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Examining Alaska’s Earthquakes on Land and Sea

The Alaska Amphibious Community Seismic Experiment is taking a
close look at seismic activity along the Alaska Peninsula to understand

earthquakes in this little-studied region.

Sunset from the R/V Sikuliag, July 2018. Broadband ocean bottom seismometers arranged on

deck are ready to be deployed in support of the Alaska Amphibious Community Seismic
Experiment. Credit: Anne Sheehan
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North America’s largest earthquakes and most powerful volcanic eruptions occur along the
Alaska Peninsula subduction zone, a meeting of two tectonic plates that sweeps an arc across
the North Pacific margin between Alaska and Russia. However, studies that would help us

understand these hazards are few and far between in this remote, sparsely populated region.

A major shoreline-crossing community seismic experiment, now under way, spans the Alaska
Peninsula subduction zone, with the intention of filling gaps in our knowledge of this region.
Information that we collect along this margin can provide direct information about many first-

order questions about subduction zone processes that influence earthquakes and volcanism.

“Historically, geophysical data collection has been challenging in Alaska.”

For example, segments that have generated great earthquakes (M > 9) behave very differently
from segments that are smoothly creeping, and various arc segments have fundamentally
different volcano chemistry. If we can understand how geologic structures or material
properties contribute to this segmentation, then we should be able to better forecast the long-

term rates and effects of major geological events.

Historically, geophysical data collection has been challenging in Alaska because of difficult
logistics; low population density; and, like most subduction zones, the challenge of extending

comprehensive studies offshore to include the fore arc and subducting plate

(https://blogs.ei.columbia.edu/2015/11/16/ancient-faults-water-are-sparking-earthquakes-off-alaska/). The Alaska

Amphibious Community Seismic Experiment (AACSE) has deployed an amphibious seismic
array, designed by the scientific community, to make major advances on these problems. This
array is recording earthquakes and other events in the Alaska subduction system as well as
globally. All these data will be made available openly as rapidly as possible, to make it as easy

as possible for scientists around the world to become involved.

An Amphibious Array

AACSE deployed an array of 75 broadband ocean bottom seismometers (https://eos.org/scientific-
press/distant-earthquakes-can-cause-underwater-landslides) (OBSs) and 30 onshore broadband

seismometers for 15 months, starting in May 2018 (Figure 1). The array covers an along-strike
segment of the subduction zone spanning some 650 kilometers, including the Alaska Peninsula

and Kodiak Island, and it extends about 250 kilometers seaward from the trench.
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Fig. 1. Map of the AACSE deployment and the southwestern Alaska margin, showing newly
deployed (circles) and existing (squares) seismometers, rupture areas of great earthquakes
(orange, labeled with dates), volcanoes (triangles), and other features. Abbreviations are
TA/AEC, Transportable Array/Alaska Earthquake Center; AVO, Alaska Volcano Observatory;

OBS, ocean bottom seismometer; and APG, absolute pressure gauge.

The array densifies and expands offshore the EarthScope Transportable Array
(http://www.usarray.org/alaska), a major community experiment that is running concurrently. This
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is a golden age for instrumental seismology in Alaska with the full deployment of the

Transportable Array, AACSE, and several other projects.

A critical part of AACSE is its amphibious nature: tight integration of onshore and offshore
observational campaigns.

AACSE stems in part from a 2014 workshop (https://www.iris.edu/hq/workshops/2014/10

/amphibious array_facility workshop) on the future of amphibious seismology and in part from

science plans for two National Science Foundation research programs, Geodynamic Processes

at Rifting and Subducting Margins (GeoPRISMS (http://geoprisms.org/)) and EarthScope

(http://www.earthscope.org/). In different ways, both of these decadal programs have a strong focus

on understanding subduction systems, and both use North America as a natural laboratory for
fundamental discovery. The AACSE project also builds on valuable lessons learned from the

Cascadia Initiative (https://cascadia.uoregon.edu/), a 4-year series of linked OBS deployments

farther south, across and around the Juan de Fuca and Gorda plates

(http://library.open.oregonstate.edu/earthquakes/chapter/earthquakes-in-the-juan-de-fuca-plate/), in which

much of the AACSE instrumentation was developed [Toomey et al. (https://doi.org/10.5670

/oceanoq.2014.49), 2014].

