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Estimation of depth profile of radiocesium in soil based on
characteristics of gamma-ray spectra obtained by airborne radiation
monitoring
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Airborne Geophysical Survey for the Evaluation of Geothermal
Potential in Japan
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Airborne survey is one of the most effective methods which can investigate subsurface structures in areas
where are difficult to access and/or exploration activities are restricted by surface conditions. Most of
geothermal areas in Japan are located in mountainous regions. Furthermore, about 80% of geothermal
resources are situated within areas designated as a national park, where geothermal development
activities causing big impacts on environment are limited. In recent years, regulations on geothermal
development in the natural parks are gradually relaxed because accelerating renewable energy is required
to mitigate global warming. However, geothermal development movements by private companies are not
active in those areas due to huge risk of subsurface uncertainty caused by lack of geological information.
Therefore, since 2013, according to a government policy, Japan Qil, Gas and Metals National Corporation
(JOGMEC) has been conducting airborne geophysical surveys to provide regional basic information for
evaluation of geothermal potential, which leads to promote the geothermal development.

Airborne Gravity Gradiometry (AGG) method and time domain electromagnetic and magnetic method
using a helicopter (HELITEM) are applied in the surveys. AGG survey is suitable for delineating geological
structures in detail. HELITEM survey has an advantage over frequency domain electromagnetic survey as it
has deeper penetration. A helicopter can fly at lower altitude with lower velocity than a fixed wing, which
provides higher resolution and higher signal intensity data. Adopting the helicopter is beneficial especially
for topography with steep slopes such as the mountain regions in Japan.

We are studying analysis methodologies for the acquired geophysical data. For example, we tried a variety
of filtering to extract structural features such as lineaments from AGG data. Ground truth surveys with
outcrop sampling are also conducted to ascertain the analysis results of the airborne geophysical surveys.
We have completed the airborne geophysical surveys in more than 10 areas in Japan, so far. In this
presentation, we will introduce results and our experience from the surveys recently acquired.

The authors acknowledge local municipalities and related organizations for their understanding and
cooperation with us to conduct the airborne survey.
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CONTRIBUTION OF THE INTERPRETATION OF AERO-GEOPHYSICAL
DATA IN THE INCREASE OF GEOLOGICAL AND STRUCTURAL
KNOWLEDGE, IN THE PROVINCE OF CABO DELGADO,
MOZAMBIQUE.
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Abstract:

The evolution of geosciences, with the appearance of new techniques of data collection and analysis, and
the implementation of new technologies in its various fields of action have led to the development of
more realistic geological maps, thus contributing to the growing discovery of new mineral deposits.

In 1970, the first aero-geophysical surveys were carried out by Italian company CGG with a view to
boosting geological research work and contributing to the increase of geological knowledge at the
country level. But it was in 2004/5 that the geophysics in Mozambique witnessed a major evolution, with
the performance of aero-geophysical surveys by FUGRO, of high resolution, with flight lines spacing of
300 m, flight height of 100 m, and comprises data from Total magnetic field and gamma-spatter.

The integration of the high-density aero-geophysical data interpretation as a tool to support the
geological mapping allowed an easy discrimination of the geological complexes, structural and kinematic
interpretation and identification of intrusive bodies. The examples presented here refer to the province of
Cabo Delgado, an area with potential for research of several mineral resources, but which has few
publications of geological mapping works.

In this region, the aero-geophysical surveys conducted by FUGRO in 2004/5 were of fundamental
importance in assisting the geological mapping for the project to compile the Geological Map of
Mozambique, carried out by Norconsult in the periods of 2002 to 2007, and financed by several national
and foreign institutions.

In addition, some dissertation work was carried out in the Province of Cabo de Delgado, being (Danta,
2009) the most relevant on processing and interpretation of aero-geophysical data, in the province of
Cabo Delgado.

As an example, the interpretation of radiometric data of high resolution added to field observations
revealed the existence of folded and mylonitic contact between the geological complexes of Xixano and
Marrupa, in the province of Cabo de Delgado.

