
1 

 

9th Biennial Workshop on Japan-Kamchatka-Alaska 

Subduction Processes (JKASP 2016) 
 

 

Understanding active subduction processes in North Pacific arcs 
 

 

 

 
 

 

 

 

MAY 31 ς JUNE 3, 2016 

 

SCIENTIFIC PROGRAM & 

ABSTRACTS 

 

GEOPHYSICAL INSTITUTE 

UNIVERSITY OF ALASKA FAIRBANKS 

FAIRBANKS, ALASKA 
 

 

  



2 

 

Conference Sponsors 

 

Geophysical Institute, University of Alaska Fairbanks 

College of Natural Science and Mathematics, University of Alaska Fairbanks 

 

Local Organizing Committee 

Jeff Freymueller, Geophysical Institute, University of Alaska Fairbanks 

Pavel Izbekov, Geophysical Institute, University of Alaska Fairbanks 

John Eichelberger, Graduate School, University of Alaska Fairbanks 

 

Cheryl Cameron, Alaska Division of Geological & Geophysical Surveys 

Michelle Coombs, Alaska Volcano Observatory, USGS 

David Fee, Geophysical Institute, University of Alaska Fairbanks 

Taryn Lopez, Geophysical Institute, University of Alaska Fairbanks 

Jessica Larsen, Geophysical Institute, University of Alaska Fairbanks 

Dmitry Nicolsky, Geophysical Institute, University of Alaska Fairbanks 

John Power, Alaska Volcano Observatory, USGS 

Natalia Ruppert, Geophysical Institute, University of Alaska Fairbanks 

Janet Schaefer, Alaska Division of Geological & Geophysical Surveys 

Elena Suleimani, Geophysical Institute, University of Alaska Fairbanks 

Kristi Wallace, Alaska Volcano Observatory, USGS 

Peter Webley, Geophysical Institute, University of Alaska Fairbanks 

Michael West, Geophysical Institute, University of Alaska Fairbanks 

 

Technical Support* 

Lea Gardine (logistics) 

Kimberly Cummins (visa support) 

 

* all at the Geophysical Institute, University of Alaska Fairbanks 



3 

 

TABLE OF CONTENTS                                                                                                 Page 
 
SCIENTIFIC PROGRAM ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 4 

MONDAY, MAY 30 ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 4 

TUESDAY, MAY 31 ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 4 

WEDNESDAY, JUNE 1 ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 6 

THURSDAY, JUNE 2 ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ. 9 

FRIDAY, JUNE 3 ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 10 

ABSTRACTS ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 12 

Keynote Talk ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ. 12 

Seismology (Oral presentations) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 16 

Tectonics and Experiments (Oral presentations)..ΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 31 

Geology & Petrology & Geochemistry (Oral presentations) ΧΧΧΧΧΧΧΧ 38 

Interdisciplinary Poster Session ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 56 

Volcano Monitoring (Oral presentations) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 97 

Tsunami (Oral presentations) ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 114 

AUTHORS INDEX ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.. 117 

  



4 

 

 

SCIENTIFIC PROGRAM 
 

MONDAY, MAY 30 
 

On-site registration and ice-breaker IARC lobby, 16:00-19:00 

Hosts: Jeff Freymueller and Pavel Izbekov; registration: Lea Gardine 

16:00 Registration opens 

17:00 Ice-breaker starts 

 

TUESDAY, MAY 31 
 

On-site registration and morning coffee REIC lobby, 07:00 ς 08:00 

07:00 On-site registration continues 

07:30 Breakfast 

 

PLENARY SESSION 

Welcoming remarks REIC 201, 08:00 ς 08:40 

08:00 Introduction: Jeff Freymueller 

08:10 Welcome: Robert McCoy, Director of the Geophysical Institute 

08:20 Welcoming remarks from John Eichelberger (UAF), Evgenii Gordeev (Institute of 

Volcanology and Seismology), and Minoru Kasahara (Hokkaido University) 

 

Keynote Talk REIC 201, 08:40 ς 09:00 

08:40 David W. Scholl, Stephen H. Kirby, and Roland Von Huene BASED ON GLOBAL 

OBSERVATIONS, TWO REASONS WHY THE ALEUTIAN-ALASKA SUBDUCTION ZONE 

IS PRONE TO RUPTURE IN GREAT (> Mw8.0) MEGATHRUST EARTHQUAKES 

 

TECHNICAL SESSIONS 

Seismology (Oral presentations) REIC 201, 09:00 ς 10:00 

Chairs: Mike West and Matt Haney 

09:00 Stephen R. McNutt, Glenn Thompson, Jochen Braunmiller, and Stephen Holtkamp 

PEAK RATES AND LARGEST MAGNITUDE EVENTS IN EARTHQUAKE SWARMS 

FROM DIFFERENT TECTONIC SETTINGS 

09:20 Hiroaki Takahashi, Mako Ohzono, Koji Minato, Noritoshi Okazaki, Takahiro Suzuki, 

Tetsuya Takahashi, Fujio Akita MAGMA, THERMAL STRUCTURE, STRAIN 

CONCENTRATION AND ACTIVE SEISMICITY IN KUSSHARO CALDERA, HOKKADIO, 

JAPAN 
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09:40 Nikolai Shapiro, Dmitry Droznin, Svetlana Droznina, Victor Chebrov, Evgeny 

Gordeev, William Frank THE REVEALING OF THE VOLCANIC ACTIVITY FOR 

KLYUCHEVSKAYA GROUP OF VOLCANOES FROM CONTINUOUS SEISMIC RECORDS 

 

10:00 Coffee break 

 

Seismology (Oral presentations), continued REIC 201, 10:20 ς 12:00 

Chairs: Hiroaki Takahashi and John Lyons 

10:20 Alexandra K. Farrell and Stephen R. McNutt SEISMIC ATTENUATION, TIME DELAYS 

AND RAYPATH BENDING OF TELESEISMS BENEATH CERRO UTURUNCU, BOLIVIA 

10:40 Matthew M. Haney, Victor C. Tsai, Kevin M. Ward WIDESPREAD IMAGING OF THE 

LOWER CRUST, MOHO, AND UPPER MANTLE BENEATH ALASKA FROM RAYLEIGH 

WAVES 

11:00 Stephen Holtkamp USING EARTHQUAKES TO PROBE SUBDUCTION MEGATHRUST 

BEHAVIOR: A LOOK AT EARTHQUAKE SWARMS AND REPEATING EARTHQUAKES 

IN ALASKA 

11:20 Anna Skorkina, Alexander Gusev CORNER FREQUENCIES OF SOURCE SPECTRA OF 

MODERATE SUBDUCTION-ZONE EARTHQUAKES OBSERVED NEAR THE AVACHA 

BAY, KAMCHATKA 

 

12:00 Lunch 

 

Seismology (Oral presentations), continued REIC 201, 13:00 ς 14:40 

Chairs: John Power and Hiroaki Takahashi 

13:00 Mako Ohzono, Hiroaki Takahashi, Nikolay V. Shestakov, Guojie Meng, Mikhail. D. 

Gerasimenko ESTIMATION OF THE LONG-TERM EFFECT OF VISCOELASTIC 

RELAXATION INDUCED BY THE 2011 TOHOKU EARTHQUAKE AND OTHER 

INTERPLATE EARTHQUAKES AROUND NORTHEASTERN ASIA 

13:20 John J. Lyons, Matthew M. Haney, Cynthia Werner, Peter Kelly, Matthew Patrick, 

Christoph Kern, and Frank Trusdell LONG PERIOD SEISMICITY AND VERY LONG 

PERIOD INFRASOUND DRIVEN BY SHALLOW MAGMATIC DEGASSING AT MOUNT 

PAGAN, MARIANA ISLANDS 

13:40 Matthew M. Haney, Robin Matoza, David Fee, David F. Aldridge SEISMIC 

EQUIVALENTS OF INFRASONIC SCALING LAWS FOR VOLCANIC JETS AND 

ACOUSTIC MULTIPOLES 

14:00 Cassandra M. Smith, Stephen R. McNutt, Glenn Thompson QUANTIFYING 

GROUND COUPLED AIR WAVES TO DETERMINE GAS FLUX AT PAVLOF VOLCANO, 

ALASKA, DURING THE 2007 ERUPTION 

14:20 Michael West, Matt Gardine, Natalia Ruppert, Carl Tape, Jeffrey Freymueller, 

Stephen Holtkamp PERSPECTIVES ON THE MW7.1 INISKIN EARTHQUAKE 

14:40 Coffee break 
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Tectonics and experiments (Oral presentations) REIC 201, 15:00 ς 16:20 

Chair: Jeff Freymueller 

15:00 Jeff Freymueller PLATE BOUNDARIES IN THE NORTH PACIFIC 

15:20 Higashi Uchida STRAINMETER ARRAY OBSERVATION OF THE DIKE INTRUSION AT 

SAKURAJIMA VOLCANO ON 15 AUGUST 2015 

15:40 Johan Gilchrist and Mark Jellinek SEDIMENT WAVES AND CLOUD LAYERING IN 

EXPLOSIVE VOLCANIC ERUPTIONS: EVIDENCE FROM ANALOGUE EXPERIMENTS 

16:00 Shanshan Li, Jeff Freymueller, Natalia Ruppert, Jianjun Wang CORRELATION 

STUDY OF COULOMB STRESS CHANGE IMPARTED BY TWO NEW SLOW SLIP 

EVENTS AND SEISMIC RATE CHANGE IN LOWER COOK INLET OF THE ALASKA-

ALEUTIAN SUBDUCTION ZONE 

 

WEDNESDAY, JUNE 1 
 

Morning coffee and informal discussions REIC lobby, 07:30 ς 08:00 

07:30 Breakfast. 

