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The Study of Formation for Dokdo Seamounts at the Northeastern Part of the
Ulleung Basin Using Gravity and Magnetic Data

Chang Hwan Kim'*, Chan Hong Park!, Young Tak Ko!, Eui Young Jung',
Jun Young Kwak? Sang Hoon Yoo® and Kyung Duck Min®
!Korea Ocean Research and Development Institute

’Department of Earth System Sciences, Yonsei University
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Loading time and loading environment of the Dokdo seamounts were studied from flexure model and VGP(Virtual
Geomagnetic Pole) determined by gravity and magnetic data. In spite of their similarity in size, a large difference about
50 mGal between gravity anomaly peaks of Dokdo and the Isabu Tablemount suggests different compensation degrees.
Flexural modeling results show that the flexural rigidity(effective elastic thickness) of lithosphere for Dokdo is stron-
ger(thicker) than that for the Isabu Tablemount. Also, it implies that the age of lithosphere at the time of loading of the
Isabu Tablemount may be younger than that of Dokdo. Magnetic anomalies occur complicated over the Dokdo sea-
mounts. Paleomagnetism was studied from VGP estimated by the least square and the seminorm magnetization methods
with 1500 m upward continued magnetic anomalies. Age dating of Dokdo from previous study, flexural modeling, VGP,
and geomagnetic polarity time scale suggest that after the cease of spreading in the Ulleung Basin, the Isabu Tablemount
was formed first in normal polarity interval and followed by Dokdo. Also, they indicate that the first large eruption of
Dokdo was in normal polarity interval and the second large eruption in reversed polarity interval. The Simheungtaek
Tablemount was formed in normal polarity interval between the formations of the Isabu Tablemount and Dokdo. These
loading times for the Dokdo seamounts show a good coherence with the compressive stress period after the end of the
opening of the East Sea. The Dokdo seamounts probably was caused by volcanism associated with the compressive stress.

Key words : Dokdo seamounts, Flexure model, VGP(Virtual Geomagnetic Pole), Normal polarity, Reversed polarity
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Fig. 1. (a) Topography map of the study area, (b) topography profiles of Dok seamounts, (c) free-air anomaly map, (d) free-
air anomaly profiles, (¢) magnetic anomaly map and (f) magnetic anomaly profiles. See Fig. 1(a) for locations of profiles.
Contour intervals are 100 m in the topography map, 10 mGal in the free-air anomaly map and 50 nT in the magnetic
anomaly map. Solid contour lines are positive and dashed contour lines are negative in Fig. 1(e). The rectangle boxes
outlined by black thick dashed line in Fig. 1(a) represent magnetic modeling areas.
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Fig. 2. The rms residual(upper) and the correlation coefficient(lower) between the observed gravity anomalies and
calculated gravity anomalies from flexural model varying load density and elastic thickness. (a) Dokdo, (b) Simheungtack

Tablemount, (c) Isabu Tablemount.
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Fig. 3. Comparison between the observed and calculated gravity anomaly profiles of the Dokdo seamounts. (a) Dokdo, (b)
Simheungtaek Tablemount and (c) Isabu Tablemount. See locations of profiles in the upper right figure. Upper, middie, and
lower profiles are uncompensated, flexural compensated, and Airy compensated cases in flexure model, respectively.
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Fig. 5. T, versus age of seafloor at time of loading. Curves
are isotherms for the cooling plate model. Redrawn from
Harris and Chapman(1994), Kruse et al.(1997), Parson
and Sclater(1977).
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Fig. 6. Upward continued anomaly map of the study area
at a height of 1500 m above sea level. Contour intervals
are 20 nT. Solid contour lines are positive and dashed
contour lines are negative. The rectangle boxes outlined by
black thick dashed line represent magnetic modeling areas.
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o) Ap7lelgst 1500 m A& A7lelde sy
B FPAETE A7joldellx] Bdst dEr|diol &
£ F StkFg 1), Fg 6). ©] 1500m
A7V0) oM AEEs At o] AREE AR
& Aol @ ool A FHIE Hole
ol ATl FASY o Bubtela AFA
02 e Ap7]ol4e] EAolck(Nettleton, 1962).
SEE BEX EFoR Foli-AoPt-aol o] &
MR vEpd ol A7) FA7ady 5
ghtollX Hole BEQ Aol P wolit ¢
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A5 vehhs 5% ot g&e] Ao
ol A Ve Ao, adrg B A4 3
Hol E&2 oo Zo] ofg} RS Aldie} &
A7NF Alefell 22t g B&o] dofhs 7FeAdel
VLA Azt ol9f 7+ 1500 m AaFASEE A7)0
&g 7 HarteAsy 9 uhsashie 3 AL
gated 2t ExdtE9 VGP(Virtual Geomagnetic
Pole)g 3ttt VGP Alcke: $3le] sk 2 27
ol tHE &, A4 9 ojARREMto 2 U
o} gAiks AAIEITHFg. 1), Fg. 6). S=¢ 3¢

