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(Chief scientist)






Overhauser magnetometer had a common circuit ground for a practical reason. They
should be isolated in future experiments. Except for the FOG noises, it is evident that
the baseline of OBEM’s fluxgate magnetometer is quite stable within a few nonoteslas.
Other minor spike noises occasionally seen in the difference may be due to the absolute
total force miscounted by the Overhauser magnetometer. The baseline value of the
absolute total force was also compared with the predicted baseline by IGRF2000. It
was found that they differ as large as 900 nT. This difference can be explained by

local magnetic anomalies of crustal origin, as will be further discussed in section 3.3.
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Fig. 3.1.1 Comparison of the geomagnetic total force. Synthetic total force using
3-component fluxgate data, absolute total force measured by the Overhauser
magnetometer and difference inbetween from top to bottom, respectively. The
noises around 1*/SEP/°02 and 1*/DEC/’02 are those caused by FOG operation.

Figure 3.1.2 shows the 3-component geomagnetic variations at the seafloor in
the original measuring coordinates for over 380 days. The length and the quality of
the 3-component fluxgate data are quite satisfactory. A slight positive drift seen in
Z-component will disappear in the subsequent tilt correction. The only crucial
problem in the 3-component data is the step-like noises seen in both X- and

Y-component. Careful examination revealed that they were not actually ‘step noises’
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but the baselines of X- and Y-component drifted away for over several tens of hrs.  We
suspect that it is due to the decrease of the positive fluxgate excitation power.
However, it is unknown why it did not occur in Z-component. A rough estimate of
SFEMS’s orientation at the seafloor using these two nearly horizontal geomagnetic
components is approximately 239 degrees clockwise from the geomagnetic north.
Since the predicted westward declination by IGRF2000 is about 3 degrees, the estimate

of SFEMS’s orientation coincides well with that of FOG measurements as we shall see
later in this section.
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Fig. 3.1.2 3-compoent geomagnetic field at the seafloor for about 380 days. The
reason for the step-like noises seen both in X- and Y-component is unknown.

Figure 3.1.3 shows tilt and temperature variations at the seafloor. It is
obvious that X-component of tilt is noisier than Y-component, since the two tilts are
plotted by exactly the same scale of 0.02 deg/div. The noise levels are approximately
72 arc seconds and 36 arc seconds for X- and Y-tilt, respectively. Those high noise
levels will be significantly reduced by adding analog filters with a suitable time constant.
The step-like noise in temperature coincided with those observed in horizontal
geomagnetic components. This is the reason why we suspect the cause for those

step-like noises to be the insufficient power supply in the positive fluxgate excitation.
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It is probable that decreased electric currents at the time of the geomagnetic

measurements significantly lowered the ambient temperature within the OBEM

housing.
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Fig. 3.1.3 Two-component of tilts and temperature from top to bottom, respectively.

The step change of temperature seems coincided with those of horizontal

geomagnetic components.

Figure 3.1.4 summarizes the result of three FOG operations at the seafloor.
Each operation lasted 28 hrs to yield SFEMS’s orientation with respect to the true north
every minute. FOG were scheduled to start at 00:00 UTC on 1%/SEP/°02, 1*/DEC/’02

and 1°/MAR/03, respectively. The global average of the orientation is calculated as

234.1169495 degree. The average is based on a sum of 5040 independent samples.

Since the nominal accuracy of each sample is supposed to be 0.2 degree, the error of the

global average can be reduced by a factor of the square root of the number of samples, if

we assume the distribution of each sample’s population as Gaussian. It, therefore, is as

In addition, the value of the global average is quite

small as 10 arc seconds.
The

compatible with that of the geomagnetic estimate, as we mentioned earlier.
discrepancy is only 2 degrees, which will be made further smaller when the

geomagnetic data are pertinently corrected for tilts, temperature and so on.
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Fig. 3.1.4 Three FOG operations conducted for 28 hrs each on 1°/SEP/°02, 1*/DEC/’02
and 1*/MAR/’03 from top to bottom, respectively. The averaged orientation of
SFEMS at the seafloor is 234.1169495 deg with respect to the true north.
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Finally, we show the result of transmitter coil measurements (TCMs).
Triaxial transmitter coils were attached/aligned to FOG in order to detect the
misalignment between the FOG coordinate and the fluxgate magnetometer. For this
purpose, each TCM were specially designed to generate dipole field of selectable
magnitudes at the place of fluxgate sensors. TCM’s were scheduled to be done just
after each FOG operation for 20 min. In the first half of each TCM, the applied
magnetic moment was rotated within XY plane which in the second half, if was rotated
within XZ plane. The following 9 diagrams show three sets of TCM. 3-component
magnetic variations are plotted for each set. Amplitudes of the TCM’s were assigned