 

TECHNICAL SESSIONS 

Geology & Petrology & Geochemistry (Oral presentations) REIC 201, 08:00 ς 10:00 

Chairs: Michelle Coombs and Kirsten Nicolaysen 

08:00 Izumi Yokoyama ORIGIN OF CALDERAS: COLLAPSES OR EXPLOSIONS? 

08:20 Maxim Portnyagin, Kaj Hoernle, Reinhard Werner, Boris Baranov, Gene 

Yogodzinski and BERING participants BERING - A NEW INTERNATIONAL MARINE 

RESEARCH PROJECT TO INVESTIGATE THE MAGMATIC AND TECTONIC EVOLUTION 

OF THE BERING SEA AND ITS MARGINS 

08:40 Kirsten Nicolaysen, Dixie West, Virginia Hatfield, Breanyn MacInnes, Mitsuru 

Okuno, Arkady Savinetsky, Olga Krylovich, Pavel Izbekov, Lyman Persico, John 

Lyons, Max Kaufman, Christina Neal, William E. Scott, John Power A CASE FOR 

INTEGRATED GEOSCIENCE AND ARCHEOLOGICAL STUDIES IN THE ALEUTIAN ARC 

09:00 Owen K. Neill, Christopher J. Nye EVIDENCE FOR MAGMA MIXING AND RAPID 

MAGMATIC ASCENT IN GROUNDMASS GLASS COMPOSITIONS FROM THE 2008 

ERUPTION OF KASATOCHI, CENTRAL ALEUTIAN ISLANDS 

09:20 Taryn Lopez, Tobias Fischer, Andrea Rizzo ISOTOPIC CONSTRAINTS ON VOLATILE 

CYCLING WITHIN THE ALEUTIAN ARC 

09:40 Alex M. Iezzi, Douglas M. Thompson, Beverly Chomiak LAHAR INUNDATION 

MODELING WITH THE AID OF HISTORIC FLOW DEPOSITS AT REDOUBT VOLCANO, 

COOK INLET, ALASKA 

 

10:00 Coffee break 
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Geology & Petrology & Geochemistry (Oral presentations) 

cont. 
REIC 201, 10:00 ς 12:00 

Chairs: Taryn Lopez and Pavel Izbekov 

10:20 Michelle Coombs and Brian Jicha GEOLOGY AND 40AR/39AR GEOCHRONOLOGY OF 

LONG-LIVED AKUTAN VOLCANO, EASTERN ALEUTIAN ISLANDS 

10:40 Daniel Rasmussen, Terry Plank, Amanda Lough, Pete Stelling, Diana Roman 

PETROLOGIC CHRONOLOGY OF THE 1999 SUB-PLINIAN ERUPTION OF SHISHALDIN 

VOLCANO 

11:00 Sam H. Sheffer, Virginia Hatfield, Kirsten Nicolaysen, Thomas Bartlett III, Dixie 

West, Emily Deacon, Kale Bruner SOURCING PREHISTORIC OBSIDIAN TOOLS IN 

THE ISLANDS OF FOUR MOUNTAINS, ALASKA 

11:20 Alexander Proussevitch, Pavel Izbekov, Dork Sahagian THE RELATION BETWEEN 

PRE- FRAGMENTATION BUBBLE SIZE DISTRIBUTION, ASH PARTICLE 

MORPHOLOGY, AND THEIR INTERNAL DENSITY: IMPLICATIONS TO VOLCANIC ASH 

TRANSPORT AND DISPERSION MODELS 

11:40 O.V. Bergal-Kuvikas, V.L. Leonov, A.N. Rogozin, I.N. Bindeman, E.S. Kliapitskiy 

NEW DISCOVERED LATE MIOCENE VERCHNEAVACHINSKAY CALDERA ON EASTERN 

KAMCHATKA (UPSTREAM OF LEVAYA AVACHA AND KAVYCHA RIVERS): GEOLOGY, 

BOUNDARY AND COMPOSITION 

 

12:00 Lunch 

 

Geology & Petrology & Geochemistry (Oral presentations) 

cont. 
REIC 201, 13:00 ς 13:40 

Chairs: Taryn Lopez and Pavel Izbekov 

13:00 Cheryl Cameron, Katherine Mulliken, Janet Schaefer, Kristi Wallace, Scott Crass 

ALASKA TEPHRA DATABASE 

13:20 Jessica F. Larsen, Janet R. Schaefer, James W. Vallance PETROLOGY AND 

GEOCHEMISTRY OF THREE EARLY HOLOCENE ERUPTIONS FROM MAKUSHIN 

VOLCANO, ALASKA 

Interdisciplinary poster session REIC lobby, 14:40 ς 17:00 

Presiding: Jeff Freymueller and Pavel Izbekov 

Coffee will be served at 14:40. 

1 Celso R. Alvizuri and Carl Tape FULL MOMENT TENSOR AND SOURCE-TYPE ESTIMATION 

FOR VOLCANIC EVENTS 

2 Ophelia George, Joan L. Latchman, Charles Connor, Stephen McNutt, Laura Connor 

GENERATING DYNAMIC VOLCANIC HAZARD MAPS FOR DOMINICA, LESSER ANTILLES BY 

USING GEOPHYSICAL DATA AS WEIGHTS IN SPATIAL INTENSITY MAPS 

3 A.V. Kiryukhin, S.A. Fedotov, P.A. Kiryukhin GEOMECHANICAL INTERPRETATION OF LOCAL 

SEISMICITY CONCERNING ACTIVITY OF TOLBACHIK, KORYAKSKY AND AVACHINSKY 

VOLCANOES OF KAMCHATKA IN 2008-2012 
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4 Vipul Silwal and Carl Tape SEISMIC MOMENT TENSORS AND ESTIMATED UNCERTAINTIES IN 

SOUTHERN ALASKA SUBDUCTION ZONE 

5 Michael West, Natalia Ruppert, Natalia Kozyreva, Sara Meyer, Dara Merz, Miriam Braun 

TRACKING GLACIERS WITH THE ALASKA SEISMIC NETWORK 

6 Yusuke Yamashita, Masanao Shinohara, Tomoaki Yamada, Kazuo Nakahigashi , Hajime 

Shiobara, Kimihiro Mochizuki, Takuto Maeda, Kazushige Obara LONG-TERM OCEAN 

BOTTOM MONITORING OF SLOW EARTHQUAKES ON THE SHALLOW PLATE INTERFACE IN 

HYUGA-NADA, WESTERN PART OF THE NANKAI TROUGH 

7 Noritoshi Okazaki, Ryo Takahashi, Makoto Tamura, Hiroaki Takahashi, Masayoshi 

Ichiyanagi, Teruhiro Yamaguchi, Ryo Honda, Yosuke Miyagi, Akimichi Takagi GRAVITY 

DECREASE AND VOLCANIC INFLATION AROUND THE ACTIVE CRATER AT TOKACHI-DAKE 

VOLCANO, HOKKAIDO, JAPAN 

8 S.S. Serovetnikov, E.I. Gordeev, Hiroaki Takahashi, Pavel Izbekov THE KLUCHEVSKAYA 

VOLCANO GROUP OBSERVATION NETWORK 2006-2016. RUSSIA, KAMCHATKA. 

9 Nikolay Shestakov, Grigory Nechaev, Nikolay Titkov, Mikhail Gerasimenko, Victor Bykov, 

Victor Pupatenko, Sergey Serovetnikov, Alexander Prytkov, Nikolay Vasilenko, Dmitry 

Sysoev, Alexey Sorokin, Hiroaki Takahashi and Mako Ohzono HAVE THE POSTSEISMIC 

MOTIONS DUE TO THE MAY 24, 2013 Mw 8.3 OKHOTSK DEEP FOCUS EARTHQUAKE BEEN 

DISCOVERED BY THE RUSSIAN FAR EAST GNSS NETWORKS? 

