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GREETINGS

We are Working for a Better Future Earth

The Geological Survey of Japan (GSJ), the only
national research institute engaged in geological
surveys, is committed to neutral and transparent
research. We aim to promote sustainable social
development and better quality of human life and
to help create a safe and secure society by using
geological information relevant to resources, the
environment, and disaster prevention. We conduct
comprehensive research on the development
of survey techniques to collect needed earth
science information. We also perform systematic
management and modeling of subsurface

information and disseminate the results to the
public in an easy-to-understand way.

One of our priority strategies is to promote the
visualization of subsurface geological structure
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in 3D by integrating surface and borehole
data, including groundwater information. This
type of visualization is needed to overcome the
difficulties associated with disaster prevention
and environmental conservation in metropolitan
areas. We also need to promote comprehensive
studies of natural disasters, especially in light of
the increase in seismic and volcanic activity in
Japansincethe 2011 Great East Japan Earthquake,
as well as advanced studies on natural resources
under the lands and sea bottoms, and on storage
of greenhouse effect gas. With what we can, and
must, do as a public research institute always in
mind, we intend to tackle these challenging tasks
by accumulating experience and knowledge in
cooperation with other domestic and foreign
institutes and universities, as well as by providing
the public with accurate information.

It is extremely important to have a broad and
international perspective in our research field of
earth science. The problems the world is currently
facing—for example, rapidly progressing global
warming, natural disasters associated with climate
change and crustal deformation, and depletion of
energy and mineral resources indispensable for
economic development—are research subjects
that we must address in harmony with global
society. We at GSJ have long been involved in
international scientific cooperation in East and
Southeast Asia. We will commit ourselves to
accelerating research collaboration with countries
all over the globe so as to update the geological
information and improve our research through
human and technology exchange.

Yusaku Yano

Director General, Geological Survey of Japan
National Institute of Advanced

Industrial Science and Technology
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VISION & MISSION

Vision

Assess the Geology (Quality of Earth) by using our
world’s-best geological survey and analytical techniques,
and help to solve the social problems relating to
stable supply of resources and energy, environmental
conservation, and mitigation of natural disasters from a
global perspective. As a national institute of geological

survey, promote cooperation with domestic and
overseas earth science organizations.

HRESLANIVOMERE - SHiCRURMOEZFHEL.
HIRNWRBF CERIXILF—DREMRG. REORE. BAK
EOEFFICHROUNREDHFRCEMUE T, TDIeoH.
ZARITDMWEFREKE LT, BN ORERKERBEDEREZIR
Y SEDHH T o

AR NIRRT &
Geo-hazards Mitigation
1P TR TSNS
Geo-environment Conservation

The past is
the key to the future

ke k<KD —iBE



Understanding and

Living with the Earth

R K <FY. HEREHET S

Mission
Gather, compile, and provide geological information, and
developits technologies to overcome various difficulties in
global environmental protection, exploration of minerals
and energy resources, and natural disaster mitigation.
Disseminate the outcomes of its research activities and

coordinate international cooperation with geoscience
institutions and organizations all over the world.

WEIBEROBRZTV. SONCHBBRZEREL T, WIKR
BORE. R - TRILF—ORF. hEXKEORERECEHE
I RORLIFRBZ R T DICHDEIM7ZRFLET T, 51T, B
S NcBEMEFEROREM - ERZEITV. BPEZRKRULTCE
BRI TNE T,
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ORGANIZATION & SCOPE OF RESEARCH

Organization

The Geological Survey of Japan(GSJ) is one of
the seven departments of the National Institute of
Advanced Industrial Science and Technology(AIST).
It consists of three research units, namely the
Institute of Geology and Geoinformation, Institute
of Earthquake and Volcano Geology, Institute
for Geo-Resources and Environment, together
with the Renewable Energy Research Center
(Geothermal Energy Team, Shallow Geothermal
and Hydrogeology Team), Fukushima Renewable
Energy Institute (FREA) and the Geoinformation
Service Center.

Research Institute of
Geology and
Geoinformation

WETTEERAZRERrT

Research Institu
Earthquake a

ERBITSHAmtERERS Y9 —
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Research Institute for
Geo-Resources and
Environment

& RIRIR R FUER

Renewable Energy
Research Center

BEAEET RV —
wEEYI—
Geoinformation
Service Center
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https://www.gsj.jp/



Scope of Research

Geological Hazards =

Evaluation of geological hazards for creating a resilient social infrastructure.
CHENDH DU REBDIEEICE T DB D

Resources and Environment =& =3

Provision of geological information and development of evaluation techniques
applicable to geosphere resources development and environmental
conservation for sustainable social development.
RO RER R RRICE T 2B DE RS KOREAASREDICHDERIEHREMRET
liltsi{O)EE

Geological Information semiss

Compilation and publication of geological information to sustain the society.
WEIBRICHHDD T aF Il zrd—EUTHAEZZ A DB ERIERDERFESH

International and Outreach Activity =e-7sru—7zm

Enhancement of international activity and dissemination of research results
to the public.

MERECHITIEREEDRIESLO—RAERNDHRDE K

Survey -
Technology
Development
- AR

Decision- Modeling -
making Visualization
B EFIUL - TR

Future
Prediction

FERTA
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HISTORY

History

Geological Survey of Japan (GSJ), AIST is a
public organization that performs various types
of geological surveys and research. GSJ has
consistently provided geological information,
which is essential to build a safe and sustainable
society, since its establishment in 1882.

The mission of GSJ has varied historically.
Initially, the primary mission was natural
resources exploration including metallic and
nonmetallic minerals, oil and natural gas, and
coal resources. After the oil crisis in the 1970s,
exploration of geothermal resources became
important. GSJ now plays a role in dealing
with a range of problems, including geological
hazards, water resources, global warming,
geological disposal of nuclear wastes, and soil
contamination.

WEREREGEYI—(E. 1882 FICRIETHHHE
FEBEFTDERILSNTLLE. RECEDFCHELTITIN
T [MWBORFE] (CERWUBATNET,

MBOHEE] ([CHTDHENODEFF. E<IERE:
IFEZRILY. Ol - RAAR, BRBEDEREREN P
IDCUlE. 1970 ERDA AL av I IEIFEHRNE T
RIVF—EUTOMBIRBENERICRY, ZTDHK. HIE -
KUSKEDER, ZEIRKEROER. tIOREEBILE.
BT EREREYIBNS DR 25, TEBRFHHRE
EEBUTCEF U,
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Brief History of GSJ

1882

The Geological Survey of Japan (GSJ) was established in
Tokyo on February 13 under the Ministry of Agriculture and
Commerce (MOAC).

EEFECHERERNERII(2 B 13 H) . RRMIRRXZERTCARTE,

1925

MOAC was divided into two ministries and GSJ belonged to the
Ministry of Commerce and Industry (MOCI).

EEBENEMECETIECHDN. HEFEFRESE T EILBICFRE.

1946

GSJ was moved to Kawasaki City, Kanagawa Prefecture.
JETEDOOICTEER,

1948

GSJ belonged to the Agency of Industrial Science and
Technology (former AIST), which was created in MOCI.

L& NI IEREMITICFRE.

1949

MOCI was reorganized as the Ministry of International Trade
and Industry (MITI).

BIENBREERE LR, BREEETEXINTICHRE.

1951

A GSJ branch was established in Sinjuku-ku, Tokyo.
B HHEIC) EZRE.

1979

GSJ was moved to Tsukuba Science City, Ibaraki Prefecture.
TR Z EERHI B8R,

1980

The Geological Museum opened next to the GSJ building.
W EIRAREREE.

2001

National Institute of Advanced Industrial Science and
Technology (new AIST) was established in April 2001 as an
independent administrative agency by integrating 15 research
institutes of the former AIST. GSJ became a division of new
AIST. MITI was reorganized as the Ministry of Economy, Trade
and Industry (MET]I), which AIST was affiliated with.
hREFTmICH V. TR NCHofc 15 AR () &=
ERISEIRRA (B cUTHREIN., hERBEFRIFELTH
WERBEREGEYY—L3D, BEEREFRBEREICHESNE
e ZEEE,

2014

The Fukushima Renewable Energy Institute, AIST (FREA) was
established in Koriyama, Fukushima Prefecture.

