
Guatemala is composed of the Maya and Chortis Blocks, which 
consist of Proterozoic and Paleozoic basement terranes that 
have been intruded by subduction-related magmas since the 
Mesozoic.  The blocks are separated by the left lateral Motagua 
strike-slip fault system that links to the east with the Cayman 
Trough. The topographic and volcanic evolution of the region 
has been impacted by several major events over the last 25 Ma.  
The breakup of the Farallon Plate into the Cocos and Nazca 
plates at 23 Ma increased the convergence rate and changed 
the angle of subduction leading to enhanced volcanic activity 
from 23-10 Ma, followed by slab-break off that led to 
asthenospheric upwelling and major uplift of the Guatemalan 
Arc.  The modern Central American Arc initiated ~4 Ma and 
consists of thirty-nine distinct clusters of cones, domes, calderas, 
and vents with seven main volcanic centers dispersed evenly 
across the arc. The volcanics vary geochemically along strike, 
due to variations in crustal thickness and angle of subduction.  
The volcanic and tectonic activity in Guatemala has led to a 
diverse ecosystem stretching from the volcanic highlands to low 
tropical rainforests. Volcanic activity has profoundly influenced the 
Guatemalan culture since the time of the Mayas.
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Lake Atitlan is a caldera that was formed as a result of
 the third and most recent phase of a series of 
catastrophic eruptions. The diagrams below show the 
schematic progression of this most recent cycle.  The
stratigraphy in the area is dominated by volcanic and
volcaniclastic rocks as a result of multiple eruptive 
events. There are three currently active resurgent volcanos 
that lie on the flanks of Lake Atitlan; San Pedro, Atitlan, and
Toliman.
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Evolution of the Central American Arc

Since the capture of the Caribbean plate and the initiation of  subduction there has 
been continual volcanism along the western margin of Central America.  Major events 
in Guatemalan tectonics include: incredibly active volcanism from 20-10 Ma that 
coincided with very fast spreading of the East Pacific Rise, slab detachment and uplift 
of the Central American highlands. Slab detachment was followed by  “normal” 
subduction volcanism and the development of the modern arc about 3 million years 
ago.

Guatemalan Ecology

Lake Atitlan: Formation of a Caldera 
and Recent Volcanic Activity 

The Maya Civilization 

?Pre-classic: ca. 2000 B.C.-  A.D. 250  
Mayan tribal villages;  first advanced 
civilizations of Mesoamerica appear

?Classic: ca. A.D. 250 - 830 Height of 
the Maya Civilization; large urbanized 
cities (ex. Tikal) thrive across the Yucatán 
Peninsula, south to Costa Rica and north 
into southern Mexico; many advances 
made in mathematics, astronomy, 
agriculture; controlled trade and supply of 
jade and obsidian, developed advanced 
written language

    Temple V, Tikal National Park

?Terminal Classic: ca. A.D. 830 - 930  
Maya Civilization breaks up into warring 
cities; around A.D. 930, the Maya 
Civilization all but vanishes; Toltec tribe 
(Mexico) begins to conquer Mayan lands 
from the North; remaining Maya live in 
remote villages deep in the forests   

Outcrop of Mayan Obsidian

The volcanic highlands of Guatemala are 
densely covered in seasonal rainforest 
and cloud forest, which thrive here 
despite the lengthy dry season. The 
success of these rich biomes is entirely 
the result of the volcanic activity. The 
highlands created by the volcanoes 
cause moist air from the West to 
condense, forming both rain and low 
clouds. Weathering volcanic rocks 
provide potassium, calcium, magnesium, 
and phosphorus, nutrients needed for 
plant growth. The continual replenishment 
of nutrients helps the forest recover from 
losses during the dry season. With 
abundant nutrients present, local forest 
can recover quickly from logging, and the 
soil is able to support farming.

In the Guatemalan lowlands, the rainforest 
never fully dries out. This tropical 
rainforest constantly recycles nutrients, 
keeping them bound up in organisms at all 
times. The forest cannot afford to lose its 
nutrients because the soil is very poor, 
since the local carbonates provide only 
calcium. Deforestation in the lowlands is 
very harmful, as the soil is quickly leeched 
barren when exposed, and most plants 
need healthy forest floor to sprout.
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Previous work has suggested that there is an
along strike variation in geochemistrty. We
obtained samples from three active volcanoes
and one intrusive rock from an extinct volcano
(Atitlan).  Whole rock geochemistry was conducted 
to evaluate geographic and geochronologic 
variations in geochemistry.  