10 Natalia Gorbach, Maxim Portnyagin, Tatiana Philosofova COMPOSITIONAL TRENDS OF 

ˢatIL.h[9 Lb нллм-2013 YOUNG SHIVELUCH ANDESITES AS EVIDENCE OF MAGMA 

CHAMBER REPLENISHMENT AND SUBSEQUENT CONVECTION 

11 Natalia Gorbach, Anastasiya Plechova , Dmitry Melnikov and Sergey Samoilenko LANDSLIDE 

!¢ ½˹¦t!bh±{Y¸ ±h[/!bh όY!a/I!¢Y!ύ Lb W¦[¸ нлмрΥ 5L{¢wL.¦¢Lhb hC ¢I9 59th{L¢{ 

AND POTENTIAL PRECURSORS 

12 Kosuke Ishige, Mitsuhiro Nakagawa, Seiko Yamasaki, Akikazu Matsumoto GEOLOGY AND 

PETROLOGY OF TAISETSU VOLCANO GROUP, JAPAN; EVOLUTION OF MAGMA AND 

ACTIVITY AGES. 

13 Olga Khubaeva and Antonina Nikolaeva THERMAL SUPPLY OF HYDROTHERMAL SYSTEM, A 

CASE STUDY OF THE BOGDANOVICH VOLCANIC CENTER HYDROTHERMAL SYSTEM 

(PARAMUSHIR ISLAND, THE KURIL ISLANDS) 

14 Olga Khubaeva, Pavel Izbekov, Sergey Samoylenko, and John Eichelberger MUTNOVSKY 

AND GORELY VOLCANOES IN KAMCHATKA: A PERFECT CLASSROOM FOR TEACHING 

VOLCANOLOGY 

15 Heather Miller, Jake Roush, Taryn Lopez, Tobias Fischer, Matt Schrenk FIRE AND LIFE: 

MICROBIAL MEDIATION OF DEEP CARBON CYCLIbD ![hbD ¢I9 άwLbD hC CLw9έΣ ! 

SUBDUCTING OCEANIC LITHOSPHERE, WESTERN ALEUTIAN ISLANDS 

16 Mitsuhiro Nakagawa THE EFFECT OF THE AD 1611SANRIKU EARTHQUAKE ON VOLCANIC 

ACTIVITY IN HOKKAIDO, JAPAN 
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17 A.G. Nikolaeva, G.A. Karpov, A.F. Sashenkova SUMMARY OF 20-¸9!w{Ω {¦w±9¸ hC 

MINERAL COMPOSITION OF THE KARYMSKOYE CALDERA LAKE AFTER ITS 1996 HAZARDOUS 

ERUPTION 

18 A.N. Rogozin, V.L. Leonov NEW DATA ON THE EOPLEISTOCENE CATASTROPHIC CALDERA-

FORMING ERUPTION IN KAMCHATKA 

19 Dmitry Savelyev, Olga Savelyeva , Maxim Portnyagin FRAGMENTS OF CRETACEOUS 

SEAMOUNTS IN ACCRETIONARY STRUCTURE OF THE KAMCHATSKY MYS PENINSULA 

(KAMCHATKA, RUSSIA) 

20 Chiharu Tomijima, Mitsuhiro Nakagawa GEOLOGICAL STUDY ON CALDERA-FORMING 

ERUPTION OF SHIKOTSU VOLCANO, SOUTH-WESTERN HOKKAIDO : SPECIAL REFERENCE TO 

VENT FORMATION PROCESS AND MAGMA SYSTEM 

21 Anna Volynets, Maria Pevzner, Andrey Babansky GEOCHEMISTRY OF NEOGENE-

QUATERNARY MAGMATISM OF THE SOUTHERN PART OF SREDINNY RANGE, KAMCHATKA 

22 Victor N. Chebrov, Anna A. Skorkina, Danila V. Chebrov, Dmitry V. Droznin, Dmitry A. 

Ototuk REAL-TIME EARTHQUAKE MONITORING FOR TSUNAMI WARNING IN KAMCHATKA 

DURING 2011-2015 

23 Kei Ioki, Yuichiro Tanioka, Gentaro Kawakami, Yoshihiro Kase, Kenji Nishina, Wataru Hirose, 

Satoshi Ishimaru, Hideaki Yanagisawa TSUNAMI SIMULATION AND LANDSLIDE MODEL OF 

THE 1741 OSHIMA-OSHIMA ERUPTION 

24 Yoshihiro Kase, Keiichi Hayashi, Gentaro Kawakami, Kenji Nishina, Atsushi Urabe, Yasuhiro 

Takashimizu CHARACTERIZATION OF ELECTRIC CONDUCTIVITY, PH, AND ORGANIC-WALLED 

MICROFOSSILS FOR IDENTIFYING TSUNAMI DEPOSITS: AN EXAMPLE OF MODERN TSUNAMI 

AND PALEOTSUNAMI DEPOSITS IN PACIFIC COAST LOWLANDS, HOKKAIDO AND TOHOKU, 

JAPAN 

25 Olga Girina, Evgenii Gordeev, Alexander Manevich, Dmitry Melnikov, and Anton Nuzhdaev 

2015-2016 ACTIVITY OF KAMCHATKAN AND NORTHERN KURILES VOLCANOES (RUSSIA) 

AND DANGER TO AVIATION 

26 Hiroki Miyamachi, Koshun Yamaoka, Hiroshi Yakiwara, Yuta Maeda, Toshiki Watanabe, 

Takahiro Kunitomo, Takeshi Tameguri3, Masato Iguchi TEMPORAL VARIATION OF THE 

ACROSS SIGNALS DURING A PERIOD FROM JANUARY TO AUGUST, 2015 IN SAKURAJIMA 

VOLCANO, JAPAN. 

27 Hugh Harper and Jeff Freymueller REVISITING COSEISMIC AND POSTSEISMIC 

DEFORMATION FROM THE 2002 DENALI, ALASKA EARTHQUAKE 

 

THURSDAY, JUNE 2 
EXCURSION 

Field excursion to Chena Hot Springs 09:00 ς 22:00 

09:00 Bus picks up participants at the southern entrance to the Reichardt Building. Ride 

to the hot springs, on-bus discussions. 

10:00 Arrival to the hot springs. Visit to hydrothermal power plant and other local 

attractions. 
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12:00 Lunch (boxes) 

13:00 Discussions continue in the hot springs 

17:30 Dinner at the Chena Hot Springs restaurant 

20:30 Bus ride back to Fairbanks 

 

FRIDAY, JUNE 3 
TECHNICAL SESSIONS 

Morning coffee REIC lobby, 07:30 ς 08:00 

07:30 Breakfast. 

 

Volcano Monitoring (Oral presentations) REIC 201, 08:00 ς 10:00 

Chairs: Peter Webley and Taryn Lopez 

08:00 John Lyons, Matthew Haney, David Fee, Cindy Werner, Christoph Kern, Diana 

Roman, and John Power RECENT ADVANCES IN GEOPHYSICAL MONITORING AT 

MOUNT CLEVELAND VOLCANO, ALASKA 

08:20 Alex M. Iezzi, Hans F. Schwaiger, David Fee, Matthew Haney CONSTRAINING THE 

SPATIAL AND TEMPORAL VARIABILITY OF ATMOSPHERIC CONDITIONS TO EXPLORE 

THE INFRASOUND DETECTION OF VOLCANIC ERUPTIONS IN ALASKA 

08:40 Kathleen McKee, David Fee, Akihiko Yokoo, Robin Matoza ANALYSIS OF FUMAROLE 

ACOUSTICS AT ASO VOLCANO, JAPAN 

09:00 Jonathan Dehn, Peter Webley, and Anna Worden ERUPTION TRENDS IN THE KURILE, 

KAMCHATKA, AND ALASKAN ARCS 

09:20 Shigeki Tasaka, Masaya Matsubara, Yasuhiro Asai, and Fumiaki Kimata INCREASING 

OF GAS BUBBLINGS AT WARIISHI FLOWING SPRING, CENTRAL JAPAN, PRIOR TO THE 

2014 ONTAKE VOLCANO ERUPTION 

09:40 P. W. Webley, O. Girina, J. S. Shipman REMOTE SENSING ANALYSIS OF THE 2015-

2016 SHEVELUCH VOLCANO ACTIVITY 

 

10:00 Coffee break 

 

Volcano Monitoring (Oral presentations) continued REIC 201, 10:20 ς 12:00 

Chairs: Peter Webley and Taryn Lopez 

10:20 David Fee, Matt Haney, Robin Matoza, Dave Schneider, Peter Cervelli, Alex Iezzi 

