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      One of the fundamental remaining problems in Hawaiian volcanology is constraining the size 
and shape of shield-stage summit magma chambers.  Surprisingly, estimates of Kīlauea’s summit 
chamber vary by an order of magnitude, ranging from   2 to 30 km3.  Geophysical models tend to 
yield larger volumes, generally between 10 and 20 km3.  Petrologic constraints have been used to 
suggest much smaller active volumes, with recent work suggesting Kīlauea’s magma chamber 
may only be 2-3 km3(Pietruzka and Garcia, 1999).  
     Physical evidence from the 1500 AD collapse of Kīlauea caldera suggests a minimum volume 
of 1.5-7 km3.  The Panaewa flow from Mauna Loa erupted 5-10 km3 of lava very rapidly, 
possibly in conjunction with caldera collapse (F. Trusdell, pers. comm. 2012).  Here, we suggest 
an alternate petrologic interpretation: a large, convecting magma chamber that would better fit 
the geophysical data and field observations.

Kīlauea caldera is a 5 km by 3 km elliptical collapse.  Nested within the caldera is a smaller structure (3 x 2.2 km) 
defined by active fumaroles.  Caldera collapse depths are estimated between 300m and 600m  and combined with 
maximum and minimum caldera dimensions yield collapse estimates between 1.5 and 7 km3.    Decker (1987) used 
an intermediate caldera dimension to define the radius of the underlying magma chamber at 1.75 km, yeilding a 
volume of 22 km3.    

     Throughout the current eruption, magma has moved from the summit chamber through the east 
rift over periods of hours to weeks. From mid–1986 to mid–1990, lava erupted from Kūpaianaha 
with little or no local storage, providing a clear record of processes within the summit magma 
chamber. Geochemical data show broad positively correlated fluctuations in MgO content and 
temperature for both rocks and glasses. Measured and calculated olivine compositions suggest that 
olivine was in equilibrium with the higher MgO whole–rock compositions for a short period in late 
1986. By mid–1987, most olivine phenocrysts were nearly in equilibrium with lower MgO host 
glasses indicative of olivine entrainment.

     Sulfur contents (800-1200 ppm) of olivine melt-inclusions from Kūpaianaha indicate an 
origin in the summit magma chamber. Olivine crystals with high-sulfur melt inclusions also 
have a range of MgO contents that record a strong roofward cooling gradient in the summit 
chamber (1200–1170ºC). Roofward cooling is accompanied by degassing of SO2 and H2O 
from Halema‘uma‘u Crater. Water loss increases the density of the magma creating  
descending plumes that convectively stir the underlying magma. During vigorous 
convection, small (<1 mm) olivine crystals are kept in suspension producing the observed 
semi-annual sinusoidal MgO and temperature fluctuations.  Olivines >1mm appear to settle 
in the the system.  Settling velocity calculations for the upper part of the summit magma 
chamber suggest convective velocities vary between 0.5 and 2.5 m/day depending on the 
vigor of the system.

     The opening of the new vent within Halema‘uma‘u in 2008 increased degassing by nearly an 
order of magnitude and provided additional evidence of convection within the summit magma 
chamber.  Lava samples from the new vent showed a rapid increase in temperature from 1155 to 
nearly 1170ºC, followed by a slow decline back to 1155ºC over the next 3 years. In addition, hot, 
olivine-only lava reappeared at Pu‘u ‘Ō‘ō for the first time in a decade. The temperature rise and 
fall was coupled with a dramatic spike in SO2 (and probably H2O) followed by a drop in sulfur 
content of olivine glass inclusions. The strong degassing associated with opening of the vent 
initiated vigorous convection that has mixed, cooled, and degassed much of the uppermost magma 

