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The purpose of this report is to give an introduction to the geology of Guatemala and 
to present the results and findings from my recent fieldtrip to the country. The trip to 
Guatemala was designed to teach about natural hazards and about the survival of a 
population which is constantly under threat from such disasters.  
 
Guatemala is situated on a destructive plate boundary where the Coscos plate is being 
subducted underneath the Caribbean plate. This has produced a mountain chain, the 
Cordillera Central, and a volcanic belt which includes the volcanoes Pacaya, Fuego, 
Agua and Santa Maria. This tectonic setting, combined with the climate of the area 
makes the country especially prone to natural hazards. The extreme topography 
means large landslides often affect the area especially during the wet season.  
 
Over the past few hundred years, Guatemala has experienced a number of large 
earthquakes which has resulted in the relocation of the capital city. In 1541, the first 
capital, Ciudad Vieja was destroyed by floods and an earthquake and survivors 
founded a second city, La Antigua Guatemala in 1543. However, earthquakes also 
repeatedly damaged the city (it has experienced 16 over the last few centuries), thus it 
led to the founding in 1776 the present Guatemala City.  
 
On Feb. 4th 1976, a magnitude 7.5 quake hit Guatemala City, killing 23,000 and 
injuring 76,000 people. The epicentre was 160 km northeast of the city and the quake 
was felt over 100,000 km2. There was extensive property damage and most of the 
adobe-style buildings just outside the city were completely destroyed, leaving 
thousands homeless. The earthquake occurred at the left-lateral strike-slip Motagua 
fault, which is part of the transform system between the Caribbean and North 
American plates. It comprises the northern boundary of the Caribbean plate and the 
North American plate moves along this boundary to the west at a rate of 2.2cm per 
year.  
 
The trip to Guatemala also allowed me to work with INSIVUMEH, the Guatemalan 
national institute of seismology, volcanology, meteorology and hydrology. I was able 
to work with some of the scientists who try to limit the damage produced by the 
natural disasters that occur in the country every year. It was while talking to these 
scientists that I first began to understand the problems a developing country comes up 
against when faced with such disasters and also the social and political problems that 
come with trying to produce feasible warning and evacuation procedures while 
conducting rescue efforts.  
 
While in Guatemala, what became apparent quite quickly was the relationship the 
people have with their land. Many towns and villages are built on the very fertile 
deposits left by large eruptions of the nearby volcanoes. The people are completely 
dependent on the land on which they live and survive by replacing large areas of 
forest with coffee. The coffee plants do not have long enough roots to keep the 
underlying ground stable so the area becomes more prone to landslides.  
 
I was also struck by the resilience of the people, despite constantly living in the face 
of danger you could not meet anyone who is more friendly, cheery or helpful then a 
Guatemalan. 



 
 
 
 
Figure 1 (right). The 
area studied while in 
Guatemala including 

Guatemala City, 
Antigua and Lake 
Atitlan. Figure 2 

(below) shows a more 
detailed picture of the 

areas visited. 
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Figure 2 (above). Google Earth 
image of all of the volcanoes visited 
and studied and reference map for 

further sections. 
 

 



A. Pacaya 
 

 
The first volcano visited was Pacaya, one of Guatemala’s most active volcanoes. 
Pacaya’s latest phase of activity began in 1965 and is dominated by strombolian 
activity with intermittent lava flow extrusion on the flanks of the MacKenney cone, it 
is these flows which are creating cause for concern for nearby villages. In January 
2005, lava flowed down the south-western flanks of Pacaya and by March 2005 the 
flows had reached 200 m down the flank. Currently multiple flows are active as 
shown in the photographs below (Figures 3 and 4) and are gradually filling up the 
caldera moat as 100’s of metres of lava is produced over a period of weeks. When the 
moat is filled, the lava will overtop the rim and will become a significant risk to 
nearby villages as shown on the ASTER satellite image below. 
 
The lava flows are channelled by levees down the side of the volcano and both aa and 
pahoehoe lava can be found. A-aa lava (as shown in figure 3) is stony and 
characterised by a rough rubble surface composed of broken lava blocks called 
clinker covering a massive dense core. The inner core is the most active part of the 
flow and travels down slope carrying the clinker with it. The older lava can be 
distinguished from the younger lava due to crystal size. The older lava has large (up 
to 5 mm) sized plagioclase crystals within the fine groundmass while the younger lava 
is very fine grained with no identifiable crystals. Pahoehoe lava (figure 4) forms as 
very fluid lavas moves underneath a congealed crust creating a rope like texture.  
 
 

 
 
Figure 3 (Left), shows an a-aa flow from 2000 down the south-east flank of Pacaya. 
 