INFRASOUND AND SEISMIC OBSERVATIONS OF THE MARCH 2016 ERUPTION OF 

PAVLOF VOLCANO, ALASKA 

10:40 P. Webley, J. Dehn, M. Harrild, A. Worden, D. McAlpin THERMAL REMOTE SENSING 

AND ASH DISPERSION MODELING OF THE 2016 ERUPTION OF PAVLOF VOLCANO 

11:00 Taishi Yamada, Hiroshi Aoyama, Takeshi Nishimura, Masato Iguchi, Muhamad 

Hendrasto ESTIMATION OF VOLUME FLUX OF VOLCANIC ERUPTIONS WITH VERY-

LONG-PERIOD ACOUSTIC SIGNALS 
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11:20 Ryo Tanaka, Takeshi Hashimoto, Tsuneo Ishido, Nobuo Matsushima NUMERICAL 

MODEL OF TEMPORAL CHANGES IN MAGNETIC TOTAL FIELD AND GROUND 

DEFORMATION DUE TO HYDROTHERMAL SYSTEM IN VOLCANOES (1). - A CASE 

STUDY ON TOKACHI-DAKE VOLCANO, JAPAN 

11:40 Rui Fernandes, Machiel Bos, Rafael Couto, Jeff Freymueller, and Maksim Tretyakov 

EVALUATING THE INFLUENCE OF DATA GAPS IN THE ANALYSIS OF POSITION TIME-

SERIES DERIVED FROM GPS CONTINUOUS STATIONS 

 

12:00 Lunch 

 

Tsunami (Oral presentations) REIC 201, 13:00 ς 13:40 

13:00 Dmitry Nicolsky, Elena Suleimani, Jeffrey Freymueller and Richard Koehler 

HYPOTHETICAL TECTONIC TSUNAMI SOURCES ALONG THE EASTERN ALEUTIAN 

ISLAND ARC AND ALASKA PENINSULA FOR INUNDATION MAPPING AND HAZARD 

ASSESSMENT 

13:20 Elena Suleimani, Dmitry Nicolsky, Rich Koehler REGIONAL TSUNAMI HAZARD MAP 

FOR COMMUNITIES ON ALEUTIAN ISLANDS AND ALASKA PENINSULA 

 

Discussion, concluding remarks and wrap up REIC 201, 13:40 ς 14:40 

Presiding: Jeff Freymueller, John Eichelberger, Minoru Kasahara, and Evgenii Gordeev 

14:40  Coffee break 

 

Additional time for focused group meetings and discussions REIC 201, 14:40 ς 17:30 

 

Farewell dinner on the Tanana Chief Riverboat 17:30 ς 21:00 

 

17:30 Depart for farewell dinner on the riverboat. Bus picks up participants at the 

southern entrance to the Reichardt Building. Local participants are encouraged to 

use their own transportation. 

21:00 Bus ride back to the Reichardt Building. 

 

Adjourn! 

 

Katmai trip starts next morning! 
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BASED ON GLOBAL OBSERVATIONS, TWO REASONS WHY THE ALEUTIAN -

ALASKA SUBDUCTION ZONE IS PRONE TO RUPTURE IN GREAT ( > Mw8.0) 

MEGATHRUST EARTHQUAKES  

 

David W. Scholl1,2, STEPHEN H. K IRBY 1 ROLAND VON HUENE1 
1 U.S. Geological Survey, Emeritus, Menlo Park, California 94025, USA 
2 Department of Geology and Geophysics, Emeritus, University of Alaska Fairbanks, 

Fairbanks, Alaska 99775, USA 

 

INTRODUCTION  

  

 Wonderments have long been expressed about the influence, if any, geologic factors 

have on the occurrence and non-occurrence areas of high-magnitude great (>Mw8.0), giant 

(>Mw8.5) and supergiant (>Mw9.0) megathrust earthquakes. A large base of global 

observations, one that grew rapidly in the past 12 years, identifies two significant factors that 

respectively (1) inhibit and (2) favor high-magnitude rupturing. Both involve smoothness 

attributes of the subducting surface of the underthrusting oceanic plate. These are, respectively,  

 (1) Inhibiting Factor , the underthrusting of high, areally large bathymetric relief 

hinders rupture continuation and the generation of high-magnitude megathrust earthquakes 

(see, for example, Wang, K., and Bilek, S.L., 2014, Fault creep caused by subduction of rough 

seafloor relief: Tectonophysics, v. 610, p. 1ï24), and, 

 (2) Favoring Factor, underthrusting thick sediment and/or bathymetric smooth seafloor 

promote rupture continuation and the generation of high-magnitude megathrust earthquakes. 

Based on a small and inaccurate data base, The smoothness factor was first explored by Ruff 

(1989, Do trench sediments affect great earthquake occurrence in subduction zones?: Pure and 

Applied Geophysics, v. 129, p. 263ï282). A relationship was recognized but was not statistically 

compellingly. 

 

CHECKING OUT THE SMOOTHNESS FACTOR  

 A newly compiled and much larger global base of well-vetted observations now 

statistically supports the posit that high-magnitude megathrust earthquakes are favored to occur 

where the underthrusting seafloor is: 

 (1) made smooth by a thick blanket of subducting, relief-smothering sediment or  

 (2) by an expanse of seafloor that is bathymetrically smooth (Scholl et al., 2015. Great 

(ÓMw8.0) megathrust earthquakes and the subduction of excess sediment and bathymetrically 

smooth seafloor, Geosphere: v. 11, no. 2, p. 236ï265). 

  Smoothing is effected, perhaps dominantly, by the subduction of a trench-axis sediment 

section thicker than ~1km. Where the thickness is much thinner, smoothing can be produced 

by the underthrusting of low basement relief and where augmented by a subduction channel 

thickened by forearc subduction erosion (Fig. 1). 
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IMPLICATIONS FOR ALEUTIAN -AL ASKA SUBDUCTION ZONE  

 Both factors work together to favor the common rupturing of high-magnitude megathrust 

earthquake along the Aleutian-Alaska subduction zone. Inhibiting factor 1, subducting rupture-

hindering relief, is principally located at widely spaced fracture zones and the seamount 

provinces of the Gulf of Alaska (Fig. 2). Favoring factor 2, subduction of thick sediment, is 

provided by glaciated Alaskan drainages that charged the trench axis with a ~2 km thick 

sediment body from the eastern end of the Alaska trench westward along much of the length of 

the Aleutian Trench. Active subduction erosion also further thickens and smooths the 

subduction channel separating the Pacific and North American plates.  

 It is worth noting that characteristically intra-oceanic subduction zones, e.g., the Izu-Bonin-

Mariana (IBM) and Tonga-Kermadec arc-trench systems, are not prone to rupture in great 

megathrust earthquakes. The trenches of these subduction zones are only thinly sedimented and 

they are entered by large, rupture-inhibiting bathymetric elements, in particular the IBM 

system. The circumstance that the Aleutian-Alaska trench axis is charged with sediment 

between widely space bathymetric elements are prominent contributors to the repeated 

nucleation of great megathrust earthquakes that commonly generate destructive near and far-

field tsunamis. 
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      Figure 2. High-magnitude megathrust earthquakes repeatedly 

  nucleate along the Aleutian-Alaska subduction zone, which is 

  thickly charged with subducting sediment between widely spaced, 

  large bathymetric elements entering the subduction zone.    
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PEAK RATES AND LARGEST MAGNITUDE EVENTS IN EARTHQUAKE 

SWARMS FROM DIFFERENT TECTONIC SETTINGS  

 

Stephen R. McNutt 1, Glenn Thompson1, Jochen Braunmiller1, Stephen Holtkamp2 
1School of Geosciences, University of South Florida, Tampa, FL, USA 
2Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK, USA. 

 

 We present results of recent studies of earthquake swarms from local data at volcanoes, and 

teleseismic data from MOR and volcanic regions, with the focus on identifying diagnostics. 

