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Abstract

Several kinds of seismological investigations have been conducted in the polar region,
which include the areas of both the Arctic and the Antarctic regions, in various depth
ranges from the surface layers to the deep interiors of the Earth. The polar region has
an advantage in order to seek inside the physical condition of the Earth as a “window”
viewed from high latitudes. In this chapter, historical issues and progress of seismic
research andits observations in the polar region are demonstrated during the last half-
century from the era of the International Geophysical Year (IGY 1957-1958).

Keywords: seismology, polar region, Arctic, Antarctic, seismic observations,
International Geophysical Year

1. Introduction

The polar region, as a “window” in order to seek the interiors of the Earth, has an advantage to
investigate the inner structure and dynamics of the solid Earth by using time-space variations
S—elE'S—eZ®e17e1™'Ce' ESe1™MS>S—-ZeZ>w@leZeZ>—"—Zele>"-
—7—<Z>17%1E'Z—" E©1>Z20ZS>E'1'SYZ1<«ZZ—1ES>>'Ze1 21
of the Earth, by taking into account the research merits from high latitudes. In this book, prog -
ress and achievements by seismological studies in the polar region are summarized from the
mid-twentieth century to the present. Characteristics of seismic wave propagation, heteroge -
neous structure, and dynamics of the Earth’s interiors are demonstrated, which have been
conducted by many international research in both areas of the Arctic and the Antarctic regions.
Practically 3 1e¢‘Z1e ee”™ '—el@E'Z—e ESee¢1SE 'ZYZe1>Z7eee1S
and travel-time data: inner structure and dynamics of the crust and mantle in high latitudes,

seismicity and focal mechanism, seismic wave propagation within the global point of view,

i 7KH $XWKRU V /LFHQVHH ,QWHFK2SHQ 'LVWULEXWHG XQGHU WKH WHUPV R
|ntech0pen 1RQ&RPPHUFLDO /LFHQVH KWWSV FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ QF
DQG UHSURGXFWLRQ IRU QRQ FRPPHUFLDO SXUSRVHV )BT <H RULILQDC
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Figure 1.10S 01 Z>eSEZ1 "™ e5S™¢1 S—e1 Se'¢—7Ze>¢1 1AL withd ajer-gRoGEaphE location
—8-701>728¢71’—1" "1 E'S™7Z>i1 185 R&d solid-circke refresaris the ‘Bnrtaittid gircle” (66.6°S).
<>ZY'Se’"—21S552Z1Sele"es” @l 81 05, "e—1 S¢01 81 >"——"—e1 S7.1
"7 —eS'— @01 >S—0eil —eil eeidl >S—®,S—S>EEL "7—eS'—eol 81 Zee
andl 81 >S—e Zeel ¢>87¢i1 Zele e'ele>'S—eeZ7@18>7212Z1™75-8 7 _eleeSe"
"7, 10 2001 "—=Z, 10 >eZcei0l "—Z, 10 'S>e’Z001 81 Z-"—e1 Z>Y’eeZ01 41
eS¢’ —01 81 S—eldndll +BL"—01 Z“"—el ¢S’ 107>’ —Sel ¢7571™>7™MG57
MY, STMI 1 S —el1¢Se'¢—Ze>¢ 1’ —1 e« U7 WitEma(Br Yéographi¢ logation names treated in this review
™MEMZ571 eSeZ71 " 72—eSA8b&EIL Z>Z DSV IEY>EZ1>Z2™>707Z—e@l'Z1 >EELCE
e"ee” @Al 81 YSecS>¢01 081 7Z-and/HE, H¥dsoh+Bayo Red solid triangles are the permanent stations.

81 S-Z—®""¢Z1 +Se’"—01 081 ¢, eZez—e1l «Se’"—381 , 10 “ze'Uil0 >'e’—Se.:
seismotectonics in the Earth’s history, and other involved topics in terms of “polar seismol -
ogy.” Major location names in both polar regions are illustrated in Figure 1a and b.

The International Polar Year (IPY 2007—2008) program had been conducted as a half-century anma
versary from the International Geophysical Year (IGY 1957-1958), when the Antarctic expeditions
>l E’'Z—-< E1™ zwitM thesidvaviedecoBntrigeih the polar region. The IPY 2007-2008
was a big international program composed of multidisciplinary science branches such
as upper atmosphere, meteorology, glaciology, geosciences, oceanography, and bioscience
conducted by ale’s—' ES—el—7—<Z>1"+1 ™" e$>1] dn @Gishook, mangeds the
seismological achievements are carried out by the IPY, including contributions from Japanese
seismologists. In addition, the 1 >ZEZ —ele>Z—el’ —1E'Z—+' E1' —YZoe
between multi-sphere system within the polar surface environment (i.e., atmosphere-ocean-
cryosphere-solid Earth) is especially introduced. “Cryoseismology,” most of all, is a new and

recent progressing topic of seismic approach to investigate characteristics of seismic waves ani
seismicity in terms of long-term climate changes such as global warming. The most recent seis
—E1SE " ZYZ-Z—e1l —1< ' 1™ eS5157¢" " —®@1S>Z1E"-™"e7 ]

