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HYDROGEOSEISMOLOGICAL METHODS AND EARTHQUAKE
PREDICTION

Komatina-Petrovié S.', Komatina M.?, Radovié¢ V.3, Dimiskovska B.*

TMIPOTEOCENCMOJIOTUYECKUE METO/IBI U TTPOTHO3UPOBAHUE 3EMJIETPACEHNN

Komaruna-Ilerposuu C., Komaruna M., Pagosuu B., Iumuckoscka B.

[IporaosupoBanue 3eMaeTpsICEHN — OYEHBb JEIUKATHAS 33J[a4da, KOTOpas, B OCHOBHOM, He
periera 710 cux nop. V3 mpakTUKA OYEBUIHO, 9TO BO3MOYKHOCTH THJIPOI€OCEHCMOJIOTAN JIJIst
Ppa3paboOTKU MOJIXOISAIINX METO/IOB U BBISBJIEHUS WHIMKATOPOB — IIPEIBECTHUKOB 3eMJIETPSICE-
HU SBJISTIOTCS 3HAYNUTETbHBIMU. B JaHHol cTaThe IpeJICTaB/IeH 0030 THIPOre0CceiCMOIOTutIe-
CKHX METOJIOB, UCHOJIb3YEMbBIX 110 BCEMY MUDY, & TaK>Ke NPUMEHSEMBIX I'MIPOT€OXUMUYECKUX 1
TUJIPOIMHAMUIECKUX UHANKATOPOB. Pesyabrarsl nccienoBanuii Ha reppuropun Cepbun Takxke

opeacTraB/JI€Hbl B CTaThe.

Kimiogesrie ciiosa: 3eMJICTPACCHUA, I‘I/IﬂpOI‘eOCGfICMOJIOFH‘IeCKHe METOAbI, IIPOI'HO3UPOBAHUE

zemterpsicernii, Cepbusi.

From the ancient times, demolishing earth-
quakes attract geoscientists’ attention. In
the world literature, contributions related to
changes occurred during and after earth-
quakes — water temperature and level in bore-
holes and springs, geyser activities, springs
mixing and disappearing, sudden deposition,
are presented [1]. In 1966, systematic weekly
regime observations of gas chemical and iso-
topic groundwater content of Pritashkent arte-
sian basin were organized, in order to define
changes, in other words — earthquake precur-
sors. Similar observations were performed in
all seismoactive zones of the former USSR, but
also in other countries. Special topic of atten-
tion is sectors along large seismological faults,
as deep Gissaro-koksaaljski fault in Tadzhik-
istan or San Andreas fault area in California
(USA). Number of polygons grows, and con-
tent of radon or helium is measured, but also
changes in yield, chemical content and water
temperature are monitored [2].

Explorations lasting several years at the ter-
ritory of northern Caucasus made successful

predictions of Dagestan earthquakes in 1974—
1976 possible [3]. It was determined that each
water point has its own range of informative
components for exploration of hydrogeochemi-
cal indicators of earthquakes. Among the best
indicators, macro components are included,
with universal hydrogeochemical indicator —
chlorine content in groundwater. With changes
of physico-chemical indicators of groundwater,
geodynamic effects simultaneously appeared
(sudden changes in yield of boreholes or springs,
even several hundred kilometers from the fo-
cus).

Special attention is directed to analysis
of hydrodynamic regime. At numerous sec-
tors of the former USSR, daily registration
of piezometric pressure, groundwater level and
other hydrogeodynamical parameters is carried
out. Results obtained by monitoring periodic
changes of geysers in Iceland and Yellowstone
national park (USA) before the earthquake are
of special attention.

Hydrogeoseismological exploration in or-
der to predict earthquake in USA started in
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Figure 1. Changes in gas concentration before the earthquake in 1976 [10]

1974 [4]. Radon contents in air and soil [4]], as
well as changes in groundwater level within the
San Andreas fault area [5], were measured.

At the same time, hydrogeoseismological
exploration started in Japan [6,7]. The most
important result is some characteristic of rais-
ing groundwater level before and after the
earthquake.

Several years later, the same kind of explo-
ration started to develop in Italy, Yugoslavia [8]
Austria, France, Bulgaria and other countries.
Generally speaking, some results were obtained
and perspectives of methods based on hydro-
dynamic regime monitoring, chemical, gas and
isotope content of groundwater in relation with
seismic activity within appropriate geotectonic
conditions verified.