One clear pattern for local volcanic swarms is that peak rates often occur early, whereas the 

largest M event occurs late. Using a dataset of 20 swarms from the literature, swarm durations 

ranged from 12 h to 180 d, measured from swarm onset to eruption onset. Data were normalized 

to % duration. Peak rates occurred from 1-42 % of the way through swarms (with 2 outliers), 

whereas the largest M event occurred from 32-99 % of the way through. Additional evidence 

from 4 cases suggests that the seismic source size grows systematically, especially for events 

with similar waveforms (families). This is revealed in plots of M or amplitude versus time for 

event families. For comparison, 19 cases of mid-ocean ridge swarms and 67 cases of teleseismic 

volcanic swarms were analyzed. The MOR data show durations of 1-42 d, with peak rates 

occurring 1-24 % of the way through and largest M occurring 1-87 % of the way through. In 6 

cases largest M occurs before or at the same time as peak rate. The teleseismic volcanic data 

show durations of <1 to 577 d, with peak rates occurring 1 to 100 % of the way through and 

largest M occurring 1-100 % of the way through. Thus the patterns for MOR and teleseismic 

volcanic swarms are similar to each other but differ significantly from that for local volcanic 

swarms. Further work on volcanic swarms shows that the distribution of seismicity before the 

peak rate differs from after, suggesting two dominant processes. The durations of post-peak 

portions are roughly proportional to the peak rates. This is similar to the behavior of aftershock 

sequences and suggests that diffusion is a controlling process. The portions of the swarms prior 

to the peaks behave differently, however. These may represent the invasion of hot fluids and 

the opening or reopening of cracks prior to magma intrusion. We infer that the growth in event 

size reflects activation of a preferred magma pathway. Recognition of such patterns, linked to 

processes, may help to improve monitoring and reduce risks from eruptions. Comparison is 

recommended between the patterns observed here and those associated with induced seismicity 

from fracking and deep well injection. 
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MAGMA, THERMAL STRUCTURE, STRAIN CONCENTRATION AND ACTIVE 

SEISMICITY IN KUSSHARO CALDERA, HOKKADIO, JAPAN  

 

Hiroaki Takahashi1, Mako Ohzono1, Koji Minato 2, Noritoshi Okazaki3, Takahiro 

Suzuki3, Tetsuya Takahashi3, Fujio Akita 3 
1Institute of Seismology and Volcanology, Hokkaido University, Sapporo, Japan. 
2 Muroran Local Meteorological Office, Japan Meteorological Agency, Japan. 
3Geological Survey of Hokkaido, Sapporo, Japan. 

 

The Kussharo caldera in eastern Hokkaido is one of the largest active caldera of Japan 

with 26 by 20km diameters. Caldera formation had been occurred since 0.34 to 0.03Ma. Post-

caldera volcanism of active doming and smaller caldera formation has been continued. 

Magneto-telluric surveys revealed magma body of about 10km diameter in uppermost crust of 

deeper than 7km (Honda et al., 2011). InSAR analysis detected unrest volcanic uplift of 25cm 

and successive subsidence with seismic activation during 1993-1998 (Geographical Survey 

Institute of Japan. 2006). Inflation and deflation of assumed magma body well explained this 

crisis. These facts suggested the magma have potential for future major activity. 

Active seismicity inner caldera has been also recorded. Four tectonic M>6 events 

occurred concentrating in southwestern rim of caldera. Seismicity level of this caldera is highest 

in Hokkaido. Nationwide strain rate map estimated by the Japanese nationwide continuous 

GNSS network operated by Geospatial Information Authority of Japan (GEONET) clearly 

indicated this caldera is one of the highest strain rate zone over Japanese Islands with 3-07/yr. 

High density GNSS observation network deployed in caldera also suggested high strain rate 

and spatial complex strain field. Observed strain field might be due to multiple interaction of 

tectonic strain generated by plate coupling along Kuril trench and volcanic activity.  

Separation of tectonic and volcanic factors is required to evaluate crustal activity. 

Inhomogeneous crustal structure might be one of control factor for heterogeneous strain field 

due to tectonic process. Caldera basin structure of 4km deep filled by soft volcanic sediments 

was confirmed by dense gravity surveys (Honda et al., 2011). Magma body in upper crust is 

also important inhomogeneous element. Effects of these physical foreign materials in crust for 

strain field were evaluated by FEM modeling. Boundary condition of regional strain field 

driven by plate coupling along Kuril trench was assumed. Simulation suggested a magma body 

in uppermost crustal medium generated little influence to strain field on earthôs surface. Caldera 

basin, however, could cause strain concentration. These results suggested strain concentration 

observed on caldera surface might be primary due to caldera basin structure. Analysis with both 

caldera structure and a magma body implied stress concentration between caldera basin and a 

magma body. 

Thermal structure could control deformation style of rock, brittle-ductile transition 

depth in upper crust and strength of rock failure. Subsurface temperature structure in this 

caldera had been evaluated using well-based thermal gradient data.  Maximum 8degree/100m 

thermal gradient was observed in caldera center and 4degree/100m outside. Depth profile of 

brittle and creep strength under hydrostatic regime implied very thin elastic layer of less than 

4km thick. Epicenters of past medium earthquakes were concentrated at the edge of caldera, 

and might suggest possible thermal structure controlling. Stress rate value estimated from FEM 

simulation was about 0.02MPa/yr, and significantly smaller than strength of rock failure. 

Mechanism for strength weakening, e.g. existence of high pressure liquid in uppermost crust, 

is required to explain active tectonic seismicity in this caldera.  
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THE REVEALING OF THE VOLCANIC ACTIVITY FOR KLYUCHEVSKAYA 

GROUP OF VOLCANOES FROM CONTINUOUS SEISMIC RECORDS  

 

Nikolai Shapiro1,2, Dmitry Droznin 3, Svetlana Droznina3, Victor Chebrov3, Evgeny 

Gordeev2, William Frank 1  
1 Institute de Physique du Globe de Paris, Paris, France 
2 Institute of Volcanology and Seismology, Petropavlovsk- Kamchatsky, Russia  
3 Geophysical Survey, Petropavlovsk-Kamchatsky, Russia  

 

 

We analyze continuous seismic records from 18 permanent stations operated in vicinity of the 

Klyuchevskoy group of volcanoes (Kamchatka, Russia) during the period between 2009 and 

2014. We explore the stability of the inter-station cross-correlation to detect different periods 

of sustained emission from seismic energy. The main idea of this approach is that cross-

correlation waveforms computed from a wavefield emitted by a seismic source from a fixed 

position remain stable during the period when this source is acting. The detected periods of 

seismic emission correspond to different episodes of activity of volcanoes: Klyuchevskoy, 

Tolbachik, Shiveluch, and Kizimen. For Klyuchevskoy and Tolbachik whose recent eruptions 

are mostly effusive, the detected seismic signals correspond to typical volcanic tremor, likely 

caused by degassing processes. For Shiveluch and Kizimen producing more silicic lavas, the 

observed seismic emission often consists of many repetitive long period (LP) seismic events 

that might be related to the extrusion of viscous magmas. We develop an approach for automatic 

detection of these individual LP events in order to characterize variations of their size and 

recurrence in time. 
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SEISMIC ATTENUATION,  TIME DELAYS AND RAY PATH BENDING OF 

TELESEISMS BENEATH C ERRO UTURUNCU, BOLIV IA  

 

Alexandra K. Farrell 1 and Stephen R. McNutt1 
1 School of Geosciences, University of South Florida. Tampa, FL, USA 

 

Cerro Uturuncu (22Á 16ô 12ò S, 67Á 10ô 48ò W), Bolivia, is a Pleistocene-aged volcano 

which has attracted considerable scientific attention over the last few years. It was one of only 

four volcanic centers to show deformation based on an InSAR survey of over 900 South 

American volcanoes by Pritchard and Simons (2000). Mogi source modeling showed that the 

volcano was inflating 1.5-2 cm/yr centered ~3 km to the southwest of the volcanoôs summit 

and at mid-crustal depths of 17-20 km. A reconnaissance survey in 2004 showed a high rate of 

seismicity despite the volcanoôs quiescence during the past 270 K years (Sparks et al., 2008). 

Uturuncu also overlies the largest known crustal magma body in the world, the Altiplano-Puna 

Magma Body, which among other characteristics is a zone of low seismic velocities (Zandt et 

al., 2003). Determining the interaction between seismic waves and the seismic low-velocity 

zone (and possible magma body) beneath Cerro Uturuncu is important because such 

interactions affect the results of seismic imaging methods and can be used as additional sources 

of information to constrain the location and properties of partial melt. 

