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We appreciate the questions, and also SEGJ who provides this
opportunity to explain our study conception. We hope this
discussion deepens mutual understanding.

Discussion – 1

The questioner pointed out, ‘Their figures 3 and 4 are correct
although the description of the horizontal axis of figure 4 could be
clearer. It is obvious that the relative error eT/TIA ( = (TIA�PTA)/
TIA) becomes infinitewhereTIA = 0.However, the situation is not
as severe as their assertion implies, because such a large error
occurs only in a quite limited region nearPTA = 0, but the result of
analyses of magnetic anomalies is commonlymore dependent on
the locations andvaluesof thehighand lowanomalypeaks,where
the approximation above is fully valid. To illustrate this, I show a
simple synthetic model.’

What we point first in this paper is that TIA cannot be used for
the physical analyses because it is not a vector but just a scalar.

Figure 4 in our paper showed the relationship between TIA and eT
for the 2D case. Considering the actual 3D case, it is almost
impossible to evaluate eT by the method of model analysis
because there are the infinite complex combinations of the
shape, direction, and intensity of magnetization.

Evaluation of eT can be done only using the observed TA
(three component anomalies). Figure F-1 shows the result of
evaluation of eT/PTA(TIA) using the observedTA at Aogashima
Island. It is clear that at the b around 1�, eT/PTA(TIA) reaches
more than 10% and sometimes more than 100%. eT/PTA(TIA)
directly connects to dM/M, the relative error for magnetizationM
as mentioned later.

Discussion – 2

The questioner showed Figure D-1, and he showed simple
dipole model analysis. In addition, his conclusion revealed that
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Fig. F-1. The actual result of relationship between b and relative error, eT/PTA. (At altitude 550m).
This figure shows the relationship between b and the relative error, eT/PTA, of the magnetic field in
actual data of Aogashima. For example, when b is around one degree, the relative error is from
0.5% to 100%. This figure shows that the data gather densely at 0.5� < b < 1.5� and as b increases
(|TA| increases), the relative error, eT/PTA, increases up to 10%.
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the peak value of eT is ~14 nT, although the same difference may
be caused by the position inaccuracy of 6m in horizontal.

He supposes the difference, eT = TIA�PTA, is small.Wemust
note that this example of model calculation is too simple to
simulate the actual situation of magnetization. One point
magnetic moment is very far from the representative of actual
complicated 3D structure. Figure 4 in our paper shows the
relationship between TIA and eT just for the 2D case. We can
easily guess the relationship with et and b is more complex in the
actual 3D case.

Evaluation of eT can be done only using the observed TA.

Discussion – 3
The questioner showed the inversion result in Table D-1
(see Table D-1 in Discussion paper, page 122). He showed the
error level of magnetic moment is 0.15% in magnitude and
0.34� in direction based on the assumption that PTA=TIA.

The relative error strongly influences to the magnetization
analysis error. The simple explanation is as follows;M is obtained
from TA or PTA using the physical formulae, TA= ct(r) �M, or
PTA= cp(r) �M where ct(r), cp(r) are the function of r, the
distance between M and the observation point and the shape
ofM. Under the assumption that PTA= TIA,M0 is obtained from
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Magnet iza t ion  
 
Mx   
Gray   4.0A/m :  
Black  2.0A/m 
My    1.0A/m 
Mz  
Gray 4.0A/m  
Black   2.0 A/m 
 
MF    
In ten sity  48,000 
nT 
Inclina t ion   
45 degrees 
Declina t ion   
0 degrees 
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Fig. F-2. Figure 5 (Isezaki and Matsuo, 2009) with revised legend as written – Figure 5: Inversion
results for three components of magnetization, using PTA, TIA and three-component anomalies, for a
simple block model. (a) Model; (b) Inversion result using PTA as the observed data, (c) Inversion result
usingTIA as theobserveddata; (d) Inversion result using three-component anomalies as theobserveddata.
Themagnetizationmodel was a flat plate made up of an aggregation by blocks. The thickness of the plate
was 2000m; the length andwidth of each blockwas 500m. The total number of prismatic blockswas 162
(18 north� 9 east), and as each block had three components of magnetization, then there were 486
unknowns.Magnetic anomaly data on planes 200, 350, 450, 500, and 550mabove the surface of the plate
were used. The total number of observed (calculated) data was 6,377. To calculate TIA and PTA, the
following parameters were assumed. (1)MF= 48,000 nT; (2) The declination was 0�; (3) The inclination
was 45�.
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TIA = cp(r) �M0. HoweverM0 „M because PTA„ TIA. Then the
relative error occurs as follows,

relative error ¼ ðTIA� PTAÞ=PTA ¼ cpðrÞ
� ðM0 �MÞ=cpðrÞ �M ¼ dM=M:

Figure F-1 shows that the relative error evaluated frommeasured
TA reaches more than 10%, sometimes more than 100% around
b= 1�.

