14 sandstone horizons
with good and satisfactory reservoir properties. Hori-
zons III to XIII contain methane, and horizons VII to
XIII contain gas in commercial quantities. Horizon XIV
is the lowest and overall water-bearing. The total
thickness of the gas reservoirs is variable in different
blocks of the field and ranges from 40 to 80 m.

In the southern block of the field, the lower gas-
water contact is located at a depth of 1368 m. The gas
deposit was discovered in 1971 when Well 1 penetra-
ted a gas reservoir (Fig. 1, B). The deposit is classified
as a small one as its total gas reserves do not exceed
2 billion m3.

According to the available structural geological data
on the region, the gas deposit is located in the gentle
sloping fold which amplitude amounts to a few tens

of meters and her dimension decreases upward the
section (Fig. 2).

In all the blocks, except the northern periclinal one,
the gas-water contact conforms to contours of deposits
located in horizon XIII. In the northern block, hori-
zon XIII contains water reservoirs, and horizons XI and
XIl contain reservoirs with gas in non-commercial
quantities. Faults bordering the productive lower ho-
rizons (IX-XIII) do not go up to the ground surface.
In plan, contours of reservoirs in productive horizons,
that are hypsometrically located above horizon XIII,
do not go beyond the contour of the reservoir in ho-
rizon XIII. Structural plans of other horizons are signi-
ficantly different from the above-mentioned one. How-
ever, due to the fact that they contain the main gas
reserves, we arbitrarily assume that the main compo-
nent of quantifiable changes in geophysical fields re-
sults from changes in the reservoir confined to horizon
XIIIL.

3. METHODS OF FIELD RESEARCH

The field is operated only during the winter season
from mid-November to mid-May, and it may be thus
believed that the gas deposit is not subject to any an-
thropogenic impact during monitoring cycles (from
July through October).

For achieving the first objective, geophysical sur-
veys were conducted at the polygon along three pro-
files across all the blocks (see Fig. 1, B).

The following survey techniques were applied:

(1) High-precision gravity surveys by profiles with
account of an observed gravity value error, Ag,. Three
first-class gravimeters were used simultaneously in the
two-stage system (reference network - routine net-
work) in the conventional level from the same reference
point located 650 m to the west of the deposit’s con-
tour. The total root-mean-square error of Ag, determi-
nations by cycles ranged from +0.016 to +0.019 mGal;

(2) Temperature logging at shallow depths (1.5 m)
with account of a temperature measurement error of
+0.05 °G;

(3) Geomagnetic surveys conducted simultaneously
with recording of geomagnetic field variations, with
account of a determination error, ATa+1nT.

The surveys were carried out in a cyclical pattern,
two monitoring cycles each summer and autumn with a
one-month interval between the cycles during the sea-
son. Properly equipped stations recorded all the obser-
vation in each cycle almost simultaneously for 12-14
hours. Our survey technique is described in a more
detail in [Parovyshny et al., 2008, 2009].

Based on results of six monitoring cycles conducted
in 2003, 2004 and 2006, the following main indicators
of productivity were established:
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Fig. 1. Geographic location (4) and structural scheme (B) of the geodynamic survey polygon.

1 - contour of the gas deposit; 2 - profiles of complex geophysical surveys; 3 - main faults revealed by seismic survey and drilling data; 4 -
wells with industrial inflow (a), with non-industrial inflow (b), without inflow (c); 5 - area of the gas deposit. Spacing of survey marks on
profiles: 50 m. In the inset in Fig. 1, 4, the dotted line shows the location of the Central Sakhalin fault.

Puc. 1. l'eorpaduyeckoe nosiokeHue (A) ¥ CTpyKTypHasi cxeMa moJiurosa (B).

1 - KOHTYp ra3oBoH 3ajexy; 2 - NpodUJIN KOMIIJIEKCHBIX reopr3niecKUX HAOII0JeHUH; 3 — OCHOBHbIE pa3pbIBHbIE HapyLIEeHHUs 110 JaH-
HBIM CeHCMOpa3BeKU U OypeHHUs; 4 — CKBaXKHHBI: @ — C IPOMBILIIEHHBIMU NIPUTOKAMH, b — ¢ HeNMPOMBILIEHHBIMHU NIPUTOKAMH, C — He-
MPOAYKTUBHBIE; 5 — IIIOmaAb 3a1eXu. PaccTossHue Mexy nukeTaMu Ha npooduisax - 50 M. Ha Bpeske puc. 1, A, mokasaHo NoJIOXKeHHe

ueHTpaJ’leO-CaXaJ’[I/IHCKOFO pasJjsioma.

