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Hlwatich 1 A3t uPgSA7 o] ZekA BEHE 0~ AD 10093} AD 1,400~ AD 1,650d¢] t-KPSV 3
Aef getmrt vlna W2 Ao AH 3, Forof Aol A WA AMT @42 B oS A3t
S0t 5L ANISte] RIS ot ot A1 9] AMI= f3 A ollA T A]7] 2 oF 100 ~200 7
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Jong-Hyun Park and Yong-Hee Park, 2014, A study of geomagnetic directional change in East Asia during the
past 3000 years. Journal of the Geological Society of Korea. v. 50, no. 2, p. 241-256

ABSTRACT: Regional high-resolution paleosecular variation (PSV) curve can be useful as a dating tool for
archeological artefacts and it can provide important information about global geomagnetic field behaviors
including non-dipole field distribution and archeomagnetic jerk (AMJ). The existing global magnetic field
prediction models (ARCH, CALS and SED series) with ability to predict continuous ancient geomagnetic field’s
change are constrained mainly by PSV data in Europe and have been used in various geophysical studies. The
tentative-Korean PSV (t-KPSV) curve was compared with both the archeomagnetic data obtained from the Korean
peninsula and the predicted curves by the available global models. In addition, we analysed the non-dipole field
distribution and AMJ in East Asia (Korea, Southwest Japan and eastern China) based on the predicted results of
global model. The archeomagnetic data used in this study passed the following reliability criteria: (1) confidence
limit of archeomagnetic direction (ay;) < 7°; (2) number of samples (N) > 6; (3) uncertainty in age estimation
< 250 years. We compared RMS deviation values between the various results of global models and archeomagnetic
data in East Asia to select the most appropriate model that are comparable with the t-KPSV curve. The non-dipole
field distribution in East Asia derived from the global model shows that the periods of relatively low accuracy
in t-KPSV correspond to those of strong non-dipole field, especially in the periods of 0~ AD 100 and AD 1,400 ~AD
1,650. The AMJ phenomena in East Asia are confirmed by the minima of velocity and the maxima of curvature
calculated from the global model. There are discrepancies in time between the East Asia and Europe by 100 ~200
years, indicating the AMJ phenomena might occur at different times regionally.

Key words: secular variation, non-dipole field, archeomagnetic jerk
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et =320l A+= Thellier (1938)0] 23 #3117
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2011).
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Table 1. Archeomagnetic results in Korea.

Location Age (yr) d (yr) N D (®) 1(°) k a5 (°)
Cheongju 2* =745 80 11 341.7 49.7 2259 2.9
Boryung -500 100 48 356.1 53.0 193.8 1.5
Yongin 1 -100 100 8 1.7 553 136.5 4.8
Daejeon 1 100 100 25 6.7 57.1 69.7 35
Cheongju 3 100 100 62 8.7 54.6 85.5 2.0
Seoul* 150 100 53 1.2 49.7 81.1 2.2
Daejeon 2 200 100 36 13.9 553 191.0 1.7
Cheongwon 200 100 45 15.5 543 137.9 1.8
Cheonan 1 200 100 27 16.7 55.6 77.8 3.2
Yongin 2 300 100 42 17.0 46.3 85.9 2.4
Cheonana 2 300 100 13 16.7 47.6 111.5 3.9
Osan 350 100 49 7.0 43.7 189.6 1.5
Cheongju 4* 395 75 19 357.7 48.5 146.8 2.8
Cheonan 3 400 100 34 355.7 52.8 324.0 1.4
Hwaseong 1* 420 80 6 357.8 51.6 163.2 53
Hwaseong 2 450 100 101 352.5 48.5 131.1 1.2
Jinhea 1 500 200 20 351.0 56.2 157.7 2.8
Changwon 1* 560 70 13 3.5 54.1 121.5 4.0
Cheongju 5 1050 50 26 8.2 50.6 76.2 33
Hwasoon 1 1400 20 76 352.1 52.5 99.9 1.6
Hwasoon 2 1400 20 16 352.5 48.5 70.0 4.4
Boeun 1* 1475 25 23 0.1 433 311.3 1.7
Boeun 2* 1475 25 23 0.4 41.0 65.2 3.8
Jinhea 2 1600 200 25 52 49.7 175.0 1.9
Jinhea 4 1600 200 22 9.3 442 135.0 2.0
Jinhea 5 1600 200 17 4.8 48.4 215.6 2.0
Jinhea 6 1600 200 8 52 46.1 230.7 29
Jinhea 7 1600 200 20 1.3 49.1 131.7 24
Jinhea 8 1600 200 16 6.0 49.1 197.3 2.2
Yeongdong 1 1670 25 8 4.7 429 95.1 5.7
Jinhea 3 1680 50 26 6.1 494 143.6 2.0
Yeongdong 2 1700 25 13 9.1 449 251.6 2.6
Yangsan 1 1700 50 20 6.1 43.5 143.5 4.0
Yangsan 2 1700 50 17 359.2 41.5 267.4 2.5
Yeongdong 3 1730 25 21 32 49.6 103.2 3.1
Cheongju 6* 1790 40 13 355.7 54.9 273.2 2.5

