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Abstract. In this paper the first results of ULF (Ultra (about 60km northeast) among others. More than 30 mil-
Low Frequency) geomagnetic anomalies observed at Tlalion people live within view of the volcano and hundreds of
macas station (Long. 261.37, Lat. 19.07) located at 4 kmthousands of people would be endangered by hazards associ-
near the volcano Popocatepetl (active volcano, Long. 261.37ated with a large explosive eruption of the volcano (Mac
Lat. 19.02) for the period March—July, 2005 and their analy-Vazquez et al., 1995). A major eruption would have serious
sis are presented. The geomagnetic data were collected wittonsequences for people living in communities on the flanks
a 3-axial fluxgate magnetometer designed at UCLA (Uni-of the volcano, and ash from such an eruption could also en-
versity of California, Los Angeles, 1 Hz sampling rate fre- danger aircraft using Mexico City international airport.
quency, GPS). Our analysis reveals some anomalies which

are suspected to be generated by local volcanic origin: the About 30 eruptions have been reported in historical time
EM background in the vicinity of the volcano is signifi- (although documentation is poor); the latest significant ac-
cantly noisier than in other reference stations; the sporaditivity took place in 1920-1922. At present, El Popo is
strong noise-like geomagnetic activity observed in the H-a intermittent source of ash, periodically polluting nearby
component; locally generated geomagnetic pulsations (withmetropolitan areas (dwez et al., 2005). Due to all this,
out preferred polarization) are detected only at Tlamacas stathe Popocatepetl volcano is the object of constant seismic
tion. and volcanic monitoring by CENAPRED (National Mexican
Center for Prevention of Disasters) and therefore our own
interest to establishing geomagnetic stations for continuous
monitoring.

1 Introduction

The object of our interest, the Popocatepetl volcano (nick Different long-term L,JLF (Ultra Low .Frequency, 1-
named El Popo, Fig. 1a), is located in Central Mexico 100 Hz) Electro-Magnetic band observations from all over
(Long. 261.37, Lat. 19.07, elevation 5465m). It is one of the world (see the comprehensive monographs by Hayakawa,
several active volcanoes that form the Trans-Volcanic Belt}994. 1999, and Hayakawa and Molchanov, 2002) point

of Mexico (also know as Neo-Volcanic Axes) and its exis- 1€S€ as very promising for monitoring EM emission gen-

tence is related to the geodynamics of the North Americar€rated in the period preceding strong seismic events. The

and Coco plates. El Popo is a major geological hazard mnumber of volcano-related EM studies is still small but some
Mexico: if a sudden eruption would take place (Fig. 1b), it of them deserve mentioning (Currenti et al., 2005; Enomoto,

could result in one of the most dramatic natural disasters irEt &l 2006; Fujinawa et al., 2006; Kotsarenko et al., 2005b)

the contemporaneous history of Mexico due to the fact thaS they provide the possibility of generation of similar sig-

El Popo is situated near one of the world's most populateonals associated with volcanic activity. In terms of this, the

areas: Mexico City (about 70 km southeast) and the nearb;?na'n aim of our study was to analyze reliable geomagnetic

populations of Puebla (about 45 km west) and Cuernavacgata observed at the Tlamacas station, Popocatepetl, obtained
during the period of March—July, 2005, to look for anomalies

Correspondence toA. Kotsarenko which could be related to geodynamical processes produced
(kotsarenko@geociencias.unam.mx) by volcano Popocatepetl.
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Fig. 1. Quiet volcano, January 2005 (top). Lava eruption, De-
cember 2000 (bottont).

Fig. 2. Map of the volcano Popocatepetl (marked by the red cir-
cle) and Tlamacas station (blue arrow) — (tajp, A view for the
ight volcano eruption (water and gases) from the Tlamacas station

2 Experiment and results

The geomagnetic monitoring of the volcano Popocatepetl|
was established on March 8, 2002 as a complimentary part (bottom,b).

of the Tlamacas seismic station (CENAPRED, Long. 261.37,

Lat. 19.02), which is located within 4km of the volcano

crater (Fig. 2a, b). The first data collected by a Torsion typeZOOS permitted us to collect a five-month interval of constant
3-axial magnetometer (GPS-synchronization, 50 Hz samimonitoring data (March-July, 2005), which are analyzed in
ple frequency, designed at St-Petersburg Division of 1ZMl- this paper.