In addition, Nipepe Klippe is a geological structure whose discovery was made possible by combining
ternary images of radioelements (K, Th, U) resulting from high-density aero-geophysical data and field
observations. The image of the first vertical derivative superimposed on the satellite image revealed the
existence of dikes inside the complex of Marrupa.

This information, based on the data processing related to high-density aero-geophysical surveys and field
observations, contributed significantly to the increase of geological and structural knowledge for the
improvement of the geological map of the province of Cabo Delgado.
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Development of frequency domain electromagnetic exploration
system using unmanned aerial vehicle (UAV/drone)
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Penetration depth of the GREATEM survey
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The grounded electrical source airborne transient electromagnetic (GREATEM) system uses a grounded
electrical transmitter and an aircraft equipped with a receiver. Numerical forward modelling, using a
finite-difference staggered-grid method, is performed to generate a three-dimensional (3D) resistivity
structure model. A 3D electromagnetic forward-modelling scheme is modified and used to calculate the
response of the study model in which a conductor is suited under ground surface at different depths. The
sizes of conductor are 100 x T00 x 100 m, 200 x 200 x 200 m, 400 x 400 x 400 m. Depths of conductor
are set to 50, 100, 200, 400, 600 m under ground surface. The bedrock has a resistivity of 100 Q-m, and
the resistivity of conductoris 1 Q-m, 10 Q-m. The vertical magnetic (Hz) field response decay curves for
the different depths are compared. The results showed some differences between the Hz of different
depths, so it is possible to detect that conductor in cases of different depths at flight altitude Z = 50 m.
We used the relative difference (RD), defined as |(Hz*®"%-Hz%**)/Hz*"*"|, of Hz field response for different
depths to estimate responses difference quantitatively. When the size of conductor is bigger, it is easier to
be detected. For low-resistivity conductor, the detection depth of GREATEM is up to 600m at flight
altitude Z= 50 m.

The Ogiri geothermal area is located in southwestern Japan, a southern part of Kyushu Island. The
arrangement of the geological structures is Quaternary volcanic rocks and Mesozoic metamorphic
formation from the top down. Synthetic numerical models was used to construct 3D resistivity structure
model of GREATEM system data in the study area. A 3D model of 3.7x4.2x2.3 km® was designed, and
discredited into 52x38x41 cells using the grids coordinates that are modelled to the geothermal area.
The 3D resistivity model has been based on layered earth resistivity structures. In order to estimate the
penetration depth of GREATEM in a geothermal field, we set the resistive basement rock layer at various
depth and investigated change of GREATEM responses. There are some differences between the Hz of
different depths. The RD of Hz field response is also calculated. The results showed that, the GREATEM
can detect structure of a cap rock layer and top of geothermal reservoir, and the penetration depth is up
to 1600 m below the ground surface.

Keywords: GREATEM, 3D resistivity structure model, penetration depth, geothermal survey
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Can magnetic survey estimate locations of intrusions?
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The Geological Survey of Japan (GSJ), AIST conducted various magnetic surveys such as stinger-mounted
helicopter-borne magnetics, helicopter-borne EM and magnetics and ground magnetics in the Usu
Volcano area, Hokkaido Japan after its 2000 eruption to better understand the subsurface structure of the
volcano (i.e. Okuma et al., 2010). Recently, 3D imaging method was developed (Nakatsuka and Okuma,
2014) and applied (Okuma et al., 2014) to the aeromagnetic anomalies of the volcano observed by the
stinger-mounted helicopter-borne magnetics flown at an altitude of 150 m above terrain. The result
revealed the subsurface distribution of basaltic somma lava but no information about magmas intruded
during the recent eruptions in 1977-1978 and 2000 was obtained. This implies a difficulty to estimate
locations of intrusions by a single magnetic survey and instead we proposed an alternative repeat survey
(Okuma et al., 2013).