Figure 4 (Right), shows the characteristic ropey texture of pahoehoe lava in the 2007 
lava flow on the western flanks of Pacaya. 
 



 
 

Figure 5. Pacaya volcano showing the position of the currently active lava flow. 

 
Figure 6. Aster satellite image of Pacaya taken January 2008, the positions of the 
recent lava flows have been highlighted, the lava flow most concerned about is the 
flow from 2006. Although currently inactive, once the crater moat fills up lava will 

spill over towards village to the middle top of the image. 
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The activity at Pacaya volcano has already caused a great deal of disruption to the 
communities immediately surrounding it, many villages in the past twenty years have 
been evacuated and as the direction of activity changes more villages are put at risk. 
Over the years, a number of lava flows have propagated away from the volcano in a 
number of directions (Figures 5 and 6). El Patrocinio is such a village which has been 
affected by recent activity at the volcano. It is situated on the south side of the 
volcano and had to be evacuated to a larger village further down the slopes due to 
tephra, blacks and ash, during the last large eruption in February 2000. 
 
The village of El Gaspade has also been significantly affected by activity at the 
volcano and is situated to the south of the volcano. The area is very dangerous due to 
its proximity to the volcano. It is also very difficult to evacuate due to dangerous and 
poor roads that ring the volcano, after the activity of 1998 the villagers were 
instructed to evacuate by both INSIVUMEH and CONRED (Coordinadora Nacional 
para le Reduccion des Desastres) but most did not want to leave. Farmland further 
from the volcano was purchased by the government for the people to move on to but 
the elders still did not want to leave, instead they encouraged the younger generations 
to move so that the families had more property. The village was again affected by 
eruptive activity towards the end of 1998 which dropped ash and bombs on to the 
village causing renewed calls for evacuation, by this point the danger had been 
realised and by 1999 the village was empty. 
 
 
B. Fuego 

 
 
Volcanoes play an important part in the global cycling of volatiles between the Earths 
interior and atmosphere. Of all the major volcanic gases (CO2, SO, H2O), SO2 is the 
easiest to measure due to its low concentration in the ambient atmosphere. The 
quantification of volcanic fluxes provides insight into volcanic processes and may be 
used as a pre-eruptive indicator. While in Guatemala, I was introduced to three 
monitoring techniques; a correlation spectrometer (COSPEC), a differential optical 
absorption spectrometer (DOAS) and a UV camera which are all based on the 
absorption by SO2 in the ultra violet region of the spectrum. 
 
COSPEC was designed in the 1960’s by Barringer Research to monitor industrial 
pollution. The Spectrometer requires pre- and post- measurement calibration by two 
in-situ calibration cells, a traverse (figure 7) of the volcanic plume was made from a 
stationary position at a number of time over a number of days. The telescope scans 
incident solar radiation, the radiation between 300 and 315 nm is separated into 
discrete bands according to wavelength and the amount of UV light absorbed by SO2 
in the bands of interest is compared to the calibration cells. The profile of the 
concentration-path length (ppm-m) is then output onto paper trace and used to 
calculate SO2 emission rate as shown in the equations below. Transects were repeated 
to maximise the accuracy of the results. 
 
COSPEC measurements are taken when a volcanic plume can be seen as most gas is 
released during eruptions. The COSPEC method works well when the volcanoes 
activity is high but with distance from the volcano the results become more 
unreliable.  
 



 
 
Changes in SO2 measurements reflect a change in activity of the volcano so enough 
measurements need to be taken to average the emission rate. INSUVUMEH currently 
only has the power to take measurements 3 to 4 times a month therefore more 
measurements are needed to get the background level of activity and understand what 
is normal activity so that abnormal activity related to a possible large eruption can be 
identified. 
 

 
To calculate the SO2 emission it is important to determine the width of the plume and 
the speed of uprising i.e. flux or flow rate. 
 
An example of calculation to convert reading to tonnes of SO2 emitted per day is 
shown below: 
 

5/11 (segment area/segment width) x 131 (low calibration cell) = 60 ppm.m 
 

60 ppm.m x 250 m (plume width) = 14 886 

Transect across plume 

Figure 8. Diagram to show an 
example of results produced by 
COSPEC measurement. 

Figure 7.  Using the 
COSPEC to analyse the SO2 
emission from Fuego. 
INSIVUMEH has only one 
COSPEC and due to a lack 
of personal are only able to 
collect data a couple of 
times a month. To create an 
accurate picture of the 
activity at Fuego, readings 
would need to be taken on a 
much more regular basis so 
three more days of data is 
extremely important to 
them. 



