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Abstract

Between January 1 and December 31, 2008, the Alaska
\olcano Observatory (AVO) located 7,097 earthquakes
of which 5,318 occurred within 20 kilometers of the 33
volcanoes monitored by the AVO. Monitoring highlights in
2008 include the eruptions of Okmok Caldera, and Kasatochi
\olcano, as well as increased unrest at Mount Veniaminof and
Redoubt Volcano. This catalog includes descriptions of: (1)
locations of seismic instrumentation deployed during 2008;
(2) earthquake detection, recording, analysis, and data archival
systems; (3) seismic velocity models used for earthquake
locations; (4) a summary of earthquakes located in 2008;
and (5) an accompanying UNIX tar-file with a summary of
earthquake origin times, hypocenters, magnitudes, phase
arrival times, location quality statistics, daily station usage
statistics, and all files used to determine the earthquake
locations in 2008.

Introduction

The Alaska Volcano Observatory (AVO), a cooperative
program of the U.S. Geological Survey, the Geophysical
Institute at the University of Alaska Fairbanks, and the Alaska
Division of Geological and Geophysical Surveys, has installed
and maintained seismic monitoring networks at historically
active volcanoes in Alaska since AVO inception in 1988
(fig. 1). The primary objectives of the AVO seismic program
are the real-time seismic monitoring of active, potentially
hazardous, Alaskan volcanoes and the investigation of seismic
processes associated with active volcanism. This catalog
describes the location of seismic instrumentation deployed in
the field, the earthquake detection, recording, analysis, and
data archival systems, the seismic velocity models used for
earthquake locations, and a summary of earthquakes located
in 2008. A summary of earthquake origin times, hypocenters,

U.S. Geological Survey - Alaska Science Center, 903 Koyukuk Drive,
Fairbanks, AK 99775-7320

2University of Alaska Fairbanks - Geophysical Institute, 903 Koyukuk
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magnitudes, phase arrival times, location quality statistics,
daily station usage statistics, and all HYPOELLIPSE (Lahr,
1999) files used to determine the earthquake locations in 2008
are included in a data supplement to this report.

In 2008, the AVO located 7,097 earthquakes (table 1,
appendix A) and of these, 5,318 were located within 20 km
of the 33 volcanic centers monitored (fig. 1). Two volcanoes,
Little Sitkin Volcano and Mount Cerberus, the active vent on
Semisopochnoi Island, have not been formally added to the
list of permanently monitored volcanoes in the AVO weekly
update. To be included in the list of monitored volcanoes
in the AVO weekly update, the seismic subnetwork on the
volcano must be in place long enough so that the background
seismicity is known, typically 6 months, and have no
prolonged station outages that prevent AVO from locating
earthquakes. Loss of data due to telemetry failures since their
installation has prevented Little Sitkin and Mount Cerberus
from being added to list of permanently monitored volcanoes.

Table 1. Number of earthquakes located per year in the Alaska
Volcano Observatory catalog.

Number of Volcanoes monitored
Year earthquakes located by the AVO
per year seismograph network
1989 911 4
1990 3,285 4
1991 1,119 4
1992 2,184 4
1993 697 4
1994 441 4
1995 850 4
1996 6,466 14
1997 2,930 17
1998 2,873 20
1999 2,769 22
2000 1,551 22
2001 1,427 23
2002 7,242 24
2003 3,911 27
2004 6,928 30
2005 9,012 32
2006 8,666 33
2007 6,664 33
2008 7,097 33
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2008

| Volcano monitored by real-time seismic network
and listed in the AVO weekly update.

Volcano monitored by real-time seismic network
[ and not yet added to the list in the AVO weekly
update.

and listed in the AVO weekly update.

O Volcano unmonitored by real-time seismic network
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Figure 1.

Location of volcanoes mentioned in this report. Cerberus (34) and Little Sitkin (35) volcanic centers have subnetworks

and are not on the list of permanently monitored volcanoes. Cleveland (27) and Kasatochi (29) erupted in 2008 and are not
monitored by a seismograph subnetwork. All other volcanic centers are monitored by a seismograph subnetwork and listed in the
weekly update of formally monitored volcanoes. Dots show locations referred to in this report.

Instrumentation

The permanent AVO seismograph network is composed
of 24 subnetworks each with 4 to 20 seismograph stations and
9 regional seismograph stations (appendixes B and C) for a
total of 193 stations (table 2). Although no new seismograph
subnetworks were added to the permanent AVO seismograph
network, there were several changes made in 2008. In
conjunction with the establishment of GPS instrumentation
by EarthScope’s Plate Boundary Observatory on Unimak
Island, several stations in the Shishaldin and Westdahl
subnetworks were moved. In the Westdahl subnetwork, three
stations (WESS, WFAR, and WPOG) were removed and
three new stations (WESP, WECS, WEBT) were established
in similar locations. In the Shishaldin subnetwork, the short-
period station ISTK was relocated and renamed ISLZ and
a broadband station (SSBA) was installed. The only other
change in the AVO network was the destruction of the
broadband station OKCD in the Okmok eruption in July.

