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Internal Processes 

Volcanoes 

 Introduction to Volcanic Hazards  
•~ 1,500 active volcanoes on Earth  

•400 erupted in the last century  

•~ 50 eruptions per year  

•Most activity concentrated along major plate boundaries  

•Impact risks depend on the types of volcanoes  

 

•~ 500 million people living near volcanoes  

•~ 100,000 deaths during the last 125 years  

•23,000 lives lost in the last 20 years  

•Densely populated countries in the volcanic zones include:  

–Japan, Mexico, Philippines, and Indonesia  

•Some major cities (~ 350,000 people) located near volcanoes 

•Highly related to plate tectonic movement  

•Approximately 2/3rd of the active volcanoes are concentrated along the 

Pacific “ring of fire”  

•In the US: Alaska, Cascades, and Hawaii are generally experiencing 2-3 

eruptions a year. 

 Like earthquakes, volcanoes are associated with a variety of local 

hazards; in some cases, volcanoes even have global impacts. 

 The dangers from any particular volcano, depend on the kind of magma 

it erupts and on its geologic and geographic settings. 

 

Hazards Related to Volcanoes 

Lava 

Many people assume that lava is the principal hazard presented by a 

volcano. Actually, lava generally is not life-threatening. Most lava flows 

advance at speeds of only a few kilometers an hour or less, so one can 

evade the advancing lava readily even on foot. The lava will, of course, 

destroy or bury any property over which it flows. Lava temperatures are 

typically over 850؛C (over 1550؛F), and basaltic lavas can be over 

 Combustible materials—houses and forests, for .(F؛2000) C؛1100

example—burn at such temperatures. Other property may simply be 

engulfed in lava, which then solidifies into solid rock. 

Lavas, like all liquids, flow downhill, so one way to protect  property is 

simply not to build close to the slopes of the volcano. Throughout 
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history, however, people have built on or near volcanoes, for many 

reasons. They may simply not expect the volcano to erupt again (a 

common mistake even today). Also, soil formed from the weathering of 

volcanic rock may be very fertile. The Romans cultivated the slopes of 

Vesuvius and other volcanoes for that reason. Sometimes, too, a volcano 

is the only land available, as in the Hawaiian Islands or Iceland. 

 

The defense of lava flow is to cool the lava, colder lava becomes, the 

thicker, more viscous, and slower-flowing it gets. When cooled enough, it 

may solidify altogether. When a large mass of partly solidified lava has 

accumulated at the advancing edge of a flow, it begins to act as a natural 

dam to stop or slow the progress of the flow. How could one cool a lava 

flow more quickly? Using streams of water at the lava’s edge, also ran 

pipes (prevented from melting, in part, by the cool water running through 

them) across the solid crust that had started to form on the flow. Where it 

is not practical to arrest the lava flow altogether, it may be possible to 

divert it from an area in which a great deal of damage may be done to an 

area where less valuable property is at risk. Sometimes, the motion of a 

lava flow is slowed or halted temporarily during an eruption because the 

volcano’s output has lessened or because the flow has encountered a 

natural or artificial barrier. The magma contained within the solid crust of 

the flow remains molten for days, weeks, or sometimes months. If a hole 

is then punched in this crust by explosives, the remaining fluid magma 

inside can flow out and away. Careful placement of the explosives can 

divert the flow in a chosen direction. 

  

Pyroclastics 

Pyroclastics —those fragments of hot rock and spattering lava— are 

often more dangerous than lava flows. Pyroclastics erupt more suddenly 

and explosively, and spread faster and farther. 

The largest blocks and volcanic bombs present an obvious danger 

because of their size and weight. For the same reasons, however, they 

usually fall quite close to the volcanic vent, so they affect a relatively 

small area. The volume of the finer ash and dust particles can make them 

as severe a problem, and they can be carried over a much larger area. 

Also, ash falls are not confined to valleys and low places, they can 

blanket the countryside. 

 

Pyroclastic Flows—Nuées Ardentes 

Another special kind of pyroclastic outburst is a deadly, denser-than-air 

mixture of hot gases and fine ash that forms a hot pyroclastic flow , 

quite different in character from a rain of ash and cinders. A pyroclastic 

flow is sometimes known as a nuée ardente (from the French for 
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“glowing cloud”). A nuée ardente is very hot—temperatures can be over 

 C in the interior— and it can rush down the slopes of the volcano؛1000

at more than 100 kilometers per hour, charring everything in its path. 

