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Introduc/on%

• Two%categories%which%span%across%different%erup/ve%styles%%

• Not%straigh<orward%classifica/on%

• Very%variable%source%mechanism%

• Issues%in%deposit%studies%

• Classifica/on:%peculiar%or%could%be%hosted%within%tradi/onal%

schemes?%%
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Pulsatory%dynamics%

• Unsteady,%consis/ng%of%discrete%pulses,%can%last%over%long%/mes%

(hundreds%to%thousands%or%even%more%explosions)%

• Repeated/%unsteady%fragmenta/on%%

• Variable%frequencies%(%≤1O2%Hz)%

%

• Strombolian%and%violent%strombolian%

• Vulcanian%(?)%

• Phreatomagma/c%(Surtseyan)%

...But%not%unique%to%these%styles!%

Etna,%2013%

Paricu/n,%1946%
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• Main%factors%:%/ming%and%scale%of%fluctua/on%

• Discrete%pulses%from%the%source%convert%into%pulsatory%dynamics%of%

the%erup/ve%plume–%unsteady%sedimenta/on–%layering%and%

stra/fica/on%of%the%tephra%layer/%repeated%collapses%%

Pulsatory%dynamicsOin%the%field%

Cerro%El%Hungaro%and%its%tephra%blanket,%Mexico%

Paricu/n%1943O1945%

blanket,%Mexico%
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• Main%factors%:%/ming%and%scale%of%fluctua/on%

• Pulses%there%are%so%closely%spaced%that%they%do%not%convert%into%a%
unsteady%deposi/on–%massive%deposit%

• Single%pulses%do%not%form%a%con/nuous%layer:%faint%stra/fica/on 

Pulsatory%dynamicsO%in%the%field%

PreOMinoan%fallout,%Santorini%

Soufriere%Hills%1996O2005%
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Walker,%1973%

Pulsatory%dynamics%

SOME%TRADITIONAL%CONCEPTS..%

• �Strombolian�%and%�violent%
strombolian�%are%associated%with%low%
viscosity%magmas%

• Vulcanian%are%associated%with%high%
viscosity,%crystal%rich%magmas%

• Surtseyan%explosivity%is%controlled%by%
magma%water%interac/on%

• Strombolian%and%violent%strombolian%

ac/vity%can%be%accompanied%by%lava%

flows%%

• Vulcanian%ac/vity%is%ogen%associated%
with%an%ac/ve%lava%dome%

• All%these%erup/ons%can%have%very%long%
(months%to%years)%dura/ons%
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Clarke,%2013%

Pulsatory%dynamics/Vulcanian%

Cas%and%Wright%,%1987%

Short%livedOdiscrete%erup/ons%

Vulcanian%plumes:%<20km%

Erupted%magma%<0.1%km
3%
DRE%

They%occur%by%�rupture&of&a&
competent&sealing&conduit&plug&or&
dome�%
Intermediate%to%silicic%magmas%

Erupted%magma%<1%km
3%
DRE%

Intermediate%composi/ons%

Vulcanian%plumes:%<10km%

Most%Vulcanian%erup/ons%eject%

dense%materialO%some%also%scoria%%
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•  In%twoOphase%separate%flow,%gas%bubbles%tend%to%cluster%

because%their%rise%velocity%varies%with%gas%volume%

frac/on%

•  At%sta/onary%condi/ons,%clustering%forms%stable&
kinema4c&waves77generated%by%mass%transport%

phenomena%

%

Separated&two;phase&flow&dynamics&

€ 

U 0 (ε) =Ut (1 −ε)
q

ε= gas volume fraction 
Ut= terminal velocity of a single 
bubble 
U0= rise velocity of a cluster of 
bubbles 
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•  Separate%two%phase%flow%dynamics%is%always%pulsatory%even%for%steady%
feeding%rates%

%

Gas%segrega/on%in%low%viscosity%magmas%
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Pressure at P1, ugs=1.14 m/s, h0= 4.5 m  

Outgassing&is&a&dynamic&process!&
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Pressure%oscilla/ons%
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Pressure&oscilla7ons&
•  For%any%regimes,%the%periodicity%is%controlled%primarily%by%gas%flow%volume%

rates%

Pioli%et%al.,%2012%
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Pressure&oscilla7ons&
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Pressure&oscilla7ons&

Azzopardi%et%al.,%submimed%

Frequency%of%gas%slugs%

Oscilla/ons%of%the%free%surface%

•  For%any%regimes,%the%periodicity%is%controlled%primarily%by%gas%flow%volume%

rates%



Earth&and&Environmental&Sciences&

Pulsatory&dynamics/strombolian&to&violent&
strombolian&

Cerro%Malacate,%Mexico%
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Pulsatory&dynamics/strombolian&to&violent&
strombolian&

Cerro%El%Hungaro%and%its%

tephra%blanket,%Mexico%

Jorullo%tephra%blanket,%Mexico%

Paricu/n%tephra%blanket,%

Mexico%

Sunset%crater%tephra%blanket,%USA%
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Pulsatory&dynamics/strombolian&to&violent&
strombolian&

Subplinian-Plinian activity!

Transitional activity!

Effusive activity!

• Typically%pulsatory%(Mac%

Donalds,%1972)%

• Typical%of%low%viscosity%
magmas%

• Higher%erup/on%columns%

(%4O8%km)%than%

Strombolian%

• Higher%fragmenta/on%

efficiency%than%

Strombolian%

• Gas%segrega/on%is%s/ll%
efficient:%

contemporaneous%lava%

effusions%and%explosions%
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Pulsatory&dynamics/Vulcanian&

Giachep%et.%al%(2010)%

Melnik%and%Sparks%1999%

DOME%GROWTH%
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Sakurajima%

Pulsatory&dynamics/Strombolian&to&vulcanian…..&

Yamanoi%et%al.%(2008)%

Vesicular%ash% %%%%%%%% %dense%ash%
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Vulcanian&regimes&

LogO%logis/c%distribu/on:%the%log%

of%the%/me%between%two%

different%events%has%a%logis/c%

distribu/on..%

The%probability%that%the%/me%

between%two%consecu/ve%

events%is%larger%than%T
av
%rapidly%

decreases.%

Distribu/on%of%/me%intervals%is%

not%symmetrical%%

Sta/s/cal%analysis%of%TIME%intervals%between%erup/ons%

Soufriere%Hills,%1997;%%

from%Connor%et%al,%

2003%

%

Anak%Krakatau,%1960;%

from%Wams%et%al,%2007%

%
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Pulses&in&Strombolian&regimes&
Sta/s/cal%analysis%of%TIME%intervals%between%erup/ons%

Works%at%different%openOconduit%volcanoesO%also%for%pulses%within%the%same%event%

%

The%proper/es%of%the%distribu/on%

appear%related%to%the%proper/es%of%

magmas..%
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Periodicity&

•  Log%logis/c%distribu/on%

fits%all%data%(Strombolian%

to%Vulcanian)%

•  The%process%is%not%random%

(distribu/on%does%not%fit%a%

Poisson%model)%

•  Explosion%frequency%and%

regularity%decrease%with%

increasing%magma%

viscosity%

Dominguez%et%al.,%2014..%Check%the%poster!%