The 154 single-component short-period seismograph
stations were equipped with either Mark Products L4 or
Teledyne-Geotech S13 seismometers with a 1-second natural
period. AVO also operated 22 three-component, short-

period instruments during 2008. The instruments used at
sites with three component sensors were Mark Products L22
seismometers with a 0.5-second period, Mark Products L4-3D
seismometers with a 1-second period, or Teledyne-Geotech
S13 seismometers with a 1-second natural period. Seventeen
broadband stations were operated with either a Guralp CMG-
40T seismometer (frequency range: 0.033 to 50 Hz), Guralp
CMG-6TD seismometer (frequency range: 0.033 to 50 Hz), or
Nanametrics Trillium 40 seismometer (frequency range: 0.025
to 50 Hz). The Augustine strong motion station (AU22) used
a REFTEK 130-ANSS/02 strong motion sensor (frequency
range: DC to 500 Hz).

The majority of the short-period stations were digitized at
100 samples per second (sps). The Cerberus and Little Sitkin
subnetworks were recorded at 50 sps due to limitations in data
rates using very small aperture terminal telemetry between
the recording hub located on Amchitka Island and Anchorage.
Broadband stations were digitized at 50 sps with the exception
of AUL, which is recorded at 100 sps. Typical calibration
curves for short-period and broadband seismometers used
in the AVO seismograph network are shown in figures 2-6.
Calibration information for each station is compiled in
the HYPOELLIPSE file caldata.prm included in a data
supplement to this report.
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Table 2. Number of Alaska Volcano Observatory seismograph stations by type and year.
Number of Nu!nber Number Number of Number
Year seismograph Number of of single- of three- broadband of slr_ong
- components  component component . motion
stations stations stations stations stations
1988 25 29 23 2 0 0
1989 28 32 26 2 0 0
1990 41 48 38 3 0 0
1991 35 41 32 3 0 0
1992 38 45 35 3 0 0
1993 43 50 40 3 0 0
1994 46 57 41 5 0 0
1995 56 66 51 5 0 0
1996 59 78 48 10 1 0
1997 95 124 82 12 2 0
1998 108 141 93 14 2 0
1999 121 155 105 14 2 0
2000 125 161 107 16 2 0
2001 138 176 119 17 3 0
2002 140 178 123 16 2 0
2003 160 216 134 18 9 0
2004 182 254 148 20 15 0
2005 188 265 150 23 15 0
2006 191 274 153 23 15 1
2007 193 280 154 22 17 1
2008 193 280 154 22 17 1
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Figure 3. Log-log plot of representative displacement response curves for the short-period
stations using a Mark Products L22 seismometer. The solid line illustrates the typical calibration
curve and the dashed lines show the range of calibration curves for all AVO stations using L22
seismometers.
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Figure 4. Log-log plot of representative displacement response curves for the short-period
stations using a Teledyne-Geotech S13 seismometer. The solid line illustrates the typical
calibration curve and the dashed lines show the range of calibration curves for all AV0
stations using S13 seismometers.
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Figure 5. Log-log plot of representative displacement response curves for the broadband stations using a Guralp
CMG-40T seismometer. The solid line illustrates the typical calibration curve and the dashed lines show the range of
calibration curves for all AVO stations using Guralp CMG-40T seismometers.
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Figure 6. Log-log plot of representative displacement response curves for the broadband stations using a Guralp
CMG-6TD seismometer. The solid line illustrates the typical calibration curve and the dashed lines show the range of
calibration curves for all AVO stations using Guralp CMG-6TD seismometers.
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Data from short-period seismograph stations were
telemetered using voltage-controlled oscillators (VCOs)
to transform the signals generated by the seismometer (in
response to ground velocity) from a voltage to a frequency-
modulated carrier suitable for transmission over a radio link
or telephone circuit. AVO primarily used VCOs developed
by McChesney (1999) to modulate signals in the field. In
rare cases, other VCO models were used, but these are being
replaced as stations are visited. Signals were transmitted via
UHF and VHF radio to communication hubs located in Adak,
Akutan, Amchitka Island, Anchorage, Atka, Cold Bay, Homer,
Kenali, King Cove, King Salmon, Port Heiden, Sourdough,
Tolsona and Unalaska (fig. 1). Data were then digitized at the
Adak, Amchitka Island, Homer, Kenai, King Salmon, and
Unalaska communication hubs and directed to AVO offices via
high-speed digital circuits. From all other hubs (Akutan, Cold
Bay, Port Heiden, Sourdough, and Tolsona), analog signals
were relayed via leased telephone circuits to AVO offices in
Anchorage or Fairbanks where the signals were subsequently
digitized. Data from broadband seismograph stations were
digitized at the station site and transmitted digitally using
spread spectrum radios to communication hubs in Akutan,
Anchorage, Homer, King Salmon, and Unalaska. These data
were forwarded to AVO offices in Fairbanks and Anchorage
via high-speed digital circuits.

