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curring below the crust since those are related to processes not 
directly related to the processes below SMTV. The epicenters 
appear in Figure 3 and are of small magnitude (1.9 < Mc < 
5.5). The larger earthquakes studied by Iglesias et al. (2023) 
occur on the periphery of the volcanic field and are shown in 
the same figure.

Notice the relative scarcity of epicenters with a magnitude 
greater than 1.9 in the LTVF in 23 years. This feature cannot 
be explained by the location of the SSN stations since some 
stations to the west of the LTVF register events taking place 
on its eastern side. However, the LTN stations installed inside 
the volcanic field, close to the SMTV, recorded 60 microseisms 
occurring within the area (Figure 3).

The coda magnitudes of these events, determined with an 
RMS <0.8, fall in the interval 0.2<Mc<2.4 (see Appendix A 
in the Supplementary Material). Most of these events are not 
recorded by the stations of the SSN and had epicenters clustered 
in the proximity and to the south of the SMTV, with hypocenters 
above the 40 km depth.

To attain a more reliable assessment of the location of the 
hypocenters, we relocated the events using the DD method. Due 
to the requirements of this method, only 30 could be relocated 
and are also plotted in Figure 4. The epicenters of these events 
are relocated at about the same zone as the original locations; 
that is, they are clustered along the NW-SE direction that 
follows San Martin Volcano and the cinder cones on its SW 
side (see Appendix B in the Supplementary Material). The 

Sontecomapan and Catemaco Faults bound this area to the 
north and south respectively.

For nine of the above events with a clear S phase, we were 
able to obtain the focal mechanisms. The fittings of the S phases 
are shown in the Appendix C in the Supplementary Material, 
and the focal mechanisms in Figure 5.

To have an overall view of all the focal mechanisms in the 
area, they are also plotted in a ternary diagram following the 
method of Frolich (1992).

Frolich's method consists of plotting in a ternary diagram 
the pressure (P), tension (T), and null axes (B) derived from the 
focal mechanisms as follows:

The dip angle with respect to the horizontal of the pressure 
(δP), tension (δT), and null axes (δB) are orthogonal to each 
other and satisfy the relationship:

sin2δP + sin2δT + sin2δB = 1

Thus, the focal mechanism of a given event can be plotted 
uniquely in a ternary diagram with the following parameters:

fnormal = sin2δP
fthrust = sin2δT

fstrike-slip = sin2δB

Figure 3. Left: Location and focal mechanism of six moderate earthquakes with foci near the LTVF (Yellow diamonds. Modified after 
Iglesias et al. (2023). Right: Seismic stations (red squares) close to the Tuxtla Volcanic Field. SSN Stations: LVIG, TUIG, TOIG, OXIG, 
CMIG. Station UXUV, from Universidad Veracruzana, shares its signals with SSN. Purple dots: Epicenters of events less than 40 km deep 
registered from 2000 to 2023. LTN: Stations of the Los Tuxtlas Network (Blue diamonds).
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Such a diagram for the events of Figure 5, together with 
the earthquakes analyzed by Iglesias et al. (2023, Figure 2), is 
displayed in Figure 6. The ternary diagram is divided into zones 
with the terminology used by Khalil and Al-Arifi (2019).

The diagram shows that the larger earthquakes associated 
with the regional stresses have different azimuths and some 
strike-slip components but are mainly of the inverse type, 
suggesting that the regional stress is compressional. In turn, 
most of the focal mechanisms of the microearthquakes fall in 
the same field of events with significant inverse components. 
Zahn et al. (2022) analyzed the focal mechanism of the events 
associated with the 2006 activity of Augustine volcano, Alaska, 

and found that they show the effect of the regional tectonic 
stress, the volcano's edifice loading, and the stresses exerted by 
the magmatic intrusion (see also Aoki, 2022). At some point 
before an eruption, the last of these stresses surpass the others, 
and there is a change in the focal mechanism of the events 
under the volcano.

The micro-earthquakes occur all along the crust in the 
vicinity of San Martin volcano and, as shown by the relocated 
events from Figure 3, are clustered to the SE of SMTV and its 
proximity. The volume of the edifice of SMTV and its recent 
eruptions indicate that the transfer of magma to the surface is 
facilitated under the volcano.

Figure 4. Hypocenters of the microearthquakes located with the LTN recordings and the velocity model shown at the bottom right (red tri-
angles). The events relocated using the DD method are shown in blue circles. LTN Stations (orange squares): RATU, CHITU, SITU, MIHTU 
(see Supplementary Material for additional data).
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Figure 6. Ternary diagram for the focal mechanisms of moderate events (Iglesias et al., 2023) and those obtained with the events registered 
by the LVF, (Terminology of the mechanism zones after Khalil and Al-Arifi, 2019).

Figure 5. Focal Mechanism of nine events determined with S-wave fitting to signals from the LTN (Stations SITU, RATU, MITU, CHITU).
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6. Conclusions

Unlike the many cones and maars of the LTVF, which have 
erupted a small volume of material in an episode, the volume 
of the edifice of SMTV has been built through several frequent 
episodes of activity. The recentness of its last eruptions indicates 
that the transfer of magma to the surface is facilitated under its 
edifice; thus, in spite of its apparent quiescence, is a hazardous 
volcano that can present strong Strombolian eruptions distributing 
its eruptive products in an ample region. The present seismic 
activity under the SMTV is minor in magnitude and rate of 
occurrence, but its epicenters cluster near the SMTV with foci 
along the length of the crust, suggesting that the zone is a favored 
path for magma transfer to the surface and, therefore, should be 
monitored closely. A wide dispersion of the eruptive products 
would occur in case of an explosive eruption, as in 1793. In such 
a case, the eruption would likely be preceded by a swarm of 
more abundant microseisms in this zone, probably with a rapid 
migration of the foci from depth to the surface and with a strong 
orientation of the focal mechanisms. The results presented in 
this work should serve as a sample of the background seismic 
activity. In terms of monitoring, a more comprehensive network 
of seismic stations could provide substantial information on the 
internal state of the volcano, as well as reliable information on 
the location of the hypocenters and their focal mechanism.
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