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Abstract

The higher electrical conductivity of rocks in the middle and lower parts of the Earth’s crust is generally re-
lated to the presence of fluids in rocks. The metamorphic processes of dehydration contribute to release of flu-
ids, above all, water; these processes are also responsible for an increase in rock porosity and fracturing. These
processes influence the stressed-strained state of the medium under specific conditions. A probable mechanism
of earthquake source formation on the contact of blocks with different rates of dehydration and, consequently,
different electrical conductivity is discussed. The spatial positions of electrically conductive and seismically
active zones are correlated and definite relations between them are found with special reference to the vast
area of the Northern Tien Shan within Kirgizstan and some other regions. The greatest concentration of earth-
quake sources is observed mainly near the contacts between blocks with contrastingly different electrical con-
ductivity values and on sites with a sharp drop in conductive-layer depths.

Key words earthquake — electrical conductivity — be obtained in combined interpretation of geo-
metamorphic process — fluid — dehydration physical data, above all, electrical, velocity,
and reflectivity characteristics (Hyndman ez al.,
1993). Petrological data, related to studying
1. Introduction metamorphic processes, which proceed with

fluid participation, should also be used for this
Elucidating the relation between the seis- purpose (Fyfe et al., 1978).

micity and electrical conductivity of different The trigger effect of water on the develop-
structures in the Earth’s crust is of interest for ment of natural and induced -earthquake
seismic zoning and prediction. If such a rela-  sources has been discussed by many scientists.
tion is found, this will make it possible to de- We made an attempt to determine the influence

termine, to a high degree of accuracy, the of metamorphic processes, resulting in water

places of probable earthquakes and to predict  release, on the stressed-strained state of the

their time, using characteristic variations in ap- medium during the preparation of earthquakes

parent resistivity values. Above all, the extent and to elucidate, allowing for this influence,

of water saturation of the Earth’s crust must be the relations between seismically active and

the link between seismicity and electrical con- electrically conductive zones.

ductivity. This index has a major effect on the

resistance of rocks and their strength character-

istics. The information about depth fluids may 2. The effect of fluids on the electrical
conductivity of the Earth’s crust
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larger than that of dry rocks determined in the
laboratory and is 10-100 times as high as the
electrical conductivity of the upper crust (Hynd-
man et al., 1993). There are two viewpoints
concerning the nature of the electrical conduc-
tivity of the Earth’s crust: it is connected with
fluids (mainly water) or it is connected with
rocks containing graphite and sulfide minerals.
The presence of mineralized water in rock
pores and fractures, as well as in intergranular
space makes it possible to explain, in many
cases, the distribution of electrically conduc-
tive zones of structures of different age in the
crust and a good correlation between rock re-
sistivity velocities and absorption of seismic
waves (Hyndman et al, 1993). In regions
where this correlation does not exist, particu-
larly at very low apparent resistivities of con-
ductive layers, these layers are associated with
rocks containing graphite or sulfides.

Large variations in the apparent resistivity
of electrically conductive zones under the ac-
tion of stress before and after earthquakes may
be the confirmation of the fluid nature of these
zones. The effect of stress results in a change
in systems of interconnected water-bearing
fractures, but influences little the electrical
conductivity of solid inclusions. Such resistiv-
ity variations were observed, for example, on
the Bishkek Experimental Site in Kirgizstan
(Velikhov and Zeigarnik, 1993). Resistivity
changes at frequencies of less than 0.25 Hz
reflect the development of deformation proces-
ses in an electrically conductive horizon,
which occurs at a depth of more than 10 km
(fig. 1).

Metamorphic dehydration of rocks is the
main factor which ensures water release and an
increase in the porosity and fracturing of the
rocks in the middle and lower parts of the
crust. In rocks having a complex chemical
composition, dehydration may proceed for a
long time (Fyfe et al., 1978). The released wa-
ter cannot move away rapidly due to the pres-
ence of a low-permeable screen between the
middle and upper crust. This screen is ob-
served in many regions where it has high ap-
parent resistivity values and seismic velocities.
Thus, the water-saturated rocks in the electri-
cally conductive zones of the middle and lower
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Fig. 1. Geoelectrical profile: zones with various ap-
parent resistivity values (€ - m) and plots of changes
in resistivities after smoothing with a low-frequency
filter (from data of repeated frequency sounding in
point 35 of the Bishkek Experimental Site). Arrows
show earthquakes with different magnitudes (Ve-
likhov and Zeigarnik, 1993).

parts of the crust, being of a fluid nature, are
preserved with compensation for migratory
losses of water by its supply as a result of
metamorphic dehydration.

