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Employment of shipboard three-component magnetometer
to understand basin evolutions in polar regions
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I. Title

Employment of Shipboard Three-Component Magnetometer to Understand

Basin Evolutions in Polar Regions

II. Research Objectives and Necessity

A) Research Objectives
O To develop a three component magnetic model of basin evolution

O To process and interpret the data from RV Araon in Hupo basin(East Sea)
and the Antarctic ocean using the vessel's permanent magnetization constant

obtained in the previous year's result.

O To study evolution of basin structure in the study region by literature

reviews and analysis of previous data.

B) Research Necessity

O Shipboard three component magnetometer (STCM) has advantages over
proton precession magnetometer in the ease of operation e.g. STCM does not
need to be towed at a distance or operated manually. Therefore, this
instrument records magnetic data continuously regardless of interruption of

vessels or floating ice for the whole cruise.

O Shipboard three component fluxgate magnetometer is able to measure
high-quality magnetic data, not about only total intensity but also the
magnetic field vector(N-S, E-W, vertical components) even in equatorial weak

geomagnetic anomalies.

O The shipboard three component fluxgate magnetometer now installed on
IBRV Araon not frequently used due to extreme complexities in correction
and analysis of instrumental noises and the vessel's permanent magnetic
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field.

Measurement, calculation and correction of the research vessel's per- manent
magnetic field and instrumental noise are necessary for data credibility and

to be used in field studies.

Major complications lie on the tectonic structure of Antarctica for the
complex relationship with other tectonic plates. Cande et al.(2000) employed
magnetic data from the northern Ross Sea and the southern Tasman sea to
study the relative movement between the East and West Antarctica.
Likewise, it is important to acquire and analysis magnetic data from basins

in arctic and antarctic region.

. Scope and Contents of the Research and Development

To process and produce data using the calculated vessel's permanent

magnetization constant

To develop and update magnetic data processing libraries(Fortran, Matlab) to

simplify the data processing procedure
To build a three-component magnetic model code

To analyze magnetic exploration-skill and information via visiting and

academic exchange with foreign research institutes.

To cultivate succeeding generation in polar research through pass on
know-hows of exploration and data processing to undergraduate and

graduate students.

Result of the Research and Development

The results of 2nd year (2015) can be summarized as below.

O

Because of the difficulties in data processing procedure from the nature
Shipboard Three-Component Magnetometer data, the data has not been used
after the instrument installation in 2011 on RV Araon. Also, the data
processing software is not open to public. Matlab library which had been
built in the previous year's study was updated to deal with long term

demands.
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ISDV and MBSD calculation codes was developed and tested.

Matlab library to calculate magnetic anomaly model which takes plate
extension speed and extension axis variation into account was built to cope

with the absence of three-component magnetic modeling software.

The data processing algorithm which was developed in the previous year's
study was improved. Three-component magnetic data were processed and

interpreted using the calculated vessel's permanent magnetization constant.

. Future Application and Plans

Three component vector magnetic data acquisition using STCM is a precise
method to measure magnetic field vector(N-S, E-W, vertical components)
even in a weak magnetic anomaly, i.e. equatorial region. This method can
obtain a wide variety of information such as fracture zone, fault zone,
abyssal hill and the direction of ridge spreading in a single leg. In
conjunction with multibeam bathymetry data, this kind of exploration
method may be able to contribute to the improvement of current state of
knowledge about tectonic setting between Antarctic and Pacific plates, which

might lead to the country's prestige enhancement.

Continuous maintenance of the instrument and the development of the
autonomous system will enable the usage of the high-efficiency measurement
system at relatively low cost. As a result, the total efficiency of research

vessel operation will be improved.

With continued efforts to develop a high-resolution magnetic sensing method,
this equipment and method might be used in various fields like underwater

resource exploration, archeological survey and military purposes.

We are intending to establish the fundamental of instrumental application

through the development of magnetic exploration method, as the necessity
of research and development of three component magnetic data acquisition
and processing is emerging in other developed countries.
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PSMM : Permanent Ship Magnetic Moment

PPM : Proton Precession Magnetometer

STCM : Ship Board Three-Component Magnatomaeter

Unit conversion
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Ship motion correction
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S B F Aok AT 2w AS wgelA &2v veE AS ¢ 7 Ao olg s A Ak
7] dxdAtS Lubx A7) ¢ =normal magnetic skewnessZFl 3t} o] mdlo] Al AL
oln] Mg FEA A AT STCMARZS RAARE HlwgFozn Ao Frx
o A= Adeolh

coldlo] S Fu BA AR Aol gnd A%

odlo] dlF2 A= d/fA ¥l (West Antarctic rift)oll <& 7o) dojd &
% slyolth (Cande and Stock, 2004). A 7MA] ZALE S| AR E X ol oJst@A Zol7}
350km Z& oF 28kmo. & ‘=3 WA (trans-Antarctic mountain ridge)9] A AkQ]
ulttell 9] x8] glrl. o] A% Cande et al.(2000a) 9 & A A7 gA A3} wt=
7 A= ke AQle® oF 44 Ma (chron. 20)0] =@ o] HPHrL 2
Mal(chron. 8)¢l &7o] WE ¥ #FA2=ge gFo=w AdE d37xo/H A= 13
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O ofgt2 sal NP7 5 T3 FEEALY AbEolH g5 B A g