Positive (negative) values in age represent AD (BC); d (yr) is the uncertainty in age estimation; N: number of samples
used in mean calculation; D (°): mean declination; I (°): mean inclination; k: precision parameter; aos(°): 95% con-
fidence angles; asterisks (*) represent *C dates.



244 HIZ3

o mEe A¥s) KPSV Z4a ulmio M
A 72 ANt OB, FH o= mae o
ATE v e g Fobiof X Ho A9 BlAE=A7]
o] Wstel 1 1R 2}7] FH(Archeomagnetic Jerk,
AM]) T8 AA7] Mgt EA S-S BA8

2. A7 HiY

21 ® X7 K& 05 =g

A 2719 24 AR e Wake 25
9l8t] CALS, ARCH, SED 5-¢] melEo| 7w
ik o] BUEL ofe] Ualold Y57 e 11
WA \81E Azt HaRe] 7128 wAAy] PR
52 718 AR o] §3te] ATl gItk(Korte ef
al., 2009). WA Korte and Constable (2003)¢]] 23
&0 2 AAE CALS (Continuous model from
Archeomagnetic and Lake Sediment data) 2@
CALS3K.1 (Korte and Constable, 2003)2} CALS7K.2
(Korte and Constable, 2005), &+ $72 WH™ Z+
Z+ 347 3,000 7} 7,000 F2k2] R F2}7] 3 ol o
shef et melojch. mel 740] o] $H ARE
& DA AR 55 HHBA BS3t
DAA7| AR7F BE EZ3TE| o] §lof TheFeh Aol
A o] 8= itk ARCH 2El2 CALS 2dlil=
2| LAY AmkE o] 87 2dolt). np
eh DA A=k FRE B Ao
dste] olxe el Aol AL e BL A
% 2 Prlgth(Pavon-Carrasco et al., 2011). SED
29 HAgd 7158 7] A4RTE ol ge
of FEEUT. HHEol 715 HA ARAS=
spktolu TnsHy §2o) 712E AzAs
o 23 77F S 5N AHYFEY] Tl
At Foz AL ZAJo &2} 22}(inclination er-
ror)E ZE ¢ le s 27 o] A Al HojlA| Al
=7t F53 ol ot wEbA EE Arte
0§ SED RS ¥|H WE JUES Mol
AL 2 Y7Lt Donadini ef al., 2009). ¥ H7-of|
Ae Al 572 2d F A 3,00097 A#47] &=
o 9o 71 & =2l ARCH3K.1 (Korte et al.,
2009) =elv} CALS3K 4 (Korte and Constable, 2011)
wUS 7o) o §3}3ch CALSIK 4 RElo] B¢
CALS3K.3 =d& 7|dgte 2 3o 2715 =& =}