BEBEUREIRILF—iRRMH ESREBLLTICEFT.



Publication of Major Maps

1890 1:3,000,000 Geological Map of the Japanese
Islands

300 A D1BHABSHERN

1 899 1:1,000,000 Geological Map of Japan, 1st edition
100 55D 1 #ER (55 1 k)

1 921 1:75,000 Geological Map
75770 1 B (finished in 1954)

1952  1:50,000 Geological Map
57530 1 #ER (in progress)

1 956 1:200,000 Geological Map
20 A D1#ER  (completed in 2010)

1 957 Mineral Province of Japan
BADIEREX  (completed in 1960)

1 961 Hydrogeological Maps of Japan (1:50,000, etc.)
BAKIEHER (5 570 175&) (finished in 1998)

1 972 Aeromagnetic Map (1:200,000, etc.) |
T (20 HHD172E)  (in progress) li N\

* 4 & 8
-y e

Fiosomud Hlap
Rapancse s

1 975 1:200,000 Marine Geology Map
20 55D 1 8%#MER  (in progress)

1 981 Geological Map of Volcanoes
NUHER  (in progress)

1 982 1:500,000 Neotectonic Map
50 BHD1E#EER  (completed in 2002)

1990 Gravity Map (1:200,000, etc)
FHR (20 HHD1RE)  (in progress)

2004 Geochemical Map of Japan
BAD#EEFE

2005 Water Environment Map
KIERIER  (in progress)

2008 Soils Assessment Map
RETFHHEAR (in progress)

201 0 Release of Seamless Digital Geological Map of ¥
Japan (1:200,000) 7
20 BHD 1 ¥— LA MERAE '

@ 1906-1923 GSJ in Kobiki-cho, Tokyo

@) 1989 GSJ in Tsukuba Science City, Ibaraki

© 1890 1:3,000,000 Geological Map of the Japanese Islands
O 2010 1:200,000 Seamless Digital Geological Map of Japan

201 0 Seamless Geoinformation of Coastal Zone
JEREY— LU AMEBIEHREE  (in progress)

201 3 Release of GeomapNavi
HhESE Navi 2368
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GEOLOGICAL HAZARDS thERXZE

Investigating Active Faults and
Unconsolidated Sediments in
Urban Coastal Area

& maFEIE D ERE S EReEHhER = %] B

Geological information on coastal areas BELGOFEOMT OISR

Japan’s large cities and infrastructure, such as its industrial HAROEMIEOFEECEDRLUTWVE T, TIEMHEDLERR
districts and airports, are situated mainly in coastal areas. We can EDAVITSHELIERETGICHIEFET, FDleHh, BHLD
easily imagine that there could be enormous damage if an earthquake PNEE THENRETNE. ASHRWENELDC S8

were to occur there. However, we do not have enough geological
information on these coastal areas to prepare for an earthquake and

([CEE<HIFE R Ao UDUEIF COBREOH I DOWTIE,

mitigate possible damage. INFT. HEAKHRICEII DMEIBROER/HN TTD &
In some coastal areas, the complex topography that is the result of [FEAFTATUIE,
repeatedl'réla}[rige tggnsgrfss%c;lns and regressions i§ cox;irid by tl;ick SWEEE. BEDEE - BEDERELODTOLSNT
unconsolidated sediments. There are many areas in which seamless = T hEE S —
geological information linking sea and land is lacking because - 7—“@%731@?’ DL %?E EAS%_BTEE{%P‘%(%’J::CUT% ) b
different research organizations have conducted studies using FIo Flo, INF TR \t;&;{ﬂﬂ"@lataﬂﬁ&%%@ﬁaﬂﬁ%&b\
different methods. EIZH>TW el HY, BETERUCHEBEBRINESN
This project focuses on coastal areas and includes studies on the TUWLEL), |\ﬁ$ﬁ@7bg|ij5%<r7—bg Ufco
lsea(flnless intet‘f;aﬁ"n t‘,’f g,f;logécalt?“f‘g giofgt‘,ysmfaluligf‘;ﬂ’;itri:;igg ZDleH, KFOVIIRTR. BFEEI—TvhELT,
and and sea, the continuity and activity of active fa ——
) ) - o 4
of 3D geological maps, and the physical properties of unconsolidated 8 BI? / ) A I{Xfm\\éiﬁj iﬂjﬂ:%i EIRMOBEFETOE
sediments. HICOEMBOERE SENMEOIEE, thEBIEFRO3RITIE,

SR DYIER I DITED D DK ZTOCNE T,

3D geological model of a coastal urban area. 3D visualization
facilitates intuitive understanding of subsurface geology.
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Make

Geo-Information
Seamless

in Sea and on Land

HERET,

HETIRER -
I=LULX.

No one knows when a disaster will
occur. It might be 100 years from
now, or tomorrow. As researchers,

we need a sense of urgency.

Masanori Ozaki

Geoinformatics Research Group
Research Institute of Geology and Geoinformation

KEBRZVLWORETZIDLMDNMUEE A, 100
FEHBLNFEAD., BENIBHLNBLDT
T, BHREICHBTIERNUELRDTT

& IEfS
HEERTRE BRERRT L —
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GEOLOGICAL HAZARDS

MERE

The search for hidden active faults

Recently, it has become clear that the active faults separately
identified in marine and land areas are continuous. It is highly
important to understand the continuity of active faults between
sea and land, as well as their activity, in order to estimate potential
earthquake damage in coastal areas. In our active-fault survey of
coastal areas, we are attempting to obtain accurate information by
using a wide range of survey methods, such as acoustic exploration,
a sea-floor sediment survey in marine areas, a seismic reflection
survey, drilling exploration, outcrop exploration in land areas, and
gravity and airborne magnetic surveys in both marine and land areas.
We are currently surveying the southern coastal area of the Kanto
Plain—an area with a complex geological structure where three
tectonic plates converge—to determine the continuity and activity of
active faults at the hypocenter of the Great Kanto Earthquake, which
struck the metropolitan area in 1923. Our study should also reveal the
unknown seismic history of this area.

Understanding geology in 3D rather than in 2D

Traditional geological maps are created in 2D and printed on
paper. Some expertise is required to understand the structure of
subsurface strata in 3D from these maps. However, thanks to recent
computing technology, it is now possible to create and deliver a new
type of geological map, which can display subsurface information
in 3D via the Internet. This will help many people to understand
subsurface structure.

To create a 3D geological map of coastal areas, we first drill in
specific places to reveal depositional age and environment, particle
size, fossil components, and seismic wave velocity. We then use these
data and borehole logs obtained previously for building construction
to determine the 3D structure of the geology to depths of several
tens of meters. By integrating the 3D geological models, we plan to
deliver, via the Internet, geological information that will be useful for
future urban planning and hazard mapping.

Sediment cores are cut in half and examined in detail.

/I 4 GS) —Geological Survey of Japan—

BN I-EHEZRT

W, FBEPCREE CERCHESR S NTERTB D% < (i3
TEHRLTCVDIENHSHCEOTVERT., TDEH. B
R OMEWEREDIHICIF. ERIBDBEDERME
SEENE FHEICIE T 5 ENEECTI . IOREDEHER
BT, BRTOERRE REHBEYHEA. EETOR
SOAMERIRE - N—UV I HE - B EEREE. BECES-
ZPWIRERE, SHRGHFAEICL O CEERBERDILE
[CBHTVEFT, JRE. 3 DDOFU—hHEL. EMRE
BEN SRR AREDOFEICHOVCHEZED TH
W, 1923 FICEHHMEZE ST RERAMEORIRIICHTD
TORFIEEL D DGR B O E R4 ETE BN D IEHERIEHE PR
DERERZIRSHU TV FECTT,

2 RT3 18, 3 RTTHD

INFTOREME RICEIRISNT 2 XTDHDTUI,
ZDIzth. HWTHOHEN 3 RITHICEDLSBEEZLTL
DN EG BB (CIFFFINBRHFIUET U, LU
FORIMESICK), DITREZARETDIET, BH
DIEHRZ 3 RITT TR I DFIISMERZ(ESD T EHTIREIC
BUEUC. 3RTHEBERZEEDIET, KBIDAR, K
DERHICH N ZERL P I <BUET .

