

Monitoring Volcanoes Unit 4: Eruption Types Pre-class Reading & Exercise
Rachel Teasdale (California State University Chico) and Kaatje van der Hoeven Kraft (Whatcom Community College) 
Instructions: Use the information in this reading in order to fill out the table at the end of the document. You will decide which volcanic hazard(s) are likely to occur for eruptions with different Volcanic Explosivity Index (VEI). In Table 1, fill in the “erupted materials” and “extent of hazard” columns.
Plume or eruptive column height

The VEI categorizes eruptions that have already occurred, the lowest is 0 (non-explosive), which will have low eruption columns and lower volume of erupted material. The largest known eruptions have VEI = 8 (mega-colossal) with eruption columns that can reach elevations greater than 25 km (more than 82,000 ft), including into the stratosphere. There is no upper limit to the VEI of an eruption, leaving room for eruptions larger than VEI = 8.Figure 1: Relative explosiveness and eruption column height. From NOAA, 2011.

The extent of hazards and risks associated with eruptions will clearly be influenced by the VEI of that eruption. For instance, as shown in Figure 2, Hawai‘ian and Strombolian (VEI 0 -1) often include lava flows and cinders. Vulcanian eruptions (VEI 3-4) include pumice, sometimes pyroclastic flows and generally have lower eruption columns of gas, ash and pumice. Larger eruptions like Plinian and Ultra Plinian eruptions often include larger pyroclastic flows, plumes high enough to interact with commercial air traffic and that can be transported in the jet stream. Any of the eruption types that interact with water, snow or ice can also result in development of muddy debris flows known as lahars. 

Hazards associated with each of these erupted materials are described below, as you read about each hazard, decide which hazard(s) are likely to occur for each eruption type described in the Table at the end. Fill in the name of each hazard in the “erupted materials” column. 
Figure 2: Lava flow erupted from Kilauea volcano, 2018. From USGS, 2018.

Some Common Volcanic Hazards 
1. Lava Flows are masses of molten rock that pour onto the Earth's surface during an effusive eruption. Both moving lava and the resulting solidified deposit are referred to as lava flows. Because of the wide range in (1) viscosity of the different lava types (basalt, andesite, dacite and rhyolite); (2) lava discharge during eruptions; and (3) characteristics of the erupting vent and topography over which lava travels, lava flows can range from 10’s of meters and in some cases can flow 10s of km in length (less than 20 mi; Figure 2). 

2. Ash: Ash fragments are fine-grained (less than 2-4 mm in diameter) of broken volcanic rock formed by a volcanic explosion or ejection from a volcano during eruption. Ash can be transported by wind and fall to Earth’s surface in great thicknesses closer to the volcano (e.g. within 10’s of km (5-10 mi; see Figures 3a and 3b) but smaller amounts can also be distributed great distances of several hundred kilometers (50-150 mi; see Figure 3c). Hazards of ash include respiratory issues when ash is inhaled if people do not wear appropriate masks, damage to roofs from excessive weight, contamination of water supplies, and damage to agricultural areas. Even small amounts of ash can disrupt jet engines and turbines, causing hazards for air traffic. Figure 3a. Ash erupting in 2008 from Chaiten volcano, Chile; from USGS 2016a; 3b. Windblown ash from Redoubt, AK in 2009; from USGS 2017b; 3c. Ash erupted in 1984 from Rabaul volcano in Papua New Guinea. (USGS)


3. Pyroclastic Flows: A hot (typically >800 °C), chaotic mixture of hot rock fragments, gas, and ash that travels rapidly away from a volcanic vent or collapsing flow front (Figure 4). Pyroclastic flows can travel up to 10-15 km (6-9 mi), as was the case in 79AD when a pyroclastic flow from Mt. Vesuvius destroyed Pompeii (Italy) that was 8 km (5 mi) away. Larger eruptions can produce pyroclastic flows that travel up to 100 km (60 mi). Pyroclastic flows travel down valleys, but can also flow uphill over ridges and across bodies of water. Figure 4:  Pyroclastic flows in 1980 at Mount St. Helens 1980, taken from Johnston Ridge, near JRO1 of unit 1 (USGS, 2016b).

Flows are very fast- up to 700 km/hr (450 mph), and because they are also quite hot (200 - 700°C (390-1300°F), they can melt snow and ice, causing lahars and flooding (see below). 

4. Erupted Gases: Gases that erupt from volcanoes are typically dominated by water vapor (steam), which is relatively harmless, but when accompanied by magmatic gases such as sulfur dioxide (SO2), hydrogen sulfide (H2S) and carbon dioxide (CO2) gas plumes can be hazardous to humans, animals and plants. When SO2 reacts with sunlight and atmospheric particles, a cloudy haze called vog (volcanic fog) can also cause respiratory issues (Figure 5). Vog tends to be heavier than uncontaminated air so will accumulate in low lying areas which can be deadly to humans and animals. Once volcanic gases reach higher altitudes in the atmosphere, plumes can be transported great distances and even encircle Earth and remain in the atmosphere for years. Figure 5: Volcanic gases erupted from Mauna Loa in 1984 caused vog and blocked sunlight. Image from USGS 2017c.


