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Introduction:  
 
 MTU’s UV camera was deployed to Guatemala for four weeks from December 2008 to 
January 2009.  Using the camera, high-temporal resolution SO2 emission rate data were obtained 
at both Santiaguito and Fuego volcanoes.  Data were collected along with concurrent seismo-
acoustic measurements of volcanic activity, and were intended to complement data from similar 
field campaigns conducted in January 2007 and 2008 at Santiguito, and in January 2008 at 
Fuego.  Visual observations of eruptions were also made, when possible.  The intent of the data 
collection was to integrate the geochemical and geophysical datasets as a means of determining 
the links between subsurface and surficial volcanic processes.  Data collection methods and 
preliminary results are discussed below. 
 
Santiguito volcano: 
  

Santiaguito volcano, located in southwestern Guatemala, is part of the Santa Maria 
volcanic complex.  Situated in the crater left by Santa Maria’s catastrophic 1902 eruption, 
Santiaguito itself is a series of domes that have formed since the Plinian activity of 1902.  
Caliente is the vent presently erupting, with current activity characterized by lava flows, fuming, 
and regular (approximately 1 per hour) explosive eruptions (Figure 1). 

For data collection, the UV camera was stationed at INSIVUMEH’s volcano observatory 
approximately 7 km from the active dome.  Images were obtained daily from 30 December 2008 
– 6 January 2009 with weather conditions near the dome usually providing 2.5 to 5 hours of clear 
imaging conditions each morning.  Throughout the UV camera measurement campaign, seismic 
and infrasonic measurements were also being recorded by a network of stations around the dome 
complex. 

The camera was outfitted with a Coastal Optics quartz SLR lens to allow transmittance of 
the desired UV wavelengths and an adapter in order to be compatible with the camera body.  An 
Andover Optics bandpass filter with a full width half max bandwidth of 10 nm centered at a 
wavelength of 307 nm was employed in order to isolate the region of the UV spectrum in which 
SO2 absorbs.  The camera body and lens configuration were wrapped in dark fabric to minimize 
leakage of light into the instrumentation.  The entire package was then mounted on a tripod for 
ease of aiming at the subject matter, and images acquired via a camera control software package, 
MaximDL. 

Preliminary images were taken to focus the camera on the volcanic edifice as well as to 
determine the correct exposure time for ideal image acquisition.  Camera pixels saturate at values 
above a digital number of approximately 65,000, and values below 32,500 may lead to erroneous 
concentration path-lengths of SO2 following conversions (Dalton et al., submitted).  



Accordingly, exposure times were adjusted throughout daily measurements to ensure maximum 
digital numbers falling between 40,000-50,000.  Once a suitable exposure time was determined, 
a sequence of images would be taken.  Periodically over the course of plume measurements, 
clear sky and calibration cell images would also be acquired.  In total, eight days of 
measurements yielded images associated with 25 explosions, as well as the associated passive 
degassing/fuming. 

Observations (from this and previous years) suggest that two styles of exhalations were 
produced from the Santiaguito dome: explosive events with impulsive onsets, and events with 
more emergent inception.  The variation in these plumes is significant, since the conduit 
dynamics leading to dissimilar activity indicate a complex dome structure and eruption 
mechanism.  The change in activity style could be a function of repose duration and/or leakiness 
of the system.  An analysis of the effect of repose time can be accomplished by calculating the 
SO2 mass emitted between eruptions via the UV camera record.  The difference between a 
theoretical steady degassing rate and the integral of the gas emission rate curve provides a 
measure of degassing that has not occurred - essentially the stored gas flux between exhalations. 
This calculated stored gas flux will be compared to changes in eruption style to evaluate the 
possible connection between activity, repose time, and the completeness of dome sealing.  
Preliminary analysis of the images indicates that fumarole activity is detectable by the UV 
camera, and that this activity is inconsistent.  Location and intensity of fumarole activity (i.e. 
flux rate) will also be documented and compared to the record of eruption style.  Fumarole 
activity could indicate increased leakiness of the dome, or increased activity of a particular dome 
pathway. 
 