DEFEDOIRTHERDIER TE. FIHMBOR—UYT
WEICKOT, HRBRFEAVHERE RPN TFORES,
SFENZLO. WEOHERCIEREREZR/NET. D
KORBRT—IZHELT. BIFEORHTEREDR—UVT
F—IZEBNML. SHICKRBOMELHBERELZEI ST
T, W10 mETOMEBSEHZ 3 RTHIC, K&
DU BT ENTREERIE T, M—UYTF—IP
ZNSZE(CHIRS N 3RTHEET )L, HBEIRE T
EEMEL. SBROEHEP. N\T—RIyEVICHE
VU DOhEBIEREIT T CRIETDFECT .

Show

Geo-
information

on Underground Area in

3 Dimensions

HTFD
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Piston-coring survey in Suruga Bay. By such surveys we aim to determine the sources of large-scale earthquakes; obtain seamless data
on active faults on land and sea; determine the structure of alluvial layers; and map geological, geophysical, and active structures.

Distribution of unconsolidated sediments
determines seismic damage

In the Tokyo Lowland, we have drilled 18 stratotype sediment
cores, and by integrating 20,000 borehole logs obtained previously
for building construction, we have revealed details of the incised-
valley topography formed up until the Last Glacial Maximum. The
distribution and infilling history of the valley fills are governed mainly
by the last deglacial sea-level changes.

The distribution of damage to wooden houses in the 1923 Great
Kanto Earthquake closely matches the distribution of mud deposited
5000 years ago; this mud is abundant in plant fragments and has an
exceptionally high water content. Thus the physical properties and
distribution of the soft mud are key factors controlling the scale of
damage in earthquakes in this area.

We are currently taking a similar research approach in other
coastal areas of Tokyo Bay, in Kanagawa and Chiba prefectures. We
plan to expand our investigation to include other major coastal plains
around the Japanese Islands in the near future.

Left: 3D model of post-LGM incised valleys beneath the Tokyo Lowland.

HEOMIERE LD MHIRINE EZER TS

FCBIFRREM T, 18 KDR—UYT IFPZHIITER
L. # 2 AADR—UYTERZEINELE U, ZTLTH
BEOTCHD. #12 SFEAMDKADEE(CTELGHIE
DFFIRERTF O, BKEZE IO T OSSN TEMED
FEsE D mZBAS LR LTz,

ZDFRER. BIRIE. 1923 FOBERABRKDES(SE, 18
MR HL<EZEN. SKEHOEEDEL 5000 FFIDIE
BOHmE—HIDTIEZHSHCUEU . HEDYIRS
HEEDTD, MWEDHEZRD TV ENDN DT,

COUERRED L SGHFR DI H S, BRE. MR
NEPTREEOREFMEICBNTEEDTVET, TUL
TREEMICIE. CDRSIRE S 2 BRIV SDERCIRDRF
FHILFTOKFETT,

Right: Microscopic observation of sediments obtained from the subsurface strata.

19
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Mitigate Disasters

by Investigating

Active Faults ...
Earthquakes

BRIE « HhE ...
(

)

272 2 2.4

=859

/I 6 GS) —Geological Survey of Japan—

New problems occur one by one.
Understanding and cooperation
among many people is essential
for clearing a path to solve these
problems.

Yukari Miyashita

Active Fault Research Group
Research Institute of Earthquake and Volcano
Geology

RREFET DIICIBRE . BERNDEZ
IR eI, B D54 DEMEEFHIH
WETY,

=T BEE
EUAME - JALTAREPT SEMBEFETR S L —



Know the Past to
Predict the Future

As the central organ of the Japanese Government’s active fault
survey and research, the Geological Survey of Japan investigates major
active faults inland and offshore by integrating various methods, such
as geological and geomorphological mapping, paleoseismological
trenching, boring, and seismic profiling, to better define the extent
and timing of past rupture events, as well as recurrence intervals. On
the basis of these paleoseismological data, we evaluate the long-term
possibility of future earthquakes for each fault or fault group.

New survey and evaluation methods are required

Earthquakes are natural phenomena, but their generation
mechanisms are not fully understood. Every time an earthquake
occurs, new problems that cannot be explained by known models arise.
We are pursuing research into active faults and the development of new
methods for their evaluation by asking the following questions: “What
kind of research should we do to solve these problems?” and “How can
we connect our research results to predictions of the next earthquake?”

For example, by focusing on the displacement associated with
paleoearthquakes, we are developing a new model for assessing the
possible extent of rupture in future earthquakes. This is because we
have learned that the displacement associated with a paleoearthquake
can be a clue to identifying the segmentation area in the active fault
zone that caused the earthquake. We are also trying to develop a
new method of evaluating fault activity by using fault gouge in the
bedrock; we are focusing on the correlation between fault activity
and the chemical composition of the fault gouge.

The results are published not only in academic papers but also on
the Web in the Active Fault Database of Japan, which delivers our
outcomes quickly and in an easy-to-understand way.

HhESS

GEOLOGICAL HAZARDS

BEZHY .
ARETFHT S

wEHEERG Y —F. BOEHEREWRCSIT2%

KB LCOREZB>TVE T, ZHhEEHIF. i
BREE RWEEREREOYEBREZHIGOETE
WiEZR DIFHL. M—UYVITRHE. LY FRERECSKD
T, ZLDEHEBDBEEDEB ZHSHCLTERU.

FIBRE - FEOFENNE

HEE [BARRR] T, TOREAHZIXLDITRTH
SN TV DITTESEUER Ao HENRIDEUIC,
ZFNFETDETIVTIFHRBETERVLDIRFCIREEN R L
ERED(FONE T, FfeBIE. [EDXDBHEZETOES
TNOERITDIENTEDDN,, ZULT. RORET
[CDFFTVIFBDN] EDEB=RND. FilcEERE -
SHBFADIAZERFECEUBATNET,

BIZE, [HERENE] ITBEEULT. MEARI I8
EHTET DFEDER AT O>CVET, HEREMENDH
NniE. SFHERODDOEDEEH B FLT LD EHD
FHMICHEDENSTENMDN > TEEDTY, Flew B
BODOR BRI B ZE-o BB OSHETF ARRICD
PKELTWVWET, JITEF. WiBDEB) MBI E D
S LA EDIEREBREEEHZSEWRITT,

INEDARDOMRIF. AN TRERITDEEHIC, [ERT
BF—9R—=| U1 T ETREL. TuENDHHMIDT
<EELTVEFD,

Left: Polished slabs of fault rocks used to develop new criteria for fault activity evaluation.
Right: Trenching survey of the Nishiyama fault zone, Fukuoka Prefecture, Japan. Paleoseismic parameters, such as, paleoearthquake
event ages, recurrence intervals, and slip rates, are obtained from trench wall observation.
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Scrutinizing Past Great

Earthquakes..
Tsunamis

BEDEKX

R - i

=R3/
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There are many approaches to
understanding past earthquakes
and tsunamis. We welcome the
participation of many researchers
from both the sciences and the
liberal arts.

Masanobu Shishikura

Subduction Zone Paleoearthquake Research
Group, Research Institute of Earthquake and
Volcano Geology

BEDME < BRZESHICTBITIE. TFL
FR7IO—FHHIET, EXR - XRZMD
9. SLOWREDBIEHHFELTNET,

REILER
SEUTE - KIUTIREFS SRR EEERR L —



Working out Historical Events

from Geological Evidence

There are many similarities between the 2011 Off the Pacific Coast of
Tohoku Earthquake and the historical great earthquake known as the
869 Jogan Earthquake. Geological records of the tsunami caused by the
Jogan Earthquake are preserved in strata called tsunami deposits. Since
2004, the Geological Survey of Japan has been conducting geological
surveys of these tsunami deposits to get further information on the
extent of the area inundated by the Jogan Earthquake. The Survey has
found that, in some areas, the tsunami extended 3 to 4 km inland from
the coastline at the time. A tsunami simulation based on these data has
shown that the Jogan Earthquake occurred in the plate boundary off
the coast of Miyagi and Fukushima prefectures.