1z
0f0
lon

RE olgd wE 7MY HT =doltt. Iy
CALS3K 4 2 dllof| &J5t of| & A= 418 77t A=
7} Z 3| R] ¢kot o] mElQl CALS3K.39] 23t 4
2 A Al HAE FUHE s ATl o835kl
=3

22 DDXRIEE KH2O| 43

ol obxlote] KA R)o) e Ao
2 229 47} ol Hol, AR Fhke e wa)
249) sl 7V 254 BAR gt 9
o} A2 Yu et al. (2010)2 1 F9k FUoi|A] el
DA ARE F w0k B A3k o)
2 F5%0) Ar) A 24 Ye] st Aabt 9%
She AEE O AREUE £l HAgo
W FES Zake Soblol AUAE AMIZE
SIS e vk ok ol AFeIAE Yu
et al. (2010) AIRES E351e], I T2 EE| AA|7t
A S5 1A AT ATE F DI B

= gEel Age} 2 Axlehe AFE 22 A3t
Suke 27140 2 SASlTHE 1; 13 1b). Yo
TRAR|S A Seluehrc) o o] Al7R
o] AR o m B SkEo) B} Slo] SRt
oL} $8\e] b} W olgo] HERY 9L 11
A7) ek Aol ik ARt vl m A SR st
(Nagata et al., 1963; Sasajima and Maenaka, 1966;
Kinoshita, 1970; Hirooka, 1971, 1979, 1980, 1981,
1983; Hirooka and Aoki, 1981; Yoshihara et al.,
200). webA] QI prAlRe] 2)2}7] et 2
(Hirooka, 1971)9] AlF == - &2 7102 H7}
Hot =3 S of| A= Wei et al. (1981, 1983, 1984),
Batt ef al. (1998), Shaw et al. (1999) 52| XA}
7] AF7F ST o AT S A
3 F2o AmE w2 A3Ps o AT
(Scripps institution of oceanography)ollA] X|¥sk=
A A 2AZ7] dlo|EfHo] Ahttp:/ /www.earthref.
org) 2RE FAA o YrE A E £ AT
o2 AT Y 24 19 AuAA7|EH
ATE FollA 5% A% T ay)0] 7°0]5},
ol- &% AHE A2 =(N)7}F 67 o], 74 Adh
o A1) 2|71 2509 o]5iel A=ERtE 2 ] 0§
=9I} 7+ b A2 S il e] $2(Chungjy,




24 30002 SORA[oFe| R AP | et Hst i 245

128°E, 37°N), Mg Y] W E(Kyoto, 135°E, 35°N)
2} 59 F¥(Luoyang, 112°E, 34°N)9] §J-F=
£ ol&st 4z 7|1 oM 9 PR ERE M
sto] ARt o (T2 1a; # 2, 3), & Aol ARE
H 2aA2) B AR o= F 112713
367K, Y 537), == 237)o]c}. SHH, w4
AT AIAR7) Biks AR Y obgo] 9 Zhmt
B oA 853 3277 &) Wgke] thgt A=
Tk g E o197 wzol thE Ut 34 A Eol
U AX27] A7]of gt A= o] 88 9%k

t}.
3. A1} 9 E9]

3.1 SOMAIOF X0l Cht ® X7 XX| 015
29 954

A A ol et el Se 1A%
At A7 ATHEE A ATH A7) A% 2d
& FABHE 718 A2 o451 glon], 53] A

(a)

Beijing
*
a
Luoyang uﬁgj —
*
o
China Japan

$9 EHE 99 T8N DA Zat
So 220 0] 2 8]3-S 2343 $IeHDonadini
et al,, 2009). B FASH= ARl oo} A
AolA) el IR |eke Aot B4 HAR
oM Qe AIEE YR TR gloit, ofukA
£ iR AR FRo e Ankso] mel
srdslo} gick. whebd B9 T4 ol 88 ARE
& A7AY] BE Aol F53A BESIH 9]
uho] §)- Aol wet mao] ofs) o2 H Zto)
=L Al =7 ke Urehd 4= gk, w3 =
Wol o] §H= A2 0] FHE 247} ThA FAE o]
gle] Sobalel o] et thaket 4 2
WEo| fEAS B Bast gIck wey wut
£, AR, 304 A5 nuAIs Ams
< olgate] At 300047 A ATH A2 o=
mElol ARCH3K.13}+ CALS3K.3, CALS3K 4 =4
of ell% At} vl wstsch