Fuego volcano: 
 

Fuego volcano is a basaltic stratovolcano (~3800 m.a.s.l) located approximately 17 km 
southwest of Antigua, Guatemala.  The currently active cone in a complex that includes the 
Meseta edifice and Acatenango volcanoes to the north, Fuego is characterized by a range of 
activity levels.  Lava and pyroclastic flows are not uncommon and a large sub-Plinian eruption 
occurred in late 1974.  During this fieldwork, activity was dominated by passive degassing 
accompanied by intermittent tephra eruptions of variable size (Figure 2).  Explosions ranged 
from small puffs of ash that mixed with the passive gas plume to larger, convective columns with 
ejected bombs. 

The UV camera was placed on the Meseta sector of Fuego volcano, approximately 1 km 
from the erupting vent (Figure 3) from 9 – 21 January 2009.  An extensive array of seismo-
acoustic stations was also deployed, with ~5 stations installed around the circumference of the 
volcano for full azimuthal coverage, in addition to a 5 station antenna located to the north of both 
the vent and the camera (for more detailed seismo-acoustic methodology, see accompanying 
field report).  Unseasonable weather (thick clouds) was prohibitive on most days, resulting in 
collection of imagery on only 3 dates (January 12th, 14th, and 21st).  On the 21st, several stationary 
mini-DOAS scans of the passively degassed plume were also made for comparison with SO2 
retrievals from camera images. 

Data were collected in the same manner as described above for Santiaguito.  Collection 
on January 12th yielded 300 images, the 14th 7750, and the 21st 8970.  Of those, all from the 12th 
were useable, while 4303 from the 14th and 3170 from the 21st had to be removed from the 
dataset as a result of ash or meteorological clouds skewing the retrievable SO2 signal in the 



images.  Following data collection, images were post-processed using MATLAB in order to 
convert raw imagery into maps of SO2 concentration path-length (Figure 4) and, subsequently, 
profiles of integrated column amount (ICA), which, when multiplied by a plume speed, yield 
emission rates of SO2.  Mini-DOAS data have not yet been processed. 

Previous work with a mini-DOAS instrument at Santiaguito has shown decreases in 
SO2 output prior to explosive events (Branan, 2007).  Longer term sealing prior to eruption 
has also been noted at other volcanoes (e.g., Zapata et al., 1997).  Preliminary evaluation of 
camera-derived emissions at Fuego in January 2009 indicate similar decreases before some 
events (Figure 5), and may indicate short-term sealing of the vent.  However, given that 
Fuego is much more mafic than Santiguito, there may be a different mechanism for 
decreased emission rates involving, for example, gas bubble coalescence (e.g., Ripepe and 
Gordeev, 1999).  Additionally, some small low-frequency seismic events, with no explosion 
signal in the acoustic record, are associated with short-term increases in SO2 output from the 
volcano (Figure 6).  This suggests gases may drive long-period seismicity at Fuego as it is 
thought to do at other volcanoes (e.g., Chouet, 1996; Jaupart and Vergniolle, 1989; Petersen 
et al., 2006).  Future work will involve location of discrete seismic events as well as 
investigation of the frequency content of the seismicity and infrasound and any changes in 
frequencies as they may relate to variations in SO2 emission rate.  Comparison of UV 
camera-derived SO2 emission rates and mini-DOAS emission rates will also be made.  
Pending all results, a similar field campaign may be planned for January 2010 in hopes of 
more favorable weather conditions and a larger UV camera dataset. 

 
 



Figures: 
 
Figure 1: Passive degassing (left) and explosive activity (right) at Santiaguito volcano 

 

 



Figure 2: Passive degassing (left) and explosive activity (right) at Fuego volcano 
 

 



Figure 3: (a) Map of Fuego summit and Meseta edifice.  Yellow star indicates location of UV camera 
during field measurements.  (b) Camera and plume from measurement site. 
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Figure 4: Example of SO2 concentration path-length map created from UV imagery of Fuego volcano 

 

 



Figure 5: Example of SO2 decrease prior to an explosion at Fuego 
 

 



Figure 6: Example of SO2 increase coincident to low-frequency seismic event at Fuego 
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