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abstract

The August 7–8, 2008, eruption of Kasatochi Island volcano, located in the central Aleutians Is-
lands, Alaska, produced abundant, compositionally heterogeneous basaltic andesite (52–55 wt% SiO2) 
that has been interpreted to result from pre-eruptive magma mixing. The basaltic andesite contains 
WZR�SRSXODWLRQV�RI�SODJLRFODVH�SKHQRFU\VWV��7KH�¿UVW��YROXPHWULFDOO\�GRPLQDQW�SRSXODWLRQ�FRQVLVWV�RI�
oscillatory-zoned phenocrysts with an overall normal zonation trend toward comparatively sodic rims 
(An55–65), interrupted by dissolution features and spikes in calcium content (up to cAn85). The second 
population consists of phenocrysts with highly calcic compositions (cAn90). These phenocrysts contain 
sharp decreases in calcium content close to their rims (reaching as low as cAn60), but are otherwise 
texturally and compositionally homogeneous. Groundmass plagioclase microlites are generally much 
PRUH�FDOFLF�WKDQ�ULPV�RI�WKH�¿UVW�SKHQRFU\VW�SRSXODWLRQ��ZLWK�PRUH�WKDQ�����RI�PHDVXUHG�PLFUROLWHV�
containing >An80. Major, minor, and trace element concentrations of plagioclase microlites and phe-
nocrysts indicate that oscillatory-zoned phenocrysts derived from cooler (800–950 sC), more silicic 
mixing magma, while unzoned, calcic phenocrysts were associated with hotter (900–1050 s&���PD¿F�
magma. The mixing of these magmas just prior to eruption, followed by decompression during the 
HUXSWLRQ�LWVHOI�FUHDWHG�KLJK�HIIHFWLYH�XQGHUFRROLQJV�LQ�WKH�PD¿F�HQG�PHPEHU��DQG�OHDG�WR�WKH�QXFOHDWLRQ�
of high-An microlites. MgO and FeO concentrations of plagioclase microlites and high-An phenocryst 
rims (up to c0.4 and c1.3 wt%, respectively) provide further evidence for high mixing- and eruption-
induced effective undercoolings.
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intrOductiOn

Plagioclase microlites are small (<100 Rm) crystals of pla-
gioclase feldspar, which are generally assumed to crystallize 
in response to degassing and decompression, both of which 
will cause high effective undercoolings during the final ascent 
of magma from shallow crustal storage regions to the surface 
(e.g., Westrich et al. 1988; Geschwind and Rutherford 1995; 
Hammer and Rutherford 2002; Martel and Schmidt 2003; 
McCanta et al. 2007; Brugger and Hammer 2010). For the 
purposes of this study, the term microlite will refer to crystals 
<100 Rm in length, while the term “phenocryst” will refer to 
crystals within the sample >300 Rm in length. Crystallization 
during magmatic ascent is the last phase of crystallization be-
fore an erupted magma freezes. If all microlites are assumed 
to grow during ascent, their abundance and texture may reflect 
the ascent rate of the magma from depth (e.g., Hammer and 
Rutherford 2002; Martel 2012). Also, microlites forming during 
ascent are typically assumed to grow from the most evolved, 

relatively low-Ca, high-Na, high-K liquids within the system, 
and therefore microlite compositions would be compositionally 
similar, or even higher in Na and K than the rim compositions 
of plagioclase phenocrysts (e.g., Blundy and Cashman 2001).

There are, however, systems that do not conform to this 
general model, containing microlites that are more anorthitic 
than the dominant phenocryst rim compositions. In these cases, 
microlites may have been inherited from a pre-eruptive mix-
ing end-member. For example, Martel et al. (2006) reported 
microlites with compositions up to cAn90, well in excess of 
phenocryst rim compositions (An50–60), in a study of Mount 
Pelée, Martinique. Mount Pelée, like Kasatochi, had produced 
andesite and basaltic andesite in the same eruptive sequence, 
and Martel et al. (2006) inferred that the highly calcic microlites 
were inherited from basaltic replenishment of the magmatic sys-
tem immediately prior to eruption. In a study of Soufriere Hills 
Volcano, Montserrat, Couch et al. (2003) suggested that high-
An microlites crystallized in a compositionally zoned magma 
storage region, whereby hotter, more calcic liquid ascended 
rapidly within the magma chamber due to thermally driven 
convection, causing the crystallization of high-An microlites, 
which were then mixed with cooler, more evolved andesite at 
the top of the system. Further study of the Soufriere Hills by 
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