This time, we took a different approach to overcome the problem. We thoroughly reexamined the
aeromagnetic anomalies observed by helicopter-borne EM and magnetics flown at an altitude of 70 m
above terrain. Since the flight altitude of this survey is lower than that of the former one, a dipole of
magnetic anomalies with a reverse polarity was found on the southwestern flank of the main edifice of
volcano. To confirm the magnetic anomaly, we, then, conducted a ground magnetic survey along some
profiles. As a result, a comparable magnetic anomaly was observed on ground. Whereas, the survey area is
underlain by basaltic somma lava which shows high NRM intensities (6-10A/m) (Okuma et al., 2014). This
suggests the existence of an intrusive body with a magnetization intensity lower than that of the somma
lava. There are two possibilities which account for the magnetic anomaly. A hot magma of the recent
eruptions might have intruded in the somma lava since some fumarolic activities were observed nearby
during the ground magnetic survey. A cooled magma intruded during older eruptions is another
possibility. Volcanic activities of the volcano changed from basaltic to dacitic after the formation of the
main edifice. Since the NRM intensities of dacite is lower than that of soma lava (Nemoto et al., 1957), an
old dacitic intrusion can account for the magnetic anomaly as well. Consequently, a repeat magnetic
survey might play a role of judging if which hypothesis is more suitable by observing temporal magnetic
changes.
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An investigation of fault and structural boundary in the northern part
of the Ibaraki Prefecture by Airborne Gravity Gradient survey
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Fault dip estimation based on gravity gradient tensor on a profile
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It is widely accepted that the area of a disaster occurrence is generally wider on the hanging wall side
than on the foot wall side of a fault and that the fault dip affects the size of the disaster area. Therefore,
fault dip is an important fault parameter and has played an important role in numerical simulations for the
development of hazard maps. To determine or estimate the fault dip, morphological, geological, and
geophysical surveys such as excavation, seismic reflection survey, gravity survey, and other research
means have been employed worldwide and have yielded extensive knowledge on fault dip and shapes.

In recent years, gravity gradiometry surveys have been widely conducted to obtain detailed subsurface
structure data. This type of survey collects the gravity gradient tensor defined by the second derivatives of
the gravity potential. Compared with the gravity anomaly, its response to subsurface structures is more
sensitive. Various analysis techniques using gravity gradient tensors such as inversion and the
semi-automatic interpretation method have been employed and discussed. Among these methodologies,
a technique for estimating the fault dip by using the gradient tensor has been developed. Although the
technique has yielded excellent results, gravity gradiometry surveys have been conducted in only a few
areas in Japan. Hence, analyses conducted in areas in which gravity gradiometry surveys have not been
conducted require use of the tensor estimated from existing gravity anomaly data.

In this study, techniques for estimating the gravity gradient tensor from gravity anomalies are shown for a
profile that is frequently employed in active fault research. Moreover, these methods are employed for
estimating the fault dip by using eigenvectors of the observed or calculated gravity gradient tensor on the
profile. As a result, the dip of the maximum eigenvector is shown to closely follow that of a normal fault,
and the dip of the minimum eigenvector closely follows the dip of the reverse fault. As an application to
field data, the dip of the Kurehayama Fault located in Toyama, Japan, was estimated. A fault dip of about
42° was obtained as the dip of the minimum eigenvector of the gravity gradient tensor because the fault is
a reverse fault. This dip is in agreement with conventional geological information. Although the calculated
gravity gradient tensor was employed here for estimating the fault dip, the technique shown in this study
is applicable to the observed data for each profile directly obtained through gravity gradiometry surveys
by helicopter.

F—O— K EBRRA. BANI ML BEARET VYV

Keywords: Fault dip, eigenvector, gravity gradient tensor

©2017. Japan Geoscience Union. All Right Reserved. - STT58-P02 -



STT58-P03 JpGU-AGU Joint Meeting 2017

MEREHE Y (ARTS-SEAASYRATLI=Y M) OEERER
H o DIRTTIFHmRM L FIEDRFE

Development of a three dimensional information extraction method
from an airborne sensor (ARTS-SE) multiple-view images
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L; Structure and Thermal Information Capture (STIC)D S &SN 5. STICIE4 DDA X S THEEI N
5. TD2DFABRAAZ, D2 DIFBRAFNAAAZTHSB. STICOMEEE, MUFEEEFMICARL—2 3
JVICFIFATE 2SIMALIED AT RE R AT ER & BV A ERZES T 5 2 & 2ERBLEREI SN T WS, ARETI
20155 12H58ICSTICTHREB LZARIUKBEADIRS L URNBERABRAOEEANEERNIEY 7 b D T
Ty =2 & FAVNIE LR OBITERICOVWTIERE T 5. STICTEE L ZERHAKILOH BT D3R
TIFROBREBICONMIFIATE 2D WTHIEET 5.