3. The influence of metamorphic dehydra-
tion of rocks on seismic activity

It is known that reactions of metamorphic
dehydration of rocks are accompanied by for-
mation of porosity corresponding to the quan-
tity of released water and proceed largely with
heat absorption (Fyfe et al., 1978). In the ma-
jority of these reactions, the total volume of
formed solid and fluid products is larger than
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the volume of initial minerals, and the solid
skeleton volume decreases as a result of reac-
tions. For example, the volume of solid miner-
als per gram-molecule decreases by 20 cm?® in
the reaction between analcime and quartz with
formation of albite and water, characteristic of
the zeolite facies of metamorphism (Fyfe et al.,
1978). A similar result is also produced by
metamorphic reactions of carbonate decompo-
sition to release carbon dioxide.

The volume of pores and fractures decrease
on fluid evacuation from them under the action
of lithostatic pressure, and rocks are com-
pacted. At various stages of dehydration the to-
tal volume of reaction products may be larger
or smaller than the initial volume depending on
reaction velocities and water evacuation. In
this case, the sign of the volumetric strain
changes but the rock compacts with time. The

largest strain is experienced by rocks with high
water saturation and large rates of its variation.
Not only lithostatic pressure but also horizontal
stress, existing in the Earth’s crust, influences
the direction of deformation.

If conditions of rock dehydration and, con-
sequently, rock deformation are different in ad-
jacent blocks of the Earth’s crust, differential
stresses, which may result in formation of
faults and development of seismic sources,
must appear at the contact of the blocks and in
the cover strata (fig. 2). In the course of dehy-
dration, water is released under great pressure
and, because of the low permeability of cover
rocks, hydraulic rupture generates fractures
along which water may move to the area of the
source of an earthquake, which is about to oc-
cur. The trigger action of these injections con-
tributes to stress release. Most favorable condi-
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Fig. 2. A scheme of localization of earthquake sources on the contact of blocks of the Earth’s crust with dif-
ferent conditions of rock dehydration. Block A is with a high degree of water saturation; Block B is with a low
degree of water saturation. 1 = the zone of contact between blocks (a fault); 2 = the contour of the area of
source localization; 3 = directions of reciprocal displacements of blocks; 4 = paths of hydraulic rupture and
fluid injection; 5 = relative deformations of blocks for equal interval of time.
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tions for development of fractures formed by
hydraulic rupture and for a short-term increase
in seepage from water-saturated sites to poten-
tial earthquake sources are in deep-fault zones
near which these sources are commonly local-
ized. This pattern shows that there exists a du-
plex mechanism of the influence of the meta-
morphic dehydration of rocks on the seismic
process: formation of differential stresses and a
decrease in rock strength in the earthquake
source zone when water moves to it under high
pressure.

The discussed mechanism of the influence
of metamorphic dehydration of the Earth’s

crust on earthquake generation is in compli-
ance with the existing data for some regions on
the relations between seismically active and
fluid-saturated horizons of the Earth’s crust.
Electrical conductivity, seismic velocity, and
wave absorption values may indicate the de-
gree of the water (fluid) saturation of the crust
in different structures. The seismicity-generat-
ing and water-saturated stages of the consoli-
dated continental crust are separated. The first
stage mainly occurs in the upper crust (down
depths of 15-20 km) and the second stage
occurs in the middle and lower parts of the
crust.
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Fig. 3. Submeridional section of a cloud of aftershocks of the Zhalanash-Tyupskoe earthquake (Kvetinskiy
et al., 1993). 1 = the hypocenter of the main shock; 2 = hypocenters of aftershocks of different magnitudes;
3 = the position of the nodal plane; 4 = a high-absorption zone (Os < 60).