 
14 886 x 15 ms-1 (rise rate) = 223 290 

 
223 290 x 0.00023 (arbitrary number) = 51.3 + d-1 (± 20 + d-1 error) 

 
Time/Day 1 2 3 
10 am 50.80 46.27 90.4 
11 am 51.30 79.00 51.3 
12 am 51.30 56.00 33.8 
Average    
 
While at Fuego, I also studied the distal lahar deposits from Fuego. The word ‘lahar’ 
is an Indonesian term used to describe either a hot or cold flow of water and sediment 
down the side of a volcano. The sediment in such flows ranges from fine clays to 
boulders with diameters in excess of 10 m. The flow itself can vary in scale from tens 
of metres to tens of kilometres and in recent history have been the cause of many 
deaths both within Guatemala and in Colombia. The most well known lahar was 
associated with the 1985 eruption at Nevado Del Ruiz which obliterated the town of 
Amero killing as many as 23 000 people. The lahars at Fuego are secondary and result 
from the remobilisation of material deposited by pyroclastic flows, this is the same 
mechanism by which lahars form at Galeras volcano, Colombia threatening the 
nearby city of Pasto and which is the basis of my continuing project.  
 
Although it is probable for earthquakes to trigger lahars on Fuego, the most likely 
initiation method is torrential rainfall which has the potential to mobilise the fresh 
pyroclastic material and debris in the steep barancas. Lahars therefore, are much more 
likely to occur during the rainy season and also during anomalous climatic events, 
such as hurricane Mitch. 
 
The lahar deposits are often poorly sorted and generally massive and unstratified. The 
deposits shown in figure 10 are the result of a hyper-concentrated flow as they are 
better sorted and faint stratification can be seen in some areas. 
 



  
 
 
 

 
 

Figure 10 Some of the lahar deposits that in 2004 destroyed one of the bridges on the 
biggest highway in Guatemala 
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Figure 9 Google Earth image to show the lahar paths down the side of Fuego 
 



C. Panabaj Landslide 
 

 
Guatemala’s location between the Caribbean Sea and the Pacific Ocean make it a 
exposed to hurricanes such as Hurricane Mitch and Hurricane Stan. The associated 
torrential rains have recently caused massive mudslides that wiped out whole villages 
such as at Panabaj in 2005. 
 
Shortly before 5 am on 5th October 2005, a large landslide was released from the 
western flanks of the Toliman volcano burying the town of Panabaj on the shores of 
Lake Atitlan in south-western Guatemala. The landslide caused the deaths of between 
200 and 1 400 people and left a further 5 000 people homeless. The key trigger of the 
landslide is thought to have been fairly intense rainfall associated with Hurricane 
Stan, the land was also particularily susceptible due to slope angles of between 33 - 
37º forested land. On the basis of these factors, the caldera walls surrounding Lake 
Atitlan and the flanks of San Pedro volcano are likely to be most prone to future 
slides.  
 
The landslide was triggered at an altitiude of about 2 700 masl from the western flank 
of the Toliman Volcano, the predominantly mud and silty material was then deposited 
at 1 585 masl covering Panabaj. This material moved predominantly along the 
primary barranca (known as barranca A) leading to Panabaj with a small amount of 
material travelling down barranca B. The total erosive distance has been estimated as 
4.2 km at which point the load was deposited to a depth of 8 m trapping people in 
their home and even in the local hospital. The only building that completely survived 
was the newly built police and council complex. 
 

 
 

Figure 11. (above) Google Earth picture to shown the area of intiation of the 2005 
landslide and the barrancas down which it was directed towards Panabaj. 
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The landslide at Panabaj caused significant problems with communication as roads 
were blocked off and phone lines were damaged, some areas went up to two weeks 
without any aid or communication. Problems were exacerbated by the centralisation 
of amenities, and subsequently there have been moves to departmentalise the 
resources within the country so that funds can be distributed to the areas most in need 
quickly, as food that was set aside for the casualties of the Panabaj disaster was left in 
the city for 2 weeks and by the time it was found much of it had gone off and could 
not be used.  
 
 
D. Santiaguito Volcano 

 
 
Santiaguito is an extremely dangerous volcano which erupts explosively every thirty 
minutes to an hour. These usually violent explosions are small to medium in 
magnitude in relation to the volume of ejected magma. The eruptive episodes are 
cyclic and rarely occur as continuous bursts. The products of such eruptions include 
ash clouds from a few metres to a few kilometres high which start with finger-like 
straight columns that then spread out into cauliflower shaped clouds. Ballistics are 
also emitted at high velocity (exit velocities can reach 50 – 300 m/s) and so travel 
long distances.  
 
The vulcanian eruptions are attributed to two different causes, the first being the 
release of pressurised magma from under a cap of solidified material blocking the 
conduit, the second the interaction of magma with external water. Santiaguito (figure 
12) has a dacitic lava composition i.e. a high silica content which means that the lava 
is highly viscous, this along with the presence of a summit dome enables the build up 
of pressure which ultimately leads to an explosive eruption. These explosions 
emanate from a ring fault (as shown in figure 12) in the top of the dome; the diameter 
of the ring varies from 70 m to 120 m according to the level of activity. 
 
