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Abstract. Results of the ULF geomagnetic monitoring ofthe  Different long-term observatories on the electro-magnetic
volcano Popocatepetl (Mexico) and their analysis are sum{EM) environment of volcanoes are studied in different
marized and presented for the period 2003-2006. Our analeountries with high volcano hazards (Currenti et al., 2005;
ysis reveals some anomalies which are considered to be dinomoto et al., 2006; Fujinawa et al., 2006; Hata et al.,
local volcanic origin: the EM background in the vicinity of 2001; Kotsarenko et al., 2007), and reliable physical mod-
the volcano was found to be significantly noisier than at otherels for their interpretation are established (Kagiyama et al.,
reference stations; sporadic strong noise-like geomagneti@995; Kopytenko and Nikitina, 2004). In terms of this, the
activity was observed in the H-component; some geomagmain aim of our study was to analyze the geomagnetic data
netic pulsations were observed only at the Tlamacas statioobserved at the Tlamacas station, Popocatepetl, obtained dur-
(located at 4 km near the volcano). The results are discusseithg the period 2003—-2006 in order to find anomalies which
in terms of a physical mechanism involving the presence ofcould be related to geodynamical processes produced by the
a second magmatic chamber within the volcano and, finallyyolcano Popocatepetl.

further perspective directions to study volcanic geodynami-

cal processes besides the traditional ones are given.

2 Experiment and methodology

Permanent geomagnetic observations at volcano Popocate-
1 Introduction petl started in March 2002 at the seismic station Tlamacas

(CENAPRED, Long. 261.37, Lat. 19.07), situated 4 km north
The Popocatepetl volcano (nick named El Popo, Centrafrom the volcano crater. The first data were obtained by
Mexico, Long. 261.37, Lat. 19.02, 5465 m elevation) is onea Torsion type 3-axial magnetometer (GPS-synchronization,
of several active volcanoes that form the Trans-Volcanic Belt50 Hz sample frequency, designed at St.-Petersburg IZMI-
of Mexico (also know as Neo-Volcanic Axes) and its exis- RAN Dept.) which appeared to be contaminated by an in-
tence is related to the geodynamics of the North Americanensive periodical multi-band noise coming from the near-
and Coco plates. El Popo is a major geological hazard irburied seismograph cables, and the precision of the instru-
Mexico, because its sudden eruption threatens one of thenent went down. The next stage of the observations covers
world’s most populated areas (Mexico City situated aboutthe period 2003—2004 when we installed a 3-coordinate flux-
70 km southeast) and the nearby population of Puebla (aboujate magnetometer (GPS, 1 Hz, designed at UCLA). All the
45 km west) and Cuernavaca (about 60 km northeast) amonggsults presented in this paper are based on the data recorded
others. A major eruption would have serious consequenceby this last instrument. Some of them, related to the period
for 30 millions people living in communities on the flanks of during 2003—-2004 (Kotsarenko et al., 2005a), have a good
the volcano, and ash from such an eruption could also endarguality but cover relatively short time intervals (40 days for
ger aircraft using Mexico City international airport (Mas  the longest permanent series) due to the power cuts that fre-

Vazquez et al., 1995). quently occurred at the observation site. Eventually, a power-

ful no-brake UPS system was established in the 2005, hence
Correspondence toA. Kotsarenko we collected long series of reliable data (2005-2006) for a
(kotsarenko@geociencias.unam.mx) systematic analysis.

Published by Copernicus Publications on behalf of the European Geosciences Union.



22 A. Kotsarenko et al.: Geomagnetic anomalies observed at volcano Popocatepetl, Mexico

05-Mar-2005, SIGNAL. TLAMACAS (volcano station, in color) and JURIQUILLA (referring station, black lines) 16-Mar-2005
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Fig. 1. The spectral intensity of the noise background is higher

in the Tlamacas, 2nd panel: domination of more intensive orange _
colors in dynamic spectra contrary to the weaker green and blue &
seen at the 3rd panel, Juriquilla (the reference station). Top panel:
H-component signals, Tlamacas (blue line) and Juriquilla (black).
2nd and 3rd panel: Tlamacas and Reference spectrogram dynami