264



The relations between seismically active and electrically conductive zones

Let us discuss some examples. In the seis-
mically active region of Northern China,
strong-earthquake sources are frequently local-
ized within the layer with high resistivity oc-
curring between two electrically conductive
layers at depths down to 10 km and more than
30 km. Repeated magnetotelluric measure-
ments in the area of Nanping showed after the
earthquake of 1976 a 70-percent decrease in
apparent resistivity at the depth of the earth-
quake-source zone, which is indicative of an
increase in water saturation. Dehydration of
muscovite-quartz strata is a possible water
source (Lin Changyou, 1984). Earthquake
sources in many continental rift regions are lo-
cated directly over waveguides, which in these
structures occur at depths of about 12-15 km
(Grachev, 1994). In rift regions, the depth posi-
tion of waveguides and electrically conductive
layers coincide, and they originate from dehy-
dration processes (Derlyatko er al., 1988). Sites
with contrastingly different wave-absorption
values have been delineated in the source
zones of the Chilikskoe earthquake of 1889
with M = 8.3 and the Keminskoe earthquake of
1911 with M = 8.2 as well as other strong
earthquakes, which occurred in the highly seis-
mic region of the Northern Tien Shan, located
north-east of Lake Issyk-Kul (Kvetinskiy et al.,
1993). The sources of the Zhalanash-Tyupskoe
earthquake of 1978 with M = 6.8 and the
Baisorunskoe earthquake of 1990 with M = 6.3
are confined to the regions with a sharp drop in
the depths of the top of the layer with strong
absorption of transversal waves (fig. 3). The
strong absorption in this layer is explained by
its higher fluid saturation (Kvetinskiy et al.,
1993).

All the facts given, despite different treat-
ment of the inflience of the degree of fluid sat-
uration of the crust on seismicity do not con-
tradict the suggested pattern of formation of
earthquake sources under the effect of meta-
morphic dehydration. Of course, strains, which
accompany such rock dehydration, are not the
only cause of crustal seismicity, which is also
influenced by processes occurring in the man-
tle. The relative contribution of these deforma-
tions to seismicity generation in different struc-
tures may be different. The significance of this
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contribution is supported by an increase in the
electrical conductivity of the continental crust
in the range from ancient stable structures to
young tectonically active structures (Derlyatko
et al., 1988; Hyndman et al., 1993), which may
be explained by the higher water saturation of
rocks and by the higher intensity of recent
metamorphic processes in this range.

The relation between seismically active
and electrically conductive zones in the
Northern Tien Shan

The relations between seismically active
and conductive zones in the Earth’s crust of
the Northern Tien Shan have been investigated
along two profiles of magnetotelluric sounding.
The measurements were carried out under the
guidance of Yu.A. Trapeznikov and the records
were interpreted by M.N. Berdichevskiy. The
investigated region, bounded by coordinates
40.5-43.0°N and 73.0-77.0°E, is noted for high
seismic activity. Block structure is a character-
istic feature of its tectonics (Gubin, 1986). The
boundary between blocks goes along deep
faults. The schematic map (fig. 4), compiled
using data from collections of papers «Earth-
quakes in the USSR» published in 1982-1991
by Nauka (Moscow) and «Earthquakes in the
USSR Central Asia and Kazakhstan» published
in 1979-1986 and 1988-1991 by Donish
(Dushanbe), shows the distribution of earth-
quake epicenters and the depth position of
earthquake sources for the 1979-1986 and
1988-1991 periods. The selection includes
earthquakes with M > 1.3 from the catalog
«Earthquakes in the USSR» and earthquakes
with M > 2.6 from catalog «Earthquakes of the
USSR Central Asia and Kazakhstan». The data
from the second catalog wave taken in order to
supplement data on the seismicity of the south-
ern part of the investigated region, which are
absent in the first catalog. Six earthquakes with
M 2 4.5 occurred in this region for the period
under consideration, and the devastating
Susamyrskoe earthquake with M = 7.5 oc-
curred on August 19, 1992 (the epicenter of
this earthquake is also shown in fig. 4). After-
shocks of strong earthquakes are not shown on
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Fig. 4. A schematic map of the distribution of the epicenters of earthquakes with M > 2.6 in the investigated
region of Central Kirgizstan for the 1979-1986 and 1988-1991 periods. 1 = earthquake magnitudes; 2 = earth-
quake source depths; 3 = deep-fault zones; 4 = section lines.

