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Palaecomagnetism of the Okchon Belt, Korea: Paleozoic Rocks in Yemi Area

In-Soo Kim*, Sung-Wook Kim and Eun-Kyeong Choi
Department of Geology, Pusan National University, Pusan 609-735, Korea

Palacomagnesim of Paleozoic Tuwibong Type Sequence in Yemi area was studied with a total of 256 core-sam-
ples collected from 23 sites. The study area {geographical coordinates: 37.18°N, 128.61°E) is located between Tae-
baek and Yongwol belonging to the northeastern part of the Okchon Belt. Thermal cleaning was a most effective
method (o extract stable characteristic remanent magnetization (ChRM) direction, even though AF cleaning also
worked on some specimens. Mean ChRM direction of the Cambrian Hwajol Formation was different from the
present-day field direction and showed maximum clustering (max. k value) at 100% bedding-tilt correction. How-
ever, it could not pass the fold test. Ordovician Makkol and Kosong Limestones as well as Permian Sadong and
Kobangsan Formations have very weak NRM, and were remagnetized into the present-day field direction. ChRM
directions from the Carboniferous Hongjom Formation passed both fold and reversal tests. IRM experiments and
blocking temperature spectrum indicate that both magnetite and haematite are carrier of the primary magnetization.
Palaecomagnetic pole position from the Carboniferous Hongjom Formation is very similar to that of contemporary
North China Block (NCB) suggesting that the study area was a part of, or located very near to, the NCB during
Carboniferous.

Key words : Okchon belt, Paleozoic, palacomagnetism, Yemi area, North China Block (NCB)
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Fig. 1. Geologic and sample-site map of Yemi area. 1. Quatermnary river deposits, 2. Granite, 3. Pansong Fm., 4, Nogam Fm.,
5. Kobangsan Fm., 6. Sadong Fm., 7. Hongjom Fm., 8. Kosong Limestone, 9. Yemi Lime-breccia, 10. Yonghung Fm., 11.
Makkol Limestone. 12. Tumudong Shale, 13. Hwajol Fm., 14. Pungchon Limestone, 15. Myobong Slate, 16. Changsan

Quartzite, 17. Gneiss, 18. Fault, 19, Thrust, 20. Sample-site.



SHe] i FAR] At AojAY A JFe] TEA 357

AT} HES 2 AlE ASel g AR 54
Fom] a3 dals] a7dn. 53], ZARESE
gt ARA dTe 255 FHA ) 4EA
< i E AgEoz fduisls 89453 dPgel
Z1ol o] HAFel M= el ME: AHA|R] dulAY
< desle] 2 AFe] BRA7] BA4S Tk,
ol& vigre g AFA|He YA FHA 7] %
2 #AE sl E EIA slEo)

Aol AMES F1 A" RS 1:50,000 Ew4kA]
FAAZ IR T A sk zANE, 1962000t u}
g}x] o] =fe AMEE AFUEL o] AR AE
2 oz Q&% Aloiv}, YAEE “F5E, “Aeg,
THMEE 5] Bolrt R E g F dx $)
S}, A7) ZEo] W ol o] AR AA
T AFAE At o1FE vl gl iRl o] A7
ARl ol AFHE AMgEle zlo] Brilsidet. of
£T1A, AYet AFF Y FER7|= o FA0]
otk A ZRA A2 E 2rpAE7)AHE Ee
ul glovt 27k wr|dhe] SaslA AR &)
T BUdlo] vlFed o] Hilo|T Fr|HQl ghEe
2 E yolx a3e B71EUs 24T dol gl
o} o] A H/AAEG #HS EsE FAHE d
Aot} meA Hals AS7EA g MY, G
T SEvets] AEE FAHe2 gesn e
Geology of Korea(Lee, 19870] 841% w=r]z 3}
Sach

2. KA XBe| HY

ARGl = -3 E o|Fe MHelole] Hrl
oh Zutele = o] 1 9o A3|otat Ald 9]
27| TN FEE -9 T A7)0 S5 ZAFEE
o] RAFTHOR Fo|x, o|F T AlgslF 7
A AR H BN HdeEae] BT
Qe Y F95% 5419 A4 3 (Kobayashi,
196618 W23 i}, v} NS Hoe 24T
ZFrolA FAreto] wigls 2Ry Ak, B
o, FEMY, Bl TEEAY, ey
P X9 FAE o] R SUrh HWFETE HY F
ofg) AN A ez A2 SR 2EE 2HE, A
55, kg, Zusog Z4E] gt} wlxigte
2 o] AW AEHE FA4Y Eglololrr]g] Algh
H ko] 2R doy, &3 4 3
el dA7Ag GERE LFREes Bl ¢l

ch(Fig. 1.

