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Palaecomagnetic Results from the Okchon Belt : Anisotropy of Magnetic
Susceptibility (AMS) and Tectonic Stress Field in the Taebaek Area

Sung-Wook Kim*, Eun-Kyeong Choi*, Yeon-Kyu Jung* and In-Soo Kim*

ABSTRACT : A study of anisotropy of magnetic susceptibility (AMS) was conducted on the Ordovician-Eocene strata in
the Taebaek area. The study area is a northeastern part of the Okchon belt, sometimes called as Paegunsan Synclinal Area.
A total of 600 independently oriented samples were collected from 60 sites covering the whole area. With a few ex-
ception of late Cretaceous-Eocene volcanic rocks, all the sampled strata are nonmetamorphosed sedimentary rocks, mainly
sandstones. Among the 60 sites, 5 sites showed flow lineation lying on the bedding plane, 11 sites showed load foliation
parallel to the bedding plane, and 21 sites showed tectonic foliation unrelated to the bedding plane. The tectonic foliations
are defined by k-k, (Kn.-Ki) anisotropy plane, and are considered as a result of tectonic forces acted perpendicularly to
the foliation plane in the geologic past. Regardless of sample-site locations, tectonic force directions defined by k; (K,.,)
axis perpendicular to the tectonic foliation are consistent among the strata of the same geologic age. In the course of geo-
logic time, however, the tectonic force directions showed a clockwise rotation: approximately E-W in the Ordovician sites,
NW-SE in the Permian sites, N-S in the Triassic sites, and lastly NE-SW in the late Cretaceous-Eocene sites. The pre-Per-
mian directions showed better clustering in the in-situ (geographic) coordinates, while the younger directions become bett-
er clustered after the bedding-tilt correction. It is interpreted that the major tectonic structures of the Taebaek area were
controlled by the above-mentioned tectonic forces: The Paegunsan Syncline and the Hambaeksan Fault must have been
generated by the NW-SE force of late Permian-early Triassic time. It was then reactivated in the reverse (dextral) sense by
the N-S force of Triassic time. The Osipchon Fault in the eastern part of the study area was either generated or reac-
tivated by the NE-SW force of late Cretaceous-Eocene time. The Permo-Triassic NW-SE force should be an expression of
the Songnim Disturbance in the Korean peninsula, which is in turn related with the SCB/NCB collision in China.
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Fig. 1 Geologic and sample site map of the Taeback area, compiled from various sources. 1; Late Cretaceous-Eocene vol-
canics and tuffaceous sandstones, 2; Triassic Tonggo Formation, 3; Permian Kohan Formation, 4; P Joggagriermian Tosagok
Formation, 5; Peermian Hambaeksan Formation, 6; Permian Changsong and Carboniferous Kumchon Formation (formerly so-
called Sadong Series together), 7; Carboniferous Manhang Formation, 8; Ordovician the Great Limestone, 9; Fault and inferred
fault, 10; sample site, (1); Hambaeksan fault, 2); Osipchon fault.
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Table 1. Sample sites and sample designations.
Age Formation Site Lithology SI: 1(1)1'p1(: fs Sll:/sl:pnl::llll:y

L. Cretaceous Volcanic rocks KA Andesite 3 4190.9 (SI)
- RE Lithic tuff 10 2325
E. Tertiary NA Lithic tuff 8 160.8
DA Green lithic tuff 10 142.0
RA Green lithic tuff 4 1851.0
BA Tuff 6 2280.8
RF Rhyolite 7 267.7
Heungjon PA Tuffaceous sandstone 8 314
RJ Tuffaceous sandstone 10 1294
RK Tuffaceous sandstone 6 147.0
RN Light gray tuff 13 2429.1
Joggagri SA Red shale 18 2325
Triassic Tonggo HQ Sandstone 13 553
HR Sandstone, red shale 9 168.4
RM Sandstone 17 106.8
Permian Kohan HE Sandstone, mudstone 12 384.5
HI Sandstone, mudstone 7 400.9
HP Mudstone 9 1759.3
HU Mudstone 14 414.7
HZ Quartzite 13 40.2
Tosagok HF Sandstone, mudstone 9 1483
HG Coarse sandstone 10 193.5
HV Coarse sandstone 9 2.5
HW Mudstone, black shale 10 638.4
HX Coarse sandstone, shale 16 336.8
HY Sandstone 6 491.3
CA Red sandstone 19 368.2
Hambaeksan HA Coarse sandstone 7 30.2
H) Light grey sandstone 11 339
GA Coarse sandstone 7 44.0
MA Sandstone 5 531.6
TA Sandstone 6 267.7
Ha Coarse sandstone 6 204.7
ClI Coarse sandstone 9 5.0
(o] Coarse sandstone 7 69.1
Changsong HD Dark gray sandstone 11 198.5
HK Black shale 5 17.6
RB Sandstone 8 747.7
RC Sandstone 8 1294
RD Sandstone 3 11.3
CG Mudstone 9 426.0
CH Black shale 8 591.9
CL Black shale 7 2124
Carboniferous Kumchon JA Mudstone 6 18.8
CHA Black shale, sandstone 11 228.7
CF Mudstone 10 500.1
CK Mudstone 12 359.4
HS Sandstone, mudstone 11 358.1
Manhang HB Gray mudstone, shale 10 61.6
HC Green sandstone 15 228.7
HH Sandstone, mudstone 9 43429
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Table 1. Continued.

