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The 2006 Augustine Alaska eruption:
combined analyses of seismic and thermal data

Figure 1. Augustine at sunset.  Image courtesey of Dennis Anderson, 2006.

Augustine( ) erupted explosively after 20 years of quiescence on 11 January 2006, followed by
a period of dome building. This poster relates satellite and seismic data from the eruption to visual
and other observations, enabling a more comprehensive interpretation of volcanic activity. This is
especially relevant in the Alaska-Aleutian-Kamchatka area where volcanoes are often solely
monitored by remote sensing and being able to relate specific thermal signatures to ground activity
will greatly enhance monitoring capabilities.

Augustine is an 8 by 11 km island almost entirely comprised of volcanic deposits (Miller et al., 1998)
located in the southern Cook Inlet, 290 km southwest of Anchorage, Alaska ( ). The 2006
eruption started with explosive activity and ended with the effusion of a lava dome and two short
blocky lava flows (Power et al., 2006) . Throughout the eruption Augustine went through three phases
of inflation, two phases of deflation and numerous rock falls, pyroclastic flows and block and ash
flows were observed.
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Between January 1 and April 30, 323 Advanced Very High Resolution Radiometer (AVHRR) images
were acquired over Augustine. The thermal energy (t.e) output has been calculated using:

where is the radiative thermal flux, is the Stefan-Boltzmann constant, is the emissivity, is the
area of the hot pixel, is the temperature of the hot area and is the temperature of the
background. A number of assumptions have to be made, including emissivity (0.9) and lava
temperature (800ºC).

Reduced displacement (r.d.; a continuous measure of tremor amplitude) has been calculated
from channel HHZ (the vertical component) of station AU13, located 1.8 km from the summit
( ). The data were sampled every 30 minutes and have been band pass filtered for a
frequency range of 0.5-8 Hz. R.d. has been calculated using the body wave formulation (Aki
&Koyanagi, 1981):

where is the peak to peak amplitude, the distance from source to receiver in cm and is the
seismograph magnification at the tremor frequency.
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Based on the t.e. ( ) and cumulative t.e. data ( ) three distinct phases of increased
emissions can be identified ( ). Peaks in the r.d. data ( ) occur during the three phases,
although the peaks are much narrower.
All three phases are characterised by high t.e. and increased r.d., however this is most notable during
the second and third phases.
· igh r.d.
values coincide with times of the explosions.
· The second phase shows an increase in r.d. coincident with the explosive activity, but r.d. values
remain high even after the explosions cease. T.e. during this period increase quickly, peaking on
February 3 at 1.63x10 W.
· The third phase has an increase in r.d. between March 8 and 14 due to continuous seismic tremor.
Thermal data show a relatively slow ramping up to a maximum of 1.72x10 W on March 8.

McNutt (1994) determined an empirical relationship between r.d. and ash plume height based on
analysis of 21 eruptions at 14 volcanoes. However, preliminary analysis of the Augustine data (Figure 4)
does not show any correlation.
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A peak of 1.07x10 W in the thermal signal on January 13 marks the start of the 1 phase. H10 st
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T.e and r.d. are caused by a wide range of processes. The opening of fissures, increased fumarolic
activity or the extrusion of lava can all cause a rise in t.e. whereas r.d. is caused by earthquakes,
volcanic tremor, pyroclastic flows or even wind. However, by combining these observations with
additional geophysical and visual observations a better understanding of the observed signals can
be obtained.

Power et al. (2006) reported a small new lava dome on January 16, and fresh glass shards in ash
samples on January 14. Samples collected on January 12 show little evidence of juvenile magma,
suggesting that first extrusive phase was due to the combined extrusion of older, cooler more
degassed material and fresh material. R.d. during this time is predominantly due to explosions.