A set of 14 teleseismic earthquakes sourced to the NE (1, Calabria Subduction Zone), 

NW (4, Japan Subduction Zone), SE (5, South Sandwich Subduction Zone), and SW (4, 

Kermadec-Tonga Subduction Zones) was studied to determine how wave propagation was 

affected by a presumed magma body beneath Uturuncu. The number of events is small but the 

events have good signal-to-noise ratios and very similar waveforms for each event so that 

reliable measurements could be made of arrival times and amplitudes. Attenuation of 

amplitudes occurs in a NW-SE trend beneath the volcano, 14 by 33 km, with calculated values 

of quality factor Q as low as 1.7, suggesting strong seismic attenuation. Relative time delays 

(between the theoretical and observed travel times) of up to 0.8 sec were also observed. The 

pattern of attenuation and relative time delays together showed four trends: fast and not 

attenuated (normal crust), slow and attenuated (partial melt), fast and attenuated (likely high 

fracture density), and slow but not attenuated (possible deep low Vp structure). Results suggest 

partial melt as high as 16-60% in a region of low Bouguer gravity, high Vp/Vs, persistent 

seismicity, and overlapping a locus of uplift. Realistically, percent partial melt values above 

30% are unlikely and therefore, to account for this, the anomaly would need to have a greater 

thickness along the raypath for the stations showing 30% or more, thus giving a mean partial 

melt zone thickness of 24.7 km for an assumed uniform percent partial melt value of 20%. 
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WIDESPREAD IMAGING OF THE LOWER CRUST, MOHO, AND UPPER 

MANTLE BENEATH ALASKA FROM RAYLEIGH WAVES  

 

Matthew M. Haney1, Victor C. Tsai2, Kevin M. Ward 3 
1Alaska Volcano Observatory, U.S. Geological Survey, Anchorage, AK, USA 
2California Institute of Technology, Seismological Laboratory, Pasadena, CA, USA 
3University of Arizona, Department of Geoscience, Tucson, AZ, USA 

 

The inversion of surface-wave dispersion curves for a shear-wave velocity depth profile 

is a classic geophysical inverse problem. Recently, Haney and Tsai (2015; Geophysics) 

developed a new approach to this problem based on assumptions that are similar to those used 

in the formulation of the Dix equation in reflection seismology. In contrast to conventional 

surface-wave inversion, the Dix-type relation for surface waves does not require an initial 

model and solves directly for shear-wave velocity, not a perturbation in shear-wave velocity. 

Haney and Tsai (2015) demonstrated the method for both under- and over-parameterized cases 

and used under-parameterization to solve for Moho depth and crustal and mantle shear-wave 

velocity across the Western US from only three phase velocity maps. 

Here we extend the under-parameterized method presented in Haney and Tsai (2015) to 

the over-determined case when more than three phase velocity maps are available. We apply 

the Dix technique to phase-velocity maps of the contiguous US and Alaska at periods between 

12 and 45 s. We use the Dix inversion result as an initial model for subsequent nonlinear 

inversion. In the contiguous US, we image an apparent deepening of the Moho to the west of 

Cascade volcanic chain that we interpret as the waveguide interface transitioning to the slab 

due to the continental Moho becoming transparent above the mantle forearc. Our result in 

Alaska is the first regional Moho map explicitly derived from seismic waves. We find that 

crustal thickness is generally correlated with topography, with thicker crust beneath mountain 

ranges (Alaska Range, Talkeetna, Kenai, and Wrangell Mountains). North of the Denali Fault, 

the Moho is smoother than to the south and located at typical depths of 30-35 km. There are 

also indications that the waveguide interface we solve for beneath Prince William Sound is 

actually the subducting slab, as was also the case in the Cascades. The slab structure beneath 

Prince William Sound extends further east than the Pacific slab represented in the Slab1.0 

model.  
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USING EARTHQUAKES TO PROBE SUBDUCTION MEGATHRUST BEHAVIOR: 

A LOOK AT EARTHQUAKE SWARMS AND REPEATING EARTHQUAKES IN 

AL ASKA 

 

Stephen Holtkamp1 
1Geophysical Institute, Univ. of Alaska. Fairbanks, AK, USA. 

 

Recent studies have proposed that analysis of smaller seismic events along a plate 

boundary can provide valuable insight regarding the state of stress, history of stress 

accumulation and release, and the segmentation potential of large faults. For example, 

analysis of background seismicity has allowed researchers to produce maps of stress 

accumulation and release at a very fine scale. Furthermore, the observation that earthquake 

swarms may be related to large earthquake rupture asperities and persistent segmentation 

boundaries worldwide suggests that cataloging these events may help characterize the rupture 

extent of future great earthquakes. Repeating earthquakes, which represent repeated rupture of 

the same asperity, are thought to occur within creeping sections of the fault. Repeating 

earthquakes can be used to map the creep history of faults before and after large earthquakes. 

Here, I examine repeating earthquakes and megathrust earthquake swarms along the 

Alaskan/Aleutian subduction megathrust, where at least several dozen earthquake swarms 

have occurred over the past 50 years. Megathrust earthquake swarms in Alaska have occurred 

immediately prior larger megathrust earthquakes, such as the 2003 Mw 7.8 and 2006 Mw 6.6 

Rat Islands earthquakes. Megathrust earthquake swarms also appear to delimit large 

earthquake rupture across a variety of spatial scales. Two sequences of earthquake swarms 

were associated with large geodetic signatures, which we interpret to be slow slip. In addition, 

we are able to find several families of repeating earthquakes in the Aleutians, despite the 

observational challenges. We hope that further analysis of repeating earthquake families and 

earthquake swarms will aid in understanding the state of stress and creep along the 

megathrust, and result in a better understanding of the relation between large earthquake 

rupture and earthquake swarms. 
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CORNER FREQUENCIES OF SOURCE SPECTRA OF MODERATE 
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Determination of parameters of earthquake source spectra are crucial for both 

understanding of earthquake source physics and solving problems of engineering seismology, 

strong ground motion prediction in particular. 

The Fourier acceleration spectrum of a local earthquake, after correction for distance-

related loss, is typically approximated with w2 low-frequency slope, a corner at frequency fc 

(that often is split into double corner at fc1 and fc2), and plateau (Aki, 1967; Brune, 1970). Later 

Hanks (1982) emphasized the ñfmaxò phenomenon: this plateau shows high-frequency cutoff at 

a certain frequency fmax. Gusev (1983) and Papageorgiou and Aki (1983) ascribed its origin to 

the source; later Aki (1988) noticed that fmax slowly decreases with magnitude, and treated this 

fact as supporting this idea. At the same period Anderson and Hough (1984) have shown that a 

near-site constant-Q attenuation layer of limited thickness commonly exists, that introduces 

distance-independent loss that can explain the fmax feature without any source-related effects. 

However, evidence is accumulating that indicates that the ñfmaxò feature is a complex 

one, caused by both ñsource-controlled fmaxò and ñsite-controlled fmaxò. Along this line Gusev 

and Guseva (2014) showed existence of ñsource-controlled fmaxò, relabeled as fc3, for many 

Kamchatka subduction earthquakes using records of low-gain channel of IRIS BB station for 

1993-2005. 

In the present study, following (Gusev and Guseva, 2014), source spectra were 

approximated by a three-cornered shape. Data used are from 372 subduction earthquakes of 

2011-2014, recorded by 6 rock-ground Kamchatka stations, including PET, equipped with 

accelerometers CMG5T or CMG5TD. The range of magnitudes Mw(L) is 3.7ï6.5 (calculated 

using equation Mw(L) = ML - 0.32 which works well for this region), the range of hypocentral 

distances is 50ï250 km. 

To enable reduction of a recorded spectrum to the source, loss parameters were 

estimated beforehand. Parameters of the attenuation model used are Q0 = 156, ɔ = 0.56, 

q = 0.08 and k0 = 0.03 s. The attenuation model used combined 0 = 0.03 s and 

Q(r=100km) = 156 f 0.56, and included a gradual diminution of loss with distance (Gusev and 

Guseva, 2015). Spectral amplifications of individual stations due to site effects were estimated; 

and recorded spectra were reduced to conditions of the hard-rock PET station. Overall, 1252 S 

source spectra were analyzed; and corner frequency sets were obtained for each, consisting of 

{ fc1, fc2, fc3} triples. Not all of them are the complete ones: there were cases when no reliable fc1 

estimate was possible; and cases when no high-frequency cutoff (i.e. fc3) was discernible. In 

total, 839, 1252 and 1028 estimates have been collected for fc1, fc2 and fc3, respectively. 

Coefficients of variation (relative rms scatter) among several single-station estimates of 

fc1, fc2 and fc3 are 0.17, 0.14 and 0.11, considered as acceptable. However, the question still 

arises if the estimates obtained reflect the source properties, not random fluctuations (noise), 

especially for fc3, reality of which is not generally recognized. 

For this purpose pair correlation analysis was used. From the data set we formed pairs 

of PET estimates and estimates of any other station, for the same event. The main interest was 

to check whether a fc3 estimate obtained at a station for a particular event matches to 

corresponding fc3 estimate at PET. The coefficient of correlation between such pairs of fc3 

estimates (fig. 1c) occurred to be 0.62, with the lower bound of the 95% confidence interval 
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equal to 0.58, proving the match of estimates between stations, and demonstrating therefore 

that fc3 values are of source origin. Similar correlation coefficient for fc2 is 0.67 (fig. 1b), with 

the lower bound of the 95% confidence interval equal to 0.63. 