Locations and descriptions for all AVO stations operated
during 2008 are contained in appendix B. Maps showing
the locations of stations with respect to individual volcanoes
are contained in appendix C. Estimates of each station’s
operational status for the catalog period are shown in
appendix D. Other station information are available as part of
the data supplement to this report.

Data Acquisition and Processing

Data acquisition for the AVO seismograph network
was accomplished with duplicate EARTHWORM systems
(Johnson and others, 1995) located in Anchorage and
Fairbanks. Data were recorded in both continuous and event
detection modes. Event detected data were collected using
the EARTHWORM modules, Carlstatrig and Carlsubtrig
with the Carlstatrig parameters set as follows: Long-term-
average (LTA) time = 8 seconds, Ratio = 2.3, and Quiet = 4.
Three station triggers from the Carlstatrig module are required
for an event to trigger Carlsubtrig to create an event record.
Carlsubtrig was modified such that a two-letter code (table 3)
was appended to the filename of each trigger to identify the
first subnetwork that triggered. If four or more subnetworks
triggered on the same event, all data were saved in a single
trigger and tagged as a regional event. All data are saved in
Seismic Analysis Code format (Goldstein and others, 1999).

Event triggers were processed daily using the interactive
seismic data analysis program XPICK (Robinson, 1990)
and the earthquake location program HYPOELLIPSE (Lahr,
1999). Each event trigger was visually inspected and false
triggers were deleted. Each subsequent event was identified
by a description code (table 4) modified after Lahr and others
(1994), which is stored as a comment in the event location
pick file. Earthquakes with a P-wave and S-wave separation
of greater than 5 seconds on the closest station were assumed
to come from non-volcanic sources and typically were not
located. Each hypocenter was checked using a computer
algorithm that identified events that did not meet the following
minimum parameters: three P-phases, two S-phases, and
standard hypocentral errors less than 15 km, as defined by
Lahr (1999). If upon reevaluation, the minimum parameters
could not be met, the event was removed from the final
catalog listing. For the earthquakes in the 2008 AVO catalog,
the average root-mean-square travel-time error was 0.137
second and the average hypocentral errors ERZ and ERH
were 1.41 and 2.29 km, respectively. Additional data from
seismographs operated by the West Coast and Alaska Tsunami
Warning Center and Alaska Earthquake Information Center
(AEIC) were routinely utilized in event detection and location.
Station parameters for the West Coast and Alaska Tsunami
Warning Center and Alaska Earthquake Information Center
stations used by AVO in 2008 are found in appendix B.

Seismic Velocity Models

During 2008, AVO employed 12 local volcano-specific
seismic velocity models and 1 regional seismic velocity model
to locate earthquakes at Alaskan volcanoes. All velocity
models were one-dimensional models utilizing horizontal
layers to approximate the local seismic velocity structure.
Each model, with one exception, assumed a series of constant
velocity layers. The single exception was the Akutan velocity
model (Power and others, 1996), which had a velocity gradient
in a layer overlying a half-space of constant velocity.

One or more vertical cylindrical volumes were used
to model the volcanic source zones for all volcanoes where
a local velocity model was used. Earthquakes within these
cylindrical volumes were located with a local model and
earthquakes outside of the cylindrical volumes were located
with the regional model. All cylindrical volumes had a radius
of 20 km with the exception of the cylinders centered on
Shishaldin and Mount Veniaminof. The cylinder centered
on Shishaldin had a radius of 30 km in order to encompass
Fisher Caldera and Isanotski Peaks. The cylinder centered on
Veniaminof also had a radius of 30 km because of the large
size of the volcanic edifice. The top of each cylinder is set at
3 km above sea level and the bottom is set at a depth of 50 km
below sea level.



Table 3. Volcano subnetwork designators.