Such pyroclastic flows accompanied the major eruption of Mount St. 

Helens in 1980 ( figure 5.18 ). 

 

Lahars 

Volcanic ash and water can combine to create a fast-moving  volcanic 

mud flow called a lahar . Victims are engulfed and trapped in dense 

mud, which may also be hot from the heat of the ash. Such mud flows, 

like lava flows, flow downhill. They may tend to follow stream channels, 

filled them with mud and causing floods of stream waters. Flooding 

produced in this way was a major source of damage near Mount St. 

Helens in 1980.  

Following the 1991 eruption of Mount Pinatubo in the Philippines, 

drenching typhoon rains soaked the ash blanketing the mountain’s 

slopes, triggering devastating lahars ( fi gure 5.16 ). Nor is rain an 

essential ingredient; with a snow-capped volcano, the heat of the falling 

ash melts snow and ice on the mountain, producing a lahar. The 1985 

eruption of Nevado del Ruiz, in Colombia, was a deadly example ( fi 

gure 5.17 ). The swift and sudden mud flows that swept down its steep 

slopes after its snowy cap was partially melted by hot ash were the 

principal cause of deaths in towns below the volcano. 

Even after the immediate danger is past, when the lahars have flowed, 

long-term impacts remain. They often leave behind stream channels 

partially filled with mud, their water-carrying capacity permanently 

reduced, which aggravates ongoing flood hazards in the area.  

 

Toxic Gases 

In addition to lava and pyroclastics, volcanoes emit a variety of gases  

( figure 5.21 ). Water vapor, the primary component, is not a threat, but 

several other gases are. Carbon dioxide is nontoxic, yet can nevertheless 

be dangerous at high concentrations. Other gases, including carbon 

monoxide, various sulfur gases, and hydrochloric acid, are actively 

poisonous. During the A.D. 79 eruption of Vesuvius, fumes overcame 

and killed some unwary observers. Again, the best defense against 

harmful volcanic gases is common sense: Get well away from the 

erupting volcano as quickly as possible. 

 

Steam Explosions 

Some volcanoes are deadly not so much because of any characteristic 

inherent in the particular volcano but because of where they are located. 

In the case of a volcanic island, large quantities of seawater may seep 



Environmental Geology / 4th Stage                                                                             Dr. Kareem Khwedim 
 

4 
 

down into the rock, come close to the hot magma below, turn to steam, 

and blow up the volcano like an overheated steam boiler. This is called a 

phreatic eruption or explosion. 

The classic example is Krakatoa (Krakatau) in Indonesia,which exploded 

in this fashion in 1883. The force of its explosion was estimated to be 

comparable to that of 100 million tons of dynamite, and the sound was 

heard 3000 kilometers away in Australia. Some of the dust shot 80 

kilometers into the air, causing red sunsets for years afterward, and ash 

was detected over an area of 750,000 square kilometers. Furthermore, 

the shock of the explosion generated a tsunami that built to over 40 

meters high as it came onshore! Krakatoa itself was an uninhabited 

island, yet its 1883 eruption killed an estimated 36,000 people, mostly in 

low-lying coastal regions inundated by tsunamis. 

 

Landslides and Collapse 

The structure of a volcano can become unstable and become a direct or 

indirect threat. As rocks weather and weaken, they may come tumbling 

down the steep slopes of a composite volcano as a landslide that may 

bury a valley below, or dam a stream to cause flooding. Just removing 

that weight from the side of the volcano may allow gases trapped under 

pressure to blast forth through the weakened area. This, in fact, is what 

happened at Mount St. Helens in 1980. With an island or coastal 

volcano, a large landslide crashing into the sea could trigger a tsunami. 

 

Secondary Effects: Climate and Atmospheric Chemistry 

A single volcanic eruption can have a global impact on climate, although 

the effect may be only brief. Intense explosive eruptions put large 

quantities of volcanic dust high into the atmosphere. The dust can take 

several months or years to settle, it partially blocks out incoming 

sunlight, thus causing measurable cooling.  