In 1783 a large eruption of Lakagígar in Iceland emitted enough gases that they absorbed sunlight, causing global cooling to occur. Droughts and cold winters were reported from 1783-1785 in Europe, Japan and the US. Crop failure associated with this cooling caused a famine in Iceland, and may have triggered uprisings in Europe that led to the French  Revolution. Clearly, large gas plumes can have global impacts (Figure 6).Figure 6: Aerosols before and after the June 15, 2001 eruption of Mt. Pinatubo (Philippines). Note the increase in aerosols was global in the months following the eruption when global temperatures decreased by 1*F (0.6*C) for approximately 1.5 years following the eruption. Image modified from NASA Earth Observatory, 2011.


5. Lahar (debris) flows are also called volcanic mudflows. A mixture of water and volcanic debris that moves rapidly downstream (Figures 7a-b). The consistency of lahars can range from muddy water to thicker, wet cement, depending on the ratio of water to debris. Lahars form in a variety of ways, chiefly by the rapid melting of snow and ice by hot ash or pyroclastic flows or from intense rainfall on loose volcanic rock deposits, a breakout of a lake dammed by volcanic deposits.  
     



Figure 7. Lahar flow hazards: a) A hot lahar flow in 1989 at Santiaguito, Guatemala (USGS 2008); b) In 1985 a lahar flow buried the town of Armero, Columbia when pyroclastic flows from at Nevado del Ruiz melted snow and ice, resulting in a fast moving lahar that killed 23,000 people (USGS, 1998).

6. Floods: Excess water from melted ice and snow and the final draining of lahar flows can send large volumes of water into volcano drainages. This can result in large volumes of water but also sediment that can clog the drainage systems, effectively filling them and reducing their capacity to transport water. The resulting flooding can include the floodplains of rivers and the rivers they flow into (Figure 8). Bridges (and railways) that cross flooded rivers are subject to being washed out by fast moving flooded rivers as well as by the debris carried by flooded rivers. Flooding may last for decades (e.g. at Mt. Pinatubo) following an eruption and can occur over tens of kilometers from the volcano. Figure 8: Flooding from lahars at Mt. Pinatubo, 1991. From USGS, 2016c.
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	VEI
	Description
	Plume Height
	Volume
	Classification
	Global Frequency
	Example
	Erupted Materials
	Extent of Hazard (Distance and Time)

	0
	Non-Explosive (effusive)
	<100 m
	1000’s m3
	Hawai‘ian
	Daily
	Kilauea (Mauna Ulu), HI 1974
	




	

	1
	Gentle
	100-1000m
	10,000’s m3
	Hawai‘ian/ Strombolian
	Daily
	Mount St. Helens, WA 2004; Mauna Loa, HI 1899
	
	

	2
	Explosive
	1-5 km
	1,000,000’s m3
	Strombolian/ Vulcanian
	Weekly
	Galeras, Columbia 1992
	
	

	3
	Severe
	3-15 km
	10,000,000’s m3
	Vulcanian
	Yearly
	Nevado del Ruiz, Columbia 1985; Fuego, Guatemala, 2018 
	
	

	4
	Cataclysmic
	10-25 km
	100,000,000’s m3
	Vulcanian/ Plinian
	10s of years
	Eyjafyalla-jokull, Iceland 2010
	
	

	5
	Paroxysmal
	>25 km
	1 km3
	Plinian
	100’s of years
	Mount St. Helens, WA USA, 1980
	
	

	6
	Colossal
	>25 km
	10’s km3
	Plinian/Ultra-Plinian
	100’s of years
	Krakatau, Indonesia, 1883 & Mt. Pinatubo, Philippines 1991
	
	

	7
	Super- Colossal
	>25 km
	100’s km3
	Ultra-Plinian
	1000’s years
	Tambora, Indonesia, 1815; Rinjani Indonesia, 1257
	
	

	8
	Mega-Colossal
	>25 km
	≥1000’s km3
	Ultra-Plinian/ Super-volcanic
	10,000’s of years
	Yellowstone WY USA, 2 Ma
	
	


	

image2.png
Relative Explosiveness and Height of Eruption Column

Rty TR T L)

Height o Eruption Colum





image4.png
Relative Explosiveness and Height of Eruption Column

Rty TR T L)

Height o Eruption Colum





image3.jpeg




image6.jpeg




image4.jpeg




image5.jpeg




image7.jpeg




image10.jpeg




image11.jpeg




image12.jpeg




image8.jpeg




image14.jpeg




image9.jpeg




image16.jpeg




image10.png
N W .

<103 102 >10"!

Aerosols before and after June 15, 2001 eruption of Mt. Pinatubo (Philippines).
Note the increase in aerosols was global in the months following the eruption.
Global temperatures following the eruption decreased by 1*F (0.6*C) for
approximately 1.5 years following the eruption. Modified from
https://earthobservatory.nasa.gov/images/1510/global-effects-of-mount-Pinatubo.
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Aerosols before and after June 15, 2001 eruption of Mt. Pinatubo (Philippines).
Note the increase in aerosols was global in the months following the eruption.
Global temperatures following the eruption decreased by 1*F (0.6*C) for
approximately 1.5 years following the eruption. Modified from
https://earthobservatory.nasa.gov/images/1510/global-effects-of-mount-Pinatubo.
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