The mass estimates of the first, fc1, second, fc2 and third, fc3, corner frequencies were 

also used to study their scaling properties, and in particular, scaling exponents 

k = dlgfck/dlgM0 (where k = 1, 2, 3). The assumption of similarity (  = 1/3) is formally broken 

for fc1 ( 1 = 0.26); but this result is unreliable because of significant incompleteness of low-fc1 

values. Such data loss is related to the fact that on many spectra at their low-frequency edge, S-

wave spectral level was evidently distorted by probable contribution of surface waves. Other 

data suggest that similarity is hardly significantly violated for fc1. However, deviations from 

similarity are pronounced for fc2 ( 2 = 0.22±0.01), and even more so for fc3 ( 3 = 0.13±0.01). 

This information put significant constrains on possible rupture models for these earthquakes. 

The study was supported by the grant from the Russian Science Foundation (project 14-

17-00621), and was carried out at the Kamchatka Branch of the Geophysical Survey of Russian 

Ac. Sci. 

 

 
Fig. 1. Correlation between individual estimates of fc1 (a), fc2 (b), fc3 (c), obtained at the PET 

station (abscissa) and similar estimates obtained at each of other stations such as DAL, KDT, 

KRM, RUS and SPN (ordinate) 
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After the large earthquakes, postseismic deformation is induced by their stress 

disturbance. The large coseismic and postseismic deformation caused by the 2011 Tohoku-oki 

earthquake (magnitude 9.0) observed by GNSS not only in Japan, but also in the northeast Asia. 

Even though five years passed, the horizontal velocity at an IGS site, Changchun (CHAN), 

which is located ~1600 km away from the focal area, indicates faster velocity than that of 

interseismic period (~3mm/year). It means that the postseismic deformation has now been 

ongoing in the broad area. 

Although there are several mechanisms of the postseismic deformation, the viscoelastic 

relaxation largely affects for long-term and widespread area around the focal area. Therefore, 

stable tectonic movement, such as plate motion, must be contaminated by this phenomenon. 

Quantitative estimation of this effect with preferable subsurface viscoelastic structure is 

important to understand the tectonic behavior with the earthquake cycle around the focal area. 

In this study, we assume the long-term widespread postseismic deformation is mainly 

caused by the viscoelastic relaxation. Then, we predict the spatio-temporal evolution of the 

viscoelastic relaxation by the 2011 Tohoku-oki earthquake using VISCO-1d (Pollitz, 1997). 

Coseismic fault parameters are taken from several previous studies. The signal of surface 

displacement depends on subsurface structure, such as thickness of elastic layer and viscosity 

of the asthenosphere. We test several sets of those parameters. As an example, when we set 50 

km thickness of elastic layer and 1018 Pa s of viscosity in the underlying viscoelastic layer, we 

find large and long-term deformation (~30 cm in horizontal, and ~5 cm in subsidence for 100 

years). 

Japan is a typical plate subduction zone, therefore many large interplate earthquakes 

have already occurred including the 2011 Tohoku-oki earthquake. In the historical record, there 

are 15 earthquakes over magnitude 8.0 have occurred since 869 in and around Japan. In order 

to check the effect of their possible postseismic deformation, we also estimate the long-term 

spatio-temporal surface displacement induced by the viscoelastic relaxation for those 

earthquakes. Preliminary result shows that five earthquakes may contaminate the displacement 

field around Vladivostok, Russia, when we set the 1018 Pa s of viscoelastic layer beneath 50 km 

thickness of elastic layer. The displacement signal from each postseismic deformation depends 

on the magnitude of earthquake, focal distance, fault mechanism, duration, and so on. From this 

estimation, it is considered that we are unable to ignore the effect of these postseismic 

deformation in extensive region of northeast Asia. 
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Long period (0.5-5 Hz) seismicity is frequently observed at active volcanoes and has been 

attributed to both resonance in fluid-filled cavities and slow brittle failure. Identifying the 

location and source mechanism of long period (LP) seismicity is important for understanding 

and monitoring volcanic activity, but can be challenging because waveforms are often 

emergent, have low amplitudes, and may be affected by severe topography or an unknown 

shallow velocity structure. In this talk, Iôll present results from a study of LP seismicity that 

highlights its utility in interpreting volcanic behavior and illuminating the geometry of shallow 

volcanic conduits, particularly when combined with other geophysical and geological data.   

 

Mount Pagan produced LP seismicity and very long period (<0.5 Hz) infrasound (iVLP) during 

continuous degassing from July 2013 to January 2014. The frequency content of the LP and 

iVLP events and delay times between the two arrivals were remarkably stable and indicate 

nearly co-located sources. Full waveform inversion of a master LP event reveals a volumetric 

source 60 m below and 180 m west of the summit vent. The moment tensor reveals a volumetric 

source modeled as resonance of a subhorizontal sill intersecting a dike. We model the 

seismoacoustic wavefields with a coupled earth-air 3-D finite difference code. The ratios of 

pressure to velocity measured at the infrasound arrays are an order of magnitude larger than the 

synthetic ratios, so the iVLP is not the result of LP energy transmitting into the atmosphere at 

its epicenter. Based on crater shape and dimensions determined by structure from motion, we 

model the iVLP as acoustic resonance of an exponential horn. The source of the continuous 

plume from Multi-GAS  and FLYSPEC data analysis is shallow magmatic degassing, which 

repeatedly pressurized the dike-sill portion of the conduit over the 7 months of observation. 

Periodic gas release caused the geologically controlled sill to partially collapse and resonate, 

while venting of gas at the surface triggered resonance in the crater. LP degassing only accounts 

for ~12% of total degassing, indicating that most degassing is relatively aseismic and that 

multiple active pathways exist beneath the vent. 

 

Figure 1. Model of shallow magmatic degassing and LP generation at Mount Pagan. a) Mapped 

geology, elevation profile, and crack system modeled from LP seismicity in an east-west cross 

section through the summit crater. b,c) Schematic of degassing processes and sources of LP 

seismicity and iVLP (from Lyons, J. J., M. M. Haney, C.Werner, P. Kelly, M. Patrick, C. Kern, 

and F. Trusdell (2016), Long period seismicity and very long period infrasound driven by 

shallow magmatic degassing at Mount Pagan, Mariana Islands, J. Geophys. Res. Solid Earth, 

121, doi:10.1002/2015JB012490.)   
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SEISMIC EQUIVALENTS OF INFRASONIC SCALING LAWS FOR VOLCANIC 

JETS AND ACOUSTIC MULTIPOLES  

 

Matthew M. Haney1, Robin Matoza2, David Fee3, David F. Aldridge4 
1Alaska Volcano Observatory, U.S. Geological Survey, Anchorage, AK, USA 
2University of California Santa Barbara, Department of Earth Science, Santa Barbara, CA, 

USA 
3University of Alaska Fairbanks, Geophysical Institute/AVO, Fairbanks, AK, USA 
4Sandia National Laboratories, Geophysics Department, Albuquerque, NM, USA 

 

Seismic and acoustic waves are manifestations of mechanical energy in the solid Earth 

and atmosphere, respectively. Here, we explore analogies between equivalent source theory in 

seismology (moment-tensor and single-force sources) and equivalent source theory in 

acoustics, i.e., monopoles, dipoles, and quadrupoles [e.g., Woulff and McGetchin, 1976]. 

Although infrasound from volcanic eruptions may be more complex than a simple monopole, 

dipole, or quadrupole assumption, these elementary sources are a logical place to begin to relate 

seismic and acoustic sources. Treating sources in such a unified way will be necessary in the 

application of seismo-acoustic waveform inversion at volcanoes, in which seismic and 

infrasound data are simultaneously reconciled for a common near-surface source (i.e., volcanic 

explosion).  

By considering the radiated power of a harmonic force source at the surface of an elastic 

halfspace, we show that a volcanic plume modeled as a seismic force has the same scaling as 

an acoustic dipole. This is surprising since, in seismology, the equivalent force system is a 

widely-used representation of moment tensors in terms of force couples and dipoles. Here, we 

show from first principles that the seismic force source is in fact dipolar in nature, since it can 

be equivalently represented as an explosion dipole and a pair of torque dipoles in a particular 

configuration. This forges a deep connection between the multipole expansion in acoustics and 

the use of forces and moments in seismology and suggests that an alternative description of 

seismic sources is possible. 
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QUANTIFYING GROUND COUP LED AIR WAVES TO DETERMINE GAS FLUX 

AT PAVLOF VOLCANO, ALASKA, DURING THE 2007 ERUPTION  

 

Cassandra M. Smith1, Stephen R. McNutt1, Glenn Thompson1 
1 School of Geosciences, University of South Florida. Tampa, FL, USA 

 

 An abnormally high number of explosion quakes were noted during the monitoring effort 

for the 2007 eruption of Pavlof Volcano on the Alaska Peninsula. This eruption lasted from 

August 14th to September 13th with the peak in activity between August 28th and September 2nd. 