The meteorological impacts of volcanoes are not confined to the effects 

of volcanic dust. The 1982 eruption of the Mexican volcano El Chichon 

did not produce a particularly large quantity of dust, but it did shoot 

volumes of unusually sulfur-rich gases into the atmosphere. These gases 

produced clouds of sulfuric acid droplets ( aerosols ) that spread around 

the earth. Not only do the acid droplets block some sunlight, like dust, 

but in time, they also fall back to earth as acid rain. 

The 1991 eruptions of Mount Pinatubo in the Philippines ( figure 5.23 ) 

had long-lasting, global effects on climate that were not only measurable 

by scientists but noticeable to a great many other people around the 

world. In addition to quantities of visible dust, Pinatubo pumped an 

estimated 20 million tons of sulfur dioxide (SO2) into the atmosphere. 

While ash falls out of the atmosphere relatively quickly, the mist of 
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sulfuric-acid aerosols formed from stratospheric SO2 stays airborne for 

several years. This acid mist cloud slowly encircled the earth, most 

concentrated close to the equator near Pinatubo’s latitude ( figure 5.24 ). 

At its densest, the mist scattered up to 30% of incident sunlight and 

decreased by 2 to 4% the amount of solar radiation reaching earth’s 

surface to warm it. Average global temperatures decreased by about 

0.5°C (1°F), but the decline was not uniform; the greatest cooling was 

observed in the intermediate latitudes of the Northern Hemisphere 

(where the United States is located). Mount Pinatubo thus received the 

credit—or the blame—for the unusually cool summer of 1992 in the 

United States. The gradual natural removal of Pinatubo-generated ash 

and, later, SO2 from the atmosphere resulted in a rebound of 

temperatures in the lower atmosphere by 1994 ( figure 5.25 ). 

Another, more subtle impact of this SO2 on atmospheric chemistry may 

present a different danger. The acid seems to aggravate ozone depletion , 

which means increased risk of skin cancer to those exposed to strong 

sunlight. 

 

Volcanic Eruption Precursors 

What do scientists look for when monitoring a volcano? One common 

advance warning of volcanic activity is seismic activity (earthquakes). 

The rising of a volume of magma and gas up through the lithosphere 

beneath a volcano puts stress on the rocks of the lithosphere, and the 

process may produce months of small (and occasionally large) 

earthquakes. Increased seismicity at Pinatubo was a major factor 

prompting evacuations. 

In fall 2004, when earthquakes at Mount St. Helens became both more 

frequent and shallower, volcanologists also took notice. Monitoring 

intensified; aircraft were diverted around the mountain in case of ash 

eruptions.  

Bulging, tilt, or uplift of the volcano’s surface is also a warning sign. It 

often indicates the presence of a rising magma mass, the buildup of gas 

pressure, or both. On Kilauea, eruptions are preceded by an inflating of 

the volcano as magma rises up from the asthenosphere to fill the shallow 

magma chamber. Unfortunately, it is not possible to specify exactly 

when the swollen volcano will crack to release its contents. 

That varies from eruption to eruption with the pressures and stresses 

involved and the strength of the overlying rocks. Uplift, tilt, and seismic 

activity may indicate that an eruption is approaching, but geologists do 

not yet have the ability to predict its exact timing. However, their 

monitoring tools are becoming more sophisticated. Now, satellite radar 

interferometry allows a richer look at the regional picture ( fi gure 5.28 ). 
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Other possible predictors of volcanic eruptions are being evaluated. 

Changes in the mix of gases coming out of a volcano may give clues to 

impending eruptions; SO2 content of the escaping gas shows promise as 

a precursor, perhaps because more SO2 can escape as magma nears the 

surface. Surveys  of ground surface temperatures may reveal especially 

warm areas where magma is particularly close to the surface and about 

to break through. As with earthquakes, there have been reports that 

volcanic eruptions have been sensed by animals, which have behaved 

strangely for some hours or days before the event.  
 

Forecasting Volcanic Activity  

•Seismic activities: earthquakes as precursors  

•Thermal, magnetic, and hydrologic conditions  

•Amount of volcanic gas emission, both rate and composition  

•Topographic monitoring: tilting and bulging  

•Remote sensing: radar 3-D interferometry  

•Geologic history of the volcano  

 

 
Questions for Review 

1-What are pyroclastics? Identify a kind of volcanic structure that pyroclastics may 

build. 

2. Describe two strategies for protecting an inhabited area from an advancing lava 

flow? 

3. Describe a way in which a lahar may develop, and a way to avoid its most likely 

path? 
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