It is noticed that, moreover, the index introduced in this book intends to demonstrate the present
status of the polar region not only to the global seismologists but also to all the general public
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who are interested in this topic. It is hoped that this book could provide remarkable knowledge
and new understanding about the present environments and past history within the dynamics
of the global system. Thereader 1 E~Zee1027>72¢1S4S’—1+>7’ the aelivancenmensof
frontier research in the polar region, which is currently progressing, from this book .

2. Seismic observation in the Antarctic

In this section, historical issues on seismic observation mainly conducted at the Japanese Antarctir
eSe' " —001S521 ™MsZ@Z—eZei1l Z>'—ele'Z1 8121 S™MS_7ce.
eS>e7¢1¢°71-S"—1<SeZ1ES-™1 ¢~ S1 «SRrigure 1a)id D S\ei\ZL—8!
S7e1 S—ed1'—1+'2Z1 057, "e—1 S¢10 Gl7e1l Sceel —eS>E"ES
¢~ S1 eS¢’ —1¢ZeS—1'—EZIW \W1lc¢le'Z1Y>e1 10 ,Yuls
Antarctic within the global observation network. In this regard, the seismic observations, similar

to the other long-term observations such as meteorological and aurora research, have been ca
5'2017 2017V Z>1¢'Z1'See EZ—725CT1 2> —ele'Z1™SeeleZ 1eZES-
ging huts/buildings have been replaced according to the development of observation techniques
and logistical background of the polar region. Moreover, characteristics, kinds, and purpose of
the observational data varied drastically during the long period. Sincerely maintained by winter-

over expedition members, seismic observations at Syowa Station continued over all the season
e 77018 —CleZ>y i@l ™> e Z—@il '—EZ1IXVVZ3le's'eSeleZ -
>"—1 ¢7 S1 eSe’"—1e"1e'7Z1 Se’"—Sel —e'ezeZ17e]l “eS51 ZeZ!
o721 —eZe®@Se 1SeZee’eZ1eZZE ——7—"ES+s'"—1l®t®eZ-il ‘Z
' 1'7¢71¢S¢S1¢'>S>¢1leteeZ-1"01 1S—el1"™Z _7ele™1e 74
For example, the seismic wavescausedby a huge earthquake in the Tohoku region, in northeast
S™MS—10 1%1_iVol S>@E"'1 WanadkeXaye Aidsastér @aethiquike thdteecturred at
‘s'aeel ‘Z>E'01 Z 1 ZSeS—e10 1%1\iY01 Z>2SH>¢1IXXIIXVWWGS
—T ey —e17c@Z>YSe' " —e1'SYZ1<Z7Z—1ESBp Ze1l 70l 7—0 el "

In order to cover the high-latitude areas of the Earth, several seismic stations belonging to
o721 Ze7>Se’"—17el ’e’eSel 7’ce-"¢>S ™ gEHav& betn ificeasing Inythe
Antarctic since the 1980s. Many of the stations have been located at the margins of the cont
nent, where the permanent winter-over stations of corresponding nations have individually
been existed Figure 2a and b). The East Antarctic continent, where Syowa Station is located
and the Greenland in the Arctic have advantages of recording teleseismic events occurring
over the globe with ale? E’'Z—ela’'e—Se, o~ —""@Z1>Se'"i1 *Z>721S>
tages: stable Precambrian-aged continent composed of hard rock areas on the surface lay
and deep “lithosphere” underneath, low local seismicity in the vicinity of the recording sta -
o " —®@1<«<ZES7weZ17%1'Z1®S-2152S® " —1"+17es1S—el@eScs.
of far distance from major human activity regions in particular for the Antarctic, and so on.
The Syowa Station has provided precious seismic data to the global community as one o
«71-S“">1ceeSe" " — othkPntarctickbatident, as well as one of the Japanese contrib
Ze'—eles"cSel —7+ 75710 & JXWOil ‘Z1eZ'ee—"E1+S
SYZe -1 ¢C™M " EZ—e>Sel’ —e"5-Se’'" _3172«Ei01'SYZ1<Z27—
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Figure 2. (a) Upper: global distribution of the seismic stations (gray triangles) including those in polar regions (red
triangles). SYO indicates Syowa Station. Lower: variation in the number of seismic stations reporting bulletin data to the
1e>"—1¢'Z1 —eS>E+'"E10ZU1S—el1e'Z1 >E+"E10>" " 118 CopynglitiCleatance Centet
(CCC, "4™A&& TE"™E> e e E"-&UT1 "EZ—00Z1—72—<Z>A1ZX]"VZVYWZZWYd1l+' E
tZ1™M75-S—7—eleZ'®e-"Ele+sSe"—el —1™"eS5157¢'"—@10z™™Z5file'Z1 —-
S—e1 XVWV31>7Zce ™ FIE Copyrightl Cidararite ICenter (CCC, ‘4™ A& & 1TE™™ ¢ > ) LiG€RSe-@mber:
ZX]AVZVYWZZWYd1e' EZ—0eZ1+SeZiil S—2S5¢1X_d1XVWAi
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S—el1">eS—"£Se'"—e1Y’'S1 801 >1Zi{S—™eZdle"1e'Z1 —eZ:
e 71 Se’"—Sel S$50°878771 —e">—-8Se’"—1 Z—e7>1"01e‘Z1 —'e7e

