
Regional activity
During the experiment many tectonic 
earthquakes associated to the regional seismic 
activity were recorded. These events usually 
have a spectral content in the 1-10 Hz frequency 
band.

Spectral analysis
From a detailed spectral analysis the events classified as LP present at least one spectral peaks in the following four frequency bands:
2.0-4.0 Hz is the dominant spectral content, notable even without any filter application
0.5-1.5 Hz highlighted by filtering the signal above 0.5 Hz
5.0-6.0 Hz less energetic than 2-4 Hz although usually well visible
7.0-10.0 Hz visible by filtering in the band 6.0-12.0 Hz   

Some LP earthquakes have a dominant spectral content in a lower frequency band (0.05-1.000 Hz) 

Volcanic activity
Seismic signals associated to the volcanic activity can be discriminated in:
LP events with spectral content in the 0.05-1 Hz frequency band
LP events with spectral content in the 2-4 Hz frequency band
Volcanic tremor with spectral content in the 0.05-1 Hz frequency band  
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In the framework of the FIRB project # 2-13-3-46-23 aimed to study  high risk explosive volcanoes, a seismic survey on Colima volcano was carried out by the Osservatorio Vesuviano (OV) – INGV,  the Observatorio Vulcanologico of Colima
University and the Instituto Andaluz de Geofisica (IAG) – Universidad de Granada, from November 2005 to May 2006.
At the present several studies are being carrying out on the seismic wavefield associated to the activity of quiescent volcanoes, in order to better understand the eruptive dynamics, to associate the seismic precursors to the different phases of the 
volcanic activity and therefore to improve the risk analysis. This may result very useful also for those volcanoes, like Mt. Vesuvius, whose explosive activity has never been observed since the installation of the modern monitoring systems.
In this context Colima volcano was selected by considering the characteristics of its volcanic activity and the easy logistic favourable to carry out a four months continuous seismic survey. Colima volcano displayed a wide spectrum of eruption 
styles, including phreatic explosions, major block-lava effusions, and large explosive events. At the time of the experiment its volcanic activity consisted in small volcanian eruptions  (2-3/day). During this seismic survey a considerable data set 
composed by high quality digital signals was acquired by four broadband sensors recording in continuous way. This small mobile seismic network was installed at the end of November 2005 and remained in function until the beginning of May 
2006.  In addition, the available database includes seismic waveforms recorded by the permanent seismic network (RESCO) operating on Colima volcano, managed by the Observatorio Vulcanologico of Colima University. 
The aim of the present experiment is the detailed study of the elastic wavefield associated with the eruptive dynamics of  Colima Volcano. 

Instruments and dataset Instruments installed on the territory of Colima State (RESCO):
Instruments installed on the Colima Volcano: 5 vertical-component short-period sismometers
4 three-component broad-band seismometers (OV-INGV) 1 three-component short-period seismometer 
5vertical-component short-period seismometers (RESCO) 1 three-component broad-band sismometer.
2 three-component broad-band seismometers (RESCO)
1 seismc array sismico installed on the southern flank of the volcano, composed 
by 9  vertical- and 1 three-component short period seismometers (IAG)

Maps (regional scale on the left and local scale on the rigth) of the OV-INGV Mobile Seismic Network stations (green circles) 
installed on Colima Volcano during the 2005-06 seismic survey. The RESCO seismic stations are represented by the  yellow 
symbols.

Recent activity of Colima Volcano
First stage: 1997-2001
• November 28, 1997- November 20, 1998: increase of the seismic 

activity. More than 15.000 small earthquakes  occurred mainly in five 
swarms. Deformation of the volcano edifice.

• November 20, 1998 – February 10, 1999: block-lava flow producing 
3.9×107 m3 of lava.

• 1999-2001: explosive activity.

Second stage: 2001-2003
• May, 2001- February, 2002: growth of a new lava dome in the crater.
• February, 2002 – February, 2003: block-lava flows, accompanied by a 

few pyroclastic
• flows.
• End of February, 2003: growth of a new lava dome.
• March – June, 2003: small explosions and degassing occurred beneath 

the dome;seismic activity reached its maximum level.
• July – August,  2003: strong explosive activity. Two large explosions 

on July, 17 and August, 28. Collapse of the dome; lava blocks expelled 
to heights of about 500 m; eruptive column up to 3.000 m high; 
pyroclastic flows; rockfalls. Formation of a new summit crater, 200 m 
across and 30 m deep.