FHH, B AR A SR RATH (196252 M)A
8 2T oezEsgt, 2, YN E Y
£ M2 dAggh=t ou)ztE s BkEAEihe B4
Ho2 P Aruldel NAHYGes HFegen]
Aol 2 TAMERe] Ao g oluia )
Gk e AR (1969) ov)7teElehe 23|t
AR-2el P Mz Babshta Egron| 3
At aAAMAE S E4E]0 e &AL
Ao| 2 TAMEGRE Ak Ao T84 8
oo sfiFdiciy sk 2ol Fo g4 744
(199712 E|XEs 2ABRE F3le] duzigede 9t
ZHEEEELeE Athe dFEey, THAYUL
A& g ez g A3, 24YEe £
FHERJ}ITHEFLE Fhol dvldrke ZES W
ofF o).

AuAH 9] HebrEtel e s
F= deA] A g g Ay ey
E TojE £y gizlsl, 23 e
e e o) FHTY AHL )
FH]eHMoscovian)l], AFEE-9]
A #HE7) Ak, 2z Tt
7] WA E70d] ldals Aog 2 :
T Ay DREFEESO e dFel F)
Eb7]9] £719] BRAFH|SHMoscovian) S-S5,
HAFRHEF FHatol s 9ol ==t
(Moscovian) AHiell, W2 (AHs-E 317--F5oll 513
2] el 27| HE7] 2=k Sakmarianyl, FE%
AT AR aidhe] Aol Amfeigl uig L9
Z7] #HE7] ob27|<H Artinskian)ol, THAAREE(GIE
E S Bi)e] AEo] o2t niE chgelat
27] #5719 vATE o) F F-ulHKungurian)
o, ARSI S5l siThe] Aol Fo) H
E712] 7R Kazanianyll &she Aoz v o
o] 2T FHeluhHAE], 1982).

=3

oft!
o

O
> on H

Iy o frophd

A

b
=3

a

I,
off i
N

o

4
NN

e

. %

A

= R

Oﬁoi‘;‘,
Nﬂﬁrlo
> i
b
EZSE_{

& o
”gulm
o X

ol

O

3. dray

3.1. MEzfH

APAEES =7t ke s Sl ol
AR5 o] &3] AHAA 121R]¢] F oA Blcore
sample)EX 23 {coring) ¥ HY(CEM), orlentation)A]
Aok AEAAN Sy 4P S48 3904
2 1-2r8e|g=d &A1 dig A8s g



358 el 4

BH3l7] Heled Zb Aisiteyld] Al f22H
g TFAFIAL mE@Edch. YoM, <l &
A Hfold test)e] H-E3 Tt wFFEel 712l
g AHe] FHIALF o518 WEE] Hse 3¢
AHS o) Ao AR FE f3 et

a7AY gAR-e] JBERE OFA|H7H4 (B, OD,
JA, OG, OF)e] F7lel=(Fig. 1) 4237} 5000
o dahe 7] TEFL =57 ASHAE el
gich elXelMe S-FEAA AREES Wik
FHE AEE Bty FF38), 2l Boh gl AMHsEt
Gk o d&nFoM XFe| FEH FHAke 7
190°~210° 2 45°~62° ¥ $)o19ct.

9, BE-2w0)Es) FREAYES ATA AT
g0 2 QEk AlRe] Fuzt TdEi, FEAF
& sPdgte] B dEA|del FERAMTY 3
Ho glejd ABAFHE 7193 BE ARAH P
49} obabofi 3 AVE Fig, 134 Table 10 AAjE

Table 1. Sample-site and sample designations.