1. Review of hydrogeochemical and
hydrogeochemical precursors of
earthquakes

Hydrogeoseismological precursors (indica-
tors) of the earthquakes are based mainly on

results of Tashkent polygon, which is well orga-
nized, with deep artesian horizons [9].

Hydrogeochemical anomalies for the poly-
gon are controlled by wide range of elements —
indicators, including carbon, nitrogen, hydro-
gen, chemically neutral radiogenic gas (helium,
argon, radioactive uranium, radon), isotope re-
lations U236/U238, C13/C12, Ar40/Ar36, as
well as macro- and microelements: fluoride,
boron, chlorine, Eh and Ph quantities, min-
eralization, etc. Mentioned indicators proceed
to tectonic earthquakes, excluding radioactive
elements (uranium and appropriate isotopes),
content of macro components and groundwa-
ter mineralization. Their reliability depends
on the intensity of coming event, geological-
tectonic structure, seismicity and frequency,
presence of seismological faults, mechanism of
the future focus and distance to the monitor-
ing point. That is why the same (universal)
model of earthquake prediction could not be
expected [10].

On the basis of monitoring related to vari-
ations in helium- and COs- content in 4-hours
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Figure 2. Changes in groundwater chemical content or the Tashkent geodynamic polygon for the
1972-1980 period [9]

intervals for one observed borehole, noticeable
changes a day before the Gaslian earthquake
(April 8, 1976) could be distinguished (Fig. 1).
At the end of March, helium content decreased
suddenly, with minimum value registered two
days before the main event. Similar situa-
tion was defined before the strong earthquakes
at the beginning and the end of 1977 and in
November, 1978. Also, pH values decreased to
the minimum just before the event (Fig. 2). Ex-
treme values of short-period anomalies related
to gas (including radon) content and microcom-
ponents were the indicator to predict strong
earthquake. However, data on variations in
chemical content of gas were recorded for only
one polygon and that is why focus of the com-
ing event was not possible to be determined [9].

In 1979, at the Tashkent geodynamic poly-
gon, no characteristic anomalies were defined,

excluding very high COy content at one of
the observed boreholes. At the beginning of
1980, significant changes in numerous param-
eters were recorded, directing to the conclu-
sion that period of intensive seismic activity
is beginning (Fig. 3). In the middle of July
1980, earthquake in the Fergan valley hap-
pened, 165 km far from the monitoring points
(in Tashkent, it was event of 4-5 degrees). It
is interesting to note significant 6-months de-
crease of chlorine content, starting from May,
1980.

According to results of investigations refer-
ring to several strong earthquakes, radon con-
tent changes a lot. After the main shock (prob-
ably before it, too), radon content at the areas
of foci is predominantly increased, decreasing
gradually, with extreme variations during the
foreshocks. At some localities, correlation be-
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Figure 3. Changes in groundwater chemical content after the Alai earthquake in 1978 [9]

tween radon content and hydrodynamic indi-
cators is distinguished: when piezometric pres-
sure decreases, radon content increases and vice
versa. Besides, during the strong events, it is
important to analyze variations in the Earth’s
electromagnetic field, particularly EM precur-
sors of the earthquakes.

Isotopic characteristics of carbon and ar-
gon are known as useful indicators of tectonic
movements. Among all, increase in Ar40 con-
tent during the period of seismic activity is
noticeable, as well as decrease during the pe-
riod of inactivity. Also, interesting results
were obtained by measuring isotope relation-
ships of Ar40/Ar36, Ar36/Ar38, He4/Ar40 and
C13/C12.

Hydrogeodynamical anomalies and hy-
drodynamic effects marking earthquakes are in-
tensively studied during the past four decades.

Among all, it was determined that hydrogeody-
namical parameters of groundwater are closely
connected to seismic occurrences [10]. So, sys-
tem piezometric pressure — deformations is in-
cluded in sensitive indicators of tension state
of rock masses, and hydrodynamic effects —
into carriers of geo-chemical anomalies (radon,
etc.). That is why in earthquake prediction not
only hydrodynamic, but also hydrogeochemi-
cal methods are used. Note that piezometric
pressure and gradient increase if water-bearing
horizon is submitted to compression forces, and
decrease during opening the Earth’s crust.

