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Measurement of magnetic anomaly vectors is absolutely essential to obtain a magnetization structure
of the magnetized body. We have developed a new magnetometer for measurement of the vector magnetic
field, called High Precision Magnetic survey System (HPMS), which can be used in various
situations, for instance, in the air, on the sea surface and in the deep-sea. We have applied the
HPMS as Heliborne Three Component Magnetometer (HTCM), Deep-tow Three Component Magnetometer (DTCM)
and Shipboard Three Component Magnetometer (STCM) for airborne surveys (2006 and 2009) and marine
magnetic surveys (2014) over and around the volcanic island, Aogashima. A helicopter of Nakanihon
air service and Tokai University Vessel 'Bousei-Maru' were used for the HTCM surveys and for the
STCM and DTCM surveys, respectively. The Aogashima Island is an active volcanic island included in
the Izu-Ogasawara volcanic arc. The objectives of this study were to obtain magnetic anomaly
vectors on Aogashima volcano by aero-, sea surface and deep-sea magnetic surveys, and to clarify 3
dimensional spaced 3 component magnetization structure of the volcano.

In the HTCM surveys, a towing frame mounted with the HPMS, GPS and wireless LAN devices was towed
using a fiber rope below the helicopter. In the DTCM survey, the towing frame mounted with the
HPMS, acoustic positioning (SSBL) and acoustic communication devices was towed near the sea bottom
using a wire rope. In the STCM survey, the towing frame mounted with the HPMS and GPS devices was
fixed on the after-deck of the ship. Three components of the observed geomagnetic field, F = (Hh,
Hs, Hv), and gyro data (yaw, pitch, roll) are sampled in 1@Hz. SSBL positions are fixed every 10
seconds. F, the vector in ship's coordinate (heading, starboard, vertical) is rotated to the vector
in Earth's coordinate (X, Y, Z: north, east, vertical down) using the gyro data. From the rotated
vector (X, Y, Z), the IGRF field is subtracted to get three components of a magnetic anomaly (dX,
dy, dz).

3D spaced 3 component magnetizations of the Aogashima volcano are analyzed by solving the linear
least square equation for the obtained magnetic anomaly vectors. We tried 4 layer block model which
consists of blocks with width of 500m, depth of 500m, and thickness of 250 m, 500 m, 750 m and 1000
m. The total number of the blocks is 2,492. The upper surface of Layer 1 approximates topographic
surface. 25,536 data of three components of magnetic anomalies were inputted, and 7,476 data of
three components of magnetization of 3D magnetized body were obtained by magnetization inversion
with least square method using a dumping factor.

The figure shows three components of magnetization of each layer. Thin contour lines show the
topography. The Aogashima Island is located at the center of each map. The shallower layers have
complicated magnetization distribution, especially in Layer 1. There are larger magnetization to
the north of the island as seen in Layers 1 and 2. The deeper layers such as Layers 3 and 4 have
smooth magnetization distribution comparing with Layers 1 and 2. Layers 3 and 4 show the following
characteristic distributions: relatively large positive north component of magnetization to the
north of the island, contours of east component of that elongated along the ridge, and small
downward component of that along the ridge in Layer 3 and under the island in Layer 4.

In conclusion, we have developed the versatile and useful equipment corresponding to a
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multiplatform that can survey the vector magnetic fields in the air, on the sea surface and in the
deep-sea. That enables us to calculate the 3 dimensional and 3 components magnetization. The HPMS
should make a contribution for more detailed and reliable magnetic geophysical surveys.
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Repeated aeromagnetic surveys at Kuchi-erabu-jima volcano by using unmanned helicopter
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Kuchi-erabu-jima island is an active volcanic island in Kyushu, and some volcanic events happened
in the last century. Very recently, a phreatic eruption occurred on Aug. 23rd 2014, and a
phreatomagmatic explosion followed it on May 29th 2015. At the latter eruption, a pyroclastic flow
attacked a village, and all the residents in the island have evacuated out of the island. The
eruptive activity never happens after a tiny Vulcanian eruption on 18th June 2015.