The r.d. values during the second phase are only partially due to explosive behaviour because
values remain high even after the explosive activity subsides. In this case, r.d. reflects a significant
contribution from rockfalls as well as some migration of gas, fluid and magma. This phase also
coincides with a period of deflation (Power et al., 2006) suggesting significant growth of the lava
dome. It is likely that fresh magma is being erupted at this time, as the explosive behaviour will
have cleared the vent. The decrease in effusion rate can be attributed to increases in viscosity due
to degassing of the magma or changes in the vent geometry.

The third phase has significant t.e. but the lowest average r.d. The peak of the t.e. during this phase
coincides with a period of deflation (suggesting high effusion rates) and continuous tremor
(significant movement of gas, fluids and magma). Visual observations indicate no significant
difference between effusion in phase 2 and 3, although phase 3 saw the additional effusion of two
short blocky lava flows (Power et al., 2006). Both the start and ending of this phase are marked by
inflation. Effusion of lava ends on March 18, after which the thermal signal indicates cooling of the
extruded material.
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Relating thermal signatures to other observed activity is important as it will increase
understanding of the processes occurring on the ground. This is particularly important for
remote volcanoes which are solely monitored by remote sensing. Especially the
relationship between plume height and other observable signals is important as the main
hazards posed by volcanoes in the Alaska-Aleutian-Kamchatka area are from ash
interfering with international air traffic.

Dates Duration
(days)

Numberof
explosive
events

Total thermal
emissions
(x1013W)

Total reduced
displacement
(x104cm2)

Averagethermal
emissionsperday

(x1012W)

Averagereduced
displacement/day

(x103 cm2)
Phase1 13/01/06-19/01/06 7 7 0.31 1.09 0.44 1.56
Phase2 26/01/06-13/02/06 19 4 1.62 2.98 0.86 1.57
Phase3 18/02/06-18/03/06 29 0 6.82 2.21 2.35 0.76

Table 1. Characteristics of each of the three phases of increased
thermal emissions.
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Figure 4. Plume height vs. reduced displacement for the 2006 Augustine
eruption. Plume data from Petersen et al., 2006.
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Figure 3.1) T.e. of Augustine between January 1 and April 30, 2006. Three distinct peaks are
visible in the data. 2 ) R.d. during the same time period, again three peaks are visible.3)
Cumulative t.e. and r.d. Breaks in slope of the t.e. define the three phases of increased
activity.
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Figure 2. Location map of Augustine .
Kilometers

0 1 2

Au13

Summit

-153°34'0! -153°32"0! -153°30"0! -153°28"0! -153°26"0! -153°24"0! 59°19"0!-153°22"0!

59°20"0!

59°21"0!

59°22"0!

59°23"0!

59°24"0!

59°25"0!

Augustine, Alaska

180°0"0""160°0"0""E 160°0"0""W

60°0"0""N

50°0"0""N

55°0"0""N

45°0"0""N
180°0"0"" 160°0"0""W160°0"0""W

60°0"0""N

55°0"0""N

50°0"0""N

45°0"0""N

Aki, K. and Koyanagi, R., 1981. Deep Volcanic Tremor and Magma Ascent Mechanism under Kilauea, Hawaii. Journal of    Geophysical
Research, 86(NB8): 7095-7109.

McNutt, S.R., 1994. Volcanic tremor amplitude correlated with eruption explosivity and its potential use in determining ash hazards to
aviation. US Geological Survey Bulletin, 2047: 377-385.

Miller, T.P. et al., 1998. Catalog of the historically active volcanoes of Alaska. U.S. Geological Survey Open-File Report pp. 104.

Petersen, T., De Angelis, S., Tytgat, G. and McNutt, S.R., 2006. Local infrasound observations of large ash explosions at Augustine
Volcano, Alaska, during January 11-28, 2006. Geophysical Research Letters, 33(12): doi:10.1029/2006GLO26491.

Power, J.A. et al., 2006. The Reawakening of Alaska's Augustine Volcano. Eos, 87(37): 373, 377.

R
E

F
E

R
E

N
C

E
S

3.1

3.2

3.3