spectra. Bottom panel: Dst index of geomagnetic activity.
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Our study includes the analysis of dynamic spectra as a
part of a traditional analysis for the continuous component P R e T e e ta]
of the magnetic field and the analysis of geomagnetic micro- time, UT
pulsations for the pulse component. Temporal intervals with
a high geqmagnetlc activity (estlmgted by'equatt')ﬁgl In- in the noise amplitude) perturbation observed in H-component of
dex) are discarded from the analysis. To distinguish the Ioca[he signal at Tlamacas station (1st panel, blue line) compared to
character of the observed phenomena from the global onegye reference signal at station Juriquilla (back line) and its dynamic
we Compared our I’esultS W|th those Calculated for a Statiorl;pectra (pane|s 5) Panels 2 and 3 (signaj), 6 and 7 (spectra): the
of reference: the closest Mexican station Juriquilla (JU2) in-background noise level in D- and Z-components is also enhanced
tegrated to the Mid-Continent Magneto-seismic Chain (Mc-but much lower than in H-. Reference (not-perturbed) Juriquilla

MAC, see Chi et al., 2005) equipped with the same instru-spectra (lowest panels, 8—10) observed under geomagnetically quiet
ment. period (panel 4Dy, index of geomagnetic activity).

Fig. 2. The intensive (10§ change of the base value, up t0;50

Further, there was a strong noise-like geomagnetic activity

3 Results and their discussion in the horizontal (H-) component of the magnetic field with

an intensity of up to tens of gammas (nT) and duration from
The analysis of the results shows, first of all, an average leveseveral hours up to 1-2 days (Fig. 2) 39 times within the ob-
of the background electro-magnetic (EM) noise in the vicin- servation period 2003—2006. In the other components, dec-
ity of the volcano markedly stronger than in the referencelination (D-), and vertical (Z-), the signal is very small com-
station (Fig. 1). This observation becomes important sincepared with the horizontal component. The events were only
we take into account the following considerations. The vol-few times accompanied by weak and moderate volcano erup-
canic station Tlamacas operates in the electromagneticallyions (mostly gas or water), local seismic events, and tremors.
quiet zone, free from human or industrial activities. On the Several times the mentioned perturbations entailed a shift
contrary, the reference station Juriquilla is situated at a Uni-at the signal base line, with a level greater than j1Glso
versity campus near the north industrial part of Queretaroshown in the Fig. 2. Similar links to the observed phenom-
city, where the EM background is definitely greater. In fact, ena were presented in Martin-Del Pozzo et al. (2002). The
this increased EM background was permanent during all thesignificant differences between these results and ours are that
monitoring period. The possible sources of the perturbedhese authors used a total field magnetometer system and,
magnetic field seem to be: re-magnetization processes in thénerefore, could not distinguish the polarization of the ob-
rock medium due to thermal heating and self-induction of theserved signals. The actual polarization of the perturbations,
conductive magmatic currents in the geomagnetic field. mostly expressed in the horizontal component, makes the re-

Adv. Geosci., 14, 2124, 2008 www.adv-geosci.net/14/21/2008/



A. Kotsarenko et al.: Geomagnetic anomalies observed at volcano Popocatepetl, Mexico 23

30-Mar-2005, SIGNAL. TLAMACAS (volcano station, in color) and JURIQUILLA (referring station, black lines )
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Fig. 3. Schematic source configuration for the flat magmatic camera

(ring) for the calculation of the magnetic field in the observation Fig. 4. The table of symbols is the same as in Fig. 1. The example

point (P). of locally generated geomagnetic micro-pulsation observed during
a long fumarolic eruption of several hours.