• From September,  2003 up to now: weak explosive activity (2-3 
explosions/day).

Classification of the seismic 
signals

The recorded seismic signals were 
classified on the basis of:

their waveform
the spectral properties
the distribution of the arrival times 

at the different stations

Identified typologies:

Low frequency event (LP)       522
Volcanic tremor
Local earthquakes                  18                           
Regional earthquakes            304
Teleseisms 12 

Seismic waveforms and spectrogram associated to the volcanic activity of Colima Volcano.

Polarization analysis
The polarization analysis was performed on the most energetic LP earthquakes. The particle motion 
clearly shows that the radial component of the wavefields points towards the source located in the 
crater area.

Earthquake location
The LP earthquakes were located by using a 3D grid-search 
algorithm. The results indicate shallow hypocentral depths, 
mainly clustered in the first 3 km.

Conclusions
The quantity and high quality of the collected data encourage to
carry on detailed analysis to understand the explosive activity 
and the internal structure of Colima volcano.
In particular, this data set will be used for the following 
purposes:

•Detailed spectral analysis and search of signals with similar 
properties (families);

•Study of the characteristics of the seismic wavefield related to 
the volcanic explosive activity;

•Determination of the quality factors and characteristic 
frequencies (and their temporal variations), in order to infer the 
properties of the fluids involved in the dynamic process;

•Moment tensor inversion to understand the dynamics of the 
seismovolcanic sources;

•Study of the seismic anisotropy...

Sompi analysis
Sompi is a spectral analysis technique based on an autoregressive (AR) 
model and it allows the estimate of frequencies and growth rates which 
characterize the decaying oscillations of the tail of the signal. We applied 
this technique to an LP recorded at COCA station. The cumulative
frequency-growth rate shows that three frequencies (0.7, 0.9, 1.2 Hz), 
corresponding to the main spectral peaks, are resolved. The quality 
factor, related to the decay rate of the tail, is on the order of 12. 
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An example of seismic signal associated to an explosion is reported below the 2005-06 seismic survey. 

Vertical component of COCA station: Seismic 
waveform and spectrogram associated to the 
LP event occurred on November 27, 2005, at 
01:19 GMT. 

Vertical component of COCA station: Seismic 
waveform and spectrogram associated to the LP event, 
filtered in the frequency band 0.2-1.0 Hz, occurred on 
November 27, 2005, at 01:19 GMT.

Vertical component COCA station: Seismic waveform 
and spectrogram associated to the LP event occurred 
on November 27, 2005, at 01:19 GMT, filtered in the 
frequency band 6.0-12.0 Hz.

Vertical component of COCA station: Seismic 
waveform and spectrogram associated to the LP event 
occurred on November 27, 2005, at 01:19 GMT, 
filtered above 0.5 Hz.

Vertical component of COCA station: Seismic 
waveform and spectrogram associated to the 
LP event occurred on November 30, 2005, at 
17:34 GMT. 

Vertical component of COCA station: Seismic waveform 
and spectrogram associated to the LP event, filtered in 
the frequency band 0.2-1.0 Hz, occurred on November 
30, 2005, at 17:34 GMT.

Vertical component COCA station: Seismic waveform 
and spectrogram associated to the LP event occurred 
on November 30, 2005, at 17:34 GMT, filtered in the 
frequency band 6.0-12.0 Hz.

Vertical component of COCA station: Seismic 
waveform and spectrogram associated to the LP 
event occurred on November 30, 2005, at 17:34 
GMT, filtered above 0.5 Hz.

OV-INGV Broad-bend seismometer
(Lennartz LE-3D/20s )

OV-INGV 
seismic 
data 
logger
(Lennartz
MarsLight)

OV-INGV seismic instruments:
- Lennartz MarsLight data logger (in the middle)
- LE-3D/20s seismic seismometer (buried)
- Battery, power supply (on the right)