In Sendai and Ishinomaki, most of the area inundated by the tsunami
that followed the 2011 Off the Pacific Coast of Tohoku Earthquake
overlaps with the area estimated to have been inundated by the tsunami
from the Jogan Earthquake. If the possibility of recurrence of the Jogan
Earthquake had been considered, then some precautionary measures
might have been taken against the 2011 tsunami.

Knowing the impacts of tsunamis as

historical events

After the experience of the 2011 Great Earthquake Disaster, It
is feared that the next large earthquake will occur along the Kuril
Trench or in the Sagami Trough or Nankai Trough.

The central and local governments are aiming to reduce the
number of unexpected events in a future disaster by assuming
the occurrence of the largest possible earthquake and tsunami.
However, this is merely hypothetical, and it is uncertain whether
such an earthquake and a tsunami have in fact occurred in the past.
We distribute reliable data obtained by studying tsunami deposits
and other nature traces by actual past events to the wider public. By
developing and establishing surveys and research methods, we also
aim to make it useful to both the government and private businesses.
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Left: Looking for lithofacies in a core sample obtained from Hirota Bay, Iwate Prefecture.
Right: Numerical simulation of the AD 869 Jogan earthquake tsunami, northeastern Japan.

19

GS] —Geological Survey of Japan—




wonor VOLCANOES ..
Live with them

wm ZRY. K&
EBICEED

2 O GS) —Geological Survey of Japan—

Get out in the field and think there—
that’s the way we do it! Our research
continues in an effort to meet society’s

expectations.

Yoshihiro Ishizuka

Volcanic Activity Research Group
Research Institute of Earthquake and Volcano
Geology

RIBICIT>TERAS, TNHTLIEBTY, #
ROERFICHA S, BR. AEZEDHT
BUEY,

aF 55

JEWAE - NLLTFERERFS  KILEBTRR I IL—



Collect Data on the
Whole Volcano

Volcanoes give us two opposite things: benefits and disasters.
To mitigate the disaster aspect, we need to estimate the eruption
sequences of volcanoes. The Geological Survey of Japan is promoting
research based on past eruption records and the mechanisms of
volcanic eruption.

To obtain eruption records, we make detailed field surveys over
the whole area of a volcano on foot—not just localized surveys.
We collect information from the entire mountain. We also conduct
petrological studies of magma and observations of volcanic gas to
elucidate the characteristics and ascent mechanisms of the magma
causing an eruption and to understand the process of separation of
magma and gas.

Characteristics of individual volcanoes

Mt. Fuji is the highest volcano in Japan and is located close to
metropolitan areas. This is why its future eruptions are of great
concern from the perspective of disaster prevention. For more
than 10 years, we have been studying Mt. Fuji to determine the
various past behaviors of the volcano. We have conducted detailed
surface geological surveys and drillings, as well as dating, and we
have compiled the results into the Geological Map of Fuji Volcano.
The geological map should be useful for creating hazard maps and
evaluating the behavior sequence when Mt. Fuji shows signs of
volcanic activity.

We plan to run similar surveys and studies of other major active
volcanoes in Japan one by one, and we will keep studying the
mechanisms that control volcanic eruptions and the sequence of
volcanic eruptions. We have compiled a volcano map as “Volcanoes
of Japan”, and are currently compiling a Volcano Database so that
Internet users can look up the characteristics of each volcano and its
distribution in an easy-to-see format.
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Left: Sampling of high-temperature (800 °C) volcanic gases into a vacuum glass bottle at Satsuma-lwojima Volcano.
Right: Texture analyses of volcanic ejecta by using a scanning electron microscope.

GS] —Geological Survey of Japan— 2 /I



RESOURCES & ENVIRONMENT & - Rz

HETBERERICES

The pioneer of seabed resource exploration

In recent years, increased attention has been focused on mineral
resources under the sea. However, an optimal method of finding
seabed mineral resources has not yet been established. Our
current surveys are focused heavily on the areas around submarine
volcanoes, where resources are considered most likely to be found.
The survey results will be used to accumulate scientific information
on the geological features of such localities, including knowledge of
where resources can be found.

Comprehensive earth science research is essential for seabed
resource exploration. Especially indispensable is elucidation of the
formation process of submarine hydrothermal systems; this will
provide important information needed to localize submarine deposits.

We are engaged in joint research with other institutions such as
JOGMEC* and JAMSTEC**. The Geological Survey of Japan’s task
is to narrow down and identify promising areas for seabed resource
exploration based on its geological background. In other words, we
are pioneering seabed resource exploration. Recently, in a shallow
area of the sea near Iou-torishima in Okinawa Prefecture, we
discovered a submarine volcano and an area of hydrothermal activity
where polymetallic massive sulfides are being formed.

* JOGMEC: Japan Oil, Gas and Metals National Corporation
** JAMSTEC: Japan Agency for Marine-Earth Science and Technology

Analysis of sea-bottom strata by using seismic reflection survey data.
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Resource exploration requires
all the skills and expertise in

every field of earth science.

Takahiko Inoue

Marine Geology Research Group
Research Institute of Geology and
Geoinformation
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Japan has led research into
methane hydrate and will

continue to lead the world.

Sumito Morita

Fuel resource Geology Research Group
Research Institute for Geo-Resources
and Environment
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Observing the seabed by using a wide range
of sound waves

Key information about marine geology includes geological cross-
sections of areas beneath the seabed; seabed-surface information,
including topography, gravity, and magnetic data and sediment
information. Collecting and analyzing these data in an integrated
way enables us to compile and manage marine geology information.

To obtain information on the geology on and under the seabed,
we use sound waves with frequencies that differ according to the
purpose. Lower frequency sources such as air guns (about 10 to 50
Hz) are used to analyze large-scale geological structures; higher
frequency sources such as boomers (about 1 to 10 kHz) are used
in high-resolution surveys of geological structure; and even higher
frequency sources (more than 30 kHz) are used to obtain seabed-
surface information. Multi-channel streamers (MCSs) and cables are
used efficiently to receive more detailed geological cross-sectional
images, and multibeam echo sounders (MBESs) are used to obtain
detailed information on submarine topography. The MBES, which
can detect underwater acoustic anomalies in two dimensions, is useful
for identifying promising seabed resource areas with outpourings of
materials containing metals and other useful elements.

Japan’s methane hydrate research is leading
the world

Among the many seabed resources, methane hydrate is expected
to be the most promising future energy resource. Japan is surrounded
by sea with the physical conditions suitable for the formation of
methane hydrate.

Japan has always led the world in the development of methane
hydrate resources. In a national project launched in 1995, after
repeated surveys in the Nankai Trough area of the western Pacific
Ocean, natural gas was successfully extracted in 2013 for the first
time in the world from frozen methane layer hydrate found beneath
the seabed.

The existence of another type of massive methane hydrate,
called “shallow-type methane hydrate,” has been confirmed at very
shallow depths in the Sea of Japan. We are currently studying this
shallow-type methane hydrate. We are conducting sound probing,
drillings, and other surveys to obtain more accurate information on
the distribution and quantity of methane hydrate. We also aim to
answer the question, “Why is it there, and how did it get there?” and
to obtain a wide range of comprehensive information applicable to
other research areas.

Find

and Find out

‘Why is it there?’
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Rhyolite rock collected from a region of abnormal
sound in shallow seas.



Left: Long piston coring during methane hydrate exploration in the Sea
of Japan. Sedimentary cores up to 40 meters long were recovered.
Right: Results of a submarine topography survey using multibeam echo
sounders (MBESs). This Figure shows seabed-surface information
and the echo sound record around an area of submarine hydro-
thermal resources.

Collective capabilities of earth science
for peaceful and equitable resources
management of the ocean

The United Nations Convention on the Law of the Sea defines the
extent of the sovereignty or jurisdiction of coastal States over the
seas and the oceans. As defined in the Convention, coastal states
have the right to explore and exploit resources on and under the
extended continental shelf or ECS outside the 200-nautical-mile
limit. The ECS to be approved, the coastal state is required to
submit information to the United Nations with the topographic
and geological evidences justifying that the continental shelf is a
continuation of the state’s territory.