F—T7— RN :fE#E Y. SIM. KILER. KAV E—~EVI VY
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Basic study for application of inverse radiation problem to airborne
radiation measurement
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BERFHRBAADERLUR., BEAVLEADAY T —2BHVTELSDOBEHREHINMTTOATWS, R
O—2Id&ffl - NEURVERA/EETHE I ENE, WA FRICUETEZZY—ILE LTERTH
%, RFO#BE TR, RETFOBRSHRERNHOFEMDUEDLHIC, KO— & BV BEHEREFEDOH
BEIT>TWD, LEANASOBEHEE=9 )V FICBVT, HEADHRERE (L, HWREDHEEN—ETH
D ATE CTHZETI (FEAETIL) RUOBE S HREISROTHERORYBEHNLEEABRREZFIRE LTV
%, £oT. MEROARY—LIFHACILEMTORET —YIdth EEE NL—RFTZZEHHL WL, B, R
A=Y 754 bd2DIELTVWE50 MU TOEETIE, BIOBACHFICARSENFEL., BiATER
ETNICLZBETIEEEE —BLAVWGELNH D, AAETIE. EESFICEVTAHVLWLNTWVWSZERIA
LEGBEROFE2IGAL. BEORSHUINERDOT7IL T XL%ER. EHSDAEEE M EEARET
ZFEERET LI,

MEAHRDBIEICIE. HARD KO —> (3D Robotix#t &) & N— I L 7-FRME A FEA L7z, BEHIRAESSICIE
GAGGY VY F L — 3 VIRHE (2x2x2cm) #EA L. 3WEICY BARY MLT—9 RUGPS ¥—4% I8
TBEEHIC, HBOROHTRAT—RA A -9 2RV EORSROFEREZSR-, £/, BT)7ICEWV
TEERE%EM L. DSM (Digital surface model) F—4% #E5 L 7=, RRIIBEERICH T HEmOTY
TTRAEERELZ, AAROZELGEDT7ILTY) A ald, MHRITORIEEYiEh B SjTOM E{EA
jE EiD SHREIRINDBEBECIOBOMTRIND ERE Lz, MEBIICSITBREMEYIIE. R[1]TKRS
hs,

Yi=Z[j=1-B] Aj Cij [1]

I ZTCBIXETES i LSRR A > MNITH B, BEFRBCIHICIFERICKH C-EXEBRBMEREFZOAE
IKISC-AERERRABEA L., EHMERUVAEICK 2EBHREUCIZCS- 137D T %662 keV IR D ERH
IKHRLTORIXILF—HV Y NORFOREEPHITSICKYETE L EREFER L,

REENOHMICE T ZBEFRICH L T, KEFEERBERTIEINMSE=0.1057Z 2 7=DIZxF L. FREM
FERER TIENMSE=0.034&, ERICHEAME@EICEYIEWVEREABZIENTEL, M- FEE2850T
1) 7 TIEHRERETNMSE=0.302, ZELETNMSE=0.214& 70, REBENSDARETHBWERIR ONA
Mot ZORRIE, BMIEROIRILF—BRAZEINTVRVWI &P, FRMBOBERFRBOFEN LFL<
TETVWARWIERENEZILOND, SH. BRAREZFHFICEIZAEFREA2EREL., 7TV XLDE#ELE
THZET. Xy TOFMEICERRFERICAZ EEZONS,