79 2= FHEE o)A melo] o] A=) W
ot o= ZHO R ALt 3,009 Fok Bk} Hzpel

(b)

I
38'N S A\
’Seoul \
.Yonginﬁ‘ g N
. ® Osan N
37°N | N Z
Che ngnChc.ongj_yj" N
" ® Chetmow
‘ Dagjeon- Cheqngwon
Bojyeon ® > @®Bocun
G oL
o e ®Yeongdong
son|f N
‘ ) Yangsanm
-~ Changwon
‘ & '.h -
o inha
35°N | QG\L.QI%S‘*

126°E  127°E 128°E  129°E

Fig. 1. (a) Location map of reference regions (%) in East Asia and (b) archeological sites at which previous data
of Yu et al. (2010) (@) and new data in this study () were obtained.
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Table 2. Archeomagnetic results in Japan.

Lat.

Long.

N) C°E) Age (yr) d (yr) N D (%) 1(°) ag; (°) Reference
36.32 136.37 580 20 337.5 56.6 1.5 a
36.32 136.37 580 20 337.8 61.8 1.6 a
35.75 139.42 590 95 357.5 40.9 52 d
36.70 137.07 725 25 13 350.7 54.4 1.5 c
36.70 137.07 725 25 13 350.0 53.0 2.5 c
36.62 136.85 725 25 11 344.5 52.7 1.0 b
34.90 136.53 775 25 11 349.5 52.1 1.9 c
34.90 136.53 775 25 9 349.8 50.9 2.0 c
34.90 136.53 775 25 9 3475 53.0 22 c
36.58 138.87 775 25 13 343.6 55.9 32 c
37.40 138.77 790 20 16 337.7 56.2 2.4 c
35.05 135.73 790 10 23 346.5 49.6 1.4 a
35.05 135.73 790 10 349.5 48.4 22 a
34.69 139.44 838 0 3472 50.9 3.0 d
35.37 137.08 850 50 15 347 50.9 1.7 c
35.37 137.08 850 50 18 346.8 56.6 2.0 c
35.48 138.70 864 0 7 3479 46.7 5.0 d
35.37 137.08 990 10 13 345.4 50.8 1.8 c
35.37 137.08 1010 10 11 350.4 46.6 4.8 c
35.12 137.10 1025 25 9 340.8 48.8 12 a
35.37 137.08 1030 10 19 349.0 51.5 1.9 c
35.37 137.08 1050 10 15 349.5 50.7 0.9 c
35.12 137.12 1062.5 12.5 10 345.9 523 3.1 c
35.07 137.07 1075 25 14 342.5 65.5 32 c
34.69 139.40 1085 30 8 356.0 333 55 d
35.37 137.08 1150 25 11 35 64.9 1.3 c
35.15 136.98 1162.5 12.5 12 357.0 55.9 3.9 a
35.93 136.72 1175 25 20 357.5 57.9 1.6 a
35.93 136.72 1175 25 19 7.0 58.8 1.6 a
35.93 136.72 1175 25 14 3.6 60.3 1.9 a
35.93 136.72 1175 25 12 359.6 57.7 2.6 a
35.37 137.08 1187.5 12.5 12 0.0 54.6 0.9 c
35.37 137.08 1187.5 12.5 11 358.8 61.2 12 c
35.37 137.08 1187.5 12.5 13 25 58.4 4.0 c
35.37 137.08 1300 20 12 22 56.7 3.6 c
35.37 137.08 1330 30 14 6.7 58.4 1.0 c
34.75 139.35 1330 10 8 3.7 50.5 43 d
37.43 137.22 1350 50 40 6.8 56.0 2.0 a
34.69 139.41 1435 15 15 12.0 42.8 3.3 d
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Table 2. continued.
bt homg e dm N D) 1) ay(9)  Reference
CN) CE)
35.30 137.15 1525 25 19 6.2 429 1.4 a
35.35 137.17 1530 0 16 6.2 43.5 1.9 a
36.20 136.42 1635 35 19 7.7 47.7 3.0 a
33.18 128.87 1650 50 17 0.6 42.6 2.1 a
33.18 128.87 1650 50 16 356.7 43.8 23 a
34.74 139.43 1684 0 7 4.4 40.0 4.0 d
34.63 133.32 1670 10 23 6.6 35.6 2.1 a
34.63 133.32 1700 10 13 3594 40.2 3.1 a
36.20 136.42 1700 25 10 53 41.1 3.9 a
34.73 139.41 1777 0 15 43 41.0 4.1 d
36.20 136.42 1830 10 11 358.2 459 23 a
36.40 136.48 1830 10 20 4.0 46.4 2.7 a
33.18 129.90 1860 20 36 355.9 48.0 1.7 a
34.73 139.38 1950 0 8 350.0 48.1 23 d