Since 2004, the Geological Survey of Japan, as a national organization,
has been participating in the task to delineate the outer limits of
Japan’s continental shelf. We have contributed to both preparation of
the application to extend the continental shelf around Japan and the
judgment process. To do this we are making the best use of our know-
how on the integration of earth science data on the seas around Japan
and our state-of-art techniques for analyzing rock samples.

Seabed resources are the common heritage of mankind. Placing
resources under the jurisdiction and management of a coastal
country may sound like granting that country a monopoly on the
resources. However, executing the right to develop resources and
manage the sea in accordance with internationally agreed rules can
contribute not only to the coastal state itself but also to the global
peace. We are committed to using all of our knowledge and skills in
earth science survey and research to promote scientific surveys for
the development of seabed resources.
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The area of the extended continental shelf of Japan.
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We have been doing field survey
and analysis mainly. From now,
we are also going to proceed the

development of monitoring systems.

Kasumi Yasukawa

Renewable Energy Research Center
Fukushima Renewable Energy Institute
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Making the best use of the world’s third-
largest resource

Japan is one of the world’s most active volcanic countries and
has the world’s third-largest geothermal resource. The Geothermal
Energy Team, Renewable Energy Research Center (RERC) is
developing technologies to overcome the difficulties associated with
estimating available resources, reducing development costs, social
acceptance, and other relevant issues. The main current activities are
super-resolution monitoring of reservoirs to reduce the risks and costs
of geothermal development; development of Engineered Geothermal
Systems (EGS) technologies for reservoir creation and capacity
improvement to expand the areas usable for geothermal power
generation; and construction of an advanced database of geothermal
resources and regional hydrothermal modeling. In addition, we
are conducting research on harmonious coexistence of geothermal
power generation and hot spring and geothermal exploitation
systems suitable for different socio-economical conditions.

Promoting ground source heat pump

systems best suited to each area
Ground source heat pump (GSHP) systems can be used almost
everywhere because they utilize the difference between the air
temperature and the shallow subsurface temperature. The Shallow
Geothermal and Hydrogeology Team, RERC is engaged in research
aimed at promoting the dissemination of this energy-saving system.
To popularize the use of GSHP systems it is essential to understand
the subsurface conditions in different areas and use a system design
best suited to each area’s hydro-geological conditions. We will
conduct hydro-geological surveys in the basins and plains of the
Tohoku Region as model fields. It will then use the survey results
to construct 3D groundwater-flow and heat-transport models and
create a potential map of GSHP systems. The demonstration tests are
also conducted to determine which kind of system may best suit the
geological and groundwater conditions in each area.
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Valcanic center

Concept of super-deep EGS using an artificial brittle-fracture reservoir system completely
surrounded in the ductile zone at a depth where the temperature exceeds 500 °C.
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to Mitigate Global Warming
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Nearly 20% of the halving of global CO,
emissions by 2050 is expected to be
achieved by geological storage. As there
are many things we still need to do to
reach this goal, we need the energy and

enthusiasm of many young scientists!

Yuji Nishi

CO, Geological Storage Research Group
Research Institute for Geo-Resources and Environment
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With the aim of mitigating global warming, we are promoting
research into the geological storage of CO,. Carbon capture and
storage (CCS) is a promising technology that is expected to reduce
CO, emissions to the atmosphere by collecting CO, emitted from
large sources such as power plants and injecting it into porous
strata at depths of 800 to 3000 m. Our research aims to ensure safe
implementation of CO, geological storage; it includes improvement
of monitoring and modeling techniques for injected CO, and
studies of the hydraulic and geochemical characteristics of fluids
containing CO,,.

This research has become more important in Japan since the
Great East Japan Earthquake, as increased fossil fuel consumption
for power generation increases CO, emissions. The Tomakomai
CCS demonstration project is currently being carried out, which
plans to start CO, injection in FY 2016 at a rate of more than 100,000
t/year. In the United States, CO, injection is already widely used for
EOR (enhanced oil recovery) in depleted oil fields, and CCS is close
to the stage of practical application. To accelerate our study, we are
conducting some of our research at a test site in the US and are
cooperating with overseas scientists.

The study of bio-CCS and risk assessment, including the possible
benefits of bio-CCS, is part of our new research into CO, geological
storage. A recent AIST study has shown that CO, injection can
change the environment in oil reservoirs, promoting crude oil
biodegradation and methane production by microorganisms
present in the reservoirs.
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Left: Experimental setup for high-pressure fluid flow tests in a supercritical CO,-water system.
Right: Measuring mineral reaction rates under conditions of CO, geological storage, based on nanoscale crystal-surface observations.
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An old and Emerging Environmental Issue
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To solve the increasingly complex and
diverse issues of soil contamination, we
would like to enhance cooperation with
researchers from different disciplines.

Ming Zhang
Geo-Environment Risk Research Group

Research Institute for Geo-Resources and
Environment
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Soil and groundwater contamination is an old and emerging
environmental problem. In the past there was a notorious pollution
incident at the Ashio Copper Mine in Tochigi Prefecture, Japan, and
recently the radioactive contamination resulting from the Fukushima
Daiichi Nuclear Power Plant Accident has been a serious problem.
With the growth of Japan’s economy and industry, pollution problems
have become more and more complex and diverse.

Soil and water contamination, some of which may occur together
with air pollution, can seriously affect human health, animals and
plants, and the environment. However, once pollution occurs, it is
very difficult to totally eliminate the overall risk, regardless of the
measures used.

Practically applicable technologies

To cope with this risk, we are committed to the aggressive research
and development of survey and assessment technologies; remediation
and countermeasure technologies; and risk assessment and risk
management technologies that are applicable to a wide range of
contaminants.

Our basic research includes the development of technologies for
assessing and simulating the mass transport and leaching behavior
of contaminants and the development of new technologies for rapid
and accurate quantification of contamination in the field. We are also
promoting a variety of remediation technologies that use electrokinetics,
microorganisms, natural minerals, and absorbents to enable practical
application in the field. We have developed and released the Geo-
Environmental Risk Assessment System (GERAS) for different kinds
of contaminants. In addition, we propose that not only environmental
risk but also the social and economic aspects should be considered in
assessments of soil and groundwater contamination.

These technologies can be transferred to many other areas of study.
We are trying to disseminate them, return the results of our research
to society, and contribute to the international community as a whole.
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Changes in hydraulic head
induced by pumping

Spatial distribution of a
contaminant

Left: Column testing systems for characterizing the leaching and transport properties of contaminants in soils.
Right: The Geo-Environmental Risk Assessment System (GERAS) is capable of simultaneous mass transport simulation and risk assessment.
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Bring the World's Greatest
Geological Maps Closer to the People

HRREOMERZE> & "Bhi” IC

Making the world’s best and most detailed

geological maps

The creation of geological maps is one of the most important
projects in our Intellectual Infrastructure Development Plan. This
project aims to identify the geology of our country; put in place the
basic geological infrastructure needed to construct a secure and safe
society; and achieve sustainable development. To achieve these aims,
since 1882 GSJ has published many quadrangle geological maps at
various scales, including 1:50,000 and 1:200,000.

Japan is located in a plate subduction zone and has many active
faults and volcanoes. Its geology is far more diverse and complex than
that of many other countries, ranging from plutonic, metamorphic,
and sedimentary rocks of the early Paleozoic to Holocene sediments.
The maps of the 1:50,000 Quadrangle Series depict this complex
geology in fine detail, making them among the most detailed
geological maps in the world.

