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Talk outline

• Current classifications, calderas and
ignimbrites

• Caldera-forming ignimbrites: how and
when? some examples of end member
types

• Discussion on what can be used to
describe and classify

• Open questions and future perspectives

 



Walker’s classification: where do we fit ignimbrites

and more so caldera-forming ones?



The Volcanic Explosivity Index

VEI Tephra volume 

(m3) 

Eruption 

column height 

(km) 

Stratospheric 

injection 

General 

description 

0 < 104 < 0.1 None Non-explosive 

1 104-106 0.1 –1 None Small 

2 106-107 1 – 5 None Moderate 

3 107-108 3 – 15 Possible Moderate-large 

4 108-109 10 – 25 Definite Large 

5 109- 1010 > 25 Significant Very large 

6 1010-1011 > 25 " " 

7 1011-1012 > 25 " " 

8 > 1012 > 25 " " 

 

Does magnitude tell us

anything about the

ignimbrites and or

collapse styles?

Crosweller et al., JAV 2012



Linearity between caldera area and erupted volume: does it

help classification?



Caldera collapse processes and kinematics

Acocella ESR 2007

No correlation

between erupted

volume and

evolutionary stage



Available caldera classifications so far have not explicitly related

collapse styles to deposit types although there is a general

agreement that stratigraphy should record the timing (?style?) of

collapse



Caldera collapse - the classic model: internally triggered by

volatile supersaturation and initial overpressure

Bandelier Tuff

after Bacon, 1983

Druitt and Sparks, Nature 1984 VTTS 13.5 km3  Adams et al BV 2006

Crater Lake, 55 km3, Druitt and Bacon CMP 1989

Pm>Pl

Pl>Pm

Pre-collapse: early single

conduit - fall deposits +/-

early ignimbrites

Syn-collapse: transition to

ring conduits -  breccias

and climactic ignimbrites

(crystal poor-to-rich and

maybe chemically zoned)

rhyolite

Andesite to basaltic



CCDB, Geyer et al., 2011

Timing of caldera collapse and stratigraphy

A type

f



Volatile-driven eruptions and ignimbrites mobility: low aspect ratios

Folded substrate

Examples of LARIs

Taupo 186 A.D. Ignimbrite, New Zealand

Rabaul Ignimbrite (c1 Ma)

Koya Ignimbrite, Japan

Campanian Ignimbrite, Italy (39 ka)

Kos Plateau Tuff, Greece (160 ka)

Taupo 186 AD, NZ 

Veneer facies

Imply short-lived, highly violent events from transformation of

potential to kinetic energy due to high eruption columns or

sedimentation from turbulent suspensions



Ignimbrites and mobility - low aspect vs high aspect ratios

Cas and Wright 1987

Dade, JGR 2003



Temperature of emplacement: a proxy for heat dissipation,

eruption and transport styles

Fontana et al BV 2011

Giordano & Dobran JVGR 1994

REFERENCE DEPOSIT T°C METHOD VOLUME NOTES

Paterson et al 2010 St Helens May 18 1980 330-390/>634 TRM

Paterson et al 2010 St Helens June 12 1980 510-590 TRM HARI

Paterson et al 2010 St Helens Jul 22 1980 >577 TRM boil over

Paterson et al 2010 Colima 2005 cold TRM

Banks and Hoblitt 1996 St Helens 1980 300->600 direct measurement

Banks and Hoblitt 1996 St Helens June 12 1980 540+-30 direct measurement HARI

Banks and Hoblitt 1996 St Helens Jul 22 1980 >600 boil over

Cioni et al. 2004 Vesuvio- 79 180-380 TRM 5

McClelland and Druitt  1989 Santorini - Cape Riva Middl250->580 TRM 30

McClelland et al.  2004 Taupo 186 AD 150-300/400-500 TRM 35 LARI

Hudspith et al 2010 Taupo 186 AD 200-400°C charcoal 35 LARI

Porreca et al.  2006 Stromboli - SdL <140 TRM 0.0001 phreatomagmatic

Porreca et al.  2006 Stromboli - COA 300-340 TRM 0.0001 phreatomagmatic

Porreca et al. 2008 Colli Albani - Peperino 240-350 TRM 0.8 phreatomagmatic

Zanella et al.  2008 Vesuvio - Pollena 260-360 TRM 5

Sulpizio et al.  2008 El Chicón 380 TRM

Gurioli et al 2012 Vulcano - Commenda 160-360 TRM

Lesti et al. 2011 Galan >580°C TRM 630 crystal-rich; parly welded



Klug et al BV 2002 Crater Lake

Polacci Ann. Geophys. 2005
Rust & Cashman JGR 2011

Vescicularity eruption history [+hiatuses] and grain size

Adams et al., BV 2006 VTTS



Vescicularity and grain size

Cashman & Giordano in prep

Colli Albani igs

Giordano and Dobran 1994
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after Sable et al 2006