L A
of gk,

32 HEXI|o ofHM HES MEE2 MHE

AHY A S (sample)s2 AP Fo| 224H
2] 159 AlH(specimen).Z Adso] g3 49
of AMgE%ct AFAY QA E AESZ 2P|
o BaE $8l4le Molspin AC demagnetisers
B3 27 A7|HB(AF cleaning)®} Schonstedt TSD-
1 thermal demagnetizerE o83 € =}7]AHH
{thermal cleaning)s- A|A3I%UT). AFA72] S4 ¢
i+ Molspin rock magnetometer (MiniSpin)7+ A}-&
=3}

24 A5 AAFAEE 7] ADHRAZIINRM)
o) ZAEry ¥92E & 1-2719 A YA H(piot
specimenys Mgkl HF 100 mT71A 10~15%H4
9] BF A |HHAEE AABE. 716 Bl =
Mol BelEA] god wAlE g Az d9s

Number of samples

Site &
Age Formation Lithology AF TH
sample name
P Collected treated  treated
Kob 01 Milky white, green s.s. 8 1 7
Permtian ahangsan oT Black s.s., gray mudstone 12 8 10
Sadong OH Black shale 2 1 1
. 1B Gray, green sh., sandstone 27 1 22
Hongjom
oD Red-green sh., green s.s. 13 8 12
JA Gray sandstone, green s.s. 15 1 6
oG Red shale, sandstone 9 7
Upper OM Red shale, sandstone 8 1 8
ON Greenish qtz. sandstene 6 1 4
. W Red, i ., 8.5, 2 14
Carboniferous [8) ed, greenish sh., s.s 17
OF Red shale, sandstone 16 14
OL Red shale, sandstone 10 10
00 Red shale, green sandstone 9 9
Lower op Red shale 13 1 12
0oQ Light green s.s., siltstone 9 2
(99 Green-red sh., green s.s. 7 1 &
(8).4 Red, greenish shale 9 7
Kosong LEs. OE Dark gray mudstone, ls. 8 1 7
Ordovician OR IIght gray limestone 12 2 5
Makkol Ls. Qs Light gray, reddish Is. [3 1 4
ou Gray, light gray limestone 11 1 8
i 4
Cambrian Hwajol JE Mudstone, quartzite 6 2
KN Dark green, dark gray mudstone, sandstone 16 14
Total 23 sites 256 33 193
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Fig. 2. Examples of thermal demagentization of the Hwajol Formation. In all the vector diagrams in this paper. solid (oper)
symbols are projected on 1o the horizontal (vertical) plane without bedding-tilt correction. In the stereonets (= equal-angle
nets) positive (negative) inclinations are represented with solid (open) symbol after bedding-tilt correction. JF 4 data in this
stereonet are plotied exceptionally with open symbol for the sake of better resolution.



360 A - S -

1995; S)eixlch o= (1) Z AWEE 7MY SR
Wes 2 5L #3512 (2) o] I M dAse
g Age T ) BA z tle 3 FES
22X Z7] thee] 28L& Fake dhgeltt 2L} o
g wez dojdl BEAAFA W oA Fa
9} vlawe] AFEINE LSS ¥, HA9] HE 54
Z4537}17) Hheksite meany2 AFE dolls XEAA
A ket

33 XN TE9 npet

A g Bl AR EFE wHsEr] A8
Ae (1) ¥ AFezd ©E A7|7ne] HilE 4
3 (2) 524RAPIIRM) 85498 S8l o] #
A7 IS AEdE ES ol8sith £
2] A= ASC IM10-30 <=7+54 21317} (impulse

He7
magnetizer)’t AM3-H 24Tt
4. X7 |M=AE dn

41, fE2-2xH|AY| A&

BEE(F, KN): ©) A% A|#EL 0.5~4.0 mA/m
W2 27] AAMNFAINRME 72 d:dh &
A 4 Axdyes {9 9d O AFVIGEG
AZ5A171: ChRM) Wake &A1 BAF E5X4
2 Ve Fig. 2). 2894 B F e ukst 7ol
JF4AHM = 500~580°Ce] F+7kellM, KN1BA|¥Hel
A 370~450°Ce] T2kl @l ARabr| o] F
259}, o)A M2 T8 XM TRl fF
#EE Ae F AdEEe) QA e|E e A
o, 8% Je AAdEe 57 2= AFAVI

