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RESUMEN

El estudio de la prediccion de sismos por medio de datos geofisicos, geoquimicos e hidrolégicos requiere de informacién
tomada con equipos en tiempo real, asi como el modelado de los datos estadisticos. En este articulo se presentan avances en este
campo, mediante el desarrollo de un nuevo sistema versatil de medicién EPOS, por sus siglas en inglés (Sistema de Observacién de
Precursores de Sismos), el cual estd basado en experiencias y resultados recientes de diferentes grupos. EPOS es una estacién de
medicién de multipardmetros, que puede continuamente registrar, en funcion del tiempo, hasta 17 pardmetros geoquimicos y geofisicos
apropiados para la investigacién de seismos. Un sistema micro computarizado dentro de EPOS procesa transferencia, control y
almacenamiento de datos desde un sistema modular de sensores. El niimero de médulos con sensores puede ser también seleccionado
de acuerdo con las necesidades del sitio de medicién.

Se presentan pruebas exitosas de los resultados de EPOS trabajando durante dos afios en la estacién de Dos Arroyos, México,
en la costa del Pacifico.

PALABRAS CLAVE: Prediccién de temblores, radén, radén en agua, andlisis de multipardmetros, geoquimica de gases.

ABSTRACT

The approach to earthquake prediction by geophysical, geochemical and hydrological data needs real time measuring equip-
ment and modelling of statistical data. A progress in this field is presented in this paper by the developing of a new versatile
measuring system EPOS (Earthquake Precursor Observation System) based on experiences and recent results from different re-
search groups. EPOS is an innovative multiparameter station, which can continuously record as a function of time up to 17 geochemical
and geophysical parameters suitable to earthquake research. A microcomputer system inside EPOS handles data exchange, data
management and control and it is connected to a modular sensor system. The number of sensor modules can be selected according
to the needs at the measuring site.

Successful test results of EPOS station working for two years in Dos Arroyos, Mexico, at the Pacific ocean cost are presented.

KEY WORDS: Earthquake prediction, radon, radon in water, multiparameter analysis, gas geochemistry.

INTRODUCTION

Research into earthquake prediction by means of seis-
mological, geophysical and geochemical parameters has con-
tinued for more than five decades. Up to now, the use of
precursors in earthquake prediction topics is to a large ex-
tent empirical, due to the many difficulties that still exist in
understanding the complex physics of earthquakes.

A large number of investigations concerning
geochemical and hydrological measurements (CO», Rn, He,
H,, Hg, N», ionic concentrations, fluctuations of the
groundwater head, flow rate and electrical conductivity) have
shown possible starting points for correlating tectonic stress
with anomalous values of the observed parameters (Heinicke,
95; Koch, 96; Fleischer, 81).

On this basis, an improved measuring system EPOS
was developed, which is able to transform the requested sci-
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entific tasks in combination with the scientific background
into a reliable and applicable observation system. The EPOS
(Earthquake Precursor Observation System) is the innova-
tive realisation of a multiparameter station with up to 17 pa-
rameters.

METHOD

The proposed measuring system is the most promising
equipment, which is based on a large number of international
results on this subject and the research of the SAW group
(Heinicke, 95; Koch, 96).

Thus, a multiparameter station is the basis of a reliable
and statistically sufficient recording of environmental param-
eters, particular related to earthquake prediction research.

The new system EPOS, developed by SARAD GmbH,
for up to 17 registered parameters is installed at the west part
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of Mexico, where active tectonic faults and uprising fluids
are present. These fluids are the carriers of information on
deep processes due to an active stress-strain field with im-
pacts to the open crack system. The resulting information
from the fluid system depends on the geological, hydro-
logical and geochemical conditions and it will be different
for each location. Therefore, it is necessary for the observa-
tion of precursory phenomena to start with a comprehen-
sive investigation of all suitable parameters at the selected
sites. The numbers of sensors can be reduced after a period
of basic research (background knowledge). The EPOS with
a modular sensor design is able to fit the sensor program
concerning the individual tasks. The sensors are interfaced
by a fast CAN-Bus system. The sensors are grouped in one
unit and between the units a distance up to 1 km is possible
to connect to a central EPOS system.

The sensors work automatically for recording the data
continuously and sending the results to the data storage mod-
ule, from which data is processed and interpreted. The stor-
age of geochemical, geophysical and hydrological meas-
urements includes the following parameters:

* Rn and CO, concentrations in the gas phase, Rn concen-
tration in water and pH-value.

