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Description of the event
At the scene…     
[image: Map showing location of Mount St Helens]After a fun weekend camping trip at Mount St. Helens in Washington, D.C, Day Karr and his two sons gets up early on the Sunday morning to head back to their home in Seattle. Having to hurry back home for a church service, Day gets his sons to capture the scenery from the bed of the truck as he drives. Indeed, the sons are mesmerized by the morning reflection on the snow-covered mountain top. Then suddenly, the ground starts to shake. In fear, Day speeds up the truck. All of a sudden, the sons see through their lens jets of colossal grey clouds exploding from the side of Mount St. Helens. It was then that the kids start to tremble in fear of the wrath of God. However, that did not help before the blast reached over and vaporized them.Figure 1. Location of Mount St. Helen’s (BBC, 2014)

The Onset    
This volcanic eruption that hit its climax at 8:32 am on May 18, 1980 truly made their trip more breathtaking than they expected. There were, however, multiple forecasting signs of this eruption. A series of earthquakes started on March 16, and continued until a small explosion on March 27 blew a crater opening; this was the first visual sign of the volcanic activity in 123 years (Lange, 2003). As further minor earthquakes with eruptions continued to occur through April and May, a visible bulge grew out of the northern side of the mountain (Lange, 2003). 

[image: http://mountsthelens.com/images/image013_1_.gif]Debris Avalanche     
When the 5.1 magnitude earthquake hit on May 18, a rapid chain of events followed. The unstable bulge started to collapse and slid downslope as shown in Figure 2, producing the largest landslide-debris avalanche recorded in history (Natural Discovery, 12012). Some of it surged into Spirit Lake and raised its water level by about 200 ft (USGS, 2013). Most of the landslide debris continued and flowed to the northwest following the North Fork of the Toutle River (Figure 3). Figure 2. Movement of the Bulge (Natural Discovery, 2012)

Lateral Blast     
[image: http://www.ux1.eiu.edu/~cfjps/1300/may18_devastmap.gif]The landslide exposed the magma intrusion underneath and released its high pressure, triggering a lateral blast around where the bulge was. Within seconds after exposure, hot mixture of larva and gases blasted to the north at speeds of at least 300 mph and overtook the debris avalanche (Lange, 2003). No trees remained within 10 km from the former summit, and all trees over 600 km2 of area were seared and blown to the ground (USGS, 2013). The turbulent flows of hot materials melted away the underlying snow and ice, creating surges of water that mixed with landslide deposits to form lahars (USGS, 2013). This mudflow increased in size as it traveled downstream in multiple directions, destroying numerous bridges and homes (USGS, 2013). Figure 3. Eruption deposits (Natural Discovery, 2012)

Plinian Eruption
	About an hour after the start of the eruption, the release of pressure also initiated a Plinian eruption from the crater, characterized by a column of massive tephra extending high into the atmosphere (USGS, 2013). Starting at noon, pyroclastic flows also began to run downslope out of the crater (USGS, 2013). This Plinian phase lasted 9 hours as the plume reached heights of 24 km (USGS, 2013). Over the course of the day, winds blew eastward and spread the ash cloud across Washington, causing complete darkness under its path (USGS, 2013). The ash travelled across the continent in 3 days, and circled the Earth in 15 days (USGS, 2013).
[image: Schematic diagram of a subduction zone]Causes
[image: http://www.crystalinks.com/rof.jpg]Most volcanoes are formed at a subduction zone where the oceanic crust sinks and melts under the continental crust as described Figure 3. The melted magma rises and becomes the source of volcanoes in the area, and this applies to the Cascade Range where Mount St. Helens is located in. Along the western coast near the Cascade Range is the convergent plate boundary separating the Juan de Fuca plate and the North American plate (USGS, 2013). This boundary is also a part of the Pacific Ring of Fire where two thirds of the world’s volcanoes occur due to the local subduction (Moscicki, 2014). Mount St. Helens is a composite volcano formed due to these local conditions. Figure 5. Ring of Fire and Cascade Range (USGS, 2013)
Figure 4. Subduction Zone (USGS, 2013)

[image: Schematic representation of a cinder cone]A composite volcano, also termed a stratovolcano, is a steep-sided cone, commonly found at these subduction zones. It is built from combination of lava flows and pyroclastic deposits as seen in Figure 5 (Natural Discovery, 2012). Composite volcanoes considered more dangerous than other volcanoes because the andesitic nature of their magma gives rise to the volcano’s explosive power, though less frequent in its eruptions (Moscicki, 2014). This explains why Mount St. Helens, as a composite volcano, had been dormant for so long and caused one of the most destructive eruptions in recorded history. Figure 5. Composition of Composite Volcano (USGS, 2013)


Impacts
[image: ]Effects on Landscape and Wildlife
There were several effects of the eruption, but its effect on the landscape was the one most easily noticed. After the eruption, the elevation of summit has fallen to 8,364 ft, or 1,313 ft lower than the original elevation (Natural Discovery, 2012). Figure 5 shows the landscape before and after the eruption. The debris flow had swept across the landscape, leaving behind 150 square miles of deforested and barren area (USDA Forest Service, 2012). Figure 6. Landscape Before and After the Eruption (Natural Discovery, 2012)