A critical part of AACSE is its amphibious nature: tight integration of onshore and offshore
observational campaigns. Virtually all subduction systems on Earth span the shoreline, from
deep submarine trenches to large subaerial volcanoes (i.e., volcanoes that erupt into the air
rather than in water). Consequently, subduction systems call for observational approaches that
extend onshore and at sea. However, science planning and funding often place artificial
barriers at the shoreline, making truly amphibious projects rare. The AACSE program has
worked hard to leverage resources from NSF’s terrestrial (Division of Earth Sciences
(https://www.nsf.gov/div/index.jsp?div=ear)) and marine (Division of Ocean Sciences (https://www.nsf.gov

/div/index.jsp?div=oce)) programs, and it has focused on integrated planning at every step.

A Community Experiment
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Graduate student Amanda Price inspects a

seismometer in preparation for the AACSE

deployment off Kodiak. Credit: Bethany Essary

AACSE is a “community” project in several ways. First, all data from the project will be openly
accessible to any interested scientist as soon as they are recovered from the field and formatted

for archiving. All seismograms will be available at the Incorporated Research Institutions for

Seismology (IRIS) Data Management Center (http://ds.iris.edu/ds), which handles a wide range of
seismic data and data access platforms. Other data will be housed in appropriate data centers

for their data types; for instance, shipboard data are at the Marine Geoscience Data System

(http: //www.marine-geo.org/). The AACSE web page (http://geoprisms.org/research/community-projects

/alaska/) has specifics on the program and data access.

Second, the experimental planning, design, and participation have been kept as open as
possible. A large planning meeting in 2014 evaluated a wide variety of scientific targets,

followed by several Web-based forums, open calls for principal investigator participation, and
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public comment periods once draft deployment designs were crafted.

Third, the project engages and trains the next generation of scientists by teaching them the
skills required for work with amphibious data sets. Each deployment or recovery cruise
includes multiple early- to middle-career scientists without prior marine experience. Cruise
participants range from graduate students to faculty to geoscience professionals to Alaskan
high school science educators, all of whom gained invaluable direct experience with data
collection. In these ways, AACSE provides a major new data set and helps build the community

that can make use of it, maximizing the potential impact of this community resource.

The 2018 Deployment

The heart of the AACSE project is a network of 105 broadband seismometers and numerous
accelerometers, seafloor pressure gauges, and temperature sensors deployed every 20—50
kilometers along the seafloor and on land. We deployed 75 ocean bottom seismometers on two
cruises on the R/V Sikuliaq, sailing from the home port of Seward, Alaska, with support from
OBS facilities at the Lamont-Doherty Earth Observatory of Columbia University and the Woods
Hole Oceanographic Institution. Twenty of the OBSs have trawl-resistant mounts

http: //www.obsip.org/instruments/cascadia-instruments/ldeo-trawl-resistant-obs/specifications/) especially

designed for shallow water, protected against bottom trawling, and designed to dampen wave
and current noise (Figure 2). Five of these OBSs have accelerometers to record nearby strong

earthquakes.

Fig. 2. Ocean bottom seismometers used in AACSE. A shallow-water instrument (left). Dan Kot
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preparing a deepwater OBS for deployment (right). Credits: David Heath (left); Anne Sheehan
(right)

In parallel with the marine expeditions, ground teams deployed 30 broadband land stations on
Kodiak Island, the Alaska Peninsula, and the Shumagin Islands, using a variety of small planes,
boats, and wheeled vehicles to reach critical locations in this remote region. These instruments,
provided by the IRIS Portable Array Seismic Studies of the Continental Lithosphere (PASSCAL)
Instrument Center, feature broadband seismic sensors designed for postholes, and six include
accelerometers. The distribution of the onshore stations was designed to complement the
marine deployment, the sparse permanent networks in this region, and the EarthScope

Transportable Array. All broadband sensors have 120-second response corners

(https://www.electronics-tutorials.ws/amplifier /frequency-response.html), and they collect data continuously

at a frequency of 100 hertz.