(1) Within the pool outline, the gravity field is un-
stable in time. Values of Ag, differ by +0.16 mGal bet-
ween the survey cycles;

(2) Productive blocks are characterized by the grav-
ity field instability maximum values correlating with
the relative maximum temperature;

(3) Characteristics of the gravity field and the ther-
mal field above the gas deposit are synchronously
changeable. Within the gas deposit’s area, higher volt-
age values of the gravity field correspond to higher
temperatures, and vice versa - lower voltage values of
the gravity field are associated with lower tempera-
tures in the thermal field (Fig. 3);

(4) During the natural seismic impulse travel time,

the temperature is increased within the gas deposit’s
area (Fig. 4).

The above-mentioned indicators can provide a basis
for proposing a method for identification of hydrocar-
bon deposits on surveyed sites before commencement
of deep drilling on such sites.

4. RESULTS AND DISCUSSION
To consider relationships between temporal varia-
tions in the natural geophysical fields and seismicity,

we start with a seismic event of 13 September 2004
(14h02m local time). In the gravity survey, it was
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Fig. 2. Time cross-section along profile 9202056 (combined with profile 1 of the geophysical survey polygon) as interpreted

by the authors.

1 - productive horizons that are identifiable only in this cross-section; 2 - faults; 3 - wells (productive well #7, and non-productive well

#4). Spacing of survey marks: 50 m.

Puc. 2. BpeMeHHOU ceficMuueckuil pa3pes mo npodusiao 9202056 B mHTepnpeTalii aBTOPOB (CoBMelleH ¢ npoduiem 1

reopU3U4YECKOTO0 IOJUT0Ha).

1 - HOMeHKJIaTypHble NIPOJYKTHUBHbIE TOPU30HTHI (ITOKa3aHbl TOJIbKO OITO3HABAaeMble B JaHHOM CeYeHUH); 2 — pa3pbIBHble HAPYIIEHUS;
3 - ckBakuHBI: N2 7 - mpoayKTHBHas, N2 4 - HenpoAyKTHBHas. PaccTossHue Mexy nukeTaMu 50 M.

marked on profile 1 at the above-mentioned time. Gra-
vimeters recorded sharp non-periodic oscillations of
gravity which lasted for over four hours and then be-
came indistinguishable from oscillations caused by the
start of a storm. This event was recorded at the above-
mentioned time by two autonomous seismic stations in
Ozhidaevo and Yuzhno-Sakhalinsk, which are located
40 km north-west and 40 km north-east of the polygon,
respectively. Its parameters were recorded in Bulletin
No. 26 covering a period froml1ll to 20 September
2004. Temperature logging was conducted on profile 1
from 14h31m to 18h426m local time on 12 September
2004, i.e. less than 24 hours before the event, and re-
peated from 09237m to 12h40m on 15 September 2004.

Comparing the two sets of survey results gives evi-
dence of the temperature increase by 0.5-0.8 °C within
the deposit’s area (survey marks 100-119, Fig. 4). This
fact contradicts with the regular seasonal temperature
decrease that was revealed earlier for this region. At
the same time, a regular temperature decrease by
0.10-0.15 °C was recorded at the profile’s segment cor-
responding to the area above blocks known as non-
productive. At the eastern flank of profile 1 (between
survey marks 128 and 132), the same monitoring
cycles revealed another positive temperature anomaly
that seems to coincide with the western part of the lo-
cal gas deposit discovered in 1971 when prospecting
well No. 1 was drilled in the Zolotorybnaya area. The
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Fig. 3. Variations in the gravity field and the thermal field above the Yuzhno-Lugovsky geophysical survey polygon, profile 1.

Differences ,g. and 5t °C between monitoring cycles 3 and 2 conducted on 17 September 2006 and 21 August 2006, respec-
tively. Vertical red arrows mark boundaries of the gas deposit. See the profile’s location in Fig. 1, B.

Puc. 3. [IpuMep u3aMeHeHUs IPaBUTALMOHHOTO U TEPMaJIbHOTO MoJiel HaJ| 3aexbio KxKHO-JIyroBcKOM MoJIUToH, TpoduIb

1.