O &A= b oy s A gholB g T

7F. AHAd 8 A8 A (Shipboard Three-Component Magnetometer) 2 2 o]zl o]
= oy 7HA v A& deole At vl HFeta =9 20119 ofzt
ol AAE 5 o g Mk o)X eFghE g Holy Ay ZEIado] QlH
Ul el FAE A gfol gtom AFU|FQl AWE B o #d gho]H e g
Tl dasiris AR =dele] dolH 27|, ZYHE, A, Bz, A
T, 1D AHEE 5 ZA folBygE Ay FF8 Fokrh

R

F 2 s g2 obels

U AdEES ¥ihete] FeldE 75T ol

A

1. 201569 % 71A] 7-5¢ MATLAB Z}o]H.2{¢
@ magfilter(mag, dx, upward, downward, amp, phase) : Shouten and Mccamy
(1972) 25 7= R earth filterdtr
mag - AHdolH ¥ld(A/m)
dx - dlolE Ale] o} A (km)
upward - upward continuation(km)
downward - downward continuation(km)
amp - amplitude 84 542 o7 (sinl/sinl,) (F-2FL43<)
phase - ¥ AW (skew)&I=E = W 2 &(deg)
@ data_crop(xyz,latl,lat2lonl,lon2) : 4= F3xE Wlo] 3 B AHuoly FE3
xyz — A%, 1%, AHdoly HlE (N x 3)

latl - YEHAIZ HAHE
lat2 - J8EFx HUAE
lonl - 4HHF HoAdE
lon2 - Y=Ex3ze HAAE

@ data_eraze(xyz,latl lat2lonl lon2) : 9= el #F3E U AHuoly AATSF
@ rot_r(roll) : 3x3 roll &ALt

® rot_p(pitch) : 3x3 pitch 338 &gt

® rot_y(yaw) : 3x3 yaw &AW 3 At

@ rotation(roll,pitch,yaw): 3x3 roll, pitch, yaw 3] &3
dataread.m @ raw data U] & HolHE ¢+ Y
© data_crop.m @ ¥HFZ W9 HelHE FEo= 9
data_recropm : JE 7 Ul wAT FE3= FY - SA”H AR FF AME
@ data_correction.m : SAH O 2 EHE uHAA @ SFERulE AAF

@ data_combinem : 8x¥lo] &) HA A% dHolHE FAAH At

o
e
ot
-
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@ mfield_cals.m : ZA|%E A5 o]g3le 86 Az E A A4
1 syn2d(m2d, h, lat, lon, yr, zobs, thick, slin, dx) : M. Tiveyel &&] wEo]x
FAEd oy 1-D 2dy g4
m2d - magprfEFEH WEo]A 1-d #FEd
h - m2de} 22 wjde] o] nd(km)
lat - S99 ¢ %=(ddd.ddd)
lon - $A9A9 7 %=(ddd.ddd)

zobs - dlFHoZREH FA4A Fo](km)
thick - m2d®=49e] 57 (km)
slin - m2d E¥¢] 27|53 (magnetic strike, deg)

dx - t©lol¥ Afele] A (km)
@ magprf(v,start,stop,dx,amp) : M. Tiveyel &) wEolx ZzEdHolg 1-D
magnetic profile ¥
v - 2A¢ SEEE(E9] 0 cm/Ma)
start - o] 4 X #<A%(Ma)
stop - o] AlFE A A A%E(Ma)
dx - dl°olEl Ato] o} A (km)
amp - AsHAE=(A/m)
16 igrfcals : julian day®t FHFgtol @A igrfgtel x, vy, z 18 1 total AEE 7
Abste s
@ stem_read.f90 : raw L& ¢l A= e G E uTolA nTE, ke @9 &
ddmm.mmmell A dd.dddd® el 2 vl A] dataread.me] 2ol 2A vl E 2=
2. 20156\ % 7HA 53 MATLAB ho] B2 g
1D anmdZrel(inputmatrix, output) : 7]<&el 5% STCM ZEE vlg 2.2 ISDV
ALt 2 despike, YREAQ] YA Aol A e A5 bandpass filteringe 3t
A o] ¥ T Z219
1D vec2d(magprf, start, stop, dx, amp, vear, latitude, slin, inc, thickness, depth)
magprf - magprims$ts=E WHEo 2 T2 9 input array (A/m)
start - spreading start (Ma)
stop - spreading end (Ma)
dx - sampling distance (km)
yvear — =AW E
latitude - A=
slin - 7 WA= HAA F3F9 B
inc - 57t

thickness - 3l ¥=]2te] F7
depth - seafloore] Zlo]
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