[For seismograph stations installed in 2003 and later, the network code is also
used as the first two letters of the station code]

Volcano Network  Volcanoes monitored
subnetwork code

Akutan ak Akutan Volcano

Aniakchak an Aniakchak Crater

Augustine au Augustine Volcano

Cerberus ce Mount Cerberus

Dutton dt Mount Dutton

Iliamna il Iliamna Volcano

Fourpeaked fo Fourpeaked Mountain

Gareloi ga Mount Gareloi

Great Sitkin gs Great Sitkin Volcano

Kanaga ki Kanaga Volcano

Katmai ka Mount Griggs, Mount Katmai,
Mount Mageik and Mount
Martin, Novarupta, Snowy
Mountain, and Trident Volcano

Korovin ko Korovin Volcano

Little Sitkin Is Little Sitkin Volcano

Makushin ma Makushin Volcano

Okmok ok Okmok Caldera

Pavlof pv Pavlof Volcano

Peulik pl Ugashik-Peulik and Ukinrek Maars

Redoubt rd Redoubt Volcano

Regional Event rg none

Shishaldin sh Fisher Caldera, Isanotski Peaks, and
Shishaldin Volcano

Spurr sp Mount Spurr

Tanaga ta Tanaga Volcano

Veniaminof vn Mount Veniaminof

Westdahl we Fisher Caldera, and Westdahl Peak

Wrangell wa Mount Wrangell

Table 4. Alaska Volcano Observatory event description codes.

[Lowercase letters refer to triggered events that are located. Uppercase letters
are used for triggered events that are not located]

Event classification Classification code

\olcano-Tectonic (VT)
Low-Frequency (LF)
Hybrid

Shore-lce

Cause unknown
Regional-Volcanic
Regional-Tectonic
Teleseismic

Glacier

Calibrations

Other non-seismic

OOO-1MIUX —So®

Seismicity 7

The Akutan, Augustine (Power, 1988), Iliamna (Roman
and others, 2001), Okmok (Searcy and Prejean, U.S.
Geological Survey, written commun., 2009), Tanaga (J.A.
Power, U.S. Geological Survey, written commun., 2005),
Veniaminof (Sanchez, 2005), and Westdahl (Dixon and others,
2005) velocity models were used to locate hypocenters that
fell within cylindrical volumes described above, centered
on each respective volcano. The Cold Bay velocity model
(McNutt and Jacob, 1986) was used to locate earthquakes that
fell within cylindrical volumes centered on Mount Dutton
and Pavlof Volcano. Earthquakes at Fisher, Isanotski, and
Shishaldin that fell within the cylindrical regions centered
on Shishaldin Volcano also were located using the Cold
Bay velocity model. Five overlapping cylinders defined the
volume in which the Spurr velocity model (Jolly and others,
1994) was used, four overlapping cylinders defined the
volume for the Redoubt velocity model (Lahr and others,
1994), and four overlapping cylinders defined the volume for
the Katmai model (Searcy, 2003). The Andreanof velocity
model, modified from that in Toth and Kisslinger (1984), was
used to locate earthquakes within a volume defined by three
cylinders centered on Kanaga Volcano, Mount Moffet, and
Great Sitkin Volcano. Specific velocity models for Aniakchak
Crater, Mount Cerberus, Mount Gareloi, Korovin Volcano,
Little Sitkin Volcano, Makushin Volcano, Mount Peulik, and
Mount Wrangell were not available in 2008 and the regional
velocity model (Fogleman and others, 1993) was used to
locate earthquakes near these volcanoes. The cylindrical
model parameters, regional velocity model, and volcano-
specific models used to locate earthquakes in this report are
summarized in appendix E. Figures showing the volcanic
source zones modeled by multiple cylinders are shown in

appendix F.

Seismicity

The 7,097 earthquakes located in 2008 represent an
increase from the 6,664 earthquakes located in 2007 (Dixon
and others, 2008). Of the earthquakes located in 2008,

75 percent (5,318 earthquakes) were located within 20 km of
a monitored volcanic center. The numbers of located events
at volcanic centers in the last 2 years, listed by seismograph
subnetwork, are shown in table 5.

Using the 2008 earthquake catalog, the magnitude of
completeness (Mc) for each subnetwork was calculated with
the exception of six subnetworks (table 5). The Aniakchak,
Dutton, Fourpeaked, Pavlof, Veniaminof, and Westdahl
subnetworks had insufficient numbers of located earthquakes
(less than 20) to calculate a Mc. The Mc ranged from -0.5 to
1.7 for the individual subnetworks. Mc is the magnitude
threshold above which we are reasonably certain that an
event of Mc or greater was detected. The Mc was determined
using a maximum likelihood estimate of the inflection point
in the frequency magnitude distribution using the seismology
analysis software ZMAP (Weimer, 2001).
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Table5. Number of earthquakes located for each seismograph subnetwork in 2007 and 2008 within 20 km of the

volcanic centers in each subnetwork.

