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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.
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Development of a three dimensional information extraction method
from an airborne sensor (ARTS-SE) multiple-view images
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Basic study for application of inverse radiation problem to airborne
radiation measurement
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Improvement of analysis accuracy of radiation monitoring using
unmanned helicopter
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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.
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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.
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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.
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