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Degassing highlights during the 2011-2012 eruptive activity at Kīlauea Volcano, Hawai'i

2011-2012 in context: gas emissions through the years

Shorter-term changes in gas signature

East rift SO  emissions began to decline in late 2008, 2

suggesting that magma was pre-eruptively degassed at 
the summit prior to transport and eruption on the rift. 

Rift emissions used to comprise ~ 90% of  Kilauea’s SO2 

release, but now constitute < 30% of the totals. The 
switch in dominant gas emission source has changed 
how the plume impacts downwind communities.
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Gas
sensors

An increase in magma supply in the mid-2000s (as 
evidenced here by the uptick in CO ) set the stage for the 2

2007-2008 eruption sequence (Poland et al., 2009, 2012). 
However, declining CO  and SO  emission rates for 2011-2 2

2012 suggest a waning magma supply and eruption rate.

The erratic decline in east rift emissions that began in late 
2008 continued through 2012. The east rift low emissions 
are consistent with the waning lava flow activity from the rift. 
Persistent tube fed flows and ocean entries were infrequent 
in 2011-2012, as compared to previous periods. Combined 
summit and rift SO  emissions are currently below the 20-2

year average of 1800 t/d (dotted line).

SO  emissions have a clear signature during lava pond transitions, mirroring the drop in RSAM during high stand intervals. The sharp increase 2

in SO  as the accumulated gas is released is typical, however, the measured spike in lava level in panel B is an artifact due to spattering and 2

increased temperatures of the vent’s back wall as the lava drains.  The rise fall events are decoupled from tilt, although they seem to occur 
frequently during the deflation phase of a deflation-inflation event. The red rectangles indicate periods of high stand.

Gas observations during rise-fall cycles at Halema’uma’u support the model of gas accumulation 
beneath a surface crust (Swanson et al.,1979, Patrick et al., 2010, Nadeau et al., 2010). 

Pulses and pauses on the east rift zone (ERZ) have dominated Kilauea’s SO  2

gas signature for nearly 30 years. The 2008 summit activity provides 
opportunities to examine the relationship between summit and rift sources and 
test degassing models.

Lava pond rise-fall cycles at Halema’uma’u

Summit daily average SO  emission rate and tilt. Vertical bars 2

represent the standard deviation of all traverse values recorded 
on a single day. Some periods of steady inflationary tilt are 
accompanied by a nearly linear decline in emissions, suggesting 
a period of pressurization at the summit. 

Correlations of gas, tilt, seismic, and lava level 
signals over days to weeks may reflect periods when 
the direct influence of magma movement is the 
dominant factor controlling these parameters (Patrick 
et al., 2010). Four-hour RSAM and SO  ppm, 20- 2

second lava level, and 1-minute tilt.

Sympathetic signals    

Serving as a benchmark for new instrumentation

Inverse correlation of gas and tilt 

20-year 
average 

Spectrometer traverse (red) and multi-gas sensor  
(yellow) locations. 
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FTIR  measurements use the lava 
pond as an IR source.

FTIR results confirm a 
drop in CO /SO  due to 2 2

an increase in SO  2 

during pond drain/fill 
events at the summit 
vent, consistent with 
shallow source 
degassing.  The blue 
rectangle shows the 
transition from a high to 
a low lava stand.

Two observed summit regimes

Multi-gas sensor package 
downwind of the Overlook vent.
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Ten fixed-view upward looking 
spectrometers record 

10-seconds, providing gas data on 
more similar time scales to geophysical 
measures. The fenceline array was 
designed and built by Keith Horton and 
Harold Garbeil, UH Manoa (Businger et 
al., 2011).

SO  emission rates 2

every 

Legacy gas monitoring techniques contribute to future studies

Data from the upward looking fenceline array 
suggest that calculated plume speeds, geometry of 
the fixed spectrometers, and underestimation of 
traverse column path lengths are areas for further 
consideration.

Increasing the accuracy of column density measurements

See Horton et al. in 
Thursday’s poster 
session for more 
information on the 
FLYSPEC fenceline 
array.

Calculating accurate SO  concentration path lengths in dense opaque plumes requires careful consideration of the SO  fit window. Significant errors 2 2

can also be caused by the multiple scattering effects of incoming radiation (Kern et al., 2012). Traverse emission rate data is well suited for 
studying these errors.

Simulated Radiative Transfer DOAS (SRT-DOAS), simulates 
realistic light paths in and around volcanic plumes containing 
variable amounts of SO  and aerosols, by combining radiative 2

transfer modeling with spectral analysis to derive more accurate 
SO  column densities (Kern et al., 2012). 2

Introduction
Long- and short-term changes in gas emissions at  
punctuated the 2011-2012 summit and rift eruptive sequences. While 
dynamic eruptive events are often reflected as short (minutes to 
days) pulses in gas release, longer term (months to years) emissions 
at Kīlauea are in decline. 

Kīlauea

Challenges and further work
� Quantify and reduce the error in emission rate calculations due to radiative transfer issues and fit window selection for thick opaque plumes.
� Continue to track the temporary (?) or permanent (?) waning of the east rift eruption. 
� Use high time-resolution techniques to examine the short and long term processes at Pu’u ‘O’o and the summit including storage reservoir 
dynamics and the time scale for rift and summit interactions.

This shows column densities for traverse SO  emission rate 2

measurements evaluated using two distinct fit windows. For dense 
plumes, using an SO  fit window shifted to longer wavelengths 2

results in more accurate retrievals.

Kilauea total annual emissions since measurements began 
in 1979, through 2011. The dark gray bars for 2008-2011 
represent the additional annual emissions, taking into 
account preliminary SRT-DOAS adjustments for the 
summit and rift. These are based on 4 test cases and may 
represent a minimum correction (Kern et al., 2012, Elias 
and Sutton, 2012). 
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Preliminary tests suggest that summit emission-rates are underestimated by 
up to a factor of 2 for plumes with very high amounts of SO  and aerosol. 2

This poster benefitted from thoughtful conversations with Christoph Kern, and Caesar Milan.Keith Horton, 
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Data evaluation courtesy of Keith Horton
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