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¢ Yellowstone, USA, ~2.2 Ma, ~2,500 km3
¢ Toba, Indonesia, ~75 ka, ~2,000 km3
¢ Tambora, Indonesia, 1815, ~50 km3




2 basic types T

@ Volcanoes that have completely blown

Mazama-type themselves apart & then collapsed, leaving

N a huge crater in their place.
. / AN = Crater Lake, Oregon 75 km?3
.7 . = Santorini, Greece 39 km?

- i 3
= E"\ _@Krakatau, Indonesia 20 km

Krakatau, Indonesia (1883)

2 basic types EASC 421

Valles-type ¢ Huge elliptical depressions (calderas)
above a very large magma reservoir
@ Long Valley, USA
& Yellowstone, USA
_ = Rabaul, Papua, New Guinea
@ Campi Flegrei, Italy

Rabaul, PNG
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EASC 421

Kilauea caldera &
Halemaumau pit crater

term “pit crater” is rather loosely used

€ most cases refers to “mini-caldera” (<1 km
across?) formed by drainage of magma

& should only be used when evidence of
subsidence of floor, otherwise use “crater”




B The basics

EASC 421

EASC 421

Zavaritzki Caldera, Kuriles



we) Stage 1 Chamber intrusion Tumescence ?
EASC 421

Horst structure form
B ) forceful intrusion

A)

Radial and concentric Some displacement along
fractures no fault displacement faults
C) D)

Little deformation <«—Extension—»
\above chamber
—

-

Chamber floor depression Rifting with curvi-linear normal
below chamber faults

& Emplacement of shallow sill-like magma chamber

a Stage 2 Plinian overpressure ephase  .,c.

¢ Initial eruption
= related to overpressure
& Plinian column - fall
deposits
¢ During eruption
= depressurrisation and

vesiculation in magma
chamber

¢ Magma chamber
becomes foamy unable
to support the roof




@ Stage 3. Onset of subsidence

EASC 421

Initial d

¢ Subsidence downsagging

= Associated with
pyroclastic flow eruption

¢ Viscous deformation?

Partially dow: L] Partial ring fault development =-= HOt around magma
controlle % /‘i Chamber

subsidence :; Development of ring
fault- lithic distribution-

Subsidence along ring faults u nZ i p p i ng !
o . @ Trapdoor subsidence

¢ Downsag

@ Subsidence mechanisms EASC 421
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Simplest (and earliest ideas) involved piston-like (or plate-like) collapse
of roof following eruption of voluminous pyroclastics

¢ Now know that collapse is in many cases considerably more complex
than this

n




@ Subsidence models S

PLATE ("Piston")
Single, large volume eruption

@ Most caldera collapses probably
involve >1 process

__ PIECEMEAL @ All mechanisms could be

TR0 multicyclic? {77 . .
“Krakatoan-type”  }} i incremental or single events

“Valles-type”

A\ @ All syncaldera eruptives could be

_TRAROOOR associated with some (or dominant

el drainage of magma at depth)

@ In most(?) cases roof subsidence

: considered as extension of stoping

smal\vguon:i%segfplumn? to the near Surface

7L @ Many small (< few km) calderas

probably formed by funnel-like
mechanism

@ Could also add “chaotic collapse™
to these mechanisms

EASC 421
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( Collapse scarp

-
- Talus
Q Subsided block

)
N ] . New explosive cratel

/. crack

@ Pre-collapse crater

el 220uy

& Some calderas collapse incrementally not during a
single event

@ can be generated by even small vol. eruptions (e.g.,
2 km diam. caldera at Pinatubo from 4-5 km?3
eruption)

@ Successive small volume eruptions can build up

; nerfait larger calderas (e.g., Katmai, 1912)

craers oty serpion §3 - [ncremental collapse probably more common in
basaltic calderas (e.g., Kilauea)




EASC 421

18 August, 2000

500 - 1000(m) -

® Felsic calderas S

* Pre-collapse volcanism. Cluster of stratovolcanoes grow over small isolated plutons

Intermediate-
composition
2— volcanics

Related . :
e st e n e e e e Pre-volcanic —
= II'It!USIOI'IS 5
rocks
4] s
-6— 4 I L

¢ Caldera collapse & ash flow eruption over large zoned magma chamber. Note thickness of
271 ash within caldera relative to outside —




EASC 421

Caldera complexes consist of

mutltiple (often overlapping)
catderas within a larger volcanic
figld -
Careful mapping required to
-distinguish individual centres &

pyroclastic sources

; Overlapping calderas can result

) : in complex caldera geometries

Such large clusters are all felsic

Erta Ale, Ethiopian Rift




Intra-caldera fill EASC 421

& Intra-caldera fill can be very
complex (particularly its
geometry),

= typically includes PF deposits
(very coarse poorly sorted lag
deposits) associated with
subsidence, coarse fallout,
slide blocks & other collapse
“megabreccias” from country
rock

= later postcaldera facies:
lacustrine facies, fluvial
facies, domes, lava flows etc.

