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Abstract. Starting from 1992 geochemical data are beingsearchers of the Geophysical Service of Kamchatka (Rus-
collected with a mean sampling frequency of three days insia) started in 1995 and it is still operating. As a result of
the form of the pH value and of the most common ions this Italian-Russian co-operation, a data bank has been estab-
and gases in the groundwater in one deep well located idished containing all the Kamchatka geochemical data col-
Petropavlovsk, the capital city of Kamchatka (Russia). Onlected which can be compared with the seismic catalogue
1 January 1996 a strong eruption started from the Karymskyof the Seismological Service of Kamchatka. Meanwhile,
volcano, that is located about 100 km far from the well, in the the study of the relationship between the hydro-geochemical
north-northeastern direction. At the same time, a large earthelata and seismicity began and several results were reported
quake (M=6.9) occurred in the Karymsky area. On 5 Decem-(Bella et al., 1998; Biagi et al., 1999a, b, 2000a, b, 20014, b,
ber 1997 a very large earthquake (M=7.7) occurred offshorec, 2004; Kingsley et al., 1999).

at a distance of 350 km from the well and towards the same Here we present the analysis of the geochemical data that
direction. The analysis of the geochemical data shows cleawere collected in one deep well of the network, in order to
variations in the raw temporal trends on both cases. For thg@oint out the relationship between some disturbances in the
first event, a clear premonitory phase appeared; for the sedemporal trends of the raw data and the volcanic and seismic
ond one, some pre-seismic variations could be revealed buctivity occurred in the north-northeastern area with respect
permanent modifications of the chemistry of the water sub-to the well.

sequent to the earthquake are very clear. In both cases the

feature of the geochemical variations is consistent with an af- L ,
flux of new water in the aquifer connected with the well and 2 Seismicity and measurement site
with an escape of the Carbon dioxide gas from the ground inT
different directions. A schematic model able to justify such
a phenomenology and the connections of the geochemic
variations with the previous tectonic activities is proposed.

he Kamchatka peninsula is an active area where the Pa-
a?ific plate subducts at north beneath the north American plate
and at south beneath the Eurasia plate. More than 80 volca-
noes exist and many of them are active. In the seismic point
of view, we can distinguish the south area of the peninsula
in two different zones, one located offshore 60—100 km far
1 Introduction from the Pacific coast and the other in the continental part.
The majority of earthquakes occur in the first zone with fo-

Geochemical data in the water of springs and wells in thecal depths up to 650km. The strongest one in the last 15
Kamchatka peninsula have been collected by the Geophysyears happened on 5 December 1997 with magnitude M=7.7
ical Service of Kamchatka (Russia) since 1977. A co-and focal depth of 10km. The location of the epicentre is

operation programme between ltalian researchers and rdndicated in Fig. 1. About 80 earthquakes with magnitude
M=4.0-5.0 defined the foreshock activity from 1 December.

Correspondence td®. F. Biagi The aftershock activity went on for one year with more than
(biagi@fisica.uniba.it) 2000 earthquakes (with largest magnitude equal to 6.8). In
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L 3 Results
KAMCHATEA . First, we derived continuous data sets with one value per day
PENINSULA & by linear interpolation of the raw geochemical data collected
b at Wy. As an example some trends are reported in Fig. 2.
It is possible to note that disturbances appear on the trends

in three different time periods: period a (1995-1996), period
Peir(‘lngr)"w b (1997-1998) and period ¢ (1999-2000). The disturbances
in the period c are related to a human activity that is the in-
\ stalling, 1000 m deep in the well, of an ULF acoustic sensor
\ in order to perform a new experiment. So, these disturbances
A PACIFIC can be ignored in this study. Figures 3 and 4 show in details
\ the parameters in the trend of which the disturbances during
, OCEAN the period a and b appear more clearly. In Fig. 3, a vertical
\ dashed line indicates the time occurrence of the 1 January
% 1996 earthquake (M=6.9, Fig. 1) and the beginning of the
a s 4 Karymsky volcano eruption. A variation which is evident in
/\d 157 5y g all parameters appears, starting about three months before the

events and lasting no more than some weeks after their occur-
Fig. 1. Map showing the southern part of the Kamchatka peninsularence' Afterwards, the average content of the geochemical

and the location of the W The black circles indicate the epicentres parameters returns to the previous values. In Fig. 4, a ver-

of the 1 January 1996 earthquake (M=6.9) and of the 5 Decembefical line represents the occurrence of the 5 December 1997
1997 earthquake (M=7.7). earthquake (M=7.7, Fig. 1). With respect to the previous pe-

riod, it is possible to note that the most relevant and strong
effectis along and evident drift of each trend up to a new sta-

ble average level, different from that before the earthquake.