[The totals for 2008 are broken into three event types: volcanic-tectonic (VT), low-frequency (LF) and other (all other possible event types
shown in table 4). Magnitude of completeness (Mc) for AVO seismograph subnetworks used the 2008 data]

Volcano subnetwork Earthquakes Earthquakes 2008 2008 2008 2008
located in 2007 located in 2008 VT LF Other Mec
Akutan 58 105 101 3 1 0.3
Aniakchak 1 1 1 0 0 ®
Augustine 367 116 113 1 2 0.1
Cerberus 42 21 21 0 0 0.8
Dutton 17 19 19 0 0 ®
Fourpeaked 272 11 10 0 1 ®
Gareloi 1,461 87 86 0 1 1.7
Great Sitkin 52 33 33 0 0 -0.5
Iliamna 106 102 95 7 0 0.7
Kanaga 48 478 403 0 75 12
Katmai Cluster 1,375 1,987 1,974 13 0 0.5
Korovin 293 47 46 0 1 1.3
Little Sitkin 217 235 235 0 0 0.4
Makushin 136 117 116 1 0 0.7
Okmok 84 635 608 26 1 11
Pavlof 48 9 4 5 0 Q)
Peulik 29 21 20 1 0 1.3
Redoubt 41 107 39 68 0 0.2
Shishaldin 42 290 279 11 0 0.9
Spurr 768 599 545 54 0 0.1
Tanaga 47 401 332 1 68 11
Veniaminof 4 17 14 3 0 @)
Westdahl 6 11 9 2 0 ®
Wrangell 147 83 15 68 0 1.0
Totals 5,666 5,318 4,903 266 149 Q)

tInsufficient number of located earthquakes and therefore an Mc could not be computed.

In 2008, the Volcano Alert Level and Aviation Color
Codes were raised at three monitored volcanic centers
(Okmok Caldera, Redoubt Volcano, and Mount Veniaminof).
The eruption at Okmok (Neal and others, 2009) started
with an abrupt increase in seismicity at 1400 UTC July 12
cumulating with the start of the eruption at 2143 UTC. The
seismicity peaked at 2200 UTC on July 12 after which it
gradually declined until the seismicity at Okmok was back
to its pre-eruption levels in mid-November. Several minor
ash bursts from Veniaminof were recorded in seismic data in
February with all reported activity ending in April. Weak but
anomalous seismicity was detected at Redoubt in October.
The increased seismicity along with observations suggesting
increased heat flow prompted an increase in the Volcano Alert
Level and Aviation Color Code for Redoubt on November 5.
The eruption of Okmok and the increased unrest at Redoubt
and Veniaminof resulted in more earthquakes located at these
volcanoes in 2008 than the previous year.

In July, there was an increase in activity detected on the
Great Sitkin subnetwork in the vicinity of Kasatochi Volcano
(fig. 1), a seismically unmonitored volcano. On August 6, the
earthquake activity at Kasatochi rapidly increased (Ruppert
and others, 2008). The following day, the seismicity was
accompanied by periods of volcanic tremor and cumulated in
an eruption later that day. Two days later the intense seismic
activity associated with the Kasatochi eruption declined. All
1,553 earthquakes located within 20 km from Kasatochi in
2008 (fig. 7) are available from the AEIC catalog (Ruppert,
2008b). Only 58 earthquakes within 20 km of Kasatochi were
located by AVO as the majority of the located seismicity
falls outside the AVO guidelines for inclusion in the AVO
earthquake catalog.

The increase in located seismic activity within the Katmai
subnetwork is related to substantial increase in activity in the
vicinity of Trident Volcano and Mount Mageik. In 2007, 338
earthquakes were located within 5 km of Trident whereas in



2008, the number of located events was 625.
Likewise, there was a doubling of located
earthquakes at Mount Mageik in 2008. A total
of 217 earthquakes were located within 5 km
in 2007 and 400 were located in 2008. The
increase in earthquake activity at Shishaldin
started in October and continued into 2009,
where the Volcano Alert Level and Aviation
Color Code were raised just after the end

of 2008. The Pavlof subnetwork showed an
apparent decrease in the number of located
earthquakes in 2008. In January 2007, a swarm
of earthquakes 15 km northeast of Pavlof
accounted for the abnormal high number of
earthquakes located in 2007.

The apparent decrease in detected
seismic activity at the Augustine, Spurr, and
Fourpeaked subnetworks likely is related to
the continued decrease in activity following
the respective periods of unrest. The
numbers of located earthquakes in 2008 at
these subnetworks are similar to those years
preceding their respective eruption/unrest.
Subnetworks at Akutan and Westdahl show
an increased number of located earthquakes
when compared to those located in 2007.
When compared to the located seismicity prior
to 2007, the number of located earthquakes
in 2008 is similar and does not appear to
represent a significant change in seismicity.