During the creation of a geological map, the geological history
of the area under investigation is gradually revealed. For example,
when we made the geological map of the Imajo and Takenami district
we were able to reconstruct the stratigraphy of the oceanic plate. We
also elucidated the complex history of the accretionary complex,
which is characterized by piling-up of the stratigraphy through the
development of many thrust faults.
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1:50,000 Geological Map of Imajo and Takenami. Dashed lines A-E show
the routes of the geological field surveys used to make the map.
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More Accessible
Geological Maps
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Fieldwork is the basis of our
research. Walking in the field,
experienced geologists can draw a
geological map in their head. That’s

a pretty exciting magic trick!
Makoto Saito

Integrated Geo-information Research Group
ResearchInstitute of Geology and Geoinformation
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Examination of the geological cross-sections of the alluvial
plains depicted on a quadrangle geological map may reveal that the
thickness of the alluvium varies with the location. Areas where the
alluvium is thick are ancient valleys buried completely by alluvium.
The alluvium is composed of soft sediments and tends to shake
harder during an earthquake. Therefore, these thicker areas can
suffer increased damage in an earthquake, even if the area has no
topographic features that distinguish it from other areas. Such
underground information can help in deciding where to locate
various buildings.

Detailed geological maps therefore provide very helpful
information on a number of things.

Understanding the marine geology around Japan

Japan is surrounded by oceans. In recent years, to tackle issues
such as the occurrence of earthquakes and tsunamis caused by
offshore faults; the exploration of seabed resources; and the long-
term dispersion and accumulation of pollutants, there has been
increasing emphasis on the need to understand the geology and
geological phenomena in these surrounding marine areas. Maps
in the Marine Geology Map series are compiled after long and
exhaustive work: we collect samples and data on board a survey
ship for weeks and then analyze them in the laboratory. The Marine
Geology Map series at the scale of 1:200,000 includes two types of
map for each area, namely a geological map and a sedimentological
map. The former depicts the stratigraphy and geological structure,
as analyzed with the help of information on the distribution of
gravity and geomagnetic anomalies, which is also included in the
map. The latter shows the distribution of sediments on the sea floor,
the thickness and sedimentation rate of the sedimentary layer, the
sedimentation process, and the direction of sediment transportation.

We have completed a survey of all areas surrounding the four
major Japanese islands, from Hokkaido to Kyushu, and maps are
being published for these areas. Surveys of the area surrounding
Okinawa began in 2008. Ten areal maps will be published at the scale
of 1:200,000 for this region.
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Left: Marine sediment sampling by using a gravity corer. Various kinds of samplers such as grab samplers and dredges are used for marine
sediment and rock sampling, depending on the objects.

Right: Example of a marine geological map (Offshore of Cape Erimo), which is mainly based on seismic reflection profiles. It shows the distributions
of submarine strata and geological structure such as faults and folds.
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Left: Making a Seamless Digital Geological Map
from 1:200,000 Geological Sheet Maps.
Geologic understanding of the whole area

of Japan is required.

_—- i

Low: Seamless Digital Geological Map of Japan
(1:200,000). Fast display and easy handling
have been realized.

The next generation of geological maps

A geological map is a visual expression of what the land has gone
through. Data are reconstructed and interpreted by assembling a
wide range of geological information based on the latest research
results. Therefore, it sometimes happens that the lines and colors of
adjacent maps do not match well and are discontinuous if they are
created by different geologists or at different times.

GSJ promotes the harmonization of traditional geological maps.
The Seamless Digital Geological Map of Japan (1:200,000) was
published after the unification of legends and reinterpretation of the
geology by using the latest knowledge; all of the nation’s geological
maps were integrated into one seamless geological map.

The map has been released on the Web and has won public attention
because it is very easy to access the information. Just click on the
geological map and a brief explanation of the local geology will be
displayed. Other geological databases, such as those on active faults
and volcanoes, can be overlaid on the map. The map is smartphone
compatible and can display current location information, too.

A major revision of the Seamless Digital Geological Map of Japan,
with six times the current number of legends, is currently under way.
All of these legends are being systematically revised on the basis of
the latest knowledge to make the map even easier to understand.

GeomapNavi, another online geological data service, is a
geological map display system that can overlay various earth science
maps, including the Seamless Digital Geological Map of Japan,
the Quadrangle Series, the Marine Geology Map, the Gravity Map
Series, the Geochemical Map, and many others. We aim to make
geological maps more user-friendly and as useful as weather maps
in everyday life.
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Monitoring the Earth

by Eye of Science
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HFOBT on

Left: Vicarious calibration campaign. Right: Global geologic index map.

Remote Sensing

(calibration, validation and its utilization)

We are studying satellite remote sensing, which is used in
many fields, including in surveys of metals, fuels, and the global
environment. Our research focuses on developing new sensors
for a satellite that is to be launched; calibration and validation
for quality control of acquired data and efficient management
of massive data; and the creation and practical application of
various thematic maps for scientific interpretation.

ASTER*, one of the sensors on board the NASA’s Flagship
Earth Observing Satellite, we have been heavily involved in all
aspects of its development to its use in space. The collaborative
research with other research institutes of AIST is increasingly
promoted to develop the sensor and to manage, calibrate and
use massive data.

We are also involved in developing new sensors, such as HISUI
(the Hyperspectral Imager Suite), which has about 180 spectral
bands and is intended primarily for resource exploration.

To ensure data quality, in-flight sensors are calibrated using
deserts or on dry lakes abroad. We conduct real-time ground
observations at the same place as where the satellite makes
observations. Comparing the results of the ground and satellite
observations reveals the degree of sensitivity degradation of the
sensor in space and enables us to assess the data quality and
calibrate the system.

As part of our development of database and image-delivery
technology, we are introducing international standards for using
geospatial data on the Internet. These data are used to create
a global map of urban areas and a base map using the ASTER
Seamless Satellite Image Mosaic of the Earth in Natural Color.
Our work also includes research into a worldwide volcano
monitoring service. All of these data are being made public as
they become available and are provided as a regular service.

* ASTER : Advanced Spaceborne Thermal Emission and Reflection Radiometer
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See the Underground by

Gravity Difference
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Left: Gravity map of the Kyoto and Osaka areas. Sharp gravity changes are obvious along faults. Right: Gravity measurement on a mountain summit.

Gravity Maps

The distribution of gravity on the surface of the ground is
an extremely important clue for detecting the heterogeneity
of underground densities. The Geological Survey of Japan has
constructed a national gravity database of the highest global
standards by collecting and compiling gravity data all over
Japan for many years. Not only it is the largest gravity database
in Japan with more than 470,000 land data and 1,240,000
marine data, but also its accuracy and regular arrangement of
measurement stations meet the highest world standards. The
database is available to the public on DVD and is widely used
as a source of basic Japanese earth science data. The Geological
Survey of Japan also publishes the Gravity Map series and their
digital version via the Internet (GALILEO).

Given these geographical conditions

The Geological Survey of Japan is using the above Gravity
Database as a basis for running the gravity map project, in
which further gravity measurements are being taken for areas
in which there are comparatively fewer data. The results are
published as the Gravity Map Series following high-precision
correction and other procedures.

A total of 32 quadrangle gravity maps have now been
published at 1:200,000 scale. The new gravity data collected
for compilation of the Gravity Map Series are consecutively
reflected in the Gravity Database to ensure that it is always up
to date. The Gravity Map Series and the Gravity Database used
to compile the maps are basic information used in many fields,
including resource exploration and the analysis of underground
structures to prevent disasters.
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Look at Japan as

Element .o
E§ THAZR?
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Sea Land
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87.36- 9831 [ 1892 - 2147
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0.1206 - 21.67 [ 3347 - 2602

Left: Geochemical map of Japan’s sea and land, showing the distribution of chromium. Right: Geochemical reference materials.

Geochemical Maps

An accurate understanding of elemental distributions is
indispensable for elucidating the migration and dispersion of
various elements on Earth. We have collected and analyzed
about 3000 river sediment samples and about 5000 samples
of marine sediments from around Japan. The Geochemical
Map of Japan, compiled from these results, is the world’s first
comprehensive attempt to represent the distribution of elements
across the country, connecting land and sea seamlessly.
Elemental distribution and movement, both on land and in the
coastal sediments of Japan, can clearly be seen on the map.

The Geochemical Map, the sampling locations, and the
concentration values of each element are compiled as a database
and published on the Internet to make them widely available
to the public. We are presently creating detailed geochemical
maps of major metropolitan areas; these maps will have 10
times as much detail as the nationwide map.

Providing reference samples of world standard

The Geological Survey of Japan has been producing reference
materials for geological samples for more than 50 years. The
chemical and isotopic composition and geological age of
these reference materials are highly reliable. These data were
obtained from collaborative research with various research
institutes throughout the world.