the continental part of southern Kamchatka the frequencyrne grift starts about six months before the earthquake occur-
of earthquakes is lesser than that in the offshore zone angce and its interpretation as a pre-seismic variation is not

the genesis is different, too: the earthquakes are mainly Vol mediately evident: probably it can be related to the earth-
canic events and their magnitude rarely exceeds 5.5. An €Xg ,5ke only with “a posteriori” approach. The new level is
ception was the earthquake that occurred on 1 January 1996,ched a long time after the earthquake (in some cases more

(Fig. 1) with magnitude M=6.9 and focal depth of 2 km, that {4 one year). So, a permanent change in the chemistry of
is considered a tectonic earthquake (Gordeev et al., 1998}/, anpears.

The foreshock activity (with largest magnitude equal to 5.2)

started few hours before the main shock. The aftershock ac-

tivity went on for two months with about 800 earthquakes 4 piscussion
(with largest magnitude equal to 6.4); then some single earth-

quake occurred till the end of the year. Almost simultane- |, the previous section, we identified two different time peri-
ously with the main shock, a volcanic eruption took place ods (a and b) in which some perturbations in the geochemical
in the central crater of Karymsky volcano, 15km far from narameters at Woccurred and a clear connection between

the earthquake epicentre. Many evidences indicate that thghese disturbances and natural (volcanic and seismic) events
earthquake and the volcanic eruption were separate event&ems to come out.

53"

51"

(Gordeev et al., 1998). First, let us examine the perturbation during the time pe-
The well under study, named M is located in riod a. From Fig. 3 it is possible to note that the permanent
Petropavlovsk, the capital city of Kamchatka (Fig. 1) and theperturbation is mainly characterized by a decrease in the Cl
water is not flowing from the well. Some main character- and N& contents, i.e. a decrease of the water salinity, by a
istics of the well are listed in Table 1. Since 1992, the pH decrease in Ca', SO, ~ and CQ contents and by an in-
value, the ion content (Ng Ca™, CI-, HCGO;, SO, ) and crease of the pH value. These features are consistent with: 1)
the gas content (total, GOAr, Ny) are being measured in an afflux in the aquifer connected with the well of fresh wa-
water samples that are collected from this well every threeter (small salinity) and with a smaller quantity of carbonates
days on the average. The content of dissolved gases is meand sulphates (from the ionic dissociation of which thé Ca
sured by means of gas chromatography, after thermovacuurand SQ ~ ions come); 2) a reduction of the G@ontribu-
degassing; the Naand Cd™ concentration is measured by tion from the ground (reservoir for the aquifer) producing a
flame emission spectrometry; the™C] HCO;, and SQ ™ consequent [C&+*H>,0<«H2CO3 (carbonic acid)] decrease
concentration by titration methods and the pH value by pH-of the water acidity, i.e. an increase of the pH value.
meter. The accuracy of the measurements ranges from 2% to Now, let us examine the perturbation in the geochemical
10%. parameters at Wduring the time period b. From Fig. 4 it is
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Table 1. Drilling time, depth and cross-section of \

DRILLING DEPTH (m) CROSS-SECTION
1986-1988 2542 0-109m sandy-argillaceous, rubbly-pebbled deposits
109-520m aleurolite
520-591 m andesite
91-734m diorite
734-1897m interbedding of argillite, shale and aleurite
1897-2542m succession of diorites and argillite
Wy

a b

ion content (g/))

gas content (mi/)

| PpH

1998 | 1989 ' 2000" 2001 20027 2003’