UB1e‘Z1 SeS1 S—SeZ-7—e1 ¢teeZ—-1"01e'Z1 —E"H>™">Se71
0 & U801S—el1"¢'Z>@il —1See’e'"—3leZ’'ce—"E1leSeS17¢1
Se'"—Se1 SeS1 Z—e7>1"e1 XW1—7Ze ">"31¢'Sel’edle'Z1
S™MS—1 ¢Z—E¢1e">1 S>'—71 E’Z—EZ1S 4 itls Adiiced-that é6tailg of
¢'71¢SeS1S>E"'YZ1S—el1™MZ7¢e’ESe'"—1 ™M™, " EZe2>721¢> =1 1
portal server (‘4 ™ A& & e E’+<«<S®Zi— ' ™>iSEiI“™E&

©1e'Z1-S"“ 5 e¢1 01l eSe’ " —@lcZe —e'—ele"1 1'—1¢'Z1 Wige!
dynamic—range 1 <>"Se«S—el 7’ 0e—"e>S™'e10 >ZE"Z2' Z—1 Z'&-"
installed and operated in the last three decades. The STS-1 has been known as the most standa
seismographs in global seismology, and almost all teleseismic events with magnitude over four
occurring on the globe are recordable at Syowa Station. After a rapid spread 1™« 1 loee!
over the Earth in the 1980s, continuous observations by using STS-1 started in 1989 at the Syov
Station. By combining the data from both the STS-1 and the short-period seismographs tagi-
wara erectric seismometer (HES) that started observation during the IGY, teleseismic event:
©ZeZEeZ+1Se1 1'SYZ1<ZZ—1YS>¢" —el 'o''—1e7 1'72—e>Ze1™
*eSeele "1 ZERgured)l yong-period variations in teleseismic detectability since the era
el 1Ss71i-—-FPTEZTy—"+ o' ESeleeze’Ze@lctlzoe’—ele'Z1s
heterogeneous structure and dynamics of the inner core and surrounding mantle viewed from
southern high latitudes, crustal structure, seismicity and earthquake source mechanism of the
Antarctic Plate and the Antarctic continent, crustal movement and ice-related seismic activities
Se® " E'SeZ1 +f1E>E" ™' Z>21¢—S—"E®dLS—ele'Z17e' 72514
—Z—e@lctleZ’'e-"+ "¢ ESel'—YZ0e+'+Se'"—®1S—e+1—7 1 —irthe
succeeding chapters of this book. As an example, long-term data at SYO were utilized to revea
S1eZ™Z>>" eS¢’ —1%e1e'721'——7>1E">Z1" 1 tiadeddr Neldnalodretora
e>"—1  T.yin this regard, long-term compiled data such as the research of dynamics in
deeper parts of the Earth *SYZ1Z &’ Z — ¢+ ¢ 1Tereford,tloe Zeismic station in the polat
region including the Syowa Station is expected 1 ¢~ 1 E~—e’'—271"~ Z> ' —el1e‘Z1"’
an important permanent observation site in southern high latitude among global seismology.

—1¢'Z1Y B’ —'e¢17e1 ¢~ S1 ¢Se’"—810ZYZ>Sel ZeeleeSe'~"—
conducted around the LHB region since 1997 (Figure la i 8310. The portable broadband
$>5S¢1ceeSe " —@1‘SYZ1IE " —e>'<2eZele”1e'7Z1 ¢ <Sel ee’'S_(EZ1
with the international projects conducted during the International Polar Year (IPY 2007-2008

2570018 70171 1™ “ZEe@1S—e1"ceZ>YSe' " —1—Z¢ ">?
>S>¢d1eZZ™1eZ’ - Elez>YZ¢elld oeilZe' —1SE<'YZ1le
S—eIXVVX1"—1'Z1'"EZ,0'2ZZ+1™eSe7S71—7S><ctdnsist oifie olSsekr
VYSe' " —2&S—Sete’'eele™ZE " @1 e1e'Z1 'eZ2,S—ee7157 ZE'"-

>7@Ee72>21S—e1 Y eze'"—17e1 Sceel —+S>E«’ & 11| by IBRE. Eroi

71 081wZ - E1YZe E eCl-—"eZel ele'7Z1E>70*Selee>2E-
et Te™ 7571 el e Z1 152" —1 75721 —YZee'+SeZ81 “E"'L!

