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ABSTRACT . Redoubt Volcano - 2009 Eruption Event Timeline REPEATING EARTHQUAKES WHAT ARE THE EARTHQUAKES?
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Occasionally, volcanic tremor’s dominant frequency and its overtones change continuously with time, 161 1011 13 Numbered Event 19 | « Swarms of repeating earthquakes (aka “clones” or “drumbeats”) also occur
or‘glide’. Gliding spectral lines have been described on volcanoes of varying sizes and compositions. € 5 15 Event (no ID#) prior to Events 9, 11, 12, and possibly 13.
During the most recent eruption of Redoubt Volcano, Alaska, gliding spectral lines appear prominently ~3 12 14 17 18 « Cross-correlation and clustering analysis reveal that one earthquake family is
before six of the ~19 large explosions. The fundamental frequency glides upward from less than 1 Hz c 12r 9 7 active per swarm/eruption. These families are also similar to each other.
to as high as 30 Hz in the span of a few minutes, followed by seconds of silence just prior to eruption. % « The highest amplitude and longest lasting swarm was before Event 9. The
:5 gl | earthquakes become more frequent, and then blend into harmonic tremor.
Over the years, several different mechanisms have been invoked to explain occurrences of lower fre- £ 7
quency gliding harmonic tremor on volcanoes. The most popular explanations attribute the gliding to E 6 Event 9 Swarm - Amplitude and Rate of Earthquakes
changing properties of a resonating crack, or to the repeated excitation of a source with gradually 4r i 10°¢ ! ! ! ! ! ! ! ! g I\ 3
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varying inter-event time intervals. Indeed, the first case of gliding at Redoubt was preceded by a 9 4.4 km -—M”VWAW'\NW’WWWW M‘*MWWWWA\JW/\ 11 km
hour swarm of repeating high-frequency earthquakes in which the earthquakes comprising this 0 . . . . . . . . ! ! ! ! ! Y
swarm became gradually more frequent, eventually blending smoothly into tremor. 03/23 03/24 03/25 03/26 03/27 03/28 03/29 03/30 03/31 04/01 04/02 04/03 04/04 04/05 04/06 2 Figure 5. Representative earthquake at closest (non-clipped) stations. Arbitrary
Date (UTC) = amplitude. Arrows show direction of first vertical P-wave motion.
This observation leads us to favor the explanation that the gliding harmonic tremor is created by the Figure 2. Chronology of major explosive events. E 107 152°50"W 152°40'W
superposition of repeating earthquakes, likely driven by instability of the magma column. g o 106 > RDIG '
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« Harmonic tremor was detected across the local network and as far away as Mt. Spurr (100 km) immediately prior to six eruptive events. % E 10° RDO3 .. RDW
What is Harmonic Tremor? « All cases are characterized by a dramatic increase in frequency followed by several seconds of near silence. oc _ . . o : 2y _ Y 102 O
, , o , , , , « We infer that the same source is most likely acting in all cases, and is not destroyed by the explosions. .. . U L I o ] -
Tremorisa contmuou; seismic signal often sesn .dl{rm"g. volcanic eruptions. Harmonlc tremqr ha.s d « The fundamental tone (lowest peak frequency) during these eruptions is significantly higher than other documented cases of tremor. 1073 ! ! ! IR L Nee S 10" X 3
frequency spectrum with evenly spaced peaks. “Gliding” is when these frequencies change with time. + High frequencies indicate either a very short crack or very closely timed sources. 10 9 3 7 6 5 4 3 D) 1 0 8
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properties of or timing of 2 a0 b ottt - i RDW with a simple w? model fit. earthquake location marked.
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o Last erupted in 1989-1990 with a day of pre-eruptive seismic activity. < O o :.'., Q.05
 Unrest began again late in 2008, seismic activity picked up in early January 2009. 0 o BN L R A X
 Explosive activity lasted March 23 to April 4, 2009, followed by months of dome growth. 9 8 / 6 > 4 3 2 1 0 | 7 AR T o? "‘.{:- Ly .--‘.""" P Upward « We believe that
. Last explosive event (#19) was a dome collapse, all others Vulcanian in nature. 20 | [Event 12 40:3 10 . " Gitets A3 . nghdmg of harmonic tremor on
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60°35'N - oT i g 20| |Event 13 . I C . N o Transition Tremor « We propose that the rate ofthe earthquakes is controlled by conditions in the
O L = |, " “””‘Z’:g;’ifg%f”“ conduit in the hours to minutes before each eruption that change in a repeatable
/ o 10 § 4. ’} and S-waves) il way. This result will help studies of pre-eruptive dynamics on a short time scale.
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