RAN) appeared to be contaminated by an intensive periodi- Our study includes the analysis of dynamic spectra as part
cal multi-band noise coming from near-buried seismographof a traditional analysis for the continuous component of
cables, and the precision of the instrument went down. Thahe magnetic field and the analysis of geomagnetic micro-
data collection was renewed in 2003 with a 3-coordinate flux-pulsations for the pulse component. Temporal intervals with
gate magnetometer (GPS, 1 Hz, designed at UCLA). The rehigh geomagnetic activity (estimated with the aid of the
sults obtained for the 2003—-2004 (Kotsarenko et al., 2005agquatorialD;, index) are normally discarded from the analy-
could be considered unreliable, since the observation spotsis. In order to distinguish the local character of the observed
covered short time intervals due to the occurrence of numerphenomena from the global ones, we compared our results
ous power cuts. The installation of a powerful USP system inwith those calculated for a reference station (the closest
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Fig. 3. The spectral intensity of the noise background is higher in Fig. 4. The intensive perturbation observed in the signal at Tla-
the Tlamacas, 2nd panel: domination of more intensive orange colmacas station (blue line) compared with a reference (Juriquilla) sig-
ors in contrary to the weaker green and blue seen at the 3rd panefal (back line, top panel) and its spectra (2nd panel). Bottom panel:
Juriquilla, the reference station. Top panel: H-component signalsDs: index of geomagnetic activity. The Perturbation and its spectra
Tlamacas (blue line) and Juriquilla (black). 2nd and 3rd panel: Tla-are marked by ellipses.
macas and Reference spectrogram accordingly. Bottom pBggel:
index of geomagnetic activity.
in the North-East direction). The observed pulsations
normally do not reveal any dominant direction (arbitrary
Mexican station Juriquilla, Long. 259.6, Lat. 20.6) integrated polarization).
to the Mid-Continent Magneto-seismic Chain network and
equipped with the same instrument (McMAC, see Chi et al.,

2005). . _ .3 Discussion
The analysis of the obtained results shows the following
tendencies: As the observed phenomena were free from EM industrial

. o noise place, and taking into account the relatively short time
1. The general EM background in the vicinity of the vol- ¢ o\ ohservation, we present here some possible models to
cano is significantly noisier than in Juriquilla (Fig. 3). explain the mentioned anomalies:
The observed feature has a mostly permanent character.
1. As the magma itself possess good conductive proper-
2. Srong noise-like geomagnetic activity in the H- ties, convective circular motion in the magmatic reser-
component of the magnetic field with intensity up to voir may create a perturbed magnetic field due to a self-
tens of gammas (nanoteslas) and duration from several  induction effect.
hours up to 1-2 days was detected 13 times during the
time of observations (Fig. 4). The physical cause of 2. The thermal heating may induce re-magnetization pro-
the mentioned phenomena is still unclear. For instance: ~ cesses in the rock medium.
the strongest event shows a change of base value of
about 10¢y while a noise amplitude of about aQpre-
sented in Fig. 4), was observed in the geomagnetically
quiet period, 2 days after the volcano-tectonic earth-
quake (magnitude 2.7, depth 4.0km) and under a mod- 4. The effect of the magneto-striction simulated by
erate number of volcanic eruptions (15 eruptions during  stressed rock movement may also be a possible source
this day). More detailed discussion of the possible cause  of the generated emission (in analogy to the electro-
of the phenomena is presented in the next chapter. striction).

3. Different mechanisms of micro-fracturing (already de-
veloped) may be enhanced by conductive currents in the
lava.

3. Some geomagnetic pulsations are detected at Tlamacasmong the observed anomalies one (the highly perturbed
station that were not observed in the reference statiorH-component, Fig. 4) is a subject of a special interest and
data. The phenomena presented in Fig. 5, occurred durshould be discussed separately. Asdicenot detecany per-
ing the intensive fumarolic eruption (the eruption began turbation either in D- or vertical (Z-) components of the geo-
at 11:21 (UT), the cloud elevated up to 1500 m, moving magnetic field, such polarization assumes certain anisotropy
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30-Mar-2005, SIGNAL. TLAMACAS (volcano station, in color) and JURIQUILLA (refering station, black lines )
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Fig. 5. The table of symbols is the same as in Figs. 3-4. The ex-Fig. 6. Moderate eruption (fumarola), 30 March 2005. Mexico
ample of locally generated geomagnetic micro-pulsation during theNational Center of Prevention of Disasters (CENAPRED) photo.
eruption (see Fig. 6) is marked by an ellipse.

the volcanic geodynamical processes, besides the traditional
in the mechanism of its generation. In other words, theones. However, future experimental observations are neces-
source responsible for it should have a specific geometrysary to be able to choose between the physical mechanisms
The two mechanisms proposed before (re-magnetization anthat were provisionally proposed. These should be then ex-
micro-fracturing) cannot produce the necessary effect betended to comply with more reliable models obtained from
cause of their pure isotropic character. The last two mechsimulations using real geophysical parameters.

anisms cartheoreticallygenerate a perturbation in the men- _ _
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