Cambrian ChRM

Hwajol Fm. N

in-situ

tilt corrected

Fig. 3. Characteristic remanent magnetization (ChRM) of the Hwajol Formation. Upper diagrams represent ChRM direction
of each specimen, and lower diagrams represent site-mean direction with o circle. See Table 2 for formation-mean.
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Flg. 4. Examples of thermal demagnetization of the Hongjom Formation in the southwest Yemi area.
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Fig. 5. Examples of thermal and AF demagnetization of the Hongjom Formation in the southwest Yemi area.
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Fig. 6. Further examples of thermal demagnetization of the Hongjom Formation in the southwest Yemi area.
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Fig. 8. Further examples of thermal demagnetization of the Hongjom Formation in the middle part of Yemiarea. These OO
and OP sites did not provide a single remanent component. Instead, the trace of remanent vectors in the course of stepwise

thermal demagnetizations discribed a great circle trajectory. Star mark on the OO site stereonet represents the stable endopint
direction of the upper right stereonet.
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Fig. 9. Examples of thermal demagnetization of the Hongjom Formation in the northeast Yemi area.
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Carboniferous ChRM

Hongjom Fm.
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Ag. 10. Characteristic remanent magnetization (ChRM) of the Hongjorn Formation. Upper diagrams represent ChRM direction
of each specimen, and lower diagrams represent site-mean direction with 0w circle. See Table 2 for formation-mean.
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Ag. 11. Magnetic mineralogy dominated by the titanoma-
gnetite series. (a) Variation of remanent magnetization
intensity against demagnetization step ("C or Qe). (b)
Variation of low-field magnetic susceptibility measured
after each step of the thermal demagnetization, (¢) Isothermal
remanent magnetization (JRM) acquisition curves, JF
Cambrian-Hwajol Formation, Others: Carboniferous Hongiom
Formation. — ¥ — QD10, —@—: OF10, —-l— ON1,— = —
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Fg. 12. Magnetic mineralogy dominated by hacmatite. (a)
Variation of remanent magnetization intensity against demag-
netization step (°C). (b) Variation of low-field magnetic
susceptibiliy measured after each step of the thermal dema-
gnetization. (c) Isothermal remanent magnetization (IRM)
acquisition curves, Al specimens are from the Carboniferous
Hongjom Formation. ——: 1B 19, —&—: OG4A, —@-: OF9,
~l— OL3
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Ag. 13. IRM acquistion experiment shawing both magnetite
and haematite. (a) Variation of remanent magnetization
intensity against demagnetization stop (°C). (b) Variation of
low-field magnetic susceptibility measured after each step
of the thermal demagnetization. (c) Isothermal remanent
magnetization (TRM) acquisition curves. All specimens are
from the Carboniferous Hongjom Formation. — & —; JB7.
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Fig. 14. Incremental fold test, showing a maximum of k
{Fisher's precision parameter} at the 100% unfolding.
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Fig. 15. Site-mean ChRM directions from a single large continuous outcrop of the Carboniferous Hongjom Formation. They
revealed a sequential directional change from WNW through NNW to NW, as one goes from the lower toward the upper
stratigraphic horizon. The apparent scatter of the directions is thus much diminished if the outcrop is separated into the upper

and the lower parts.

A28 AL P (site meanysS SAAgq Az}
o2 wg olFn REsh=dl(Fg 10), oM Y
Hel] Aol Uiz e AFelM s Bad Bk vt
(Doh and Piper, 1994; Lee e al, 1997). o] 44
HpFeS 2 2289 )F9] sl dRE
ol meh MEASESAEA ] F3E ol
WA g ¥ F thFig 15). shSat 3RS
TR Has S A9-ele DI=3017/
179°, gs=54°, k=134.2, N=62 2] A|&A] wk
2 o|Rnl, ANA|EY] ZHLele DI=320.87 1067
05=63° k=712, N=72A B EAM9ee o] g}
{Table 2).

FH9 ZFalr] drRER SEd FAY A3E
S04 Hzpgre] AAqWZ Ado|ak Uehhs He

o] Kim and Van der Voo(1990r= Aty 3l7ket
9] 5A4zRAY) Hzhgake] FAte] A7|SH¢ o
g5} At oF 60° AolE HS BRI ol F
22 Fr] UA) wely] 275t s et 1S
Alole] ek AkeFo s LA T s WkAA
gero g £y A-FE dol 7118 a4siict
. =&t Doh and Piper(1994ye -24-akrlcol] £¥5}
= Hobraael gt 2xlr] 7oA Wl 8§55
2 A3} ¥ Hzte] FHiHER|dA e SHTRA

