
(A) Variation in time of magma DI (DI = Q + Ab + Or + Ne + Lc normative), crystallinity (% crystals), and eruption size for the sampled eruptions. The 
calculated crystallinity exclusively accounts for the amount of macrocrysts. The groundmass crystallinity was calculated and subtracted from the total 
crystallinity when microlites were observed. 
(B) Shaded relief map of Campi Flegrei caldera and Campanian Plain showing the sampling localities. The dashed lines indicate the reconstructed CI and 
NYT caldera rims. A simpli�ed map shows the location of the study area in Southern Italy. (Forni & al., 2018)
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Schematic representation of a 
Caldera Cycle. A caldera 
complex evolves from (a) a 
period of incubation, (b,c) a 
period of maturation, (d) a 
period of fermentation and 
intense production of a 
magmatic volatile phase (MVP), 
to (e) caldera collapse during a 
super-eruption. Post 
caldera-collapse activity can be 
accompanied by resurgence (f) 
and evolve to maturation and 
the continuation of the cycle. 
Death of the cycle will occur if 
the tectonic regime is changed 
signi�cantly.

Mineralogy and composition of Maninjau products through 
time. Some stratigraphic constraints enable to assess relative 
ages of lavas, but these are rare. Zircons in the Lupukbasung 

pyroclastics crystallized over thousands of years, almost until the 
Maninjau caldera-forming eruption.

Geologic map of Rabaul and schematic stratigraphic column, modi�ed 
from Nairn et al. (1989). Dates from Nairn et al. (1995).

Top-Left: Map of the Kos-Nisyros Volcanic Complex (KNVC). Black 
dashed-lines indicate major faults. 

Top-Right: Major and trace element compositions of KNVC 
magmas (liquid line of descent -LLD)

Bottom: Evolution of the KNVC illustrating a possibly cyclic trend. 

The Proposed Caldera Cycle

The Campi Flegrei caldera experienced 2 major eruptions in the last 62 ka: The Campanian Ignimbrite (CI) and the 
Neapolitan Yellow Tu� (NYT). The activity between the two caldera-forming eruptions is mainly characterized by small 

and frequent eruptions from volcanic centers located inside the CI caldera.

The initial eruption of relatively ma�c magmas (trachyandesites) is followed by the emission of gradually more evolved 
and crystal-poor magmas (trachytes to phonolites). Magma water contents increase while storage temperatures decrease 

while approaching to the NYT eruption. This re�ects reservoir growth during the “maturation” phase.

After both calderas, erupted magmas were hotter, dryer, and more ma�c during the “resurgence” phase.

The Maninjau caldera is the source of one major eruption: The rhyolitic 
Maninjau Tu� dated at 52+/-2 ka by Alloway & al. (2004). 

Pre-caldera lavas, exposed in the caldera wall and at high elevations 
outside of the caldera rim are andesitic to dacitic and overlap in 

composition with the most ma�c clasts of the Maninjau tu�.

The last pre-caldera deposits are the Lupukbasung obsidian and 
pyroclasts that are the most evolved, and the only sanidine-bearig 

unit.

Post-caldera lavas were recently identi�ed in the caldera lake. They are 
andesitic to dacitic and overlap in composition with pre-caldera lavas.

Reconstructing the Caldera Cycle for Maninjau would shed light on 
why, how, and when large stratovolcanoes become beheaded, as 

during the 1257 Samalas, 1815 Tambora, &1883 Krarakatau eruptions.

5. Maninjau caldera - Sumatra1. Rabaul caldera - Papua New Guinea
The Rabaul caldera experienced 3 major eruptions in the last 10 ka: The 

Vunabugbug Ig., Memorial Ig. (MI), and Rabaul Pyroclastics (RP). There is a clear 
Caldera Cycle from the MI to the RP with basaltic extrusion during “resurgence”, 
gradual magma fractionation, and a distinctly evolved composition just prior to 

caldera-formation. Currently, basalt reaches the dacitic reservoir forming 
Quenched Ma�c Enclaves (QME).

3. Campi Flegrei caldera - Italy 4. Kos-Nisyros Volcanic Complex - Greece2. Okataina caldera - New Zealand
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Caldera-forming eruptions
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Why a Caldera Cycle?
- A number of volcanic regions around the world show evidence for multiple catastrophic caldera collapses 

in the same approximate location, or the collapse/beheading of a single large volcanic edi�ce. Do these 
systems follow a similar pathway to maturation, and is this repeated from one caldera-forming eruption to 

the next?