. . 3 No. of Max. bulk
Age Formation Site Lithology samples susceptibility
Carbon iferous Manhang HL Light gray sandstone 14 427
CB Mudstone 6 491.3
cC Red sandstone 15 103.0
CD Red sandstone, mudstone 14 329.2
Ordovician Great limestone HM Limestone, mudstone 11 13.8
HN Limestone, shale 17 517.7
HO Limestone 8 69.1
HT Limestone 1 42.7
Total 60 sites 600 samples
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Fig. 2. IRM acquisition experiments with sedimentary sam-
ples. Note the saturation of IRM under 300 mT in most sam-
ples, indicating titanomagnetites as main magnetic mineral.
Even though the samples RE4, HW6B and CK7B have
somewhat higher coercivity, they are all saturated under 900
mT, suggesting again titanomagnetites as main magnetic
mineral.
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Fig. 3. Example of load- foliation from a Permian black
shale site of the Tosagok Formation. Upper left (right) e-
qual-area plot (Schmidt net) represents the situation before
(after) bedding-tilt correction. Black (white) dots represent
positive (negative) inclination. The tilt-corrected k; direc-
tions (right above) are better clustered around an axis ap-
proximately perpendicular to the bedding plane, indicating a
case of load foliation. Lower T-P, diagram is a plot of
shape parameter (T) vs. degree of anisotropy (P;). Note that
most data are plotted in the oblate (foliation) region.
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Fig. 4. Example of tectonic foliation from a Carboniferous
mudstone site of the Kumchon Formation. Plot symbols and
conventions are the same as in Fig. 3. Oblate (foliation)
structures are dominant and the k, directions show better
clustering before the bedding-tilt correction.
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Fig. 5. Example of tectonic foliation from a Permian red
sandstone site of the Tosagok Formation. Plot symbols and
conventions are the same as in Fig. 3. Oblate (foliation)
structures are dominant and the k; directions show better
clustering before the bedding-tilt correction.
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Fig. 6. Example of tectonic foliation from a Triassic red
shale site of the Tonggo Formation. Plot symbols and con-
ventions are the same as in Fig. 3. Oblate (foliation) struc-
tures are dominant and the k; directions show better clust-
ering after the bedding-tilt correction.
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Fig. 7. Example of tectonic foliation from a late Cretaceous
volcanics (lithic tuff) site. Plot symbols and conventions are
the same as in Fig. 3. Note that oblate (foliation) structures
are predominant and that anisotropy degree is lower than
those of the geologically older samples in the previous figures.
The effect of bedding-tilt correction is not discemible.
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Fig. 8. Difference of anisotropy degree and shape paramet-
er according to the geologic age of samples. Note that an-
isotropy degree becomes lowered in the post-Cretaceous
samples, which suggests absence of any strong tectonism.
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Fig. 9. Example of flow lineation from a Triassic sandstone
site of the Tonggo Formation. Plot symbols and conventions
are the same as in Fig. 3. Prolate (lineation) structures are
dominant and the effect of bedding-tilt correction is not dis-
cemible.
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Table 2. Summary of the study results and Firsher statistics
1) Tectonic foliation (Mean k, direction)

Before bedding-tilt correction After bedding-tilt correction
Age Formation Site n - N P R

