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Palacomagnetism of the Okchon Belt, Korea : Anisotropy of Magnetic Sus-
ceptibility (AMS) and Deformation of the Hwanggangri Formation in Chun-
gju-Suanbo Area

Moon Son*, In-Soo Kim and Hee-Cheol Kang
Deparmment of Geology, Pusan Narional University, Pusan 609-735, Korea

We report the results of structural field observation and measurement of anisotropy of magnetic susceptibility
(AMS) of the diamictitic Hwanggangri Formation distributed in Chungju-Suanbo area of the Okchon Belt, Korea.
The outcreps of the Hwanggangri Formation show two types of cleavage in general; slaty cleavage (S,) and crenu-
lation cleavage (8,). S, cleavage is, however, well observable only in the notheastern (NE} part of study area, while
overwhelmed by S; cleavage in the southwestern (SW) part, indicating stronger later deformation in SW part of the
study area. This partitioning of the study area is corroborated by both IRM and AMS parameters: NE part of the
study area is characterized by higher IRM intensity, higher bulk magnetic susceptibility, higher AMS degree, and by
oblate shape of magnetic susceptibility ellipsoid. Their values become drastically lowered toward southwest, and
reach to a stable minimum in the whole SW part of the study area. In addition, degree of both metamorphism and
deformation tends to increase gradually from northeast toward southwest and also from northwest toward southeast
in the study area. Based on the distribution pattern of the principal axes (k;, k,, k; axes} of magnetic anisotropy
ellipsoids revealed in the NE part of the study area, three episodes of deformation (D, D5, Ds) are recognized : D,
deformation produced S, cleavage with NE-SW trend, which is caused by a strong NW-SE flattening of a coaxial
pure shear. DD, deformation produced S, cleavage characterized by a non-coaxial deformation. It was caused by a
ductile or semi-ductile thrusting toward NW and concurrent sinistral shearing along S, cleavage plane. Lastly, D;
deformation produced flexural folding of all previous structures with a nearly horizontal NE fold axis. Distribution
pattern of the principal axes of magnetic amisotropy ellipsoid from the SW part of the study area, on the other
hand, does not show any coherency among sites or samples. We interpret that this dispersed pattern of k), ks, k;
axes together with lower anisotropy strength indicates that magnetic fabrics in the SW part have been disturbed
either by a superposition of strong deformation/metamorphism or by a kind of reciprocal strain due to an overlap-
ping of D; and D, or by both processes.

Key words ;: Okchon Belt, Hwanggan'gri Formation, AMS (anisotropy of magnetic susceptibility), cleavage, deforma-
tion history
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Ag. 1. Geologic and sample site map, modified from Kim and Lee (1965) and Lee and Park (1965). 1: Seoun-ri, 2: Hwanggang-1i, 3:

Pukno-ti, 4: Munju-ri.
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Table 1. Summary of sample sites and designation of samples.

Site  No. of sam-

**Lineation on

Age Formation name  ples (clast) Lithology Schistosity the schistosity
plane
S 56/40 66/11
H1 15(6)
S, 39/52 ?
S; 183/28 263/28
H2 13(4)
S, 115/10 7
S 28713 297/02
H3 N0y
3, 13/38 58/31
S 217/41 22/13
H4 13(0)
Sa 04/34 ?
S 198/37 276/32
H5 12(2)
S, (8/32 ?
S 44/55 66/28
Ho 19(9)
S; 29/75 ?
- o0 hT 80/54 ?
7 100y Dark grey pebble-bearing s, 55/56 ?
Unknown phyllite
{Late PreCam- Hwanggangri HR 11(0) (Originally pebble-bearing 5y 57163 ?
brian to Early Formation silt and mudstone} S, 38/88 217422
Paleozoic?) Poorly sorted and matrix- 5
Ho 90) supported S 58/37 ?
S, 41/74 ?
S 227/50 ?
HI10 110y
S; 41/63 ?
5, ? ?
H11 FI(0)
S, 54/66 ?
5 337/60 ?
Hiz2 12(0)
S, 94117 ?
S, 106/47 ?
H13 19(0)
Sq 56/56 ?
S 268/63 ?
H14 14(0)
S, 246/80 ?
8, 218/36 ?
H15 10{0}
S, 38/56 ?

*Strike/dip and **azimuth/plunge are measured according to the right-hand rule.

?: not possible to measure/not sufficiently developed.