Four subnetworks (Cerberus, Gareloi,
Korovin, and Wrangell), saw a decrease in
the number of located earthquakes in 2008
compared to the number of earthquakes
located in 2007, which could be due to
prolonged station outages. The number of
located earthquakes at Gareloi was down
substantially compared to the number located
in 2007. Winter storms generally reduce the
number of events that can be located and
starting late spring, the number of operating
seismograph stations was below the minimum
for an earthquake location to be included
in the catalog. Two subnetworks (Tanaga
and Kanga) showed an increase in located
earthquake due to a nearby large tectonic
earthquake on May 2, 2008 (Mw=6.6)
and subsequent aftershocks and triggered
seismicity (fig. 8). The number of located
earthquakes at the Aniakchak, Dutton, Great
Sitkin, Iliamna, Little Sitkin, Makushin,
Peulik, and Veniaminof subnetworks were
similar to those in 2007.
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Figure 7. Earthquakes located by AEIC associated with the Kasatochi
eruption (Ruppert, 2008b). The focal mechanism shown is for the largest
earthquake (Mw=>5.8) shown by the star. Kasatochi Volcano is shown by
the inverted triangle.
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Figure 8. The May 2, 2008 M =6.6 earthquake with aftershocks and
triggered seismicity located by AEIC (Ruppert, 2008a). The earthquakes
shown in the red circles are within 20 km of either the Kanaga or
Takawanga volcanic centers.



10 Catalog of Earthquake Hypocenters at Alaskan Volcanoes: January 1 through December 31, 2008

Summary

Between January 1 and December 31, 2008, AVO
located 7,097 earthquakes of which 5,318 occurred at or near
volcanoes in Alaska. Monitoring highlights in 2008 include
the eruptions of Okmok Caldera and Kasatochi Volcano, as
well as increased unrest at Mount Veniaminof and Redoubt
\olcano.

Auvailable for download with this report is a compressed
Unix tar-file containing a summary listing of earthquake
hypocenters and all necessary HYPOELLIPSE input files to
recalculate the hypocenters including station locations and
calibrations, seismic velocity models, and phase information.
The reader should refer to Lahr (1999) for information on
file formats and instructions for configuring and running the
location program HYPOELLIPSE. Continuous waveform
data for selected AVO seismograph stations are archived and
available through the Incorporated Research Institutions for
Seismology (IRIS) (www.iris.edu). Archives of waveform data
are maintained on DVD-ROM at AVO offices in Fairbanks
and Anchorage.

AVO earthquake catalogs for 1989-2007 are listed in
appendix G. Selected papers published in 2008 that utilized
AVO seismic data are listed in appendix H
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Appendix A 13

Appendix A. Maps of Monitored Volcanoes with Earthquake Hypocenters
Calculated in 2008.

Figure A1. Summary plots of earthquakes located near Mount Wrangell in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A2. Summary plots of earthquakes located near Mount Spurr in 2008. Open circles show hypocenter
locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20 km and
deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown by open
squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix B for
station information.
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Figure A3. Summary plots of earthquakes located near Redoubt Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A4. Summary plots of earthquakes located near lliamna Volcano in 2008. Open circles scaled with
magnitude show hypocenter locations. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A5. Summary plots of earthquakes located near Augustine Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A6. Summary plots of earthquakes located near Fourpeaked Mountain in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A7. Summary plots of earthquakes located near the Katmai volcanic cluster in 2008. Open circles
show hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths
of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are
shown by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See
appendix B for station information.
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Figure A8. Summary plots of earthquakes located near Snowy Mountain in the Katmai volcanic cluster in
2008. Open circles show hypocenter locations shallower than 20 km and open triangles indicate times of
hypocenters with depths of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A9. Summary plots of earthquakes located near Mount Griggs in the Katmai volcanic cluster in 2008.
Open circles show hypocenter locations shallower than 20 km and open triangles show hypocenters with
depths of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph
stations are shown by open squares and labeled by station code. Solid triangles are used to show volcanic
centers. See appendix B for station information. Several earthquakes that appear on this figure appear on
other figures.
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Figure A10. Summary plots of earthquakes located near Mount Katmai in the Katmai volcanic cluster in 2008.
Open circles scaled with magnitude show hypocenter locations. Hypocenter symbols are scaled with
magnitude. Permanent seismograph stations are shown by open squares and labeled by station code. Solid
triangles are used to show volcanic centers. See appendix B for station information. Several earthquakes that
appear on this figure appear on other figures.
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Figure A11. Summary plots of earthquakes located near Novarupta and Trident Volcano in the Katmai
volcanic cluster in 2008. Open circles show hypocenter locations shallower than 20 km and open triangles
indicate times of hypocenters with depths of 20 km and deeper. Hypocenter symbols are scaled with
magnitude. Permanent seismograph stations are shown by open squares and labeled by station code. Solid
triangles are used to show volcanic centers. See appendix B for station information. Several earthquakes that
appear on this figure appear on other figures.
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Figure A12. Summary plots of earthquakes located near Mount Mageik and Mount Martin in the Katmai
volcanic cluster in 2008. Open circles show hypocenter locations shallower than 20 km and open triangles
indicate times of hypocenters with depths of 20 km and deeper. Hypocenter symbols are scaled with
magnitude. Permanent seismograph stations are shown by open squares and labeled by station code. Solid
triangles are used to show volcanic centers. See appendix B for station information. Several earthquakes that
appear on this figure appear on other figures.
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Figure A13. Summary plots of earthquakes located near Mount Peulik in 2008. Open circles show hypocenter
locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent seismograph
stations are shown by open squares and labeled by station code. Solid triangles are used to show volcanic
centers. See appendix B for station information.
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Figure A14. Summary plots of earthquakes located near Aniakchak Crater in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A15. Summary plots of earthquakes located near Mount Veniaminof in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A16. Summary plots of earthquakes located near Pavlof Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A17. This summary plot shows earthquakes located near Mount Dutton in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers and solid squares are used to show other points of interest. See appendix B for station

