RECURRENT CALDERA-FORMING ERUPTIONS: KSUDACH CASE STUDY
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The development of volcanic centers in mature arcs is often cyclic. The continuous building of a stratocone through frequent low-volume eruptions of mafic-intermediate magmas may abruptly culminate in a catastrophic, voluminous eruption of silicic magma, which partly or completely destroys the stratocone and forms a caldera instead. After a period of quiescence the construction of a new cone may start at the same location and the entire cycle may repeat again (e.g. Odnoboky – Academy Nauk, Krasheninnikov etc.). Ksudach caldera complex, Kamchatka, appears to represent an exemplary case where at least three such cycles have been completed since middle Pleistocene. We use petrological and experimental approaches to determine the relationships of the erupted magmas and to infer their pre-eruptive conditions, which potentially may illuminate the mechanism of such cyclicity, as well as the mechanism of the recurrent caldera-forming eruptions.

We focused first on the composition of the most evolved magmas erupted during a sequence of three caldera-forming eruptions occurred at Ksudach during the Holocene: the dacite of the initial fall deposit of KS-4 (8800 yr. BP, 67.4 wt % SiO2), the KS-3 rhyolite (~6000 yr. BP, 70.3 wt % SiO2), and the KS-1 rhyolites (1800 yr. BP, 71.5-72.1 wt % SiO2). For all erupted magmas the main mineral assemblage is plagioclase, pyroxenes, and Fe-Ti-oxides.

Magnetite-ilmenite thermometry indicates that the dacite of KS-4 was last equilibrated at 914-924(C and fO2 of NNO+0.4, KS-3 rhyolite at 894-927(C and fO2 of NNO+0.1, KS-1 rhyolite at 870-907(C and NNO+0.6. It appears that there is a weak overall cooling trend from older to younger magmas of similar silicic composition.  Plagioclase is a dominant phenocryst phase in the studied KS-1, KS-3, and KS-4 products. Most show oscillatory-zoning. Their compositions range from An52.3(3 in KS-4 to An43(6 in KS-1, with KS-3 plagioclase compositions being intermediate, which is consistent with the view that these magmas have been derived from a single, slowly cooling source. However, the presence of “dusty-zoned” plagioclases, in which resorbed An46-49 cores are mantled by An72-75 inclusion-rich rims, as well as rare anorthite xenocrysts (An93-96) indicate that the composition of silicic magmas was likely modified by mixing with basalt.

The phase equilibria experiments have been carried out in order to constrain the pre-eruptive conditions of the most recent caldera-forming eruption KS-1 (1800 yr. BP). Hydrothermal experiments were run in externally heated, cold-seal pressure vessels at water-saturated conditions at 100 MPa, temperatures from 725(C to 900(C, and oxygen fugacities near the NNO buffer. The natural mineral and glass compositions are best reproduced at temperatures derived independently from the magnetite-ilmenite thermometry (870-907(C), which suggests that 100 MPa is a good estimate for the pre-eruptive pressure of the KS-1 rhyolite.

Possibly, the continuous growth of Ksudach-3 (according to Selyangin) stratovolcano was terminated abruptly by an emplacement of a large body of water-bearing silicic magma. It flushed the pre-existing andesitic magma chamber and erupted explosively ca. 8800 yr. BP causing the collapse of the stratocone and the formation of the first Holocene caldera (KS-4). The remaining part of the silicic magma body was large enough to block the way to continuing basaltic inputs and thus precluded the formation of a new stratocone. This magma body erupted explosively at ~6000 yr. BP, at ~4000 yr. BP (bomb tuff), and again at 1800 yr. BP, when the volume of the remaining silicic magma become finally reduced to the critical level at which the silicic body did not block the way to the ascending mafic magmas. At this point a new stratocone (Shtubel’) started to grow through less violent eruptions of fresh basaltic and small remaining portions of silicic magmas. 