+ ASC IM10-30 Impulse AF&}712} Molspin spinner
AAE, A F PEH Qg vsd 238
F13iA= Molspin Minisep & 37| § o] &34
ok &4 23, 9 ) AEAAN AR goE dsg
NEEZ(Table 1} & A& gEo] 71712 &% &
A1Ql 4nx10°5%Sh Brk R Zon tialg v

BHlA 320 wWiake] 29 JjARelMe Aol
A fEX b e B 7] ol oo
M dold HY s ol Aol =oed )
AT

HAkE HlsHd A7 e F Alddge] e
Tl vlEE W EeAadAgd o 47 ks
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Fig. 2. Outcrop photographs showing relationship between
S, and §, cleavages in the Hwanggangri Formation. (a)
This sectional view shows firstly a strong flattening along
5, cleavages. This was followed by a concurrent flattening
and thrusting toward NW along the 5; cleavages. (b) and
(c) These plane views show Z-shaped sigmoidal clasts
deformed by a ductile/semi-ductile sinistral shearing aleng
the Sz.

Ae] =rkCollison, 1983; 71, 1990; Tarling and
Hrouda, 1993). 527747 489 Azt dH 9,
W d7A e B dlElS AEEL difE A4
7132 1% 300 mTe] "4 oA 3= chFig
3a) °le o] AY GEe] AdEE] HEAEgA
de) FE9g AMSHE Holoh T, AFAY EA
Mol AFELS 300 mT olHel| F-23FA71e 7
e #8582 97w gt 300 mT o= A3
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Fig. 3. IRM acquisition experiments for identification of
magnetic minerals. {a) Samples from the NE part of study
area (with a sole exception of HI3-8). (b) Samples from the
SW part of study area. Note the difference of scale and
IRM intensity between {a) and {b).
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sitho el 4, 1983; Butler, 1992; ZgE e} m=AdA),
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FRel PR e WP AP RoA 2o
g HYS ¥ F Utk ols} vEe|, T3 AP Ee
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A FAEAAE 10" mAm™ @52 YriHez
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Hg. 4. Site-mean and standard deviation of {a} bulk magnetic
susceptibility, (b) shape parameter (Jelinek, 1981; Hrouda,
1982), and (c) degree of anisotropy of magnetic suscep-
tibility (Jelinek, 1981). Sample sites (abscissa) are arranged
in real spatial context.

3 HEEn. AP Hale AW A Fg da), 97
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WHEUETEZ HE oF 1309 : 4nx 10755DelM 25
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oMz HI39) & A-E Alglstze dasiA 10
el e e ghg Helch

3, 7} AR 2] e Ay $A
HEo thak ulsbde] A o) gl A
E359 takg vl £ K, k kln>ky>ky)
& T olF olEsie Al BFuEAY A
A Ho Fuids T9} AwHS: PriCelinek, 1981;
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Fig. 5. Flinn-type diagram showing deformation trend in
conjunction with sample sites. L=k,/k, and F=ky/k; are
lineation and foliation parameters, respectively. L<F (L>F)
indicates oblate (prolate) shape of AMS ellipsoid. Defor-
mation trend (thick shade line} of this study suggests a
superposiftion of reciprocal strain in the SW part of the
study area, as discussed in the text.

Hrouda, 1982; 4% %, 1997; 27 &, 1998)%
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gl #e)zt gle]l 11 ol3lE ¢ ZadlHTH(Fig
4c). °] & PRt thAE v SeRAls L 559
A7) 27T A e F(sphere)s] 7W7hg HeldS
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E# 1% (Flinn diagram)ell TAI5 A5 2 3#] 39
o|Foll wE W3 E (deformation pathys AHBH
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FIg. &. Plot of the principal axes (kj, ks, k) of AMS ellipsoid from each sample site. Filled square: k,, Filled triangle: ks,
Filled circle: k;. Solid and dotted great circles represent the projection of $; and S, cleavages measured at each sample
site, respectively. Open squares on the great circle represent stretching direction of clasts on the cleavage plane.
Contours: 1, 10, 20, 30% for H1, 2, 3, 4, 5, 6, 13 sites; 1, 3, 9, 12% for other sites. Lower hemisphere equal-area
projection in geographical{in-situ) coordinates.
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Fig. 7. Site-mean magnetic lineation. Note a more disturbed pattern in both azimuth and plunge in the SE part of study area.
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Flg. 8. Site-mean magnetic foliation. Note a more disturbed pattern in both strike and dip in the SE part of study area.
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Fig. 9. Plot of the principal axes {k, ks, k) of AMS ellipsoid from all sampling sites in the NE part of study area together.
Great circles are mathematically best-fitted girdle-distributions of principal axes. Solid stars represent poles (%-axes) to the
great girdles. Contours: 1, 3, 6, 9, 12%. Lower hemisphere equal-area projection in geographical (in-situ) coordinates.
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