All volcanic samples are virtually
identical tholeiites.  The intrusive rock
is distinctly calc-alkaline probably
due to magmatic differentiation.

The volcanic rocks are all basalt and 
basaltic andesite.  Note the interesting trend
to more basaltic character with age, with the
youngest samples being more basaltic.

The volcanic samples all show the 
distinct spiked trace element pattern 
associated with subduction related 
volcanism, which includes enrichment in 
LILE and depletion in Nb and Ti.  The 
intrusive rock (AT-1) displays an 
enrichment in the LILE which may be a 
result of plagioclase fractionation.  

Phase 1.  basaltic 
magma

Phase 2. more felsic 
(andesitic) volcanism

Phase 3. explosive 
rhyolitic eruption
leaves pyroclastic
deposits

Phase 4. small volume 
rhyolitic tuffs due to 
degassing

Post caldera sediment
fill

Cycle repeats

Guatemala's tectonic situation can be a 
challenge when seismic motion disrupts 
daily life. However, it is also a benefit to 
Guatemalans. Rocks produced by the 
active volcanic arc system that Guatemala 
is located on, weather to yield exceedingly 
fertile soil. The soil, especially in the 
highlands of this country, is constantly 
being renewed, and the livelihood in 
Guatemala is largely agricultural. 
Guatemala's best coffee is grown in the 
volcanic soil of the highlands. In 2006, 
Guatemala's agricultural sector produced 
two-thirds of its exports and accounted for 
one-half of all employment. Fruits and 
vegetables are widely grown industrially, 
but also by rural subsistence farmers, 
whose products can be found in markets 
in every town.

Active Volcanism

Modern Guatemala

This Central American country's rich 
agricultural sector is complimented by a 
myriad of cultural background. Guatemala 
has a population of over 13 million people. 
The Mestizo, or Ladino, who are of 
indigenous Central American and Spanish 
descent, make up 59.4% of the 
population. The K'iche, the Kaqchikel, the 
Mam, the Q'eqchi, the largest surviving 
Mayan groups, collectively compose 
31.7% of the population. Other Mayan 
groups make up 8.6% of the population. 
Less than 1% of the population consists of 
indigenous non-Mayans and others. 
Guatemala's official language is Spanish, 
which is spoken by 60% of the population. 
The other 40% primarily use one of 23 
recognized Amerindian languages, most 
of which are Mayan. Mayan indigenous 
religion remains in practice in Guatemala, 
accompanied by prominent Roman 
Catholicism and Protestantism (CIA). The 
diverse terrain of Guatemala has been 
instrumental in preserving indigenous 
Mayan practices, as difficulty of travel has 
secluded these groups for hundreds of 
years (Smith). Traditional Mayan dress, 
food, and religion characterizes 
Guatemala today.

Above: Collecting a sample of from the last major
Atitlan eruption.

Left: Taking a boat ride across the Atitlan caldera
to get from Panajachel to climb the

San Pedro Volcano.

Digital image of the lahar 
paths on the flanks of 
Fuego. Lahars are 
mudflows of volcanic ash 
and debris that are re-
mobilized and move 
down slope shortly after 
eruptions. 

Volcan Agua on the right 
and volcan Fuego erupting 
on the left as seen from 
the flanks of Pacaya.  
Fuego erupts daily and the 
rumbling can be felt in the 
nearby city of Antigua.

Left: Lunch on Pacaya.
Right: Basaltic lava flow 
from a secondary vent 
on Pacaya.  

Group of geology 
students and 
professors climbing up 
towards the volcanic 
vent on the north 
western flank of 
Pacaya.
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Temple I, Tikal National Park

Hiking in the afternoon fog in 
the cloud forest on the hike up 

San Pedro

Coatamundi scavenging for food in
the rainforests of Tikal National Park

Tikal is one of the most impressive Mayan 
archeological sites.   Among the ruins, the 
many temples are the most remarkable of 
the restored buildings.   A temple was 
symbolic of the reigning ruler’s throne.  
The pyramid represents the ruler being 
above his subjects.  While the building on 
top is the throne’s seat.  The top of the 
building is called the roof comb. It contains 
decorative carvings of religious symbols.  
It represents the back of the throne and is 
added for grandeur.  The buildings are all 
constructed of limestone blocks.          

Coffee plants growing on the slopes 
of San Pedro

Caldera cyclicity

Local children selling walking sticks
to tourists who are climbing Pacaya
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