PazHoCTHU Agu ¥ At °C MeXAy TPeTbUM W BTOPBIM IMKJaMu HabsozeHui: 17.09.2006 u 21.08. 2006 r. BepTukaabHbIMU
KpaCHbIMU CTpeJIKAMU I0Ka3aHbl IPaHUIbI 3aJ1eXU. [losioxkeHMe mpodusisa NoKa3aHo Ha puc. 1, B.

well is located 300 m south of the profile’s anomalous
segment (see Fig. 2). As evidenced by the gravity field
monitoring data, the temperature anomaly at this
location is accompanied by heightened differences
between values of gravity field in the fifth and fourth
monitoring cycles. Further surveys can help to expose
the eastern termination of the temperature anomaly.
With account of the fact that the rapid temperature
inversion occurs above the deposit, it should be kept in
mind that its start does not necessarily coincide with
the time when a seismic impulse occurs. D.G. Osika
[1981] reviewed numerous cases of higher fluid pro-
duction rates and higher temperatures recorded in
seismically active areas a few days before the earth-
quakes. In the above-described case, it is not excluded
that the change in the thermal field above the deposit
(temperature increase by 0.7+0.8 °C within less than

two days) is only an episode of the general tempera-
ture increase due to the active stage of preparation of
a seismic event.

Based on this fact, it was concluded that natural
seismic impulses may be the most probable factor
causing changes in parameters of the geophysical fields
above the deposit. It was thus established that the gas
deposit become detectable during a seismic event, and
at the same time, it can be viewed as an indicator of
changing parameters of the geophysical fields which
characterize the geodynamic state of the deposit during
the seismic event.

In our subsequent studies, it was revealed that vari-
ations in the geodynamic state of the deposit occurred
a few hours before a seismic event and were evidenced
by perturbations of the geophysical field above the me-
thane deposit which were sharply different from the
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I Puc. 4. 'paduku u3aMeHeHuUs TeMnepaTyp Ao U nocjae 3emuerpsicenus 13.09.2004 r.

background voltage values recorded through the seis-
mically placid period (Fig. 5).

It should be noted that Figure 5 illustrates only an
episode of the natural electric field in a long period of
seismic quiescence. For example, a similar state of the
electric field was recorded from late June to mid-
September 2008. In the same period, records by the
Sakhalin Seismological Survey did not show any seis-
mic event in the area within a radius of 650 km from
the Yuzhno-Lugovskoy geophysical survey polygon. It
can thus be suggested that the electric field perturba-
tions recorded at the polygon were associated with
seismic events which epicentres were located only
within the Okhotomorskaya plate.

In 2004, the monitoring station was equipped with
sensors for non-stop recording of magnetic variations
(for establishing relationships between changes in the
geophysical fields and seismic events), and a special
equipment set was added for measuring variations of
the natural electric field. In 2006, a set with four ran-
domly oriented electric dipoles was added (true azi-
muths of dipole orientations on loop: 0°, 40°, 90° and
135°) for recording differences of potentials of the
natural electric field. The above-described monitoring
station operated on the long-term site in the central
block of the Yuzhno-Lugovskoe deposit near Well
No. 12 (see Fig. 1, B) during summer and autumn in
2006 and 2008. It recorded perturbations of the natu-
ral electric field prior to the earthquake (M=3) which
epicentre was located 60 km north of the monitoring

site [Parovyshny et al., 2008]. According to the records,
the most intense signal was received from the dipole
oriented at the azimuth with a difference of 7° from
the direction to the epicentre. With account of this fact,
the station was further upgraded for recording varia-
tions in the natural electric field in order to obtain di-
rections to the epicentre of the coming earthquake.

From 2010 to 2012, we continue studies of temporal
variations in the geophysical fields above the methane
deposit on the basis of data obtained on the long-term
monitoring site. The main objective was focused on
obtaining data that can help determine the time of a
coming seismic event and directions to its epicentre.
A combination of geophysical methods was used, inclu-
ding recording of the natural electric field and surveys
of magnetic and temperature fields.

