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Classifying calderas and re-examining paradigms
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Classifications provide important conceptual frameworks for studies of calderas. These include the classic Williams and McBirney’s 1979 scheme based on volcano type and efforts to classify calderas by dominant composition or eruptive style (e.g Cole et al., 2000). For explosive silicic calderas, the most commonly used classifications are based on geological and geophysical studies of the structure of calderas that distinguish coherent versus non coherent collapse styles that Lipman (1997) has presented as a continuum with five end member geometic forms; piston, downsag, piecemeal, trap-door, and funnel. Most calderas exhibit evidence of some mixture of these endmembers. Such structural and morphological classifications focus on the effect but not the cause of caldera collapse.

[image: ]The dominant paradigm for the cause of caldera collapse is underpressure created by eruption of a critical chamber volume fraction sufficient to trigger collapse (Figure 1. e.g  Druitt and Sparks, 1984; Roche & Druitt, 2001; Geshi et al., 2014). Based on geological observations supported by theoretical and analog studies a two stage model where an initial overpressure conditions drives a central vent plinian eruption that transitions to an underpressured condition during which roof collapse along a ring fault occurs. However, the basis for this model is the concept of the “standard ignimbrite”. with the basal plinian fallout representing the over-pressured stage and the ignimbrite representing the caldera collapse. This transition is understood in terms of evolving vent conditions or water content that results changes in mass discharge rate and stability of the eruption column (Sparks and Wilson, 1976). A final paradigm is that overpressure is needed to initiate eruptions through dike propagation (e.g. Blake,, 1984; Tait et al., 1989). However, this is a model based on elastic rheology of reservoir bounding rocks, and recent work shows that this may not be tenable for situations where ductile rheologies dominate the boundaries of magma chambers (Jellinek and DePaolo, 2003; Gregg et al., 2012). 
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[image: ]Instead, it is increasingly recognized that the largest calderas may not fit these “paradigm” limiting the application of the over-pressure/under-pressure model that holds sway. Observations in the western US, Yellowstone, Toba, and the largest Central Andean calderas indicate roof collapse initiates the eruption (e.g. Sparks et al., 1985; Christiansen, 2001; Chesner & Rose, 1991,  de Silva et al., 2006). These studies are now supported by theoretical models that emphasize the thermomechanics of calderas (Jellinek and DePaolo, 2003. Gregg et al., 2012). In the Gregg et al model, while smaller systems may follow the prevailing two stage model, ductile wall rock rheologies around magma reservoirs >100 km3 may limit pressurization and allow uninterrupted magma reservoir growth until the roof founders into chamber initiating eruption. This leads to a thermomechanical division of calderas into smaller “brittle” systems that are triggered internally (bottom-up) and may follow the two stage model, while larger “ductile” systems are triggered externally (top-down). This mechanistic division might be coupled to the collapse style classifications through consideration of roof aspect ratio, where the larger systems involve incoherent plate subsidence while smaller systems may tend to more piston-like collapses, although such divisions are not necessarily rigid.
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