time, UT

cently obtained resultimportant because it indicates a certain i i
anisotropy for their generation, or a specific geometry of the €€/ is the value of the electric currenk (k) and E (k)

source system. The majority of natural physical mechanism&'€ the elliptic integrals_of the first and the secqnd kinds. We
capable of producing similar perturbations, such as the al@ssume that the volcanic rocks are nonmagnetic. In our case,

ready mentioned re-magnetization and magmatic flows areln® magnetic component in one specified direction domi-

in general, isotropic. Another suitable mechanism, magnetol'ates: A possible origin of such a field can be the loop with

striction, implies friction in the rock medium, i.e. tectono- electric current oriented in the vertical direction, when the

volcanic events (tremors) and therefore does not match thgormal vector to the area of the loop is d|re(.:ted along the

evidence, because most of the observed perturbations occllf€ S-N. Under conditions <R, y~R we have:

under seismically quiet periods. LoR?I
Here we present an original mechanism of the genera, ~0; B, ~ 2RZ 4 3232

tion, which can theoretically explain the strict polarization (R +y%)

of the perturbations. It is based on the specific geometry 0fin this configuration, the measured magnetic field is directed
the source. We propose the possible existence _of an addjong y-axis. For the estimations, we uBe2 km (a possi-
tional lateral magmatic camera (or broad magmatic channelpje size of current loop within the volcano’s bodyk2 km,
besides the main magmatic reservoir. This camera shoul(j;y;loo nT. From Eq. (2), one can get10%A.

have flat geometry and be oriented strictly perpendicular to ~Assuming the shape of the ring as a torus with the radius

the line S-N, which almost coincides with the axis Station of its internal cross-section R, it is possible to estimate a
Tlamaca}s - .Popocatep.etl C_rater with a very smalll dev'at'onpossible density of the current within such a torus:

From this, circular motions in that hypothetical flat camera

will produce manifestations of the H-component of the geo- . [

magnetic signal only. . 3)

To estimate a possible current configuration that could N - .

. i . The estimations for realistic values of such a radigs200 m
yield the measured values and directions of the magnetic ive i~0.01 A/n?
field, let us consider the simplest circular closed loop with give j~o. .' L .
current (see Fig. 3). It is well-known (Batygin, Toptygin Of course, this model is still very hypothetic. However,

1978) that the magnetic field of the loop with electric current some encouragmg.suppo_rt came f“’”.“ ours colleagues: a.nal-
is given by the formula: ysis of the spatial distribution of magnitudes of the local seis-

micity in the vicinity of volcano Popocatepetl points out a

&)

/ R2 4 02 4 2 possible existence of a new volcano magma chamhétiga
, = oo Y x |-k +—L Y pxy|:  and Valdes, 2007). Eventually, to prove this hypothesis, per-
21 p[(R + p)? + y?1%/2 (R — p)?+ y? - - - -
manent simultaneous observations at different points (at least

_ mol 1 " {K(k) N R? — p?2—y? E(k)} _ 4) separated by distances of 1-10 km and situated at different
Y721 (R + p)2 4 y2]Y2 (R — p)2+y2 ’ heights are desirable. But, of course, a more solid confirma-
) 4Rp tion can be obtained from geophysical and geological studies

By =0, k"= R+ p)2+y2 1) in the area of the volcano.
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Finally, we detected geomagnetic micro-pulsations with Edited by: P. Fabian
arbitrary elliptical polarization, locally generated in the Reviewed by: two anonymous referees
vicinity of the volcano, not observed in the reference sta-
tion. The event presented in the Fig. 4 was observed durin
an intense and long-duration fumarolic eruption (it started
at 11:21 b.y UT’ and the CI.OUd raised to-1.5 km. moving In Batygin, V. and Toptygin, .. Problems in Electrodynamics, N.Y.,
the N-W direction). We est|mat.e that their poss@le SOUrCeS  academic Press, 574 pp., 1978.
could involve collective properties of the extending aerosolcp p, j. for the McMAC Team.: Observations by Mid-continent
(dusty) plasma like the generation of different plasma insta-  Magnetoseismic Chain (McMAC) and their use in space weather
bilities due to the motion of the ionized (and metallic) parti-  research, Proceedings of the 36th COSPAR Scientific Assembly,
cles erupted from the crater. Unfortunately, the precision of Beijing, China, 16-23 July, A02530http://www.cosis.net/
the instrument (noise power is 1OnT%/Hz at 1 Hz) prevent abstracts/COSPAR2006/02530/COSPAR2006-A-02530-,1.pdf
us to confidently resolve them from the enhanced noise level, 2006.

especially at the time when the eruption began. Currenti, G., Del Negro, C., Lapenna, V., and Telesca, L.. Mul-
tifractality in local geomagnetic field at Etna volcano, Sicily