In the text, the definition of relative error is eT/TIA, however,
the definition eT/PTA for the relative error gives almost the same
behaviour as eT/TIA for the much smaller b.

Discussion – 4

The questioner pointed out, ‘The validity of approximating
observed TIA anomalies with PTA anomalies is mentioned in
most textbooks (e.g., Blakely, 1995, p. 179; SEGJ, 1999, p. 483).
As this approximation is too common among exploration
geophysicists concerned with mobile magnetic surveys, the
description of the effect of approximation is usually omitted.’

Blakely (1995), Bhattacharyya (1964), Talwani (1965) and so
on assumed in their papers that |TF| >> |TA|, and TIA PTA,
although they did not know how large |TA| is. Namely they could
not show the quantitative value of |TA| or |TA|/|TF| for which
their assumption is valid. IfTA is almost perpendicular toMF (or
TF) (perpendicular effect), the relative error (TIA-PTA)/PTA
(TIA) = eT/PTA(TIA) is very large which affects significantly
the analysis results. Using the actual observed TA, Figure F-1
shows the relation between relative error and b which includes
the perpendicular effects and provides the direct evaluation of
the relative error for magnetization analysis as mentioned in the
previous discussion. What we point out in our paper is that the
assumption believed for long time so far that TIA PTA for
|TF| >> |TA| is not a good assumption because eT ( =TIA-PTA)
or eT/PTA(TIA) is the important parameter to evaluate analysis
error. To get eT,we needPTA, namely three componentmagnetic
anomalies.

Discussion – 5

The questioner pointed out ‘ the amplitudes of such fluctuation to
be much larger than 100 nT p-p, and that this is the noise level
(probably coming from attitude data) of their three-component
measurement in Aogashima. Such fluctuations could not be
reflected in the 3D inversion results (figures 9–11), and the
misfit in the inversion process (figure 8) remained over 200 nT
when expressed as a standard deviation, which is probably
consistent with the values 2.5�3.5 for the ‘goodness-of-fit ratio’.

We understand now that the cause for the fluctuation was the
instability of theRLG (RingLaserGyroscope) occurredwhen the
helicopter suffered the rapid change of yaw, roll and pitch angles.
We are preparing the next paper in which the fluctuations will be
corrected better.

Discussion – 6

The questioner pointed out ‘If the vector magnetic anomaly
observation can be performed practically only under the error
level more than 100 nT, and/or if the reproducibility by 3D
inversion analysis of vector magnetic anomaly is limited to the
misfit of 30%, the peak difference (14 nT in the example above)
between PTA and TIAwill be of little importance. In my opinion,
the development of the three-componentmagnetic survey system
is actually one of the most important subjects to get over, but the
high-resolution ability of total intensity measurements (owing to
the developments of proton precession and optical pumping

magnetometers) is still powerful paradigm even though the
TIA does not give harmonic component in a strict sense.’

As mentioned in the text, the accuracy of the magnetometer
sensor and positioningwere 0.1 nT and a fewmeters respectively.
Due to the instability of the RLG, the accuracy ofmeasurement as
awhole,was regarded as less than10nT.At present,weuseNGSS
positioning system with the accuracy less than a few cm, and we
now know the correction method for RLG instability, then the
measurement accuracy as a whole will be less than a few nT.

We want to note that the accuracy of attitude and positioning
of the magnetometer sensor is independent of the type of
magnetometer. Even the optical pumping magnetometers with
0.01 nT resolution must suffer the instability of RLG and the
positioning error, additionally eT.

We emphasise again that any TIA measured even by a high
accuratemagnetometer could notmake up the physical properties
of TA. TA is a vector while TIA is a scalar.

Discussion – 7

As the questioner pointed out, the legends in figure 5 were not
correct. We appreciate his indication. We would like to take
this opportunity to modify this legend of figure 5. Please see
Figure F-2, the revised figure 5.

Discussion – 8

The questioner saw a strange saw-tooth feature in the observed
data and calculated anomalies in figure 9. In this study, we
obtained different altitude data at the same coordinates,
therefore, the different values of the black and red points were
plotted at the same distance (northward distance) from the origin.

In other words, our analysis was carried out to fit theoretical
value to the observed data obtained at different altitudes. So, a
strange saw-tooth feature appeared in the Figure (figure 9).

Discussion – 9

Questioner pointed out ‘As is well known, the magnetic anomaly
distribution cannot give unique solution of its causative source
distribution.Then the analysis ofmagnetic anomalyhas todepend
on any restriction on the source distribution, and the strategic
concept to overcome the difficulty should be given.’

We of course agree with this point. Then we repeat again that
TIA is not suitable data for the physical analysis, because the
analysis error cased by TIA�PTA cannot be evaluated, when we
knowonly total intensitymagnetic anomalies,TIA. This is clearly
shown by Figure F-1.
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Appendix
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Fig. D-1. We suppose the model should be located at the red circle based on the question 2.
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