Reference materials are now required to comply with ISO
international standards. GSJ is accredited as a reference
material producer under ISO Guide 34 and ISO 17025. All of
our newly prepared reference samples are certified by ISO.

8 8 GS) —Geological Survey of Japan—
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For Future

Groundwater Use

it FIKFIA ...

Left: Hydrogeological information overlaid on a color topographic map.
Right: Chemical analysis of natural water for water environment maps.

Water Environment Maps  K3EIRE

Surveys and studies of groundwater have a long and rich
history in Japan. Water Environment Maps combine past
knowledge with the results of the most recent surveys and
studies of groundwater.

Water Environment Maps include details of macroscopic
groundwater flow, water quality, and water temperature
distribution in basins and plains. GSJ has been publishing these
groundwater maps for nearly 50 years.

Protecting high quality groundwater

Water Environment Maps show the relationships between
aquifers and geological structures and groundwater flow
systems—in other words, where the groundwater comes from
and where it goes. These types of information can help us decide
what we need to focus on to protect the groundwater resource.

There is an ever-increasing need for a better understanding
of local groundwater flow systems, and Water Environment
Maps will play increasingly important roles in this regard.
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Quickly, Accurately
Lk (c IEGE

Left: SHRIMP (Sensitive High-Resolution lon Micro Probe). Upper Right: Laser-ablation ICP-MS. Lower Right: Mineral liberation analyzer.

Analysis of Critical
Metal Ores

To extract critical metals from ores we need to know what
minerals and elements are present in the ores. Formation age
and isotopic composition are also important in determining the
origin of the ores. The Geological Survey of Japan possesses the
latest equipment and techniques for quick and accurate analysis
of ores, namely laser ablation inductively coupled plasma mass
spectrometry (LA-ICPMS) and sensitive high-resolution ion
micro-probe (SHRIMP), both of which can determine chemical
concentrations and isotopic ratios in small areas with diameters
of less than several tens of microns. These methods can be
used to detect very small amounts of a wide range of elements,
from lithium to uranium, with a sensitivity of less than 1 ppm
(0.0001%).

Highly precise isotope analysis in a micro-area

LA-ICPMS, by instantly vaporizing a small amount of
sample and atomizing the elements in a plasma at about 7000
°C, determines chemical composition by mass spectrometry.
Analysis of one sample is completed in only in 2 minutes. In
contrast, SHRIMP measures the number of secondary ions
sputtered from the surface by emitting a primary ion beam
to the micro-scale surface area (about 20 um) under a high
vacuum. This instrument is suited particularly to highly precise
analyses such as uranium-lead dating and oxygen isotope ratio
determination.

The Geological Survey of Japan, by making the best use of
these latest technologies and items of equipment, promotes and
supports critical metal resource exploration and assessment
around the world.
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Create Resources

and Protect Environment
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Left: High-pressure culture system. Upper Right: Vessels for simulating subsurface conditions. Lower Right: A newly isolated methanogen.

Studying Microbes which
Produce/Consume CH,

Elucidating the origin of natural gas for
its efficient development as a resource

With the overall aim of elucidating the origin of natural gas,
we are using microbial culture experiments in groundwater
and sediments, as well as gene and geochemical analyses, to
examine how environmental factors such as temperature and
water chemistry affect the composition of subsurface microbial
communities and their methanogenic activity.

We are also working toward the goal of developing a
technology to enhance the production of oil and natural gas in
depleted fields by using subsurface microbes that are found in
oil-bearing strata and have the ability to convert residual crude
oil into methane.

Suppressing greenhouse gas emissions and
protecting the geosphere environment

Although subsurface microbes can produce methane, they
also consume methane. We are studying methane-consuming
microbes living in deep subsurface environments to determine
the mechanism of methane consumption. This information is
needed to estimate the global environmental impact of methane
released from the subsurface to the atmosphere.

Some subsurface microbes also have the ability to remediate
contaminated groundwater. We are developing bioremediation
technologies by utilizing microbes that can decompose volatile
organic chlorine compounds.

The study of subsurface microbes thus contributes to the
development of natural gas and other resources in the geosphere
and to conservation of the geosphere environment.
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Left: Marine electromagnetic (EM) system in a shallow-water environment. Right: Deployment of the EM system from a boat.

Marine EM System in

Shallow-Water Environment

Large research vessels cannot enter shallow water. Moreover,
rough waves near the coast often cause conventional data
acquisition equipment placed on the seafloor to sway around,
thus leading to interference noise and making it difficult to obtain
reliable data. We have therefore developed electromagnetic
(EM) exploration equipment that is less affected by waves and
small enough to be carried on small vessels.

To demonstrate the performance of the new exploration
system, EM measurements were carried out on- and offshore in
the Horonobe coastal area, Hokkaido, by setting up the system
for about 10 km in each direction across the coastline, giving an
entire length of about 20 km. Comprehensive interpretation of
the results of the measurements and other geological surveys
showed that a sandstone layer on land was filled with fresh
groundwater and extended to 10 km offshore, where the
existence of freshwater was estimated. The fresh groundwater
infiltrated into this layer during the past glacial age and is
considered to remain there without being replaced by seawater,
even after periods of submergence.

Our research efforts to obtain continuous underground
information on land and sea and estimate the status of the
groundwater provide valuable information to various projects.
These projects include deciding on the most suitable locations
for important coastal facilities; optimizing the geological
disposal of radioactive waste; and implementing geological
storage of CO,. Our system provides the information on where
the groundwater is, as well as its characteristics, why it is found
in these locations, and how it came to be there.
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Preparation of Thin and
Polished Sections

Preparation of thin and polished sections, which provide
various types of information about the Earth, requires not only
technical accuracy. What is also vital is the knowledge gained
through experience—in other words, the ability to anticipate
potential damage during the process and to take precautions
against it. The quality of the thin and polished sections prepared
by skilled technicians from the Geological Survey of Japan,
whose intuition and knowledge have been cultivated through
long experience, is among the world’s best—better than can
ever be achieved by automated machinery.

Craftspersonship supports the latest
geological research

We are continually trying to improve our techniques so as
to flexibility cope with a variety of specimens. For example,
imogolite, a clay mineral first described half a century ago, has
been considered impossible to be prepared as a thin section.
For the first time in the world, we have successfully developed
a technique to make thin sections of this material, enabling
observation and analysis under in situ conditions.

We can now make high-quality thin and polished sections
from almost any geological material, including rocks containing
minerals with extreme differences in hardness, shapeless
samples such as sludge, and heat-sensitive samples. The
technical training and supports are also provided to other thin-
section technicians, both in Japan and around the world.

TECHNOLOGY SEEDS  #ifi¥

World's Highest ...,
T EEKE

Left: Thin-section production. Right: Optical micrograph of soil samples including imogolite (yellow areas).
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INTERNATIONAL & OUTREACH ACTIVITIES
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Joining Hands with the World

WREFZIEAT

Cooperation and competition, and understanding

others’ needs

GSJ recognizes that cooperation with overseas geological
research organizations is a priority issue. Our international research
activities include bilateral and multilateral cooperation. The latter is
implemented within the framework of international organizations or
consortia.

We are promoting bilateral research cooperation with a
number of overseas geological institutes under a memorandum
of understanding. In cooperation with geological institutes in the
so-called industrialized nations, we are developing innovative
survey and analysis techniques applicable to research in such
fields as earthquake, tsunami, and volcanic hazard assessment; the
development of geothermal resources; and CO, geological storage.
Through many years of partnership, we have built solid relationships
and mutual trust, on the basis of which we cooperate in developing
new techniques, at times competing with one another.
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Technical training on coastal geology and coastal management (March 2013, Malaysia).
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earth science. By making the best use
of its comprehensive capacity, GSJ
promotes international cooperation
with other research institutes around

the world.
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Caldera Volcano Research Group
Research Institute of Earthquake and Volcano
]
* MERAERSEYI—ICIE. [HIREISO®
® &7 BBUET, CONEENL. HRE

EDRFHEEEIR G ZED TNEXT,

EH &ia
SEHTE - NILIEFERERFT AN BRI —

GS) —Geological Survey of Japan— 4 5



INTERNATIONAL & OUTREACH ACTIVITIES

In cooperating with the so-called developing nations, we try to
understand the scientific and technical needs of our counterparts
and the scientific issues that we at GSJ should tackle. Through joint
activities such as geological surveys, we provide cooperation in human
resource development and the compilation of geological information
for resource development and natural disaster mitigation.

