idead463
The Fourth International Polar Year Japanese Proposal on Research Program

Developing Plans for Antarctic Seismic Deployments:
‘Antarctic Arrays’ — For Broadband Seismology on Ice-
Covered Continent

Principal Investigator, Affiliation

Seiji Tsuboi

Institute for Research on Earth Evolution, Japan Agency for Marine-Earth
Science and Technology (JAMSTEC)

Corresponding Post

Masaki Kanao

National Institute of Polar research,

Research Organization of Information and System

1-9-10 kaga, Itabashi-ku, Tokyo 173-8515, Japan

Tel; 03-3962-3275, Fax: +81-3-3962-5741, Mail; kanao@pnipr.ac.jp

Cooperative researcher/ institution in Japan

K. Shibuya, M. Kanao / National Institute of Polar research, Research
Organization of Information and System

S. Tsuboi, T. Isse, Y. Tono / Institute for Research on Earth Evolution,
JAMSTEC

S. Tanaka, Faculty of Science, Tohoku University

H. Murakami, H. Negishi, Y. Ito / National Research Institute for Earth Science
and Disaster Prevention

T. Iwasaki, R. Kobayashi / Earthquake Research Institute, University of

Tokyo

M. Furumoto, Y. Hiramatsu, Y. Usui / Faculty of Science, Kanazawa
University

|. Nakanishi, K. Kuge / Faculty of Science, Kyoto University

K. Ito, T. Shibutani / Research Center for Earthquake Prevention, Disaster
Prevention Research Institute

D. Zhao, A. Yamada / Geodynamics Research Center, Ehime University

T. Matsushima / Faculty of Sciences, Kyushu University

H. Miyamachi / Faculty of Sciences, Kagoshima University

Cooperative foreign researcher/ institution

B. Kennett, A. Reading / Australian National University

F. Davey, S. Bannister / Institute of Geological and Nuclear Sciences, New
Zealand

M. Ritzwoller / University of Colorado at Boulder, USA

S. Anandakrishnan, A. Nyblade / Pennsylvania State University, USA

D. Wiens, J. Fisher / Washington University, USA

R. Butler / The Incorporated Research Institutions for Seismology, USA



X. Song / University of lllinois at Urbana-Champaign, USA

C. Mdller, M. Hoffmann / Alfred Wegener Institute for Polar and Marine
Research, Germany

J. Montagner, J. Leveque, G. Roult / Institut de Physique du Globe at Paris,
France

A. Morelli, S. Danesi / Institute National di Geofisica e Vulcanologia, Itary

Y. Kim, Y. Jin / Korea Polar Research Institute

Related International Research Project
Existing seismic stations allows resolution of the structure beneath Antarctic
continent at a horizontal scale of 1000 km, which is sufficient to detect
fundamental differences in the lithosphere beneath East-West Antarctica, but
not to clearly define the structure within each sector. In addition, seismicity
around the Antarctic is limited by the sparse station distribution and the
detection level for earthquakes remains
inadequake for full eveluation of tectonic

activity. AntarcticArrays is an ambitious
program to improve seismic instrumentation
on and around the Antarctica. A science
plan designed to improve the understanding
of the Antarctic Plate with this Array
Deployment is currently under
development.

Discussions at the SCAR / ANTEC
(Siena, Italy, 2001) and SEAP (‘Structure
and Evolution of the Antarctic Plate’,
Boulder, Colorado, 2003) workshops have
led to the development of a strategy to
radically improve our knowledge of the
deep strucutre of the Antarctic plate and the
degree of neotectonic actiity within it. The N (e
fourth International Polar Year (IPY-4; \1 5 T wﬁl::ﬁi?ﬁ?ﬁrg
2007-2008) may be a good target to initiate
this AntarcticArray Deployment.

Description of the Program

This AntarcticArray’s strategy has several components, including 1) process-
oriented experiments such as 3D-arrays at SPA; 2) evolving regional arrays;
and 3) an enhanced permanent ‘backbone network’. More detailed
information is described at; http://www.antarcticarray.org/. A present vision
for network and regional arrays follows.

Backbone Network; Existing broadband stations of the Federation of Digital
Seismographic Network (FDSN) should be supplemented by stations
operating year-round with Global Seismological Network (GSN) instrument
specification. Technological advances in power supplies and real-time data
transmission for remote stations, as well as significant logistical support, are
required to implement such a network. Deployment of the backbone network
would make a major contribution to Antarctic and global seismology, and
would provide an essential framework for regional seismic arrays.




Evolving Regional Array; Deployments of portable broadband seismic
stations with horizontal spacing of 200-300 km can delineate major tectonic
boundaries beneath the vast ice-covered regions of the Antarctic continent. A
strategy of attaining a sufficient density of stations (20-30 instruments) in
symmetrically disposed sectors of the continent allows optimal ray path
coverage across Antarctica and improves tomographic resolution. Two-three
sectors could be deployed simultaneously for 1-2 seasons, then moved to
adjacent sectors for the next deployment phase.

Scientific targets; The justification for an ambitious program to develop
AntarcticArrays address both the unique aspects of seismology on Antarctica
and general issues that would be common to global seismology; for example:
- lithospheric dynamics in an ice-covered environment;

- how lithospheric processes drive and may be driven by global
environmental change (sea level, climate);

- the scale and nature of rifting as a process that has shaped the continent
and dominated its evolution;

- the role of Antarctica as the keystone in the supercontinent formation and
break-up throughout Earth's history;

- how the tectonic and thermal structure of the Antarctic lithosphere affect
current ice sheet dynamics;

- age, growth, and evolution of the continent and processes that have shaped
the lithosphere;

- the effect of improved seismic coverage on global models of the lithosphere,
mantle, and core.

International Cooperation; It is clear that this deployment strategy can only
be achieved through international cooperation. Nations with winter-over
bases (existing or planned) and with logistical capabilities in a particular
sector can participate in deployment of permanent stations in the ‘backbone
network’ and / or of portable instruments in the evolving regional arrays.

JARE Contribution; It can be considered to make a cooperation &
contribution to the AntarcticArray program in the area of Western Enderby
Land — Eastern Dronning Maud Land at IPY-4 seasons. A northern part of
this area, particular in the Mizuho Plateau, would most plausible with logistical
capabilities to make a deployment of portable stations along the inland
traverse routes on the continental ice-sheet. Several remarkable geophysical
evidences to reveal the structure and evolution of this area have been
achieved by the JARE'’s geoscientific activities in these few years. By
carrying out the broadband seismic deployment on this Plateau, more detailed
signature can be obtained concerning tectonics and structure from lithospehre
to ascenosphere, together with heterogeneious characteristics of the deep
interior of the Earth viewed from Polar region. Moreover, the broadband
monitoring observations at several outcrops around the Litzow-Holm Bay
area can also contribute to the AntarcticArrays, as stations in the marginal
end of continent. In the situation when some deployments will be carried out
on Enderby Land area by using air-bone platform from SPA, then we can
make an effort to offer the ground support for the installation of seismic
stations on ice sheet.
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