information.



30 Catalog of Earthquake Hypocenters at Alaskan Volcanoes: January 1 through December 31, 2008

Figure A18. Summary plots of earthquakes located near Unimak Island in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A19. Summary plots of earthquakes located near Shishaldin Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A20. Summary plots of earthquakes located near Westdahl Peak in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers and solid squares are used to show other points of interest. See appendix B for station

information.
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Figure A21. Summary plots of earthquakes located near Akutan Peak in 2008. Open circles show hypocenter
locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20 km and
deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown by open
squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix B for
station information.
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Figure A22. Summary plots of earthquakes located near Makushin Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers and solid
squares are used to show other points of interest. See appendix B for station information.
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Figure A23. Summary plots of earthquakes located on Umnak Island in 2008. Open circles show hypocenter
locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20 km and
deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown by open
squares and labeled by station code. Solid triangles are used to show volcanic centers and solid squares are
used to show other points of interest. See appendix B for station information.
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Figure A24. Summary plots of earthquakes located near Korovin Volcano and Mount Kliuchef in 2008. Open
circles show hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with
depths of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph
stations are shown by open squares and labeled by station code. Solid triangles are used to show volcanic
centers and solid squares are used to show other points of interest. See appendix B for station information.
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Figure A25. Summary plots of earthquakes located in the Middle Andreanof Islands in 2008. Open circles
show hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths
of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are
shown by open squares and labeled by station code. Solid triangles are used to show volcanic centers and
solid squares are used to show other points of interest. See appendix B for station information.
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Figure A26. Summary plots of earthquakes located near Great Sitkin Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A27. Summary plots of earthquakes located near Kanaga Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A28. Summary plots of earthquakes located in the Western Andreanof Islands in 2008. Open circles
show hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths
of 20 km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are
shown by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See
appendix B for station information.
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Figure A29. Summary plots of earthquake located near Tanaga Volcano in 2008. Most earthquakes
associated with the Tanaga volcanic center do not plot on this figure but to the east as seen on figure A28.
Open circles show hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with
magnitude. Permanent seismograph stations are shown by open squares and labeled by station code. Solid
triangles are used to show volcanic centers. See appendix B for station information.
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Figure A30. Summary plots of earthquakes located near Mount Gareloi in 2008. Open circles show
hypocenter locations shallower than 20 km and open triangles indicate times of hypocenters with depths of 20
km and deeper. Hypocenter symbols are scaled with magnitude. Permanent seismograph stations are shown
by open squares and labeled by station code. Solid triangles are used to show volcanic centers. See appendix
B for station information.
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Figure A31. Summary plots of earthquakes located on Semisopochnoi Island in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Figure A32. Summary plots of earthquakes located near Little Sitkin Volcano in 2008. Open circles show
hypocenter locations shallower than 20 km. Hypocenter symbols are scaled with magnitude. Permanent
seismograph stations are shown by open squares and labeled by station code. Solid triangles are used to
show volcanic centers. See appendix B for station information.
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Appendix B. Parameters for AVO Seismograph Stations in 2008.

Thislist includes station parameters for seismograph stations operated by the Alaska Earthquake
Information Center (AEIC) and the West Coast-Alaska Tsunami Warning Center (WC-ATWC)
that were used to locate earthquakes in the AV O catalog. The open date is the date that data were
first recorded and the close date is the date that recording was stopped. Discounting temporary data
outages, date is available for each listed station between the open and close date. Stations still in
operation are indicated by a dash in the close date column.