In this study we manually catalogued the explosion quakes from their characteristic ground-

coupled air waves. This study investigates how the ground-coupled air waves might be used in 

a monitoring or analysis effort by calculating energy release and gas mass release. Over 3x104 

quakes were recorded. Using Garces et al.'s (2000) equation for vertical ground velocity we 

calculated the energy release from the explosions to be 3x1011 J, and the total gas mass 

(assuming 100% water) released was 450 metric tons. We performed a sensitivity analysis in 

order to determine that our variable choices were reasonable and found that when our results 

are compared to other volcanoes in the literature they are found to be similar, but occasionally 

somewhat lower. Nevertheless, the tracking of explosion quakes has the potential to estimate 

relative eruption intensity as a function of time, and is thus a useful component of a seismic 

monitoring effort. 
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PERSPECTIVES ON THE MW7.1 INISKIN EARTHQUAKE  

 

Michael West1, Matt Gardine1, Natalia Ruppert1, Carl Tape1, Jeffrey Freymueller1, 

Stephen Holtkamp1 

 
1Alaska Earthquake Center, Geophys. Institute, Univ. Alaska Fairbanks, Fairbanks, AK, USA. 

 

The Mw 7.1 earthquake on January 24, 2016 was the largest intermediate-depth earthquake ever 

recorded in mainland Alaska and produced the most significant shaking in the Cook Inlet region 

in half a century. The earthquake occurred in the subducting Pacific Plate at a depth of 125km. 

The earthquake ruptured a natural gas line resulting in an explosion and fire than consumed 

four homes. Additional structural damages were primarily the result of slumping soilsIt 

occurred at the edge of a long-recognized cluster of intermediate-depth earthquakes, with a 

similar down-dip minimum stress direction observed in prior earthquakes. It was larger 

however than any previously identified earthquake in this region. From 2001 to 2014 there were 

no intermediate-depth M6+ earthquakes in Alaska east of the Fox Islands. Since July 2014, 

there have been four including this one. The Iniskin earthquake aftershock zone extends ~60km 

northeast and abuts the hypocenter of M6.4 earthquake six months prior. Static displacements 

are largest 100 km east on the Kenai Peninsula. Ground motion were highly variable and 

consistent with the directionality of the source. Strong motion records corroborate felt reports 

of moderate shaking above the hypocenter and significant influences from regional structures 

including the Cook Inlet sedimentary basin. Significant population centers, and the limited 

damage, were all at least 100 km or more from the epicenter. This presents two significant 

public policy challenges. The first is the misperception that individuals experienced, and 

infrastructure survived, the near-field forces of a M7+ earthquake. Instrumental records and felt 

reports demonstrate clearly that this is not the case. Second, a M7.1 earthquake at intermediate 

depth, combined with comparable M6+ earthquakes in the past few years necessitate a re-

evaluation of the maximum magnitude and frequency of intermediate depth earthquakes 

through the south-central region of Alaska.  
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PLATE BOUNDARIES IN THE NORTH PACIFIC  

 

Jeffrey T. Freymueller 

Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK 99775 

 

The North American and Eurasian plates diverge at spreading centers in the North Atlantic and 

Arctic Oceans, and converge in northeastern Asia. Because the pole of relative plate motion is 

located in the same area, relative plate motions are slow and deformation is diffuse. Overall, 

the region consists of a collage of small microplates or blocks moving relative to each other, 

with some of the microplate boundaries being uncertain or controversial, and some proposed 

microplates perhaps being regions of diffuse deformation rather than rigid plates. On the Alaska 

side of the North Pacific, additional complexity is driven by the collision of the Yakutat terrane 

at the eastern end of the Alaska-Aleutian subduction zone, and by the effects of oblique 

subduction. The Aleutian arc features an extreme variation in the obliquity of plate 

convergence, and the western part of the arc has long been recognized as an example of slip 

partitioning of highly oblique subduction. The direction of Pacific-North America relative 

motion is essentially trench-normal along the Alaska Peninsula in the eastern part of the arc, 

and reaches almost trench-parallel at the western end of the arc. Along much of the arc, a 

tectonic sliver of the overriding plate moves in a mostly trench-parallel direction with the rate 

of motion increasing to the west, and additional blocks or microplates (southern Alaska, Bering 

plate) accommodate eastward extrusion of material away from the Yakutat block collision. Here 

we examine the long-term velocities of sites in southern Alaska, the Aleutian arc and the Bering 

Sea region after removing the effects of recent earthquakes and postseismic deformation. We 

will re-examine the extent of the proposed Bering plate and evidence for block motions along 

the Aleutian arc in the light of an expanded and more precise data set, and recent seismicity and 

earthquake focal mechanisms. Our block models suggest a more complex pattern of 

deformation than previously proposed. 
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STRAINMETER ARRAY OBSERVATION OF THE DIKE INTRUSION AT 

SAKURAJIMA VOLCANO ON 15 AUGUST 2015  

 

Higashi Uchida 

Kagoshima Meteorological Office, Japan Meteorological Agency, Kagoshima, Japan. 

 

On 15 August 2015, a rapid increase in the number of volcano-tectonic earthquakes and 

remarkable crustal deformation were observed at Sakurajima volcano in Japan. Strainmeter data 

from Arimura Station (Fig. 1), located 2km SSE of the volcanoôs Showa crater, showed crustal 

extension with more than 10 micro-strain (Fig. 2). The strain change was 1,000 times greater 

than those associated with typical explosions at the Showa crater, and was the largest ever 

observed at the station. The Japan Meteorological Agency (JMA) raised the Volcanic Alert 

Level from 3 to 4 at 10:15 on August 15 (Japan Standard Time (JST)) and expanded the hazard 

area from 2 to 3 km from the crater. JMA also issued its first residential area warning for 

Sakurajima, and around 80 residents living near the hazard area took refuge in evacuation 

centers. 

No actual eruption occurred, and earthquake activity and crustal deformation subsided 

at 03:00 on August 17. Emergency observation by the Japan Aerospace Exploration Agency 

using the Daichi-2 satellite's Interferometric Synthetic Aperture Radar (InSAR) revealed 

deformation of up to about 16cm closer to the satellite on the eastern flank of Sakurajima. The 

Geospatial Information Authority of Japan (GSJ) analyzed these data and Global Navigation 

Satellite System data, and proposed a dike model to explain the observed deformation. The 

width, length and opening volume of the dike are 0.78km, 1.41km and 2x106m3, respectively. 

InSAR data cover a wide area at very high spatial resolution, but are limited in terms of 

temporal sampling due to the orbital repeat period of the satellite. To elucidate the dike intrusion 

process, the time-continuous strain change observed by an array of three strainmeters (EX-R, 

EX-T and EX-D) was analyzed. As shown in Fig. 1, EX-R is aligned in the radial direction to 

the crater, and EX-T is aligned in the tangential direction. EX-D is at an angle of 45 degrees to 

the other strainmeters, and the array is installed at the end of a 200m horizontal tunnel to achieve 

a high signal-to-noise ratio. Each strainmeter has a baseline length of 28m. Ignoring local 

distortions of the strain field, three non-colinear strainmeters can be used to determine the 

principal strain.  

The strain records (Fig. 2) are characterized by four points in the time-series 

representation: (A) Strain change began at 08:00 on August 15 JST. (B) The rate of strain 

change increased at 10:25. (C) The rate of EX-R component change turned from negative 

(contraction) to positive (extension) at 11:15. (D) Deformation ceased at 03:00 on August 17. 

The results show that the EX-D component exhibits the largest change among the three. We 

confirmed that the total strain change between A and D was consistent with the change 

predicted from the dike model proposed by GSJ. 

To clarify the dike intrusion process, strain changes for the periods A-B, B-C and C-D 

were calculated as shown in Fig. 3. The contraction axis of the principal strain in the A-B period 

has a north-south orientation, and exhibits clockwise rotation during the B-C and C-D periods. 

This suggests that dike opening progressed from the SSW end to the NNE end as follows: The 

SSW end of the dike opened in the A-B period. The dike opening subsequently progressed to 

the NNE direction in the B-C period. Finally, the NNE part of the dike opened in the C-D 

period. We also found the migration of earthquake hypocenters, which also supports the NNE 

progression of the dike opening.  
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Fig. 1. Map of Sakurajima volcano. Location of Arimura station is denoted by solid circle. The 

dike model proposed by GSJ is represented by rectangle. The left shows strainmeter array in 

the observation tunnel complex at Arimura Station. 

 

 
Fig. 2. Strain data recorded at Arimura Station in association with volcanic activity on 15 

August 2015. 

 

 
Fig. 3. Principal strain change observed at Arimura Station during the A-B, B-C and C-D 

periods. The black arrows indicate principal strain, and the gray arrows indicate strain 

observed at each strainmeter. 

  