Electrical logging of the natural electric field was
conducted by Polygon-E, an automatic digital compu-
terized station designed and manufactured according
to our specification by the Laboratory of Natural Geo-
physical Fields (S.A. Kazantsev, PhD in Technical Sci-
ences, Technical Team Leader), Institute of Petroleum
Geology and Geophysics SB RAS in Novosibirsk, Russia.
Records were taken every 10 seconds from the dipoles
oriented according to true azimuths and spaced by
30° on loop, starting from zero. The dipoles were from
120 to 160 m long. Nonpolarizable electrodes were put
in 1.5 m deep shot-holes in order to eliminate the
impacts of electrochemical processes taking place on
the ground surface. All the electrodes were placed
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Fig. 5. The natural electric field (NEF) during the seismically placid period as per records on 01 October 2011. The inset
shows orientation of dipoles according to true azimuths and numbers of channels.

Puc. 5. CocTosiHHEe eCcTeCTBEHHOTO 3JieKTpUudeckoro noJis (311) B mepuos oTcyTcTBUS ceicMuueckux coonprTuit 1.10.2011 r.
3zech U fjajiee: HA LIBETHOH Bpe3Ke I0Ka3aHbl OpUEeHTUPOBKA AUINO0JIEH 110 HCTUHHBIM a3UMyTaM U HOMepa KaHaJIOB 3alIUCH

EIL

in approximately equal water-cut and light intensity
conditions. In each channel, differences between poten-
tials were determined with an accuracy of +0.5 micro-
volts.

In 2011, magnetometric surveys were conducted
with the use of FM-03 computerized ferroprobe mag-
netometer manufactured by a subsidiary of the Insti-
tute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation in Moscow, Russia. Readings were
automatically recorded at fixed intervals of ten (10)
seconds and one (1) minute. The records were included
in the computer database, reviewed and archived, as
required. The determination accuracy was AT +1nT.
Drifting of the zero point of FM-03 magnetometer was
taken into account; for this purpose, absolute values of
AT were regularly recorded by MMP-203 proton mag-
netometer.

Since 2012, stationary magnetometric surveys have
been conducted with the use of an upgraded MMP-203
proton magnetometer, including a computer-net-
worked electronic unit that ensures direct data recor-
ding, reviewing and archiving. The determination ac-
curacy is AT £1nT.

Temperature logging was conducted with the use of
«Polygon-T» six-channel automatic computerized digi-
tal thermometric station that was also manufactured
by the Laboratory of Natural Geophysical Fields in
Novosibirsk, Russia. Temperature was measured by
sensors placed in 3.2 and 2.2 m deep wells that are lo-
cated near the monitoring site. In each channel, the
temperature determination accuracy was #0.01 °C.
Simultaneous records were taken of air temperature,
atmospheric pressure and the above-mentioned pa-
rameters.

All the readings were computer recorded, reviewed
in a graphical form and archived on site, then pro-
cessed and compared with the official data from the
Seismological Survey.

Our analysis of the long-term monitoring data re-
vealed the following:

(1) In the absence of seismic events, i.e. in condi-
tions of seismic placidity, the geophysical fields are in
the placed state with no visible deviations from the
background values (Fig. 5);

(2) Perturbations of the geophysical fields above the
methane deposit are recorded three to four hours
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before seismic events which epicentres are at a dis-
tance of 450 km or more away from the monitoring site
(Fig. 6 and 7), and about 20-25 hours before seismic
events which epicentres are 100 km or less away from
the monitoring site (see Fig. 7). Timing can be deter-
mined unreliably for an earthquake if its epicentre is
located more than 650 km away from the monitoring
site;

(3) During the final stage of preparation of a seismic
event, the natural electric field is most considerably
disturbed, and its perturbations are recorded in chan-
nels oriented in the direction azimuthally close to the
direction to the epicentre (Fig. 6, 8, and 9).

No obvious relationship has been revealed between
air temperature an atmospheric pressure variations
and geophysical parameters determined from records
taken by the grounded sensors.

Fig. 6. Variations in the natural electric field as per records in channel 6 (the dipole was oriented at azimuth 150°) before
09 November 2011 earthquake that occurred at 21?40m™ local time; its epicentre was located 533 km away from the monitor-

The earthquake timeline is shown by the vertical red line. Earthquake parameters: Az - azimuth (direction) to the earthquake epicentre;
L - distance from the monitoring site to the epicentre; M - earthquake magnitude.