» Eh-value, electrical conductivity and water temperature.

 Exhausting rate of the spring/well, discharge observations
and water level fluctuations.

An additional environmental set of sensor record air
temperature, barometric pressure and relative humidity. Sen-
sors are specially adapted, for example, the Radon sensor in
water permits fast radon gas transfer through a membrane
consisting of a special plastic material (thick walled, me-
chanical stable and watertight). The membrane guarantees
a diffusion time as low as 3 min (Surbeck, 96). A time reso-
lution of 10 minutes is possible using this method for radon
measurements in water. The radon activity is measured by a
humidity corrected O-spectrometric monitor system using
a charge collection device to achieve high efficiency detec-
tion (Streil, 96).

FIELD PROCEDURE

The first stage was to select and set up the system at
the measuring place. The place was selected according to
the hydrogeological settings as well as chemical and iso-
topic composition of the fluids. Preliminary geophysical and
isotope analyses, which are reliable pathfinders at a meas-
uring site, showed the suitable location for the seismic-moni-
toring active-area. The EPOS station was set-up with the
selected sensors for each site concerning the results of the
preliminary investigations. The meteorological parameters
are also recorded simultaneously with this station. The ba-
sis for the seismological data acquisition is the existing lo-
cal network at the West Side of Mexico.

290

The long-term field measuring period, the data analy-
ses and the attempt to clear the possible connections be-
tween the recorded data and the local seismicity character-
ise the second stage. The important task in this stage is the
interpretation of the data series to understand presence of
anomalies and their possible relationship to earthquake pre-
cursor phenomena. Statistical methods are applied to evalu-
ate the observed phenomena.

RESULTS

First results of EPOS system are reported. A correla-
tion of radon concentration and earthquake activity seems
to be found in Figure 1. The Costa Guerrero-Oaxaca earth-
quake (200-km distance) has a small radon anomaly but
the Guerrero earthquakes (direct under the measuring place)
show a strong anomaly. Fleischer, 81, has shown this fact
in his dislocation model for radon response to distant earth-
quakes. In the CO, signal, it is not easy to find a real
anomaly. The nearest earthquake is the Guerrero earthquake
at 46 km deep on December 19 1999. In the CO, emission
in the Figure 1, no strong correlation in the first moment
was visible; on the contrary, one strong radon concentra-
tion anomaly exists. The median time between the anoma-
lies and the earthquake is in the order of 2 days. It is seen
that the CO, anomaly is nearly one day later than the radon
anomaly. A similar behaviour is shown in Figure 2 after the
strong Michoacan earthquake with the magnitude M, 7.2.
High radon anomalies were strong and very good corre-
lated to local and distant (200-km) earthquakes several days
before. It seems that EPOS, located at Dos Arroyos,
Guerrero, at 30 km to the west of Acapulco city is able to
sense earthquakes within a radius of 200 km. The radon
anomaly on August 14, 2000 can be correlated to the earth-
quake on August 17, 2000 because this week earthquake
with a magnitude of 3.8 is direct located near our measur-
ing station with a short for deep fluids transport. The same
behaviour was found for the anomaly on August 21, 2000
and the earthquake on August 26, 2000. Further, spring
water temperature seems to be affected by magnitude of
earthquakes (see Figure 3). In the time of higher seismic
activity the water temperature increased and by lower seis-
mic activity between the August 29 and September 14 the
water temperature was decreased (see Figure 4). An inves-
tigation of the high seismic activity that could be related to
higher flow of deep fluid transport could be worth to study
as preliminary results are shown.

CONCLUSIONS

EPOS has shown to be a reliable multiparameter meas-
uring system for earthquake precursors. Time resolution of
each sensor-electronic device is small enough for no loosing
spike signals. All parameters are integrated and storage in
EPOS at the same time period for an appropriate statistical
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Fig. 1. Example of the correlation between CO> and the radon concentrations from the spring well of Dos Arroyos and earthquakes in the

Guerrero-Oaxaca region. The legend shows the magnitude, the deep and the location of the earthquakes.
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Fig. 2. Example of radon concentration correlation of the spring well in Dos Arroyos and the earthquakes in the Guerrero-Michoacédn

region. Magnitude, time and distance of the Michoacdn earthquake are shown.
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Fig 3. Influence of the average (weekly smoothed) seismic activity on the water temperature in the spring.
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Fig 4. Correlation between the seismic activity and the water temperature in the spring.
analysis. EPOS good performance allows further long time ACKNOWLEDGEMENTS
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