Fig. 7. Residual magnetic anomalies from the least square magnetization method(left) and the seminorm magnetization
method(right). (a) and (b) for Dokdo, (¢) and (d) for the Simheungtaek Tablemount, and (e) and (f) for the Isabu Tablemount.
Solid contour lines are positive and dashed contour lines are negative. Contour intervals are 20 nT in (a), (c), (d), (e) and ()

and 1 nT in (b).
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Fig. 8. Residual magnetic anomalies from the least square magnetization method(left) and the seminorm magnetization
method(right). (a) and (b) for Dokdo with the normal dipole magnetic anomaly, (c) and (d) for Dokdo with the reversed
dipole magnetic anomaly, and (e) and (f) for Dokdo with the normal dipole magnetic anomaly assuming non-magnetic top
body. Solid contour lines are positive and dashed contour lines are negative. Contour intervals are 20 nT.
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A7t ZoleeAlolt. Sager ¢ al 20058 ©)9f T
dele] 7Pgel o)gk FAH] Weg whEAshE Rt
= FHaAsAE dasigint. B dTelMe 7 7t
WHE 7o) ARgate] VGPE -afal Hlagste] 2
e Besid. HaAlsAsy Rdo] #FA|9
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3Pt Bl Histed e] Ak 1 sjadellA
© dhsEde] AP HaeAstyel Fol X
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Table 1. Magnetization parameters for the Dokdo seamounts.

5l -

":1(_0“::]1

SRR

i

r_{

Wel(Hilderbrand and Parker, 1987).

oje} o] AHAAEE o]g3 VGP Zdldy Axl=
Table 13} Fig. 91 veht ok Fig. 9@l =x
o] VGPE Fold-Aold-aolde AR Edahe A
7oPdREE AMgEle] A Aolt), HaAleAeh
9] VGP9} whsAtsbgel VGPE ¥ 9xoA vt
U dRal 2olg Beltk, Haxswel GFRgt 2.0
3 whiEwle) rms 2edx] 04nTe VGPrH Aasil=
AL YeshAT Ui %o 9wet £ VGPe £ 3}
ol Exajatel B Ao ER sle] AEH
VGP7F Al o2 AzZbEr). Sx9] Mol
TR 3 VGPe @8 Asdwst 7d g
F9) FZ7)7} & AolE HolA| ke QoM 7
A o] B FEo| Zw ubsAspEd] o3
VGPE 2242 Yt} T3 GFRo] 2isiels

L o, o

ol

Location(®) VGP(°) Uniform Non- rms

Inc(®) Dec(®) . . .

Intensity  uniform GFR residual

Long(®) ~ LaN)  Long()  LaN)  (+Down)  (*East) (A/m)  intensity (nT)

D(‘iksd)o 131.87 3724 240.8 35.0 152 515 23 - 2.0 .

Dokdo 15,7 3704 2me 423 40 538 25 18 ) 04
(Semi)
ST

Gs) 13204 3715 256.2 72.5 445 16.1 2.6 - 3.5 -

ST 13204 3715 2501 67.05 42 22 2.7 04 ; 30.9
(Semi)
IT

Ly 13234 3709 2643 472 9.3 30.5 0.6 - 1.9 -

IT 13234 3709 259.7 432 6.9 355 0.5 0.2 y 9.2
(Semi)
Dokdo

(NDA) 13187 3724 282.1 56.7 143 16.0 33 - 23 .
(LS)
Dokdo

(NDA)  131.87 3724 262.9 58.8 27.0 238 33 13 y 28.1
(Semi)
Dokdo

(NMT) 13187 3724 269.9 612 26.8 19.4 35 - 23 y
LS)
Dokdo

(NMT) (31.87 3724 2573 63.9 35.8 224 31 14 . 39.5
(Semi)
Dokdo

(RDA) 131.87  37.24 2056  -12.2 10.4 109.6 32 - 2.1 .
(LS)
Dokdo

(RDA) 13187 3724 207.1 4.6 17.3 102.7 3.0 09 y 25.4
(Semi)

