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petrology

Troll V.", Budd D.A.", Dahren B.", Deegan F.M."?, Nicolls P.", Barker AK.'

1

Uppsala Universitet, Dept. of Earth Sciences, CEMPEG, Uppsala, Sweden — Valentin.Troll@geo.uu.se
2 Laboratory for Isotope Geology, Swedish Museum of Natural History, Stockholm, Sweden

Silicic caldera systems pose one of the most serious natural hazards to our society, yet their assembly and
means to supply larger scale eruptions is poorly characterised at best. Here we employ mineral-melt-equilibrium
thermobarometry combined with isotope geochemical methods at the recent Krakatau caldera, the Tejeda caldera
on Gran Canaria, and the giant Toba caldera on Sumatra. Krakatau is the smallest of the three systems and shows
an apparent repose interval of some 1500 years between caldera-forming events. Its magma reservoir is
characterised by three storage levels (at approximately 3 km, 9 km, and >22 km) and crustal involvement was
considerable during the1883 rhyolite eruption (<25%). Current activity at Anak Krakatau shows mainly andesite
activity with minor crustal involvement (only ~5-8%). Gran Canaria erupted some 25-30 felsic ignimbrites
between 13.9 and 7.9 My from the >20km Tejeda caldera. Repose intervals are on the order of <40,000 years
and the ignimbrites are widely held to have formed in shallow chambers at some 5-7 km depth. Crustal recycling
has seemingly also played a role during late magma evolution of at least some of the ignimbrites with 10-20%
crustal material involved. Toba, the most extreme example here, is characterised by a repose period of ~400,000
years and exhibits a presently active magma reservoir at ~10 km depth after the last gigantic eruption some
74,000 years ago. Notably, the percentage of crustal input is very high (=70%) and there is strong evidence for
very late, almost syn-eruptive, crustal additions at Toba, similar to Krakatau and Gran Canaria.

Figure 1. Integrated model for the Toba Caldera Complex. Main diagram displays enlargement of the grey shaded box in inset,
showing hydrothermally altered down-dropped caldera roof that undergoes disintegration and assimilation into the Toba magma
chamber. Assimilation of lower 518 O rocks causes a drop in the 8'°0 values of the rims of concurrently crystallizing quartz.
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The broad implication from these observations is that late crustal addition may be a critical factor in priming
caldera volcanoes for eruption. This phenomenon is likely independent of magma residence time, but rather
depends on magma heat capacity, fusibility of crustal rock, and chamber depth. The latter is especially important
as it provides the ‘cork in the bottle’ to counteract the progressively increasing magmatic overpressure in caldera
systems at time of unrest.
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I suppose that sometimes we get so caught up in models that we don't think about the macro — micro problem,
but all too often reviews and outsides have pulled me up on this. So I think its worth a discussion here. So I
actually got to know the term from sociology (Everything is obvious: How Common snese fails us, Duncan
Watts (2012), psychologist can get to understand quite a lot about how an individual behaves, but that is quite
different from judging how a crowd will behave. Modelling flow of traffic on a road, gives you no clue how
individual drivers behave. Similarly for us, there are those who happily model large scale features, caldera
collapse, landslides, mountain ranges, whole edifice deformation, but don't really get to grips with what is
happening at a small scale. Equally there are others who model individual processes, but have some difficulty
going to a more general scale. Can the two approaches and scales be at all reconciled, is there really a problem
and how can we deal with it? What can we learn from physics

Next, I'd like to look at natural examples. We are able at outcrop, to observe many features that are also
reproduced at either the large scale or at a micro scale. Faults and fractures, for example, but also textures. Two
examples, 1) micro-scale debris avalanche textures are sees at a 10's of m scale as well, 10 times larger. 2)
small-scale dyking seen in Lemptégy quarry, resembles structures on intrusions 10's or 100's of times as large.
Can we thus, consolidate our scaling and analogue models with scales natural examples?

Calderas have been a notable subject where this has been done, and we could use that as a basic for
discussion, adding in intrusion during caldera collapse and the macro-micro problem to boot.
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Notes
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