Wildlife in the area also suffered heavily. Big game animals including deer, elk, and bear as well as all birds were killed (Natural Discovery, 2012). The marine life in Spirit Lake was also wiped out (PBS Video, 2010). Although the effects of the ash fall on the water quality was short-lived, the mudflow deposition caused the explosion of bacteria that lasted, eventually creating anoxic conditions that fish and other marine life could not survive in (PBS Video, 2010). 
Effects on People and the Economy
Social impacts were also disastrous. 57 people were killed and many more were injured, along with 200 homes, 185 miles of roads, and 15 miles of railways that were destroyed (Bagley, 2013). Sewage systems were clogged and air traffic over the Northwest was temporarily shut down, all due to ash deposition on land and in air (Bagley, 2013). The International Trade Commission estimated damages to timber, civil works and agriculture to be $1.1 billion (Bagley, 2013). Trauma caused by the hazard was immense; people living in the affected area suffered from various post-traumatic stress syndromes (Volcano World, 2012). However, benefits were also observed when the changed landscape attracted tourists. Consequently, Mount St. Helens has become a National Volcanic Monument for research, recreation, and education (USDA Forest Service, 2012). 
Response
Proactive Responses
Many responses were proactive due to advanced technology of seismography and good emergency response plans. Preceding earthquakes were detected and analyzed, and U.S. Geological Survey outlined the hazards of potential eruptions and sought mitigation (Sorensen, 1980). The earthquake of March 20 prompted USGS scientists and U.S. Forest Service officials to begin gathering resources needed to study and to deal with the upcoming eruption (Sorensen, 1980). The USFS then banned the public from areas above timberline on Mount St. Helens, residents in the vicinity were advised to evacuate, and many roads were blocked in the area (Sorensen, 1980). 
Reactive Responses
However, the perception of risk was stayed low for many, and only reactive responses could help them when the eruption occurred. An immediate response to the eruption was evacuation, assisted by helicopters to search for and rescue survivors (Natural Discovery, 2012). However, some residents, such as Harry Truman who owned the Spirit Lake Lodge, refused to leave due to his attachment to the place (Sorensen, 1980). Nevertheless, emergency services reduced the amount of casualties. Afterwards, long term responses such as investigations for research took place as the area was left to gradually recover to its original state. 
Recovery
[image: http://www.mshslc.org/wp-content/uploads/2013/05/7_crisafulli_gopher1.jpg]Wildlife Returns
 Many researchers wondered how the landscape would recover and how long that would take. Over time, various evidences were observed that supported the biological recovery in the area. The first animal to be discovered alive in the area after the eruption was the Northern Pocket gopher (Figure 7) (PBS Video, 2010). Its burrowing behaviour had kept it safe underground while the eruption swept all life above it. Additionally, scientist discovered after a few years that planktons started to inhabit the lake (PBS Video, 2010). These planktons were photosynthetic and produced oxygen and allowed life to come back to the lake (PBS Video, 
[image: ]2010). Furthermore, the first plant to re-appear was a prairie lupine, which can take nitrogen straight from the air (Figure 8) (Dale et al, 2005). With its roots also receiving nitrate from bacteria in a mutualistic relationship, the lupine plant was able to thrive (PBS Video, 2010).    Decomposition of dead plants and animals and wind blowing also provided new nutrient-rich soil over time.  Even though the landscape was altered permanently, Mount St. Helens has proved to be a strong resilient landscape as its forests are slowly being recuperated. In Figure 9 are the aerials views of Mount St. Helens at two different years, which clearly show returning greenery. [image: ]Figure 7. The Northern Pocket Gopher (USGS, 2013)
Figure 8. Prairie Lupine (Tales, 2012)


Human EffortsFigure 9. Aerial view of Mount St. Helens: June 17, 1984 (Left) and August 20, 2013 (Right)  (Diep, 2013)

	Human efforts were also placed in order to recover the local economy. Roads and bridges have been repaired, and people have been rehoused (BBC, 2014). Eastern Washington communities most affected by ash debris put efforts to remove and dispose of ashes (Natural Discovery, 2012). To assist the recovery, Congress approved $950 million in emergency funds to the Army Corps of Engineers and the Small Business Administration, which was significant considering the $1.1 billion of damage costs (Bagley, 2013). The increasing tourist attraction in the area has also played its role to boost the economy.
Suggestions
	Further actions need to be taken in order to prepare for future eruptions. These include education, resettlement, and protection. First of all, better education policies could increase the public perception of risk and raise awareness for precautions and evacuation procedures. Second, construction of houses and buildings must be planned carefully and avoid high-risk planes. Underground construction could also be considered for evacuation facilities in risk areas or if any facilities are to be built in the area for geological and hydrothermal studies. Additionally, dams can be built in valleys to hold back lahars. Although one can argue that these actions are wasteful and unnecessary, acting upon above preventative measures will definitely be less regretful than when more deaths and damages result from a sudden eruption after lack of preparation. 
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