F—7—K: RO—r, nUAV, EZRBARIE. EMEE. BOELE BEFR—RFHOREMENR

Keywords: Drone, micro UAV, Remote radiation measurement, Terrain correction, Successive
approximation method, Fukushima Daiichi Nuclear Power Plant Accident
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Improvement of analysis accuracy of radiation monitoring using
unmanned helicopter
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201N FICRELEEE—RETFTHREMBEHOE. REMBIOMFROSHREHIFHICE VT, EBAANY)
79 —%FAVTHEL CTEBREXRZAELTWS, AEIFEENT00m, AIIRERESOM TLaBr3(Ce)ik it
BEAVWTHY VRO EREZANEL, ThEBFLTHEImMOEERERICBREL TWS, Y RO
RITEEL EHICEHBHMNISRI L. A—RE TOEHERE THREXRILHBPRICHD NSO TV
%, ZOMFICH T RN AEERMERK S SFTHE-BREXRBERYE KD 27010, R FIEHTEBRE
RKOEEIDRVWHERICEWT, Fv U TL—Y a3 VElEEITo .

iz, JOXAD Y MNEERVL, 5HEEE, MHEBOTREBEMEE. SEFLERY. SR BERHBER
WHEFEL, RERICRET S, AERKI~27B%28927:D. AEBORLZREXRT ¥ %, RKAKER
KROWEXREZERB LILBRRMERNT, EEH (BERHNEKRTH) OREXRICHKE—T %, Ihi. HEHIC
ArcGIS ZFWT, ZUXVIETIYvEY I %1727, AERROZUMEERDEZOHIC, H—RM X—FIC&
i ERIEEAHETEREL. BAANY) AT Y—DORO-EEFERE M EFOREBEOLLERT 217072, £
=, BTEREBEDAERRELEB®RT TSI EHITo>TWS,

INHDEBREFOFER, RAICR>T, =6, AEHOKIKRFHFICLYEBAANY IT9—THRES N5
HENFELZITDI LIRS T,

EWMHMIETFRICE 2 EEBERIE  RHEENENEOYMENRELY 24 Y IVFICL 2 BEN/E VL
DHEEDDOHISEN =D, BFRHOSSEULNRBLALD, BFGEMEH TIEL Y ERICEHBERAHTVE
NHd, I T, BANIA—YDHRBEMEPRITBEICK 2HIFHEREN S DFEAER L BT ARETL
7=

BT/ A =% ICEALTIE. MR ERE LTV -EERERBZ2ESFEEOREHEER. BERERN%E
FEREETHRLE: TEEFERMERKI 2EHE L, AIEEBDOESBELERL THENA1TO 2 & TRITEE
PRALELAE, £ HEPRITEEICL ZBEHRENSDHEEAWR T 27-DICHBHT 1TV, LYUBVLOE
RECHRITCE 52 & 5mEAL -,

F—O—R: AVTEAR bOX KN)— BAANY DT Y —, BERBBRY. =RxTA v N—Yav
Keywords: gamma-ray spectrometry, Unmanned Helicopter, Mass attenuation coefficient, 3D inversion
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High-resolution Aeromagnetic Survey over the Eastern Sagami Bay
Area, Kanto Region, Japan
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The Geological Survey of Japan (GSJ), AIST has been conducting various geophysical surveys such as
seismic reflection, ocean floor gravity and aeromagnetic surveys in the transition zones of the Japanese
Islands to better understand the subsurface structures related to active faults and geologic basement
structures for some model areas.

A high-resolution aesromagnetic survey was conducted over the eastern Sagami Bay Area, Kanto Region,
Japan in November 2016. The survey was flown along E-W traverse lines and N-S tie lines spaced 250 m
and 1,000 m, respectively. The flight altitudes were 150 m above sea level over offshore areas and 300 m
above terrain over onshore areas, respectively. Total magnetic intensities were observed by a Cesium
magnetometer at 10 Hz and flight paths were recovered by DGPS. A preliminary aeromagnetic map
without height correction has been compiled. According to the map, characteristics of magnetic
anomalies are summarized as follows:

(1) An ESE-WNW trending magnetic high belt, parallel to a gravity high belt (Okuma et al., 2016) extends
from the northern part of the Miura Peninsula to Enoshima Island, corresponding to the Hayama Upheaval
Belt.

(2) A NW-SE magnetic trend extends from the south of Enoshima Island to the Takeyama Faults in the
Miura Peninsula.