@ Interbedded ignimbrite lag and
caldera wall slide breccias is a
common intra-caldera fill

ignimbrites =

Comagmatic lag breccias

== —_— —

@ Postcaldera magmatism

magmatism in intermediate& -
felsic centers often involves
resurgence (uplift) of caldera
floor by rising (gas-poor)
magma and eruption of domes
& lava flows

EASC 42
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® Mt. Mazama — Crate

Geologic Map -
Crater Lake Caldera Floor

Crater Lake Shoreline

Pumice Point

- ood Cove
Liao Rock (boat landing)

+

Merriam Point =

Eagle Point

Sediment and landslide deposits Qutcrops and talus of caldera
(=) : - walls

of caldera floor
Subagueous rhyodacite Chaski Bay landslide
W 2o subaeral andostte:- fz Direction of landslide flow
EI Late subaerial andesite - @ Thermal feature

above lake surface
[ Subagueous andesite ] 1 2 kilometers

[ Early subaerial andesite

o 1 miles
[ Sediment covered lava fows

STAGE 1

Fresh magma fills a magma
chamber and triggers a
volcanic eruption of

lava and columns of
incandescent ash.

STAGE 2

Eruption of lava and pyroclastic
flows continue, and the

magma chamber becomes
partly depleted.

STAGE 3

A caldera results when the
mountain summit collapses
into the empty chamber. Large
pyroclastic flows accompany
the collapse, blanketing the
caldera and a surrounding area
of hundreds of square
kilometers.

STAGE 4

A lake forms in the caldera.

As the residual magma in the
chamber cools, minor eruptive
activity continues in the form
of hot springs and gas
emissions. A small volcanic
cone forms in the caldera.

EASC 421
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* Caldera resurgence due to postcaldera

> Domed uplift of caldera floor

@ Uplifted faulted blocks (sometime on

3 Toba lake 900 m a.s.l. - 500 m of

Caldera resurgence T

Caldera-fill _
sediments

rise of large magma body

accompanied by eruptions (often low-
volume eftusive or mildly explosive)

ring faults) may occur

uplift

= multiple episodes of subsidence

Tanuarg 1005

dera resurgence 150cm

March 1984

January 1983

Jsnusey 1982
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@ Caldera margins: post-collapse modification, ¢ . 4»;

-~
N

> Original collapse geometry modified by mass wasting of caldera scarp,
postcaldera vents & intrusions along ring-fault
Mass wasting may give rise to scalloping of walls and a collar of deposits

In absence of obvious slideblocks or mass wasting deposits on caldera floor
distinguishing primary collapse morphology from later modification can be
difficult

o
N N

Post-caldera lavas erupted
A Topographic rim along ring fractures
F aC I eS ‘ I Moat | Resurgentcentre |
| | |
1 S
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& Sometimes = ——— ]
very difficult : ‘
or even
impossible!

\

#Z) Talus [l Cerro Galan ignimbrite  [57-] Earlier ignimbrites ﬂn";g:ﬂ;i;a“d dacitic
Palaeozoic Crystallized Molten Earlier dacitic

basement magma magma magma chamber

¢ Precaldera: truncated by caldera ring fault or warped by downsagging
¢ Syncaldera: commonly large-volume pyroclastic deposits, laterally
equivalent flank (“outflow” facies) & intracaldera facies.
& Syncaldera facies in caldera margin areas may be disturbed, downfaulted or
drape across margin, depending on relative timing of collapse and eruption
= (Low-volume) syncaldera facies associated with incremental collapse can be
especially difficult to recognise as syncaldera in origin!
& Postcaldera: drapes caldera margins & syncaldera facies, intrudes/erupts
along caldera bounding faults or on caldera floor




Long Valley, California S

('] 5 10 kilometers
@ Caldera (15 x 30 km) e - —
formed ~760,000 years ago,
following massive
outpouring about 600 km?3 Parum Crits:
of ash & pyroclastic flows | 0 -
(Bishop Tuff).
@ Most recent volcanic St~
activity (rhyolite flows & June Lake ] Bait -
domes) was ~250-600 years | Aeoreue __CaderaBoundary
ago Glass Creek flow — . N
& Recent seismic, activity &  |* o onen |
25 cm uplift of resurgent Mammone! -
dome, caused anxiety in the | wammotn win. |
1980s. Nt Monumont |
Red Cones |
Lakes Basin ~]

Long Valley, California S




EASC 421

Areal distribution — regienal to
global

All of these eruptions have och

W|th|n the last 2 million years. ]
ﬁSome within the last 10,000 years.

No reason to believe that they won’t

happen again.

have been 3 examples ofs“caldera

unrest” i .0n

Canrthis type of eruption occur today?
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