ST=Simheungtaek Tablemount, IT=Isabu Tablemount, LS=least square magnetization method, Semi=seminorm magnetization
method, NDA=normal dipole magnetic anomaly, NMT=non-magnetic top(500 m) with normal dipole magnetic anomaly,
RDA=reversed dipole magnetic anomaly, GFR=Goodness of fit.
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042

Fig. 9. Virtual geomagntic poles estimated in this study on Lambert azimuthal projection. Solid black circle is the magnetic
pole at the present time(McElhinny, 1973). Solid square boxes are virtual geomagntic poles from the least square
magnetization method. Ellipses are the 95% confidence regions from the seminorm magnetization method. (a) Black solid
square box and ellipse for Dokdo, green solid square box and ellipse for the Simheungtack Tablemount(ST), and red solid
square box and ellipse for the Isabu Tablemount(IT). (b) Green and red are same in Fig. 9(a). Blue solid square box and
ellipse for the normal dipole magnetic anomaly of Dokdo(NDA). Black solid square box and ellipse for the normal dipole
magnetic anomaly of Dokdo assuming non-magnetic top body(NMT). Purple ellipse for the reversed dipole magnetic
anomaly of Dokdo(RDA). (¢) Purple solid square box and ellipse for the reversed dipolemagnetic anomaly of Dokdo on the
southern hemisphere. The parameters are listed in table 1.

AR 7o) EElthH VGP7E 2R AN & 75.5°N, 101°Well ZsHMcElhinny, 1973). GFRZ:
9t} (Blakely and Christiansen, 1978). AZelsjate] & 3592 mms FIXE 30.9nTe|n, ©o] AZEZE
ALE HaAsAEEe VGP7L vhisAlEbge] VGP VGP7E 2 vldEoiei e HoEt)h, o) AREs|Ate
el AE7hol 2= @A) 2715 (magnetic pole) Aol dR e Bret ATHsile] v g &2
oA YA echFg. 9@). BA B Ar[FS #Zog vepyton st JA YA VGPY
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Arx YrhFg 1), Fig. 6, Fg 9, Table 1).
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A7) A7AH A71EAA = F71 Gauss A
oA A7) Matuyama H2F71511 2.0-2.92 MaZ A
TFEQCHKIm et al.,, 2006). 2 5 AAZIFAUE Y
Elle A E7E BE FES 2Rgke 2oz dt
HIArk, o] ZAAY] A7 B Fx G dAvSE
A Axe 94 B B FEAN A P8 7t
$4¢ 323 sk

Esolrol B L& A 3 7)(Tertiary) Ha
A27FE] = oF 85°-88° |t} (Bretstein, 1988;
Lee et al, 1997, Zheng et al, 1991). 94 A& ¢
T IAR7] AolA Axp71ke] FGddsial el gt
Zo0] oF 10vhdo)A] oF 1009Hd o]ie] 7]7ke] A=A
Ao AANEE Ade MNEES AFHsIH 3 VGP
So WaF 9NE 2 B AT HAET fAke
W o] HAFE IA A= (paleomagnetic pole)o)Etal
S (Bulter, 1992). Fig. 10& A 5 wivkd F<ke]

2719 dslel] 28k @ VGPY] 9= W3 E Ho
Fm 2 WHEge oF 10°-20° A xo|tkMerrill and
McElhinny, 1983). &%} Butler(1992)= 5-45Ma A}
o] 7|7koll= skgo] ojwrtt ©f Avky Fagth
oo ulz} & AolA 3 EEILES] VGPEL
S 7] I FE S5 A% H
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VGP angular dispersion (°)
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Fig. 10. Global compilation of paleosecular variation
during past 5 m.y. Each data point gives the angular
dispersion of VGPs averaged over a band of latitude
centered on the data point; the error bars are the 95%
confidence limits; the smooth curve is a fit of the
observations to a model of paleosecular variation.
Redrawn from Merrill and McElhinny(1983).
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Fig. 11. Geomagnetic polarity time scale from 0 to 38
Ma(Cande and Kent, 1995). Geologic time divisions are
shown at the left of the polarity column; magnetic numbers
(polarity chron numbers) are shown in italics at the left of the
polarity column; age(in Ma) is shown by the scale to the
right of the polarity column. Redrawn from Cande and
Kent(1995). Possible time ranges of loading for the Dokdo
seamounts are shown at the right of the polarity column.
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