We conducted repeated aeromagnetic surveys in April and September 2015 by using unmanned
helicopter. The altitude of the flight was kept to about 100 m above the ground and geomagnetic
total intensity data at an almost whole area above the volcanoes were obtained. A total measurement
length of flight was about 6@ km.

The first survey in April 2015 revealed that the average magnetization is so small as about 1.8
A/m, which is typical value for andesite. Also the crater areas show very low magnetization, while
surrounding areas of the crater have relatively strong magnetization as much as 3 A/m. The second
survey in September detected small changes of the geomagnetic field. It reveals that the
demagnetization in the crater and the magnetization around the crater. It may indicate that the
magmatic products erupted out of the crater and showed the demagnetized features, while some ashes
and pyroclastic flow remain at the volcanic surface around the crater and got some magnetization.
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Tokachidake Volcano, central Hokkaido erupted in 1926, 1962 and 1988-1989 from the central part, in
the 20th century. In recent years, the volcano is getting active at the 62-2 crater and the Taisho
crater. A low altitude airborne magnetic survey was conducted in 2014 mainly over the active area
of the volcano by the Ministry of Land, Infrastructure, Transport and Tourism to manage land slide
risk in the volcano. We have re-analyzed the aeromagnetic data to delineate three-dimensional
magnetic structure of the volcano.

The survey was flown at an altitude of 60 m above ground by a helicopter with a Cesium
magnetometer in the towed-bird 30m below the helicopter. The low altitude survey enables us to
delineate the detailed magnetic structure. We calculated magnetic anomaly distribution on a smooth
surface assuming equivalent anomalies below the observation surface. Then the 3D magnetic imaging
method (Nakatsuka and Okuma, 2014) was applied to the magnetic anomalies to reveal the
three-dimensional magnetic structure. In this analysis, the magnetic structure with a thickness of
3,000 m was assumed as the initial model. As a result, magnetization highs were seen beneath the
Ground crater and other craters around the summit of Tokachidake (62-2 crater, Ground crater,
Nokogiridake crater, Suribachi crater and Kitamuki crater). This implies that magmatic activity
occurred in the past at these craters. These magma should have already solidified and acquired
strong magnetization. Relative magnetization lows were seen directly under the 62-2 crater and
beneath the Ansei crater. This implies that these areas are still hot since the magma activity
continues.

As described above, the distribution of magnetization can help us to better understand the
subsurface structure of Tokachidake Volcano. However, its intensity seems to be more or less low
overall compared to previous rock magnetic studies (i.e. Uesawa, 2008). This disagreement might be
improved by more appropriate assumptions especially about the thickness of the magnetic model. This
point should be further studied in detail.
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Studies have shown that Grounded Electrical-Source Airborne Transient ElectroMagnetics (GREATEM) is
a promising method for resistivity structures investigating in coastal areas, in addition to
inaccessible areas such as volcanoes, mountains and deep forest cover. To expand the application of
the GREATEM system, a three-dimensional (3-D) resistivity model that considers large lateral
resistivity variations is required. In this paper, we present a frequency- domain 3-D
electromagnetic (EM) inversion approach that can be applied to time domain data from GREATEM. In
the frequency-domain approach, TEM data were Fourier-transformed using a smooth-spectrum inversion
method, and the recovered frequency response was then inverted. To deal with a huge number of grids
and a wide range of frequencies in airborne datasets, a method for approximating sensitivities is
introduced for efficient 3-D inversion. Approximate sensitivities are derived by replacing adjoint
secondary electric fields with those computed in the previous iteration. These sensitivities can
reduce the computation time without significant loss of accuracy. Firstly, we verified both of our
forwarding and inversion solutions. We then applied this approach to the GREATEM survey data from
Kujukuri beach, central Japan. The inverted results of the field data are well fit with the
previous study results at Kujukuri area, suggesting the applicability of this inversion approach
for constructing 3D resistivity models from the GREATEM field survey data in the future.

Keywords: Airborne EM, , GREATEM, 3-D inversion, Frequency-domain inversion., 3-D forward modeling
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Relationship between Resistivity Distributions by Airborne Electromagnetic Method and
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Relationship between the average depth of a causative layer and the power spectrum of the
vertical gradient component of a gravity gradient tensor
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Gravitation exploration as an estimation procedure of a causative potision
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