6> 250 m at 20

km from source

281-437 m>1600 km2

30 km (VSN1)

3x10-4

Tephri-phonolitic/phono-

tephritic

(SiO2 54-48wt%)

18 + 1030 + 18

(intra-

caldera)

Villa Senni

Formation

(VSN; 355 ka)

(VEI)

Max hight

climbed

Min subsidence

8 x 8 km caldera

Area

Max runout

Aspect ratio

CompositionD.R.E.

volume2

(km3)

Deposit

volume1

(km3)

Ignimbrite

unit - Age

VSN1

VSN2

2
5

 m

Density 1000-1900 kg/m3

Vesicularity 14-64%
Connected 85-99%

k1 1.9x10-13 - 7.8x10-12 m2

Max viscosity 10-4.5 Pa-s

Caldera collapse breccia

Early fall 0.3 km3

VSN1

10 km3

VSN2

20 km3

Vinkler et al JVGR 2012



  

  

  

  

Eruption history: f = 30

Vinkler et al., JVGR 2012

PAUSE?



What drives the sustained explosivity of these mafic magmas ?

• Crystals  change of viscosity?

Φxls = 0.3

Φb = 0.4

Ca > 1

T°C = 1000

γ = 1 s-1
.

Campagnola S., 2014, unpulished PhD thesis



Spieler et al, 2004

• Decompression?

What drives the sustained explosivity of these mafic magmas ?



ERUPTION HISTORY
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Ignimbrites and chemical composition

Si-poor, CP Si-rich, CP

Si-rich, CR

Cashman & Giordano in prep

Cerro Galan, CR rhyodacite

Colli Albani, CP mafic



The dilemma of crystal-rich monotonous intermediates: why and

when?

Maughan et al., JVGR 2002

Ora ig., 1290 km3, 45% xlsWillcock et

al., JVGR 2013

Bachmann & Bergantz

Elements 2008

Galan ig., 630 km3, 50% xls; Folkes et

al., BV 2011

Immature or

rejuvenated

stage -

wholesale

mush eruption

(large volume

<45% xls)

Mature stage -

high silica

residual

rhyolites and

zoned

chambers

Non-eruptible

reservoir

2200km3

2800km3

Non-eruptible

reservoir



Ignimbrites and stratigraphy/timing of collapse (Ora ig. 1290 km3;

MI; f=0) no basal fall deposit; lithic poor; welded; crystal rich 45%

Willcock et al JVGR 2013

1000+ m thick 

intracaldera faciesPre-caldera substrate



Caldera collapse - overpressure model in a viscoelastic crust



Gregg et al., JVGR 2012

A twofold classification based on collapse style + indirect

stratigraphic evidence

No pre-

collapse

deposits

(?)

Pre-collapse

deposits (?)



CCDB, Geyer et al., 2011

Timing of caldera collapse and stratigraphy

A type

B type



Depth and radius of magma chamber vs f --> twofold

classification of collapse and magma withdrawal

Roche and Druitt EPSL

2001

PISTON CHAOTIC



Ignimbrites and stratigraphy/timing of collapse (f)

Bishop

Campanian 

Toba

Pinatubo

Cashman & Giordano in prep



Monotonous Intermediates mobility

Cerro Galan, Andes

Cas et al., 2011

Unit

age 

(Ma) chemistry

extracaldera 

bulk (preserved) 

volume (km3)

dispersal 

(preserved) 

area (km2)

average 

thickness 

H (m)

max 

preserved 

distance 

(km)

average 

radius 

(km)

circle 

diametre L 

(km)

aspect ratio 

H/L

deposit 

type basal fallout

max height 

climbed (at 

distance)

crystal 

concentration

% < 1/16 

mm

Cerro 

Galan 
2.1 rhyodacite 364.7 (97.2)

7500 

(2160)
45 74 50 100 4.5*10-4 VP no  no > 20 %



Monotonous intermediate temperatures

Lesti et al., BV 2011

Wright et al., BV 2011



Back to Walker’s classification: based on observables



Roman

Applying Walker’s approach to caldera forming

deposits: based on observables
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Points for discussion

1 - do we need a classification for caldera forming eruptions?

2 - is it viable to build it on observables?

3 - what variables and how many?

4 - what is the extent of uncertainties when calculating:

caldera area (morphological vs structural)

deposit volume (bulk vs DRE) vs total mass

aspect ratios

emplacement temperature

stratigraphic timing of caldera collapse (breccia? texture?)

5 - is it meaningful to try relating calssification based on collapse

models to eruption styles?

6 - how to include repose intervals?

7 - should we use some geophysical parameters (for active calderas)


