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ABSTRACT

The initial phase (Phase 1 — 19 September 1994 to 16 April 1995) of the current
(1994-2003) eruption at Rabaul Caldera occurred with synchronous vulcanian and
vulcanian-plinian eruptions from Tavurvur and Vulcan, respectively, on opposing sides of
the caldera. A second phase of activity (Phase 2), beginning on 28 November 1995 and
continuing until the present (2003), is characterised by intermittent vulcanian and
strombolian eruptions that are restricted to Tavurvur, on the northeastern side of Rabaul
Caldera.

Whole-rock geochemical data and phenocryst mineral chemistry indicate the
eruption of similar dacite magmas from both Vulcan and Tavurvur, and provide evidence
for tapping of the same magma reservoir by both vents. Hybridised andesitic magmas,
which have strongly bimodal phenocryst assemblages and form linear compositional arrays
that extend from end-member dacite toward mafic basalt compositions, have been erupted
only from Tavurvur.

The moderately large volume SO; flux observed in the Tavurvur volcanic plume
(and absence in the Vulcan plume; Roggensack et al., 1996), combined with high dissolved
S contents in the basaltic melt inclusions trapped in olivine, indicates the injected basaltic
magma was confined to the eastern/northeastern sector (Tavurvur-side) of a shallow,
dacite-filled caldera reservoir. The H,0-CO; volatile contents of melt inclusions
(Roggensack et al., 1996) combined with the extent of the low-velocity zone defined by
the recent RELACS seismic tomographic experiment (Finlayson et al., 2003), permit the
estimation of a dacitic magma reservoir below the caldera. The volume of magma in the
reservoir is ~10 km® at a depth of ~3 km and within the approximate 30 km® boundary
formed by the seismically active caldera ring-fault (Jones and Stewart, 1997).

The results of this study suggest the 1994-2003 eruption was triggered by a mafic
magma injection event that took place at or immediately prior to the onset of the eruption
and during Phase 2. This event was most likely the latest of a sequence of similar events
that took place in the 23 years prior to 1994, based on observed seismicity and changes in
ground deformation and mass beneath the Rabaul Caldera since 1971.

Comparison with dacite magma compositions erupted in 1937-1943, 1878, and

during the recent prehistoric era and the presence of plagioclase phenocrysts reflecting



older basalt-dacite magma interaction events (i.e., anorthite cores overgrown with thick
andesine rims). The petrologic and geochemical observations made in this study indicate
the shallow magma system at Rabaul Caldera has been subject to repeated mafic magma
injection since, and also during, the latest caldera-forming eruption about 1400 years BP.
The frequency and repeated occurrence of these injections may maintain a near steady-
state system that is characterized by the persistent eruption of similar, crystal-poor dacite
compositions over the last 1400 years, and the presence at shallow level of a large volume

of dacite magma beneath Rabaul Caldera (Finlayson et., 2003; Mori et al., 1989).