As an example for hydrogeodynamical
anomalies investigation, Tashkent polygon is
interesting. = During the period 1976-1980,
several strong earthquakes were registered.
So, appropriate hydrodynamic anomalies orig-
inated. During the Alai earthquake (Novem-
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Figure 4. Artesian well BN-1/88 [12]
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Figure 5. Geological cross-section at Sudimlje
locality. 1. ultramaphites. 2. Upper Jurassic
sediments [13]

Period of monitoring

Yield (1/s)

Sept. - Dec., 1988
Dec.,1988 — April, 1989
April — July, 1989
July, 1989 — August, 1990
August, 1990 — April, 1991

3.01/s
2.51/s
2.2 1/s
2.01/s
1.66 1/s

ber 2, 1978 — MT7), numerous hydrogeochem-
ical anomalies were distinguished, followed
by groundwater hydrodynamic characteristics.
Before the event (in October), piezometric pres-
sure was increasing gradually, with sudden in-
crease just a day before the main events. Fur-
ther, changes in groundwater level before and
after the quake were recorded in Japan and
other countries.

In Serbia, the first experiments related to
the earthquake prediction started at Sudimlje
(Kopaonik mt.), in 1985 [12]. Central moni-
toring point was deep well with thermomineral
water. Numerous hydrogeochemical and hydro-
dynamic indicators were observed. However,
the four-year period of monitoring, performed
after strong earthquakes in 1980 and 1984, was
period without seismic activity. That is reason
why significant results were not obtained.

2. Application of hydrogeoseismological
method at Kopaonik mt. area

After the disastrous earthquake at Rudnik
mt. in 1927, the event happened at Kopaonik
mt. is the strongest one in Serbia. This area

was known as the 7" degree category until May
18, 1980, when the earthquake of eight degree
(M = 6.0) occurred. Events of the similar in-
tensity repeated in 1984, 1985 and 1986 (I = 60,
M = 4.0).

The first experiments related to applica-
tion of hydrogeoseismological method were per-
formed at the area with the highest seismic
intensity — close to Sudimlje village, about 6
km to the NE from Blazevo. It was discov-
ered that spring of mineral water was much
stronger after several subsequent earthquakes
in September, 1985. Detailed hydrogeologi-
cal investigations started in 1986, and 132 m
deep exploratory-exploitation well was made
two years later (Fig. 4). Results of the explo-
ration are presented at the Project of hydroge-
ological monitoring station for earthquake pre-
diction in Kopaonik seismic area [12].

Central monitoring structure was the men-
tioned well with termomineral water. Numer-
ous hydrogeochemical and hydrodynamic indi-
cators were observed, but data of previous in-
vestigations were also useful. Among all, dur-
ing 1990, twelve complete chemical analyses of
water from the well were made, as well as mea-
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suring gas content and radioactivity. Monitor-
ing of the artesian well and piezometric pressure
started two years before, lasting till the end of
1944. Note that the well cuts intensive fault
zone, which is main groundwater conductor to
the terrain surface (Fig. 5).

It can be concluded that one of the im-
portant earthquake precursors could be sudden
change in yield values, in other words — in piezo-
metric pressure. However, period of realization
of the Project was during seismic inactivity and
it is not possible to justify that assumption [13].

According to complete chemical analyses,
content of different macro- and micro compo-
nents has not changed in such extent (in mg/1):

Na — 193213
Ca - 100-105
Mg — 86-99
K- 13 14
Li — 0.45-0.50
Sr - 3.28-5.00

Total water mineralization varied between
1.288 and 1.461 mg/1, and significant changes of
COy were interesting from the viewpoint of the
earthquake prediction. Furthermore, changes
in radioactive gas — radon, were also interest-
ing — during the period of observation, radon
content was between 9.6 and 0.3 Bq/1.

Changes in piezometric pressure, that is —
artesian aquifer capacity is noticeable. Namely,
that value is more important during seismic ac-
tivity in comparison to the period of inactivity:

Note that water temperature was changing
in the range of 19°C (during period of seismic
activity) and 21°C (during period of inactiv-
ity).

There were no seismological conditions for
precise evaluation of the mentioned potential
indicators and that is why monitoring station
stopped to work in 1994. But, proposal of the
new project related to continuation of the mon-
itoring activities has been submitted for financ-
ing and much complex exploration is expected
to be carried out in the coming years [14].