as 100, 50 and 75 nT, respectively.
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Fig. 3.1.5 Results of transmitter coil measurements. Triaxial transmitter coils
attached/aligned to FOG generate artificial magnetic field to be received by the
fluxgate magnetometer. This figure consists of three sets of the measurements for
each magnetic component. The measurements were scheduled on 2"/SEP/°02,
2"DEC/’02 and 2"Y/MAR/’03 for about 20 minutes each just after the FOG
operations. The applied magnetic dipole moments rotated in the same manner for
the three measurements. The only difference was the magnitude of the applied

magnetic dipole moments which were 100, 50 and 75 nT, respectively.

3.2 SFEMS Deployment

(1) Specification of SFEMS

We used the third generation of SFEMS. It measures three components
magnetic field variation by a fluxgate magnetometer, total geomagnetic intensity
variation by an Overhauser magnetometer, two horizontal component of electric field
variation, two components of instrument tilt, azimuth by a fibre optical gyroscope
(FOG), and temperature variation. The Overhauser magnetometer was placed at the
top of the SFEMS. Four glass spheres were attached to the titanium frame, in each of
which a) battery packs, b) a cluster of fluxgate magnetometer, voltmeter and tilt meter,
¢) FOG, and d) an interface firmware with flash memory were packed, respectively
(Plate 3.2.1). Four polypropylene pipes project from the frame and silver—silver
chloride electrodes were attached at the tip of each pipe. Five electrodes were selected

among a pool of 16 electrodes after aging over 3 days. Figure 3.2.2 shows the result of
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Plate 3.2.1
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Table 3.2.3

Site Name | SFEMSID |Setting Time (UTC)| Start Time (uTC) |SemPlingInt.|  Electric
(sec.) Dipole
WP-2 ST3 2003.07.13 07:17:3212003.07.19 14:58:00 60 4.78
Duration (points
2003.09.01 00:00:00 60 1440
Gyroscope Schedule 2003.12.01 00:00:00 60 1440
2004.03.01 00:00:00 60 1440
2003.06.01 00:00:00 60 1440
Table 3.2.4
Site NameSFEMS ITFlashing Ligh Radio Beacon |Acoustic Release System

Frequency| Code | Vender |Release Code

WP-2

ST3 mounted {43.528MHZ JS190 | Nichiyu 3-G
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Figure 3.2.5
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Plate 3.4.1
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Plate 3.4.2
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Figure 3.4.3
Table 3.4.4
OBEM TYPE FILEDS DYNAMIC RANGE LSB NOTE
Magnetic field diff. 0.1nT N, E positive
OBEM-MELT]| Electric field diff. 1 byte (8 bits) 0.3051758 puV N, E positive
Tilt diff. 1/600 degree [N down, E down positive
Magnetic field 10 pT N, E positive
Electric field ; 0.3051758 uV N, E positive
QBEMSS Tilt 2 bytes(16 bits) 0.00026 degree [N down, E down positive
Temperature 001deg. C Non negative
Table 3.4.5
Site Name | OBEMID | Setting Time (JST) | Start Time (J8), |PRphngine]  Electric
(sec.) Dipole

WP0301 TT6 2003.7.10 18:36:04 | 2003.7.20 00:00:00 60 5.285
WP0302 TT4 2003.7.11 15:44:01] 2003.7.20 00:00:00 60 523

Table3.4.6

Radio Beacon [Acoustic Release System

Frequency| Code | Vender |Release Code
WP0301| TO06 mounted ¥3.528MHZ JS1105| Nichiyu 3-D

WP0302 T04  mounted 43.528MHz JS1084 Benthos C(T’“Z”'OkH

Site NamgOBEM II¥lashing Ligh
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4.3 XBT data

Date July 14th, 2003 Probe Type TO5

Time 06:28:29 UTC Max.Depth 1830m
Latitude N41° 05.9251 No.of Data 5821
Longitude| E159° 56.9764’

Temperature (deg.C)
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Dry Laboratory (1)
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Standing-by ocean bottom instruments

Acoustic transponder The part of separating weight
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OBEM Deployment at WP03-01 OBEM Deployment at WP03-01(II)

OBEM Deployment at WP03- 01(111) OBEM Deployment at WP03-01(IV)
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OBEM Deployment at WP03-02

OBEM Deployment at WP03-02
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Standing-by SFEMS and Prof. Toh

Deployment of SFEMS
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Recovered SFEMS (right)

Surfacing SFEMS (below)
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Recovered SFEMS (II)

Recovered SFEMS (I11)
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