- The Caldera Cycle re�ects the physical and thermo-mechanical evolution of the reservoir(s), from its 
gradual building to its (close to full) emptying during a caldera-forming eruption.

- The state and “maturity” of the reservoir can thus potentially be assessed using petrology. 

Challenges
1. What controls the duration of a Caldera Cycle? 

Is it magma productivity in the mantle and the frequency of magma recharge? The thermomechanical state 
of the crust, related to its thickness, the regional heat �ux and thus the tectonic setting?

2. Does the length of a Cycle change from time to time at a given location? What controls this variability?

3. Few calderas have been studied within the framework of a Caldera Cycle. More studies of the kind would 
be needed to address these questions.

Whole-rock (top) and magnetite (bottom) 
compositions for all eruptive phases.

1. Post-RP magmas show 
the involvement of basalt, 
and post-MI magmas are 
basaltic.

2. The RP and MI magmas 
show mingling with a 
fractionated andesite.

3. Immediately 
pre-caldera eruptions are 
the most evolved, even 
more evolved than the 
caldera-forming ones.

SIMS

Plagioclase rims + Matrix glass 
(Waters & Lange, 2015)

Whole-Rock
Matrix Glass

Magnetite + Matrix glass 
(Arató & Audétat, 2017)

2Px, Cpx-, Pl-, Ol-liq

The Okataina caldera experienced 3 major eruptions in the last 600 
ka: The Utu, Matahina, and Rotoiti calderas. It is di�cult to fully 
reconstruct the Caldera Cycle, as geochemistry and intensive 
parameters are missing for most of the inter-caldera deposits. 

There was a ~150 ky period of relative quiescence prior to the 
Rotoiti eruption (Cole & al., 2014).

Post-Rotoiti magmas are dryer, hotter and more ma�c during the 
“resurgence” phase (Shane & Smith, 2013). Major structural 

reorganization of the reservoir is suggested by increased (zircon) 
trace element and isotopic heterogeneity after ~45 ka, implying a 

decrease in the interconnectedness of the melt within the reservoir 
(Rubin & al., 2016).

Temporal evolution of magmas at Okataina. Data for Rotoiti and post-Rotoiti 
eruptions is from Shane & Smith (2013). Data for Matahina and pre-Matahina 

eruptions is from Deering & al. (2011)

Schematic map of the Okataina volcanic complex after Smith & al. (2002), Deering et 
al. (2011) and Cole & al (2014)
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Temporal evolution of Okataina magma reservoirs, scaled through time.

Variations of temperature and water content through time using  Cpx-liq thermometry and 
K-feldspar–liq hydrometry. Water contents obtained via melt inclusion analyses from the literature 

are reported with dashed bars.  Asterisks indicate the units with uncertain relative stratigraphic 
position, n indicates the number of mineral-liquid equilibrium couples, the gray area includes the 

errors of estimate associated with the Cpx-liq thermometer (±20°C) and K-feldspar–liq hygrometer 
(±0.7 wt %). (Forni & al., 2018)

The Kos-Nisyros Volcanic Complex 
experienced only 1 major eruption in the 

last 3 Ma: The Kos Plateau Tu� (KPT); but it 
bears the features of a Caldera Cycle with 

the current reconstruction of a large upper 
crustal reservoir. 

1. Early magmatic history with the 
production of ma�c to intermediate 

magmas erupted at Pachia and Pyrgousa. 

2. Evolution to more silicic magma 
compositions erupted in Kefalos. 

3. Growth of a large, volatile-rich, silicic 
magma reservoir at the origin of the 

paroxysmal caldera-forming eruption 
(highlighted with the yellow star). 

4. Gradual re-growth of a reservoir and 
di�erentiation of magmas erupted in 

Nisyros and Yali.

(Bachmann & al., 2019)
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Major and trace element compositions of pre-, syn-, and post-caldera deposits align along co-genetic fractional 
crystallization trends. Post-caldera lavas overlap with pre-caldera lavas despite their cumulate texture. 

Lupukbasung melts are very similar to, yet distinguishable from the most evolved melts from the Maninjau 
caldera-forming unit.
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Petrological proxies coupled with numerical 
modeling of magma chamber evolution 

suggest that the magmatic system is 
undergoing a growth phase accompanied 

by substantial volatile exsolution.

Variations in temperature and water content scaled 
through time.

Can we de�ne a “Caldera Cycle” - A series of processes from one caldera-forming 
eruption to the next that are common to multiple volcanic systems?
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