Station Latitude (N) Longitude (E) Elevation (m) Seismometer Open date Close date

Akutan Peak subnet (12 stations — 26 components)

AHB 5406.916 -16548.943 447 L4 1996/07/24 -
AKBB® 5405905 -16555.907 310 CMG-6TD 2005/07/05 -
AKGG® 5411.930 -16559.495 326 CMG-6TD 2003/06/27 -
AKLV?® 5400.762 -16557.336 551 CMG-6TD 2003/07/02 -
AKMO® 5405471 -166 00.634 277 CMG-6TD 2003/06/25 -
AKRB® 5407.803 -16604.125 334 CMG-6TD 2003/06/29 -
AKS® 5406624 -16541.803 213 L22 1996/07/24 -
AKT® 540815 -16546.2 12 CMG-40T 1996/03/18 -
AKV 5407571 -16557.763 863 L4 1996/07/24 -
HSB 5411.205 -16554.743 497 L4 1996/07/24 -
LVA 5409.654 -166 02.025 457 L4 1996/07/24 -
ZRO 5405494 -16558.678 446 L4 1996/07/24 -
Aniakchak Crater subnet (6 stations — 8 components)

ANNE 5654763 -15803.534 705 L4 1997/07/18 -
ANNW 5657.986 -158 12.895 816 L4 1997/07/18 -
ANON® 5655.188 -15810.293 445 L22 2000/07/10 -
ANPB 5648141 -15816.847 658 L4 1997/07/18 -
ANPK 5650499 -15807.572 972 L4 1997/07/18 -
AZAC 5653727 -15813.841 1,057 L4 2003/07/12 -
Augustine Volcano subnet (9 stations — 18 components)

AU22® 5922247 -15321.301 105 SM 2007/09/01 -
AUE* 5922308 -15322.504 168 S13 1980/10/29 -
AUH 5921833 -15326.591 890 S13 1978/12/01 -
AUI® 5920.11  -15325.66 293 S13 1978/04/06 -
AUL 5922937 -15326.142 360 S13 1980/10/29 -
AUL® 5922937 -15326.142 360 CMG-6TD 1997/08/27 -
AUNW* 5922694 -15328.609 160 L4 2007/03/15 -
AUP 5921805 -15325.210 1,033 S13 1977/09/22 -
AUSE 5920481 -15323.850 152 L4 2006/02/03 -

AUW 5922205 -15328.249 276 S13 1976/10/17 -
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Station Latitude (N) Longitude (E) Elevation (m) Seismometer Open date Close date

Mount Cerberus Subnet (6 stations - 8 components)

CEAP 5200.146 179 34.667 244 L4 2005/09/17
CEPE  5157.949 17938.950 335 L4 2005/09/17
CERA 5154419 17941.074 305 L4 2005/09/26
CERB® 5155.886 17937.783 305 L4-3D 2005/09/18
CESW 5154.060 179 33.800 238 L4 2005/09/18
CETU 5157965 17929.651 335 L4 2005/09/22
Mount Dutton subnet (5 stations - 5 components)

BLDY 5511.670 -16247.018 259 L4 1996/07/11
DOL 5508976 -16151.702 439 L4 1996/07/11
DRR3 5458.014 -16215.665 457 L4 1996/07/11
DT1 5506.427 -162 16.859 198 L4 1991/06/21
DTN 5508.744 -162 15.419 396 S13 1988/07/16
Fourpeaked subnet (4 stations - 7 components)

CDD 5855.771 -15338.558 622 S13 1981/08/17
FONW* 5850.086 -15355.102 905 L-4 2007/10/19
FOPK* 5845480 -15328.433 546 L4 2007/09/25
FOSS* 5847.965 -15341.699 1268 L-4 2007/10/10
Gareloi Volcano subnet (6 stations - 8 components)

GAEA 5146980 -17844.810 326 L4 2003/08/30
GAKI 5133267 -17848.725 99 L4 2003/09/01
GALA 5145704 -17846.292 315 L4 2003/08/30
GANE 5149135 -17846.603 322 L4 2003/09/02
GANO 5149220 -17848.230 451 L4 2003/09/02
GASW® 5146.731 -17851.276 248 L22 2003/08/30
Great Sitkin Volcano subnet (6 stations - 8 components)

GSCK 5200.712 -17609.718 384 L4 1999/09/15
GSIG  5159.181 -17555.502 407 L4 1999/09/03
GSMY 5202594 -17603.376 418 L4 1999/09/03
GSSP 5205566 -17610.541 295 L4 1999/09/15
GSTD® 5203.356 -17608.685 873 L22 1999/09/03
GSTR  5205.655 -176 03.546 536 L4 1999/09/03
lliamna Volcano subnet (6 stations - 8 components)

ILI 6004.877 -15257.502 771 L4 1987/09/15
ILS 5957.454 -15304.083 1,125 S13 1996/08/28
ILW 6003.585 -15308.222 1,646 S13 1994/09/09
INE 6003.630 -15303.732 1,634 S13 1990/08/29
IVE® 6001.014 -15300.981 1,173 S13,L22 1996/09/19
IVS 6000.55  -15304.85 2,332 S13 1990/08/29
Kanaga Volcano subnet (6 stations - 6 components)

KICM 5155136 -17711.718 183 L4 1999/09/15
KIKV 5152730 -17710.223 411 L4 1999/09/15
KIMD 5145.697 -177 14