     We also hypothesize that stronger convective stirring occurred during past eruptions, such as those 
of Mauna Ulu, disrupted thermal and chemical zonation of the summit magma chamber and caused 
relatively rapid compositional shifts.
     Convection and mixing is probably ongoing at the base of the summit chamber as new, CO2 rich 
magma is introduced. Vigorous injections may trigger eruptions, such as the 1959 Kīlauea Iki 
eruption. 
     Major explosive and  tectonic events, appear to cause widespread convective overturn and chaotic 
mixing within the summit magma chamber followed by major geochemical changes.  
     While the top-down model presented here differs greatly from bottom-up mantle driven models, 
one test of either will be if they can be used to better understand and help predict eruptive behavior.
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Olivine Settling:  Olivine settling rates vary from 0.5m/day 
for 0.5 mm olivine to 10m/day for 2 mm olivine near the top 
of the summit magma chamber.  Within 6 months, a 2 mm 
olivine will drop out of a 1 km high magma chamber, while a 
0.5 mm olivine would settle only 100 m.  All of the olivine 
crystals from Kupaianaha were less than 1 mm in diameter.  
The modal diameter was less than 0.5 mm giving a range of 
convective velocities from 2-10 cm/hour.
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Stokes Law Settling of Olivine in Kilauea's Summit Magma Chamber 
(2mm olivines settle 20x faster than 0.5 mm olivines at the top of the chamber) 

Magma Viscosity 
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     Convection can transfer heat, volatiles, and new magma between stably stratified layers in 
magma chambers.  Magmatic convection has previously only been inferred by static 
compositional variation, crystal zonation, laboratory experiments, and modeling. We document 
temporal variations in crystal content, temperature, composition, and mineral chemistry from 
Kīlauea lava samples that are consistent with an actively convecting large magma chamber. 

VOLUME METHODS REFERENCE 
22 km3 geologic, geodetic, and seismic data Decker, 1987 
11 km3 geodesy and petrology--segmented chamber Wright, 1984 
27 km3 seismic low velocity zone Dawson et al., 1999 
13 km3 geodetic and gravity--fluid core Johnson, 1992 
22 km3 geodetic data related to rift intrusion Segall et al., 2001 
3 km3 petrologic fluctuations and residence time Pietruszka and Garcia, 1999 

(data summarized from Poland et al., in press)

LEFT:  Conceptual model of a 
large open summit magma 
chamber that undergoes nearly 
continuous recharge and 
convective mixing.  

RIGHT:  Fluctuations in whole 
rock MgO (blue) and glass MgO 
(pink) are thought to be related to 
changing vigor of convection near 
the top of the chamber.

LEFT:  Conceptual model of roof down convection in the upper part of Kīlauea’s summit magma chamber.  
Magma that is partially degassed in the shallow chamber beneath Halema`uma`u, descends and stirs the upper 
magma chamber.     RIGHT:  Sulfur contents of glass inclusions within Kūpaianaha olivines plotted against the 
forsterite content (MgO) of the olivine. The range in forsterite contents in summit olivines suggests a 20-30º 
temperature gradient is driving convection within the top of the chamber. 
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Sulfur content in Olivine inlcusions from the Halema`uma`u vent. 
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LEFT:  Temperatures calculated from MgO contents of erupted glasses from the Halema`uma`u vent and from the 
Pu‘u ‘Ō‘ō vent.  The Pu‘u ‘Ō‘ō glasses show an increase in temperature beginning in early 2008 prior to the first 
eruption from Halema`uma`u vent.  This heating is thought to be in  response to convective stirring of the magma 
chamber that began in November 2007 when strong degassing began.   RIGHT:  Sulfur contents in olivine 
inclusions from Halema`uma`u showing the decreasing in volatiles in the upper magma chamber.

LEFT:  Conceptual model showing the increase in vigor of convection in the summit magma chamber after the 
opening of the Halema`uma`u vent in late 2007.  The larger, plumes of dense degassed magma descent further 
into the chamber stirring up hotter, MgO-rich magma.  Over time, the upper part of the chamber has become 
increasingly degassed and cooler.    RIGHT:  Gentle convection can also produce long term gradual changes in 
magma composition as different magma compositions are mixed within the summit chamber.

     Using the convective model, we predicted the increase in temperatures at Puu Oo during a 
joint HVO-UH seminar in the Spring of 2008, which suggests the model may have some utility.  