1992 ' 1993 ' 1994 1995 ! 1986 | 1997

Fig. 2. Time-series of N& and CI™ ion contents, of Ar and C®gas contents and of pH value at\ifom 1 January 1992 to 30 June 2003.
Clear disturbances stand up in 1995-1996 (period a), in 1997-1998 (period b) and in 1999-2000 (period c).

possible to note that the perturbation, that is a permanent onéalcium carbonate and sulphate, with respect to the previous
is mainly characterized by an increase in the @hd Na one, rushed to the aquifer across the new fissures and cracks.
contents, i.e. an increase of the water salinity, by a decreaskn the period a, the local tectonics was able to readjust the
in the HCG; and CQ contents and by an increase of the pH underground system to the pre-existing conditions, when the
value. Following the previous considerations, these featurefncrease of the stress/strain in the area of the aquifer finished.
are consistent with: 1) an afflux of salt water (great salinity) Such a readjustment did not appear in the period b.
in the aquifer; 2) a reduction of the GEontribution from the We think that the subduction motion of the Pacific plate
ground. Note that the observed decrease in El@Ontentis  under the Eurasia plate underwent some changes that pro-
connected with the decrease of the carbonic acid, from thejuced the previous stress/strain increases. So, such increases
ionic dissociation of which this ion comes. occurred on a large scale in the southern-east area of the
We have looked for an explanation of the observed geoJeninsula, where the plates margin is located. In the zone
chemical disturbances and we think that they could be jusof the aquifer under study they caused only transient (pe-
tified, in both cases, by an increase of the stress/strain hagiod a) or permanent (period b) modifications in the fissures
pened in the area of the aquifer connected with the well. Suctand cracks of the rocks surrounding the aquifer. On the con-
an increase produced an intensification of micro-fracturingtrary in the zones where the underground conditions were
processes and/or changes in existing cracks in the rocks supear to the breaking point and where it can be supposed that
rounding the aquifer. As a consequence, at first the CO the stress/strain increases were greatest, a volcanic eruption
gas escaped from the ground along different directions reand large earthquakes were generated.
ducing its contribution to the aquifer. Then, water with dif- It must be noted that no disturbances in the geochemical
ferent salinity and, in the first case with a smaller amount ofdata of W, were revealed on the occasion of the earthquakes
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Fig. 3. From the top to the bottom, the pH value, the £@as content and the Na Cl— , SO, "and Cat ion contents at \i from 1

January 1995 to 31 December 1996. The vertical line indicates the occurrence of the 1 January 1996 earthquake (M=6.9) and the beginning
of the Karymsky volcano eruption.
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Fig. 4. From the top to the bottom, the pH value, the £gas content and the NaCl~ and HCG; ion contents at Wfrom 1 January 1997
to 30 April 1999. The vertical line indicates the occurrence of the 5 December 1997 earthquake (M=7.7).

of large magnitude (M=7.0-7.3) occurred in the 1992-20035 Conclusions

period at east-south east (Fig. 1) with respect to the well. So,

the sensitivity of this well is related only to the tectonic pro-

cesses occurring at north-northeastern direction with resped{/e presented some anomalies in the geochemical param-

to its location. It means that some structural undergrounceters at one well, related with volcanic and seismic events

connection exists along this direction. occurred 100-350km far from the well. A premonitory
phase appears clearly only some times. We proposed a
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large scale stess/strain increase of a common genesis able Biagi, P. F., Ermini, A., Kingsley, S. P., Khatkevich, Y. M., and

produce the geochemical anomalies and the natural events. Gordeev, E. |.. Groundwater ion content precursors of strong
According to our opinion, such an assumption is consistent earthquakes in Kamchatka (Russia), Pure and Applied Geo-
with the intense tectonic processes involving the Kamchatka Physics, 157, 302-320, 2000b. ,
peninsula. In such a way the presence of anomalies ifPiagi, P. F.,, Ermini, A., Kingsley, S. P., Khatkevich, Y. M., and

geochemical parameters so far from the epicentres can be Gordeey, E. I.: Difficulties with interpreting ch'anges in ground-
water gas content as earthquake precursors in Kamchatka (Rus-

justified. sia), Journal of Seismology, 5, 487-497, 2001a.
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