—e75¢¢1 S—e1S—e1+71 SoeeZ>—1 »"— —Figusel 1&8Wiell /55 =Tk 1>
721 1S>721¢'YZ—1"—1 ‘S™e7Z517Zi
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Figure 3. Historical reporting features of the Antarctic station (SYO) based on the ISC Bulletin. The upper panel show:
the timeline of variations in the travel-time residuals for P waves at SYO. Each dot represents the median residual for 1
—"—'1701eSeSi1 ‘Z1e>Z27—1'—271'®1+'Z1"YZ>See1-2'S—01+'21"5S—eZ1+'—71
absolute deviation, whil e the red line shows twice the standard deviation. The red dots represent those months when
the absolute value of the annual median residual exceeds the long-term median by more than a standard deviation.

‘21747 —1™S _Zele” ele'Z1>Z™ " >e7el—7—<Z>1%e1eZeZeZ ce—"'E1ZY%-Copgright:
Clearance Center (CCC,'4 ™ fA&& 1TE "™ ¢s e 'eiE " -&UT1 "EZ—0eZ1—7-<Z>A1ZX]"VZVYW

It is also noticed that the international collaboration project was carried out in the USA and
Z 1 72SeS—elQe'Z1 —eZ>—Se’"—Sel "7—el s72¢21 Z2®-"EL +7
72801 Zeel —eS>E" ESH1e">17Z 1¢ZS> el Eigure®a). IVomANe bibject

microseismicity associated with volcanic eruptions of Mount Erebus was investigated in detail

W2pil ">Z2°YZ5801 " ®ZS—1< 4" -1 ®Z’'e—"E1 «eZ>YSe'"—wl Z>:

1990-1991, in collaboration with Polish geoscience group. Precise crustal structure and extet

' "—1>7¢'—71S8>"7—21'721S5>72S1 Z>Z1cee?+’7Z+1BigdreTali > PW-Xe

3. Seismic observation in the Arctic

In contrast to the Antarctic, there have been no permanent seismic stations in the Arctic
»Z¢'"—1¢¢1 S™MS__10-"Figire 261 \NEZ VL1581 @ZYZ>SeleZ-™">S;
been done in Eastern Asia including in Far East of Russia. In 1994, a seismic station at KM
(Figure 1b), the northern root of Kamchatka Peninsula, Far East of Russia, was installed by
Se"¢S1 —'YZre'e¢1Sele'Z1—">'Z>——"ceeleeSe’ " —17e1e'71
—1@®™'eZ1%ele'Z1les’ E2+1SEEZe®le>"-1 S™MS—_§le'Z1loee
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The noise level of the KMS station has been quite low and can recordal ce’s—' ES—
Tel-—"E>TeZ'e-"E'+¢l —Y oY —el®Z' e-"EleSZecleteeZ-1-
earthquake (M = 7.6, May 1995), microseismic and global positioningsystem (GPS) observa
tions started around the large area including KMS station in collaboration/cooperation with
the Russian Academy of Science. In 2005, a big project started in order to reveal the stagnal
slab and relation with mantle dynamics by using broadband seismic regional network. From
the temporary network observations, amalgamation mechanism of the stagnant slab (sub-
¢ZEe'—el SE’' E1 EZS— E1™eSeZl'—1e'Z17™™Z751-S—was
obtainedil “>Z2"YZ>810Z'e—" E1SE*'Y'+'Ze1S>"2—ele'Z1 ">e'1
by using the obtained data. From 2009 to 2012, large temporary seismic array stations hav
272—1 ES>>'Z1 210 >>S¢01 Sel —">eZS®eZ>—1 "—S1
China, the USA, and Japan. Several major seismological targets were achieved such as tl
formation mechanism of the China mainland continent, shape of the subducting stagnant
®eScl7—eZ7>—7Se'1¢'Z1®@eSe’ " —®©d1S—e1le"2>EZ1-ZE'S—"0®
E Z Si4}. Bgsides, temporal observation using broadband seismographs was conducted a
«'71 S’"Sel ’eel ~Fighdredb) i 2004—-2006 in collaboration with the Russia Academ)
el B'Z—EZ10 Uil >7ZeeSeloeer7E*2>215—+10”Z’ ce-"EI16¢16F

Including the abovementioned studies before the IPY, internationally collaborated seismic
network in Greenland will be introduced in detail in Chapter 6. The regional network aimed
to investigate the relationship between the glacial seismicity and the global warming process
in the Arctic region.
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