7] Wkt cEchs SAR W27 Wely] o]
T Tan-LutEe] S35l Agskds AAME
oz 30° FHEIAREH Fog dHdsdnt. ok
olfel TIAYE(1995) 22]3 Lee ef al(1997)% =
Aol gt 22}7] AP B Sy Hgr] F
Zo] BARRA Wik JlEer @ v, 4% 8
Fx|ge] Hzto] Ao R Zhzb 80.3°9 42.4° 7
By AR ety slglen ol Al A%
ME OF dake] 7E2F g O FAAl wh E
glelolzz| et T vle] 8 HeEo| 2 F
£ fddejeka siAssi,

vref #AF27)e] Wpale|7l AFRA ol R FE
= Bzl gl 23k Zolgl AgR Agelt e
T e F& HedleMe 54879 vkl
Fgslojel o Holoh, Zefuf ol Htelld bRt
HlEZE A7) AE AT e ATAR
o BARFEA7] ke 3 xpelrt ditHFig.
10, 15). wEhA olHE Aeol= AFe] Aze] AL
Z(rotation)e| L+ A&-¢) HE (deformation) i A7
o w2 AFER)S] ©1F (true polar wander)e|t} #
9] Y| (drift)e 2 o]sj=lojop & Holnt. ¥,
AFA) BAAEERE ARME LHEE dHEd
(Table 2) 4oz H@z|e] Jige] L Es
5.3°NeZA 3h-Ee] 9.2°NEt) of7h A9z Ao



Sl i@ wAp] 97 dvAR T AR WRAp]

Table 3. Paleomagnetic pole positions calculated from the ChRM data.
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Before bedding-tilt correction

After bedding-tift correction

Age/Formation Site
pole lat.  pole long. dp(® dm(°) pole lat. pole long. dp(®) dm(®)
Permian
Kobangsan oT 88.7°N 2.1°E 3.6 30 52.7°N 253.8°E 4.3 9.0
Carboniferous JB 88.6°N 2X0°E 54 7.5 47.0°N 37°E 2.6 50
Hongjom 0D 79.8°N 348.1°E 5.5 8.4 46.8°N 357.0°E 24 47
JA 74.7°N 22.1°E 9.5 14.0 42.1°N 3.0°E 5.1 10.2
oG 76.8°N 3251°E 94 154 493°N  3449°E 5.5 10.9
oM 34.9°N 319.1°E 1.7 29 530°N  3398°E 1.2 24
ON 61.6°N 11.9°E 48.7°N 352.8°E
ow 60.2°N 465°E 128 18.0 43.0°N 10.9°E 54 10.5
Mean (upper} 71.0°N 3527°E 146 243 47.9°N 356.9°E 3.2 6.4
OF 53.8°N 644°E 123 15.8 37.6°N 21.3°E 5.0 9.5
OL 54.0°N 653°E 179 228 24.8°N 31.5°E 4.1 7.9
00 31.1°N 4719°E 16.0°N 2179°E
OpP 29.7°N 65.2°E 17 233 25.2°N 28.4°E 6.9 13.5
v 36.9°N 396°E 182 30.5 31.6°N 26.5°E 8.0 15.4
(8).4 59.2°N 65.1°E 197 250 35.5°8 204.7°E 7.8 148
Mean (lower) 44.3°N 60.5°E 116 15.6 30.6°N 26.1°E 2.9 5.6
Cambrian
Hwajol JF 79.7°N 27.5°E 9.5 13.6 55.1°N 5.7°E 4.6 84
KN 68.7°N 33E 108 178 49.9°N 4.4°F 6.9 133
Mean 74.0°N 94°E 1.7 1.9 52.1°N 5.3°E 4.0 7.4

[Dd

il

v

4 NCB

P « scB
# Study area

N 70 - Triassc .
P - Permian 2 middie
C - Carboniferous 3 - upper

Fig. 16. (a) Carboniferous palaeomagnetic pole positions calculated from the site-mean directions of the Honjom Formation
in this study. (b) Carbonifercus palacomagnetic pole positions calculated from the formation-mean directions of the Hongjom
Formation in Yemi area (YM: this study) and Yongwol area (YW: to be published). (¢) Upper Palaeozoic palagomagnetic
pole positions from the North China Block (NCB) and the South China Block (SCB) listed in Lin & Fuller (19903, Enkin er
al.(1992), Dobson & Heller (1993), Gilder ef al.(1995) and Huang & Opdyke (1996)
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