Susan Schwartz services a land-based instrument

station on Alaska’s Kodiak Island as a part of the
AACSE. Credit: Daniel Sampson

In 2019, AACSE plans to deploy a dense array of several hundred 5-hertz, three-component
“nodal” seismometers across the road system on Kodiak, which sits atop the rupture zone of the

great (M 9.2) 1964 Alaska earthquake (https://eos.org/research-spotlights/ancient-earthquakes-made-island-

rise-fall). This relatively new technology adopted from the petroleum industry allows significant
oversampling of the high-frequency wavefield to enable high-resolution studies of the thrust

zone structure and associated microearthquakes.
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The community nature of AACSE has also inspired a series of side projects and follow-on
projects, including deployments of seafloor GPS-acoustic stations (https://eos.org/opinions/planning-
for-a-subduction-zone-observatory), next-generation absolute pressure gauges, seafloor temperature
observations linking to the water column above, and subseafloor electromagnetic imaging

(https://emlab.ldeo.columbia.edu/).
A 15-Month Snapshot

The 15-month deployment of AACSE stations will represent one of the longest large-scale
multi-instrument amphibious seismic deployments to date.

The 15-month deployment of AACSE stations will represent one of the longest large-scale
multi-instrument amphibious seismic deployments to date. The instrument centers that
engineered the OBSs designed them to accommodate a two-summer deployment duration

specifically for this experiment.

Even this extended deployment time provides only a snapshot of the earthquake cycle, but
chances are good that this snapshot will capture something of interest. The Alaska Peninsula
region generates earthquakes at very high rates and from different sources: along the plate

boundary interface, within the downgoing plate, and within the overriding fore-arc crust.

In the first 3 months of the AACSE deployment, the Shumagin region has already experienced
several swarms of earthquakes, including many M > 5 events, and other large events (M4-5)

have happened north of Kodiak Island and within the central Semidi segment (https://eos.org

/research-spotlights/alaskas-semidi-segment-could-unleash-a-devastating-tsunami) (e. [ Figure 3). At the far

eastern extent of the array, an ongoing aftershock sequence of the January 2018 magnitude 7.9

earthquake (https://www.usgs.gov/news/january-23-2018-m79-gulf-alaska-earthquake-and-tsunami) within the

Pacific plate is also being recorded at close range using offshore instruments. Collectively, this
experiment promises to record abundant seismic activity, which should provide new insight

into earthquake source properties and serve as a source for local geophysical imaging.
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Fig. 3. Example seismograms recorded for three earthquakes on 24 June 2018 (M3.6, M4.5,
and M4.3) across five western peninsula AACSE land stations. Raw data were filtered to
include only 2- to 15-Hertz energy. These earthquakes occurred on the western portion of the

Semidi segment.

Integrating Observations on Land and Sea

The capability to deploy large arrays at sea has existed only for the past few years, yet the most
seismogenic places are largely offshore or cross coastlines.

Although broadband array seismology has greatly advanced our understanding of Earth
beneath continents since the early 1990s, the capability to deploy large arrays at sea has existed
only for the past few years. Yet the most seismogenic places are largely offshore or cross
coastlines, and understanding the 60% of Earth beneath oceanic crust can be done only from
the seafloor. The AACSE opportunity is a major advance in addressing these challenges with

new and emerging technologies.

Information on AACSE, including regular updates on progress and participation opportunities,
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is available at the project’s GeoPRISMS-hosted website (http://geoprisms.org/research/community-
projects/alaska/). AACSE data are archived at the IRIS Data Center, under network codes XO for
onshore sites and XD for OBSs.
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