The first eruption of Santa Maria in the recorded history occurred in October 1902. 
Before 1902 the volcano had been dormant for at least 500 years and possibly several 
thousand years, but its awakening was clearly indicated by a seismic swarm in the 
region starting in January 1902. The eruption began on 24 October, and the largest 
explosions occurred over the following two days, ejecting an estimated 5.5 cubic 
kilometres (1.3 cu mi) of magma. The eruption was one of the largest of the 20th 
century, comparable in magnitude to that of Mount Pinatubo in 1991. 
 
The pumice formed in the climactic eruption fell over an area of about 273,000 square 
kilometres (105,000 sq mi), and volcanic ash was detected as far away as San 
Francisco, 4,000 kilometres (2,500 mi) away. The eruption tore away much of the 
south-western flank of the volcano, leaving a crater about 1 kilometre (0.6 mi) in 
diameter and about 300 metres (980 ft) deep, stretching from just below the summit to 
an elevation of about 2,300 metres (7,500 ft). Because of the lack of previous activity 
at Santa María, local people did not recognise the preceding seismicity as warning 
signs of an eruption. At least 5,000 people died as a result of the eruption itself, and a 
subsequent outbreak of malaria killed many more. The renowned plinian eruption of 
1902 that devastated much of SW Guatemala followed a long repose period after 
construction of the large basaltic-andesite stratovolcano. The massive dacitic 
Santiaguito lava-dome complex has been growing at the base of the 1902 crater since 



1922. Compound dome growth at Santiaguito has occurred episodically from four 
westward-younging vents, the most recent of which is Caliente. 
 
There is worry of a possible catastrophe at Santiagutio associated with the potential 
collapse of its parent, Santa Maria. Every year during the rainy season more and more 
material is mobilised down the slopes in avalanches and rock falls and if the top of 
Santa Maria collapses into Santiaguito the resulting flow could travel up to 70 km 
towards the sea. Such an event could easily be triggered by any of the large 
earthquakes that affect the area on a fairly regular basis. Ten years ago an earthquake 
of grade 6.5 on the Richter scale caused the deaths of many people and houses to be 
destroyed 
 

 
 

Figure 12. Santiaguito viewed for Santa Maria. The ring fault from which the 
explosions occur can just be seen in the crater of the volcano. The photo also shows 
the coffee plantations which were planted to take advantage of the exceptionally 
fertile volcanic soil and lobes of lava can also be seen to the left of the picture, the 
lahars are propagated down barrancas through the propagation as seen in the middle 
of the photo. 
 
The effects of lahars were also seen at Santiaguito volcano where recent lahars have 
destroyed bridges and even ploughed through villages such as at El Palmar (figure 
14). El Palmar was destroyed by a lahar on 14th August 1987. This hot lahar was the 
result of eruptive activity at the site of the lava dome. Such lahars pose the biggest 
continuous threat to life and livelihood around the volcano principally during the wet 
season and particularly to the area to the south/south-west of the dome complex, 
where water naturally follows the topography of the basin, eventually flowing to the 
Pacific. 
Between 1957 and 1988 the channel of the Rio Nima II (figure 13) near El Palmar 
aggraded by around 40m, according to INSIVUMEH data. Channel wandering and 
over-bank deposition was also observed. In 1983 Rio Nima II aggraded up to 10m due 
to an unusually wet season and resulted in a large deposition of material at a point 
along its eastern bank. This forced Rio Nima I to flow in a more easterly direction at 
the point where it met Rio Nima II. El Palmar was majorly damaged and subsequently 



evacuated in 1983 because of lahars arriving along Rio Nima II and also because of 
the ensuing floods brought by both Rio Nima I and Rio Nima II.  
 

 
 
Figure 13. (above) shows the path of the 1987 lahar which destroyed El Palmar. The 
lahar flowed through the middle of the village and remants of the village can still be 
seen today on either side of a large gully as shown in Figure 14 (below). The 
remnants of the market can be seen to the left of the picture while the church can be 
seen to the right of the picture.   

 
 
 
Conclusions 
 
The fieldtrip to Guatemala gave me the opportunity to see natural hazards in real life 
and allowed me to study their interactions not only with the environment but also with 
the Guatemalan community. I was able to learn new techniques using sophisticated 
methods of analysis and understand what the results meant for the specific volcano I 
was working on. I was also able to analyse and recognise the deposits left by 
secondary volcanic hazards and appreciate how dangerous they can be to any village 
in their path. 
 