Abbreviations are same as table 1. Reference: (a) Hirooka (1979), (b) Hirooka and Aoki (1981), (c) Hirooka (1983),
(d) Yoshihara et al. (2003).

Declination ( *)

Inclination ( °)

30 —

-1000

1000

Age (year)

Declination ( )

Inclination ( *)

2000

30 —

Age (year)

-1000

Age (year)
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[
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Fig. 2. Comparison between archeomagnetic results (circles) and prediction curves from ARCH3K.1 (left),
CALS3K.3 (solid line, right) and CALS3K.4 (dash line, right) during the last 3,000 years in Korea.
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Table 3. Archeomagnetic results in China.
(L;t) L(SE% Age (yr) dyn  DE 1) s (©) Reference
342 117.2 -899 128 3394 61.4 2.0 b
35.1 109.0 -620 150 2.8 55.6 0.8 c
30.4 113.7 -350 130 3355 51.3 5.5 b
34.3 109.3 -206 10 343.9 322 24 c
34.7 107.8 91 115 2.3 32.9 2.2 b
34.7 112.7 91 115 0.9 32.7 22 a
34.7 113.6 7 213 11.1 40.4 3.7 a
34.8 112.2 7 213 11.4 40.6 3.7 b
34.7 112.4 123 98 2.6 43.7 1.8 b
34.7 109.1 260 40 6.5 49.4 1.8 b
34.7 119.1 460 74 336.5 55.8 1.3 b
34.7 107.8 763 145 348.4 60.1 2.3 b
35.1 109.0 790 170 347.4 56.1 2.1 c
35.1 109.0 900 50 346.2 49.3 3.0 c
35.1 109.0 1000 50 345.6 47.0 4.5 c
34.2 112.4 1044 84 347.6 57.2 2.1 b
35.1 109.0 1100 50 355.0 48.1 5.4 c
35.1 109.0 1170 60 355.7 55.2 3.1 c
35.1 117.2 1175 60 355.6 38.8 1.8 b
29.3 109.0 1203 76 2.6 51.6 1.9 b
35.1 109.0 1300 50 3.7 50.5 3.7 c
28.1 109.2 1320 49 43 52.4 1.4 b
29.3 113.5 1506 138 357.2 429 2.0 b

Abbreviations are same as table 1. Reference: (a) Wei et al. (1981), (b) Wei et al. (1984), (c) Batt et al. (1998).