Systematic implementation of international
cooperation

The activities of the Coordinating Committee for Geoscience
Programmes in East and Southeast Asia (CCOP) are typical examples
of our multilateral cooperation. CCOP is an intergovernmental
organization. Its objectives are to encourage economic development
and improve quality of life in East and Southeast Asia through its
projects and workshops in the field of earth science.

CCOP was established with only four member countries in 1966.
After a half century, it now has 14 member countries. No other
international research organization has such a long history in the
field of earth science. GSJ has assumed leadership of CCOP since
the organization was established. We are currently promoting
several projects under CCOP, namely the creation of groundwater
environment maps of the major plains of Southeast Asia; a study of
the geological environment of coastal areas; and the establishment of
an online system for sharing geological data on member countries.

Since 2012 we have also been cooperating with other Asia-Pacific
countries in the activities of Asia-Pacific Region Global Earthquake
and Volcanic Eruption Risk Management (G-EVER), an international
project that we initiated. The project includes compilation and
improvement of seismic and volcanic data, hazard information
sharing, and international standardization of earthquake and
volcanic information to assess the risks of earthquake and volcanic
hazards. As a response to the 2011 Great Tohoku Earthquake,
projects such as the risk assessment of large earthquakes and
volcanic eruptions are being conducted systematically by G-EVER in
cooperation with other foreign organizations. GSJ is the core player
in these international projects.
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Left: Workshop on groundwater resources management (February 2013, Vietnam).
Right: Asia-Pacific region earthquake and volcanic hazard information system developed by G-EVER.
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Left: Mineral Liberation Analyzer. The system is used to analyze ores by using an electron microscope with an energy dispersive
spectrometer. It rapidly calculates statistic data, such as the species and grain size of constituent minerals.
Right: Exploration drilling in South Africa. The drilling is assessing the grade and distribution of a newly found heavy rare-earths deposit.

Preparing for a recurrence of the critical

metal crisis

We are promoting research into critical metals by using information
provided by public geological survey organizations overseas.

Studies of minor metal resources have three phases: exploration;
evaluation of ore samples; and beneficiation testing. If things don’t go
well in any of these phases, the mineral deposit is left undeveloped.
Our previous studies have revealed that South Africa’s critical metal
deposits, which were discovered by GSJ and South Africa’s Council
for Geoscience, are particularly promising. Drilling to determine the
potential quantity of the resources, as well as beneficiation testing, is
currently under way.

Minor metals are critical for today’s high-tech industries, yet
they are maldistributed and their prices are unstable owing to their
small production outputs. For example, from 2009 to 2012, the price
of minor metals required for the manufacture of high-performance
magnets soared several tenfold. The supply structure of rare earth
elements remains unstable. In the case of many of these elements,
including tungsten, lithium, and niobium, more than half of the
world’s consumption is supplied by one country. We intend to conduct
surveys and research to prepare for the next critical metal crisis.
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INTERNATIONAL & OUTREACH ACTIVITIES

Communicate Clearly,

Reinforce Communicator

Storing physical evidence on geological
surveys for future research

One of the roles of the Geological Museum is to introduce the
research results of the Geological Survey of Japan, which has more
than 200 scientists, to the public. Long-term storage of geological
specimens, which are part of our research outcomes, is another.

Most of the specimens are in the form of physical evidence
of geological mapping and studies. They are provided to other
researchers within and outside AIST as research materials, and they
have supported many geological studies. They have also been used in
our outreach activities and are sometimes lent to other museums for
exhibition. A database of these specimens is available on the Web.

Nurturing interpreters of earth science

The Museum also works to raise public awareness of earth science,
holding in-museum fossil-replica-making activities, special exhibition
and cooperating in external events all over Japan.

Fostering more interpreters of earth science is key to further
disseminating our scientific outcomes. To meet this objective, we
actively promote geological events such as Geology Day and the
Geological Information Exhibition, and we support science in the
form of Geopark initiatives in Japan. Our goals are to have local
museums and various organizations spread earth science knowledge
in an easy-to-understand manner and to familiarize more people with
earth science.
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Left: Boring-core storage. About 45,000 m of core samples investigated by GSJ are kept here for the long term.
Right: Geological Exhibition, Kagoshima 2014. The Geological Exhibition is held for the public once a year all over the country.
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PUBLICATIONS BHRECS

Publications

Geoinformation Service Center at the Geological Survey of
Japan (GSJ) publishes its outcomes both in print and electronic
format: geological maps of land and sea, earth science maps and
databases on volcanoes, earthquakes and active faults, resources,
geophysics, environment, geochemistry, etc. For details, please
refer to the Catalogue of Geological Maps at https:/www.gsj.jp/
Map/index_e.html.

Materials and reports of our survey and research are also open
to the public. Other databases* of our outcomes are available at
https://www.gsj.jp/en/database/index.html.

They are used in many areas such as civil engineering,
construction, disaster prevention, resource development,
environmental protection, and others, not just for academic purpose.
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Geoinformation Database & GeomapNavi

Geoinformation Service Center maintain web database
which distribute our research outcome. In consideration
of users’ conveniences, open license is adopted for the
database.

Also, international standardization in the field of
digital geographic information is employed for the
database to provide an environment which enables to
integrate usage with other geo-data maintained by other
organization. Some database works on smart phones or
off-line basis as well.

GSJ provides not only its database but also a geology
information display system named “GeomapNavi”,

for the purpose of increasing practical use of geology
information. Our research outcome and other geo-data
maintained by other organization can overlay on this
system. “GeomapNavi” works on PC and tablets and so on.
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Three core technologies of GeomapNavi.

GeomapNavi : https://gbank.gsj.jp/geonavi/?lang=en

R L : https://gbank.gs).jp/geonavi/

GEOLIS (Geological Literature Search) : https://gbank.gsj.jp/geolis/indexE.html

MEERT —9 X—2X : https://gbank.gs|.jp/geolis/
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Access Guide to GSJ

From Tsukuba Center

The nearest train station and bus terminal to GSJ are at Tsukuba Center. There are free shuttle bus
services from Tsukuba Center to AIST operated by AIST and the National Institute for Material
Science (NIMS) (weekdays only). You can also take a public bus or a taxi (15 min).

To Tsukuba Center
Train
Using the Tsukuba Express (TX)
Take a train (rapid service, 45 minutes; or semi-rapid service, 55 minutes) from Akihabara
Station and get off at Tsukuba Station (next to the Tsukuba Center Bus Terminal). Take exit
A3 for the AIST shuttle bus or public transport.
Bus
Using the Airport Bus from Narita
Take an airport bus bound for Tsuchiura Station (East Exit) and leaving from Narita Airport
Terminals 1 and 2. Get off at Tsukuba Center (about 100 minutes).
Using the Airport Bus from Haneda
Take a highway bus bound for Tsukuba Center from Haneda Airport International/Domestic
Terminal and get off at Tsukuba Center (about 2 hours), or get off at “Namiki Nichoume” bus
stop, just in front of AIST’s main gate.

From Tokyo Station to GSJ using the Highway Bus
Take a highway bus bound for Tsukuba Center (or Tsukuba University) and leaving from bus
terminal No. 2 near the Yaesu South Exit of JR Tokyo Station. Get off at "Namiki Nichome" bus
stop (70 minutes), just in front of AIST’s main gate.

Access Guide to FREA

The nearest Shinkansen (bullet train) station is Koriyama (1.5 hour from Tokyo). You can take a
bus (45 minutes) or a taxi (25 minutes) from Koriyama Station to FREA.

Bus from Koriyama Station to FREA

Take a bus going to “Seibu Kogyo Danchi” and leaving from pole No. 8 at Koriyama bus
terminal. Get off at the “Sansoken-mae” bus stop.
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