(southern Italy), Nat. Hazards Earth Syst. Sci., 5, 555-559, 2005,
. http://www.nat-hazards-earth-syst-sci.net/5/555/2005/
4 Conclusions Enomoto, Y., Hashimoto, H., Shirai, N., Murakami, Y., Mogi, T.,
In the present paper we have described geomagnetic anoma- Takgda, M., and Kasahara, M.: Anomalqus geoelectric signa_ls
lies observed in the volcano Popocatepetl and have discussed POSsiPly refated to the 2000 Mt. Usu eruption and 2003 Tokachi-
possible mechanisms of their generation. The first two phe- OKi €arthquakes, Phys. Chem. Earth, 31, 319-324, 2006.

nomena observed. EM noisv backaround and stron burstI_:ujinawa, Y., Matsumoto, T., litaka, H., Takahashi, K., Nakano, H.,
! y 9 9 Doi, T., Saito, T., Kasai, N., and Sato, S.: Earliest detection of

!'ke activity, reveal manifestations of the internal d_ynam- magma movements by measuring transient streaming potential,
ics of the volcano related to the local geomagnetic field, pnys chem. Earth, 31, 223-233, 2006.

and, therefore, the|r fUtUI’e ana|ySIS COU|d be useful to Ob'Hata’ M_’ Takumi’ |.7 and Yasukawa1 H.: E|ectr0magnetic-wa\/e ra-
tain some latent processes at the body of the volcano, which diation due to diastrophism of magma dike growth in Izu-Miyake
are difficult to locate by traditional methods. The last phe- volcanic eruptions in Japan in 2000, Nat. Hazards Earth Syst.
nomena, the locally generated magnetic pulsations, can also Sci., 1, 43-51, 2001,

serve as a marker for the direction and velocity of the inten-  http://www.nat-hazards-earth-syst-sci.net/1/43/2001/

sive fumarolic motion (using triangulation technique in the J&rez, A., Gay, C., and Flores, Y.: Impact of the Popocate-
case when the geomagnetic station set is greater than 4) and, petl’s volcanic activity on the air quality of puebla City, Mexico,

therefore, can be also useful for an efficient prevention of the  Atmosfera, 57-69, 2005. _
. . Kagiyama, T., Utada, H., and Yamamoto, T.: Electromagnetic struc-
pollution in the air and nearby populated lands.

= h id . dh h ture ang magma ascending process, in: Unzen volcano: The
rom the considerations presented here, one can see the ;994 199, Eruption, (Ed) Ohta, K., Nishinippon and Kyushu,

nheed_fpr_ furﬂ;err] mea}suremen(;_sﬁof thelgeomagnetic field (ijn Univ. Press, Fukuoka, 74—79, 1995.
L ed\.llcmlty 0 2‘ f \i%ﬁano a(;[ y eregt o‘é‘?‘]}f'ons’ Sheparzate. Kopytenko, Yu. and Nikitina, L.: ULF oscillations in magma in the

y distances or 1— man .S't“.ate at different neig ts, In period of seismic event preparation, Phys. Chem. Earth, 29, 459—
order to reconstruct the distribution of the electric current 462. 2004.

within the body of the volcano and monitor intensive fu-

eferences

i Hi | lUSi ise inst t Kotsarenko, A., Grimalsky, V., Perez Enriquez, R., et al.: Volcano
marolic eruptions. In conclusion, more precise instruments Popocatepetl, Mexico: ULF geomagnetic anomalies observed at

(_magrl;ler'gomﬁters) "ge desirable TIOW for tr?e _ach:ura(;e reTolu- Tlamacas station during March—July, 2005, Nat. Hazards Earth
tion of the observed events. Finally, geophysical and geolog- gy, °S¢i” 7. 103-107, 2007,

ical studies are needed for the interpretation of the obtained hitp://www.nat-hazards-earth-syst-sci.net/7/103/2007/
results, and first of all, to prove our hypothesis about the posy, : ) '

- . ; ) adas Vazquez, J. L., Carrasco (Nez, G., Delgado
sible existence of a new magmatic reservoir.
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