D) I(C) as(”) k D) I() s () k

E. Tertiary  Volcanic rocks Ba 6 34.8 6.3 7.4 593
KA 3 659 -173 44 3339 65.4 -16.1 44 3341
RE 10 226.5 2.6 8.1 299 2287 7.6 8.1 30.2
L. Cretaceous Heungion RJ 10 2117 -10.7 12.9 11.8 213.0 9.1 12.7 12.1
RK 5 54.7 15.2 14.1 19.6 54.4 151 14.5 18.8
Mean 34 46.5 10.6 11.6 29.1 50.3 12.2 11.9 345
Triassic Tonggo HR 9 3.0 47.7 129 14.7 15 -0.7 12.6 15.4
RM 13 176.4 9.3 7.7 25.7 177.2 -85 7.1 29.7
Mean 22 1791  -285 334 8.8 179.3 -4.6 76 1692
Permian Kohan HE 10 330.3 -71 15.8 79 3196  -39.6 16.9 6.9
HI 7 3335 -125 133 15.9 3239 398 15.1 8.7
HZ 10 2320 217 16.1 7.6 2315  -565 16.1 7.6
Tiosagok CA 13 2982  -139 6.3 385 3112 3438 29.3 1.8
Hambaeksan GA S 3134 7.8 11.8 35.0 304.6 42.6 14.0 24.9
MA 4 3223 12.7 18.0 139 3185 17.8 16.7 17.6
Changsong RB 8 115.7 315 5.9 71.0 89.7 551 6.2 63.6
RC 8 1178  -135 9.6 30.5 119.8 425 10.2 26.2
CG 9 3312 -266 10.1 213 3387  -54.6 28.0 2.8
CH 7 336.1 -29.6 6.9 59.6 3266 693 74 517
Mean 71 3178 -132 12.7 13.6 3134 2260 24.7 3.6
Carboniferous  Kumchon CK 11 3182 -1.8 8.5 247 3199  -78.8 19.8 4.6
Manhang HH 8 10.7 23.0 72 489 1075  -104 6.5 58.6
CB 6 13.55 21.1 8.0 60.8 1142 30.9 17.5 12.8
Mean 25 3089  -17.7 159 26.0 296.1  -39.7 351 53
Ordovician  Great Ls. HN 17 2860 258 16.2 5.0 2715 -129 12.5 8.3

2) Flow lineation (Mean k, direction)

Before bedding-tilt correction After bedding-tilt correction
Age Formation Site n - - - - - -
D) I e(") Kk D) 1) o) Kk
Tertiary Volcanic rocks DA 12 326.7 13.1 113 127 3235 10.8 11.8 11.1
RF 7 3185 305 37 2062 2604 233 37 2050
Triassic Tonggo RM 13 261.3 26.6 8.0 221 265.5 313 10.1 15.7
Carboniferous Kumchon JA 7 2040  -187 11.6 244 2159 -4.0 129 19.8
Ordovician ~ Great Ls. HT 9 3434 172 209 5.6 318.1 249 143 114

A slojor & Aolrt. et EAA el 2] nat THENEA ] T8 A FEWFL NW-SEo|th.

7] A (A, ok, 1993 AN 5, 19958, b)el Egjolofr7g Wo7ld A Fe] B¢, kiZo WIS
utzw eA e FEA o] Aol BA-9Y- o] AFAAL Bg9] o] Fd Bt 2 ARt o7 3
GEA A2 FERA A Lot ek o] AT BAFANA FIFolu 73% o]

dMe F-BE=AA07t M2 HetAl e A71E A8 &
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o} F&o] Ikl M e kgl 2tn 6}035} gdr o
ol 28 AsE ol dafoh & R m glck weks  H

l
wath G2TEE AXE W] AFe web)Y
A9 FA3% 1 ol FEY A HAARE
t}. o] sakekel K-Ar WAbeA#-E 56.03 Mas B3
31 AEH F, 1992) A mA371QA o Al
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Fig. 10. Summary map of the site-mean tectonic stress and flow lineation directions assorted by the geologic age-groups of
the host formations. Tectonic stress directions are defined by k; direction perpendicular to the tectonic foliation plane. Note the
consistency of the site-mean tectonic stress directions within each age-group regardless of the location of sample sites. For

numerical values, refer to Table 2.

v+ 95% confidence <— in-situ <--- tilt conected—l

Fig. 11. Summary diagram showing a clockwise rotation of
tectonic stress field direction in the course of geologic time.
Pre-Triassic site-mean directions show better clustering be-
fore the bedding-tilt correction, whereas Triassic and later
directions are better clustered after the bedding-tilt cor-
rection. It is concluded, therefore, that the most powerful
tectonic force was acting in the late Permian-early Triassic
in NW-SE direction. Taking consideration of palacomag-
netic results from neighbouring Triassic areas, it is also con-
cluded that the stress field was related with the Songnim
Disturbance and SCB/NCB collision episode.
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