maps and sections (figs. 5 and 6). Earthquake with different apparent resistivity values are
epicenters are grouped in the form of area and delineated (figs. 5 and 6), were constructed for
strips, which often are located near deep-fault comparing seismic and geoelectrical data in the
zones. strip adjoining these profiles. Projections of

The magnetotelluric sounding profiles AA’ hypocenters of earthquakes with M > 1.3, lo-
and BB’ go along the meridians 75.82° and cated in the strip formed by lines drawn paral-
74.00°E, respectively. Sections, where zones lels to lines AA” and BB’ at a distance of 40 km
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at both sides from them, are also shown on the
profiles. These hypocenters were determined
from observation data in the 1988-1991 period
(figs. 5 and 6). As is seen on the sections, the
majority of earthquake hypocenters are located
at depths of down to 10 km and only a small
number of them are recorded at depths of more
than 20 km.

The presence of a continuous conductive
layer with apparent resistivity values ranging
from 7.5 to 35 Q - m is the common geoelectri-
cal feature of both the profiles. The top of this
layer is generally at a depth of 30 km and lo-
cally at a depth of 20 km. The bottom of this
layer is at depths from 45 to 50 km and from
35 to 40 km on some sites. Such a position of
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Fig. 5. Distribution of earthquake hypocenters along the section on the line AA’. The numerals along the line
AA’ are the numbers of sounding points. 1 = projections, on the section plane, of the hypocenters of earth-

quakes with different magnitudes; 2 = deep faults; 3 =
values (the numerals are resistivity values in Q - m).

boundaries of sites with different apparent resistivity
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Fig. 6. Distribution of earthquake hypocenters along the section on the line BB’. The symbols are those in

fig. 5.
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the conductive layer corresponds to data, ob-
tained from magnetotelluric measurements, on
the higher electrical conductivity of the middle
and lower parts of the continental crust in
many regions of the world (Hyndman et al.,
1993). Subvertical branches ‘go locally from the
conductive layer and extend to the near-surface
zone. On some sites, these branches are in the
vicinity of large faults and probably coincide
with their depth extension. A second conductive
horizon is traced at a depth of 10-15 km in the
southern part of the profile AA” (fig. 5).

Earthquake sources are located, with rare
exceptions, above the continuous conductive
layer. The greatest concentration of earthquake
sources is observed near contacts between
blocks with contrastingly different resistivity
values and on sites with a sharp drop in depths
of the top of the conductive layer. This is well
seen on the profile AA’ (fig. 5) between points
150 and 160 and between points 160 and 170,
as well as on the profile BB’ between points
120 and 85, 129 and 227. The source of the
Susamyrskoe earthquake of August 19, 1992
with M = 7.5 is located over the top of the con-
ductive layer, near the contacts of blocks with re-
sistivity values of 200 and 2000 € - m (fig. 6).

The investigations, conducted in the area of
the Northern Tien Shan, and individual exam-
ples from other regions are indicative of the
common features of the relation between seis-
mically active and conductive zones: these zones
are confined to different stages of the Earth’s
crust and these is a denser concentration of earth-
quake sources at sites with contrastingly different
electrical conductivity values.

5. Concluding remarks

Metamorphic processes, which occur in the
depth zones of the continental crust with par-
ticipation of fluids, are one of the factors deter-
mining the tectonic regime. These processes
also influence the electrical conductivity of the
crust. The presented data testify that the meta-
morphic dehydration of rocks may have a sub-
stantial effect on seismic activity. Thus,; there is a
possibility to associate the specific features of the
geoelectrical profile of the crust and the distribu-
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tion of earthquake sources. Some examples and
our investigations support this possibility.

We may suppose that localization of earth-
quake sources near the contacts of blocks with
contrastingly different electrical conductivity
values and seismic characteristics of rocks may
also be found in other regions. In this case, fur-
ther investigations will specify the relations be-
tween seismically active and electrically con-
ductive zones as applied to structures with def-
inite seismic and geoelectrical characteristics.
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