HIE A= "ot g4 Yepf ot v tiAkel
2d o) A9 A9, HZR ARCH3K.1 Zdo]
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Mean Square Deviation, RMSD) 7} o]-831 5t
Z} =7hd Wzt 82k RMSD ghs & 4] EA|8t
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O AR AmEE AR| A5 2d v w gt
ATE 19 37 19 40 22 YER St St
o] A9.9} Zro] ARCH3K.1 20| CALS3K.x =&
of vlg H|wA F2 LA E UehlH o 2
=S 2= Ao 2 B9k CALS3K.x 24 Alo]
o] Ao M= Hzta} Bz mE CALS3K A BE 9]

SUNUE PN EPAAES

sr3t st 017 249
o= Ay} vlwzd e ghe Btk AR

Ao} vl s BYS w, QR B AHo] Sk
Aol o] Aet melo] ofgt o TAlw
ARt m) (T 3) Al et % 71 2 RMSD
ke BATHE 4). ol Al Uzt 5 due) Aw 4
7} 7P EReie) Lelimel TRAR|E A'
So| melo] 2 whojEl AT werd v, B
£ Qo] ujs) YHsHe A=) 47t Hon|, 54
219} |23 Aole] WAL BAA H$ 2

Table 4. RMS (root mean square) deviation values between archeomagnetic data and global geomagnetic prediction

models.
ARCH3K.1 CALS3K.3 CALS3K .4

Korea Declination (°) 7.63 8.45 10.27
Inclination (°) 4.60 5.05 4.20

Jaan Declination (°) 3.52 3.66 3.87

P Inclination (°) 3.59 3.77 3.80

. Declination (°) 8.71 9.17 8.81
China Inclination (°) 5.36 9.49 7.60

Declination ( )

1000
Age (year)

Inclination ( °)

T T T T T
-1000 0 1000
Age (year)

2000

Inclination ( )

Declination ( ©)

-1000 0

-1000 0
Age (year)

1000 2000

Fig. 3. Comparison between archeomagnetic results (triangles) and prediction curves from ARCH3K.1 (left),
CALS3K.3 (solid line, right) and CALS3K.4 (dash line, right) during the last 3,000 years in Japan.
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Fig. 4. Comparison between archeomagnetic results (squares) and prediction curves from ARCH3K.1 (left),
CALS3K.3 (solid line, right) and CALS3K.4 (dash line, right) during the last 3,000 years in China.
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Table 5. Periods of strong non-dipole field. (yr)
Chungju BC 73555 BC210+290 AD 660+50 AD 980+100 AD 1525135  AD 1905£95
Kyoto BC 74555 BC240+280 AD 655+35 AD 975125 AD 1535145  AD 1910+90
Beijing  BC 72565 BC 55+415 AD 665+85  AD950+£90  AD 1520+150  AD 1900£100
Louyang BC 730+60 BC 65+395  AD 660+70  AD 975465 AD 1475455  AD 1895+105

Chungju (Korea)
- = -Kyoto (Japan)
Luoyang (China)
- — -Beijing (China)

AA (°)

T T T T T T T
-1000 -500 0 500 1000 1500 2000

Age (year)
Fig. 5. The variation of non-dipole field inferred from
the directional difference (AA) between total geo-
magnetic field and dipole field in Korea (black solid
line), Japan (black dash line), Luoyang (grey solid line)
and Beijing (grey dash line) during the last 3,000 years.

—— Chungju (Korea)
- - - -Kyoto (Japan)

Luoyang (China)
- -Beijing (China)

Non-dipole field (%)

T T T T s 1
-1000 -500 0 500 1000 1500 2000

Age (year)

Fig. 6. The variation of non-dipole field intensity in-
ferred from the rate between total geomagnetic field in-
tensity and dipole field intensity in Korea (black solid
line), Japan (black dash line), Luoyang (grey solid line)
and Beijing (grey dash line) during the last 3,000 years.
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Fig. 7. Comparison among the prediction curve from
ARCH3K.1 (grey line), t-KPSV curve (black line) and
archeomagnetic data (black circles) in Korea: (a) decli-
nation, (b) inclination.
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Fig. 8. The directional difference (A A) between the

prediction curve of ARCH3K.1 and t-KPSV curve.
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Fig. 9. Changes in velocity and curvature of the prediction
curve from ARCH3K.1 model in Korea (a), Japan (b)
and China (c). The threshold of Archeomagnetic Jerk:
curvature > 0.6°/years’, velocity < 1°/years.
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