Conclusion

According to the long-term monitoring of
variations of various hydrogeological and hy-
drogeochemical parameters in groundwater of
seismoactive areas, it was possible to conclude
that, during periods of tectonic activity of the
Earth’s crust, present geodynamical, hydrogeo-
chemical and other ways of natural equilibrium

within geological structures are disturbed, fol-
lowed by occurrence of anomalies. According
to G.A. Mavljanov et al. (1983), in order to
solve the problem and find safe complex of hy-
drogeoseismological precursors, first of all, sci-
entifically based approach in choice of polygons
and study areas is required, as well as to uni-
fication of methods for measuring and analysis
of studied parameters, working out and improv-
ing of monitoring and analytical systems, pro-
ducing automatic systems in order to acquire
operation information related to changes of pa-
rameters in time [15].

It is impossible to judge place and intensity
of potential event on the basis of monitoring
data within a study area without existent basic
monitoring network system. Hence, it is nec-
essary to use specialized hydrogeoseismological
survey at all terrains under the risk.

As hydrogeoseismological exploration is
based on systematic regime observations, task
of the further development of methods of data
statistic processing regarding earthquake pre-
cursors is unavoidable. Various correlations
among basic quantities of studied anomalies
and data referred to the earthquakes are de-
termined in the practice.

References

1. FEiby G. A. Earthquakes.
Heineman, 1982. 262 p.

2. DByanen K. E. BBenenune B TeOpeTHYECKYIO Celi-
cmogtormio. M.: Mwup, 1966. 460 c.

3. Jpyma A.B., Ilebarun H.B. 3emierpsicenue:
[ne? Korma? ITouemy? Kumunes: Akajemust
nayk Mosnasckoit CCP, [Iruunma, 1985. 198
c.

4. King Ju Cji Radon emanation on San Andreas
fault // Earthquake information Bull. 1978.
Vol. 10. No. 4. P. 136-138.

5. Kovach R. et al. Water level fluctuations and
earthquakes on the San Andreas fault zone //
Geology. 1975. Vol. 3. No. 8. P. 437-440.

6. Noguchi M., Wakita H. A method for
continuous  measurement of radon in
groundwater for earthquake prediction //
J. of Geophysical Research. 1977. Vol. 82. No.
8. P. 1353-1357.

7. Wakita H. Geochemistry as a tool for
earthquake prediction // J. Phys. Earth. 1977.
Vol. 25. P. 175-183.

8. Komatina S. Mechanism of earthquake gene-
ration at the territory of Yugoslavia // M. Sc.
thesis, University of Zagreb, 1990. 157 p.

9. Tumaporeoceiicmosiornieckne [IPEeIBECTHH-
ku 3semserpsicenust / Ilom pex. akam. T.A.
MagasinoBa. TamkenT: @an, 1983. 134 c.

Wellington:



Hydrogeoseismological methods and earthquake prediction

97

10.

11.

12.

Yaomos B.H. Meronuka mnoucKa ITPOTHOCTH-
9eCcKnX TPU3HAKOB 3emuerpsicenuii. udopma-

nnorHoe coobmierne Ne 186. Tamkent: AH
V3CCP, 1977. 11 c.
Huxonos A.A. 3emierpsicenus. .. IIpomwuioe,

COBPEMEHHOCTDh, Iporuo3. M.: 3uanume, 1984.

190 c.

Komatina M. Hydrogeochemical and hydrody-
namic monitoring of the deep well in Sudimlje
(Kopaonik mt.) in order to predict earthquakes.

13.

14.

15.

Report, Geozavod, Beograd, 1989. 482 p.
Komatina M. Medical Geology. Amsterdam:
Elsevier, 2004. 453 p.

Komatina-Petrovié S. Ekogeofizika. Geofizika i
zaStita Zivotne sredine // Asocijacija geofiziara
Srbije, Beograd, 2011. P. 1-362.
Cyamanxodoncaes A. H. Tmaporeoceiicmosioru-
YeCcKHe NPEeJBECTHUKM 3eMJieTpsiceHuii // V3-

Gekckmii reosorudeckuii xKypuait. 1979. Ne 2. C.
3-13.

Keywords: earthquakes, hydrogeoseismological methods, earthquake prediction, Serbia.

Crarpsa nocrynmita 27 siuBaps 2012 r.
Association of Geophysicists and Environmentalists of Serbia, Beograd, Serbia
Educons University, Sremska Kamenica, Serbia

Institute of Earthquake Engineering and Engineering Seismology University, “Ss. Cyril and Methodius”, Skopje, FYR

Macedonia
© Komatina-Petrovi¢ S., Komatina M., Radovi¢ V., Dimiskovska B., 2012



