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Transient and pulsatory explosive
activity

A field and experimental perspective
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Introduction

eTwo categories which span across different eruptive styles
eNot straightforward classification

e\/ery variable source mechanism

e|ssues in deposit studies

eClassification: peculiar or could be hosted within traditional

schemes?
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Pulsatory dynamics

eUnsteady, consisting of discrete pulses, can last over long times
N e,

(hundreds to thousands or even more explosions) (
eRepeated/ unsteady fragmentation
eVariable frequencies ( £1-2 Hz)

Paricutin, 1946
eStrombolian and violent strombolian
eVulcanian (?)
ePhreatomagmatic (Surtseyan)

...But not unique to these styles!

Etna, 2013
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Pulsatory dynamics-in the field

eMain factors : timing and scale of fluctuation

eDiscrete pulses from the source convert into pulsatory dynamics of
the eruptive plume— unsteady sedimentation— layering and

stratification of the tephra layer/ repeated collapses

Paricutin 1943-1945
blanket, Mexico

_ Cerro El Hungaro and its tephra blanket, Mexico
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Pulsatory dynamics- in the field
eMain factors : timing and scale of fluctuation

ePulses there are so closely spaced that they do not convert into a
unsteady deposition— massive deposit
eSingle pulses do not form a continuous layer: faint stratification

Pre-Minoan fallout, Santorini

u. o.v;
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Pulsatory dynamics

SOME TRADITIONAL CONCEPTS..
e ‘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 interaction
*Strombolian and violent strombolian
activity can be accompanied by lava

D kmi flows
*Vulcanian activity is often associated
Walker, 1973 with an active lava dome

*All these eruptions can have very long
(months to years) durations
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Pulsatory dynamics/Vulcanian

009 SURTSEYAN a3 U
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@V\«/’ Erupted magma <1 km3 DRE
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< G e Intermediate compositions
- 2 Icanian pl k
o Tetman 7 Vulcanian p umes: <1Q m
_____ - : P Most Vulcanian eruptions eject
SUB - PLINIAN |L j/ ) .
0 S 5 dense material- some also scoria
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Cas and Wright , 1987

100
vulcanian

Short lived-discrete eruptions
ey Vulcanian plumes: <20km
Erupted magma <0.1 km3 DRE
They occur by ‘rupture of a
competent sealing conduit plug or

: : : . dome’
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. Clarke, 2013
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Separated two-phase flow dynamics

* Intwo-phase separate flow, gas bubbles tend to cluster
because their rise velocity varies with gas volume
fraction

Uy(e) =U,(1 -¢)

At stationary conditions, clustering forms stable
kinematic waves--generated by mass transport
phenomena

e= gas volume fraction

U,= terminal velocity of a single
bubble

U,= rise velocity of a cluster of
bubbles
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Gas segregation in low viscosity magmas

bubbly flow slug flow

increasing gas flux

e Separate two phase flow dynamics is always pulsatory even for steady
feeding rates
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Outgassing is a dynamic proce

Pr2

_Pr1

O 2 4 6 8 10
Time (s)

Pressure at P1, ugs=1.14 m/s, h,=4.5 m
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Pressure oscillations
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Pressure oscillations

* For any regimes, the periodicity is controlled primarily by gas flow volume
rates
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Pressure oscillations
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Pressure oscillations

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

rates
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Pulsatory dynamics/strombolian to violent
strombolian

Cerro Malacate, Mexico
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Pulsatory dynamics/strombolian to violent
strombolian :

Paricutin tephra blanket,
Mexico

Cerro El Hungaro and its
tephra blanket, Mexico

DE GENEVE Jorullo tephra blanket, Mexico
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Pulsatory dynamics/strombolian to violent

strombolian

Subplinian-Plinian activity

av. magma flux (m3
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*Typically pulsatory (Mac
Donalds, 1972)

*Typical of low viscosity
magmas

*Higher eruption columns
( 4-8 km) than
Strombolian

*Higher fragmentation
efficiency than
Strombolian

*Gas segregation is still
efficient:
contemporaneous lava
effusions and explosions




Pulsatory dynamics/Vulcanian
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Pulsatory dynamics/Strombolian to vulcanian.....

Sakurajima
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Vulcanian regimes

Statistical analysis of TIME intervals between eruptions

Log- logistic distribution: the log

0sf Soufriere Hills, 1997; of the time between two
ol from Connor et al, different events has a logistic
— 2003 .
distribution..

The probability that the time

between two consecutive

ST T e events is larger than T, rapidly
Repose Interval (hr) decreases

Distribution of time intervals is
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g Anak Krakatau, 1960;
o_?. from Watts et al, 2007
% — Weibull
= Log-logistic
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Pulses in Strombolian regimes

Statistical analysis of TIME intervals between eruptions
Works at different open-conduit volcanoes- also for pulses within the same event

Etna July 2012
T T
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The properties of the distribution
appear related to the properties of
magmas..
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Periodicity

* Log logistic distribution

fits all data (Strombolian a3 Iogg_ - §VlSC;S't¥z(Pa 2" B
to Vulcanian) o} . = a {os
* The process is not random 2‘7’ ' i ' Z:
(distribution does not fit a | —o : los
Poisson model) . g, 0s| los
* Explosion frequency and 2 e T
. ) 0:3f g gy dos
regularity decrease with i .t L
increasing magma 0} {o.
Viscos |ty % 2 4 6 8 0 12 14 16 18 °
Iog-k;lgistic
® Etna July @® Cerro Negro @ Etna April @ Eyjafjallajokull
OSantiaguito @ g:ﬁ:':i‘"‘a .hsﬁ?"::":'d'"::e @ Soufriére Hills

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