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Volcanoes flank collapses

NASA Earth Observatory Image 2009

The 1980 sector collapse and debris avalanche 
at Mount St. Helens triggered the recognition 
of many similar debris avalanche deposits 
worldwide (Siebert, 1984; Ui and Glicken, 
1986; Siebert et al., 1987; Francis and Wells, 
1988; Vallanceet al., 1995).
Since then, several studies have revealed that 
many volcanoes are susceptible to failure 
caused by exogenous or endogenous 
processes (McGuire, 1996),



Volcanoes flank collapse: causesand triggers

Instability of a volcanic edifice may be caused by many factors :  
Ådirect magmatic intrusion into the edifice (Bezymianny-type activity, 

Gorshkov, 1962  Day, 1996; Elsworthand Voight, 1996), 
Ådeposition of  voluminous pyroclastic deposits on steep slopes (McGuire, 

1996),
Åhydromagmaticprocesses (Dzurisin, 1998), 
Åphreatomagmaticactivity (Bandai-type activity, Moriya, 1980). 
Å faulting and tectonic settings (McGuire, 1996; Siebert, 1984)
ÅEarthquake(Keefer,1984)

Gravitational failures may occur in response to progressive weakening
of an edifice. Other triggering mechanisms include phreatic explosions and  
Hurricane-induced rainfall trigger (flank collapse at the Casita volcano in 
Nicaragua in 1998, Sheridan et al., 1999; Scott et al., 2005).
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A recently developed technique of analysis applied to strato-volcanoes by 
Borselli et al. (2011)*, offers new insights for assessment of degree of 
instability for flank collapse of volcanic edifices.

*BORSELLI L.,  CAPRA L., SAROCCHI D., De La CRUZ-REYNA S. (2011). Flank collapse 
scenarios at Volcánde Colima, Mexico: a relative instability analysis. Journal of 
Volcanology and Geothermal Research. 208:51ς65.

The new technique combines three methodologies:
Å1) slope stability by limit advanced equilibrium analysis (ALEM) of multiple 

sectors on the volcanousing SSAP 4.0(Slope Stability Analysis Software, 
Borselli2011) which include fluid internal overpressure or  progressive 
dissipation (Borselliet al. 2011),  and rock mass strength criteria (Hoeket al. 
2002,2006) for local, stress state dependent, shear strength; 

Å2) the analysis of relative mass/volume deficit in the volcano structure, 
made using the new VOLCANOFIT 2.0 software (Borselliet al.2011);

Å3) Statistical analysis of major flank debris avalanche  ages in the last 
10,000 BP, using stochastic arithmetic methods (Vignes, 1993), and 
calculating the mean time of recurrence of them. 
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Relative slope stability by  advanced 
limit equilibrium method (ALEM)
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Limit equilibrium method 
(LEM) Slope stability 
analysis (Duncan 1996):
Calculation of Factor of 
Stability (FS)  which is 
associated to each section
of volcanic edifice

Factorof stability determination:
Fs<=1.0 unstable
Fs> 1.0   stable
Accordingto standadrigorousLEM

Single section 
analysis

210°

270°

BorselliςάCƭŀƴƪ ŎƻƭƭŀǇǎŜǎ ŀƴŘ ƴŜǿ ǊŜƭŀǘƛǾŜ ƛƴǎǘŀōƛƭƛǘȅ ŀƴŀƭȅǎƛǎ ǘŜŎƘƴƛǉǳŜǎ όwL!ύΦέ, Boise State University ς19/09/2016, Boise (ID)



Advanced LEM in SSAP  4.0

http:// WWW.SSAP.EU
(Borselli 1991, 2016)

SSAP 4.7.8 is a full 
freeware software

Å Generic shape random search 
of minimum FS sliding surface 
by Monte Carlo method

Å Rock mass strength criterion 
(Hoeket al. 2002,2006).

Å Fluid pressure function ( 
overpressure and dissipation 
fields Inside volcanic edifice) 
(Borselliet al. 2011)
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ALEM analysisapplicationto
Volcande Fuego, Colima, MX
(Approx3880 m  a.s.l.  In the 2011)

Volcande Fuego, Colima(november2011)
W view

From,  Saucedo
et al. 2010
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Volcande fuego
Colima, MX

Selectedarea for analysis
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SimulatedOverpressure
fluid field



The advanced Limit equilibrium method (ALEM) and Relative instability analysis
Scenarios and Geomechanicalparameters (rock mass using GSI  Hoek et al. 2002)

Simulation
Scenarios
adopted
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Final results  colima with ALEM More pessimistic result 
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The Relative stability index

The sectorwith  minimun relative 
stability is W-SW flank
(between270° and 210° )

(Borselli et al. 2011)



Volcanofit2.0
WWW. VOLCANOFIT.ORG

VOLCANOID  SURFACE OF REVOLUTION
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