(3) In the middle of the Miura Peninsula, a magnetic high is distributed over the area where ultrabasic
rocks like serpentinites outcrop.

(4) In the Miura Peninsula, another magnetic high lies over the distribution area of the Early ? Middle
Miocene Yabe Formation, Hayama Group in which small outcrops of basaltic rocks reside at its northern
boundary. This magnetic high further extends southeastward along the Kinugasa Faults.

(5) Two dipoles of magnetic anomalies with a reverse polarity are distributed over the Kamegi Spur
offshore of the western Miura Peninsula.

F—U— R ZhEIEE. BRR. BELE. ZLUERES. ZE¥E. 8RE
Keywords: aeromagnetic survey, magnetic map, Hayama Formation, Hayama Upheaval Belt, Miura
Peninsula, Sagami Bay
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Three-dimensional resistivity modeling
of GREATEM survey data from Ontake Volcano,
northwest Japan

*Sabry Abd Allah', Toru Mogi®

1. Institute of siesmology and volcanology-faculty of science, HOKKAIDO UNIVERSITY, 2. Division of Sustainable
resources Engineering, Faculty of Engineering, Hokkaido University

Ontake Volcano is located in central Japan, 200 km northwest of Tokyo and erupted on September 27,
2014. To study the structure of Ontake Volcano and discuss the process of its phreatic eruption, which
can help in future eruptions mitigation, airborne electromagnetic (AEM) surveys using the grounded
electrical-source airborne transient electromagnetic (GREATEM) system were conducted over Ontake
Volcano. Field measurements and data analysis were done by OYO Company under the Sabo project
managed by the Ministry of Land, Infrastructure, Transport and Tourism.

Processed data and 1D resistivity models were provided by this project. We performed numerical forward
modeling to generate a three-dimensional (3D) resistivity structure model that fits the GREATEM data
where a composite of 1D resistivity models was used as the starting model. A 3D electromagnetic
forward-modeling scheme based on a staggered-grid finite-difference method was modified and used to
calculate the response of the 3D resistivity model along each survey line. We verified the model by
examining the fit of magnetic-transient responses between the field data and 3D forward-model
computed data. The preferred 3D resistivity models show that a moderately resistive structure (30-200 m)
is characteristic of most of the volcano, and were able to delineate a hydrothermal zone within the
volcanic edifice. This hydrothermal zone may be caused by a previous large sector collapse.

Keywords: Airborne EM, 3D resistivity modeling, GREATEM survey, Volcanic surveys
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Geomagnetic change detected by repeated aeromagnetic survey in
Miyakejima, Japan
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Miyakejima is a volcanic island on the Izu-Bonin arc and the last eruption occurred in 2000 with the
summit subsidence. A huge amount of gas emission as about ten thousand tons per day has continued for
a few years after the eruption and is decreasing gradually. Now amount of gas emission is as small as
about a couple of hundreds tons per day. Although the previous volcanic activity seems ceasing, there are
LP events, volcanic tremors and a large amount of gas emission sometime in these days. Recent activity
seems to gradually increase again and we need to prepare the next coming eruptive events.

We've carried out the aeromagnetic survey by using an UAV in the end of May 2014 and Nov. 2016 to
detect the temporal changes of geomagnetic field. It took flights in the area inside "Hachimaki-rindo"
except the crater, in which elevation is 300 m above the sea level and over. The flight height is almost
kept as about T00 m above the ground and the measurement line interval is also about 100 m. Total
distance of flight is about 130 km. By comparing the measurements of two surveys, they are very
consistent as a whole but have some difference/changes.

The most significant change shows a characteristic pattern of which is positive in south and negative in
north. It simply indicates that the magnetization occurs in volcanoes. Another explanation may be
piezomagnetic effect due to increase of the pressure under the ground. Actually it is difficult to judge
which mechanism is correct, but the latter mechanism looks more likely to be, according to other
evidences of increase of recent volcanic activities.

F—U— R EBAMEK =<5, HRES
Keywords: UAV, Miyakejima, geomagnetic field
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