Puc. 6. I[lpuMep uU3MeHeHHUs] €CTECTBEHHOrO 3JIEKTPUYECKOTO MOJII Ha KaHajle 6 (OpHUEeHTHpPOBKa Aumnoss mo as. 1509)
9.11.2011 r. nepepn 3eMmsieTpsiceHreM B 21 4 40 MUH IPH yJaJIeHUH 3TULEHTPa OT MecTa HabJroAeHUH Ha 533 KM.

31ech U faJsiee: BpeMsl peasv3aliy CECMHUYECKOT0 COOBITHS [T0KAa3aHO BEPTHUKAJbHOM KpacHO! JIMHKEH; 0603HaY€eHHE TapaMeTPOB 3eM-
JIeTPsICEHUH: «Az» - a3UMYT (HamnpaBJieHHe) Ha oyar 3eMJIeTpsiCeHUs; «L» — pacCTOsIHUE OT MyHKTA HAGJII0AEHUH 10 SMULEHTPaA; «M» —

The curves shown in Figures 6 and 8 need to be
commented as visible disturbances were absent in all
the channels, except those oriented towards the epi-
centre. Moreover, for the majority of seismic events
recorded before and after the above-mentioned epi-
sodes, the readings were shaped as shown in Figure 9,
which means that the perturbations of the electric field
before the seismic event were recorded in all the chan-
nels, but the highest amplitudes were recorded in
the channels oriented towards the earthquake epicen-
tre.

The input data for plotting (see Fig. 6 and 8) and
monitoring conditions during recording were thoro-
ughly checked, and we can state that the recording
process was not impacted by any hard and/or software
failures and/or man-made noise. There were slight de-
viations (15 to 20 mkV) from the background values in
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Fig. 7. Variations in the geomagnetic field (AT) on 09 November 2011 before the earthquake that occurred at 21h40m local
time. Records by FM-03 magnetometer.
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Fig. 8. Variations in the natural electric field before 13 October 2011 earthquake. The channel was oriented at azimuth 150°.
The first sharp deviations from the background values were recorded 22 hours before the earthquake.
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I Fig. 9. Perturbations of the natural electric field before 14 August 2012 earthquake at 14"00™ local time. H - earthquake

hypocenter depth.

I Puc. 9. [IprMep Bo3MyllleHUs €CTECTBEHHOTO 3JIEKTPUYECKOTO MOJIsl epe/]| CUJIbHBIM 3eMJyeTpsiceHueM 14 aBrycra 2012 r.

B 14 yacoB 00 MuH. H - riry61Ha rUIoIeHTpa 3eMJIeTPSICEHU M.

the adjacent channels. Monitoring was conducted in
favourable conditions (dry weather, sunny days, and
normal atmospheric pressure). At the current stage of
the study, we fail to find a satisfactory explanation of
the fact that the amplitude perturbations were recor-
ded only in channel 6 and absent in other channels. In
our future monitoring cycles, we plan to use two sets of
recording equipment with dipoles arranged in parallel
with each other. Should the majority of records be con-
firmed in the proposed recording scheme, we will de-
fine the conditions and find a physical explanation.

The above-described main results of the long-term
geophysical monitoring by the multi-channel station
are based on the records of more than 70 episodes
when perturbations of the geophysical fields correlated
with the final stages of preparation of the seismic
events registered by the Sakhalin Seismological Survey.
Such results may have given grounds for establishing
regularities, but Figures 9 and 10 need to be taken into
account as they show responses of the geophysical
fields to the strong (yet quite distant) earthquake that
occurred on 14 August 2012 in the Sea of Okhotsk at
the eastern coast of the Sakhalin Island at a distance of

400 km from the monitoring site. The true azimuth
from the monitoring site to the epicentre was 35°.

Figure 9 shows that the first deviations from the
background values were recorded at 03h00m local time
on 12 August 2012; the readings were recorded in
channel 2 oriented at the true azimuth of 30°. Field
perturbations began with a fairly smooth increase of
the signal's amplitude by 7-8 mV. The records at
19h20m Jocal time show that the signal's sign was
changed abruptly and reduced by 7 mV and, later on,
by 10 mV. Simultaneously with the change of the sig-
nal's sign in channel 2, sharp perturbations were re-
corded in channel 6 oriented at azimuth 330°, but with
the positive sign and an amplitude of 6 mV. In channels
2 and 6, perturbations continued until the seismic
event, but more abrupt changes in voltage were re-
corded on channel 2 oriented towards the earthquake
epicentre. In other channels, except channel 4, weak
perturbations were recorded, though they were con-
siderably less pronounced than signals in channels
2 and 6.

It should be noted that three hours before the
seismic event, a short-term stabilization of the field,
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I Puc. 10. [Ipumep peakiuu reoMmariuTHoro noJis (AT) Ha 3emseTpsiceHue 14 aBrycrta 2012 r.

which indicated that an earthquake would soon occur,
was registered in almost all the recorded episodes, in-
cluding the episode recorded in channel 6 from 01h40m
to 05h50m]ocal time (see Fig. 8).

It should be also noted that perturbations of the
natural electric field, which occurred prior to 14 Au-
gust 2012 earthquake, were very different from the
previously recorded disturbances. In our experimental
study, however, this is the first episode with registra-
tion of an earthquake with M>6 which epicentre was
located at a depth below 500 km. This earthquake may
need to be classified in a special category of seismic
events, if we consider how it was reflected in the geo-
physical fields, and this special category deserves fur-
ther studies.

A response of the geomagnetic field to 14 August
2012 earthquake was recorded by a proton procession
magnetometer (MMP 203 with one-minute resolution)
(Fig. 10). In this case, variations in the geomagnetic
field occurred significantly later, only two hours before
the earthquake, but with a higher amplitude and stag-
gered repetition rate. A record taken 40 minutes before
the seismic event shows that the signal amplitude ex-
ceeded 100 nT, and a 20-minute stabilization period
was recorded right before the seismic event.

Among variations in the geomagnetic field (unlike
those in the natural electric field), natural daily varia-
tions in the geomagnetic field are clearly detectable
and rejected from the pool of precursors, while it is
possible to detect signals that occur before an earth-
quake.

A response of the thermal field to the coming seis-
mic event is not always clearly detectable if sensors are

located at shallow depths (3.2 m). The most vivid
example of temperature variations in relation to 01
October 2011 earthquake is shown in Figure 11.

5. CONCLUSIONS

The obtained materials give grounds for the follow-
ing conclusions:

(1) The hydrocarbon deposit located in the zone
impacted by the active tectonic fault is highly sensitive
to changes in the natural geophysical fields, and its data
may be used to reveal and record such changes that
characterize the final phase of preparation of earth-
quakes;

(2) Monitoring of the natural electric field can pro-
vide the most informative data for forecasting of seis-
mic events. Based on electrical survey data, timing of a
coming seismic event can be quite reliably determined
a few hours prior to its occurrence. Moreover, it is pos-
sible to specify the azimuthal orientation from the
monitoring site to the epicentre;

(3) Temperature logging and magnetic measure-
ments can provide data allowing a more precise deter-
mination of timing of the coming seismic event. How-
ever, under the current registration system, such data
do not allow to specify the direction to the epicentre.

Conclusion 2 suggests that in case of synchronous
monitoring by three polygons with spacing to remote
no less than 250-300 km, it can be possible to deter-
mine coordinates of the future earthquake epicentre
by the crosscut location method that is widely applied
in geodesy.
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I Fig. 11. Temperature variations with time before 01 October 2011 earthquake. Locations of sensors at depth: channel 1 -

3.2 m; channel 2 - 0.6 m.

I Puc. 11. [IpuMep BpeMeHHBbIX U3MEHEHUM TeMIepaTyp nepen 3emietpsacenueM 1.11.2011 r. [losioxkeHre AaTYMKOB IO TJ1Y-

6uHe: kKaHas 1 - 3.2 M; Ka"Has1 2 — 0.6 M.

It is worth noting that there may be a potential of
using the multichannel station for monitoring the elec-
tric field and determining the time of a coming seismic
event not only above hydrocarbon deposits. A nine-
channel station was successfully used in Wakayama in
August 1993 [Johnston, 1997, p. 454-455] when varia-
tions in the electric field were recorded before earth-
quakes (M=3.1 and 4.2).

In conclusion, it should be noted that in our experi-
mental study, we did not aim at finding a solution for
the problem of forecasting strong and hazardous
earthquakes. This class of seismic events can be distin-
guished later, after consolidating statistically reliable
data into an ample database and determining criteria
for classification of events by parameters of temporal
variations in geophysical fields.
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