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Kinematic interpretation of layer-parallel shearing structures in Danyang area
and its tectonic implication
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ABSTRACT: Layer-parallel shearing has been reported along the Taebaek-type Joseon Supergroup, which is
distributed between the Okdong Fault and the Gakdong Thrust, which are the major tectonic lines along the Okcheon
Belt. We conducted a study to understand the kinematics of these structures. We identified several shear indicators
through field surveys in the Danyang area, providing information on the sense of shear and the vorticity analysis
using C’ foliations. As a result, a number of C” foliations, indicating right-lateral sense, were observed in the Myobong
Formation, Hwajeol Formation, and Dumugol Formation, which are phyllosilicate rich layers. In contrast, there
are also some shear folds indicating left-lateral shear, which deformed the right-lateral C” foliations, suggesting
that it occurred after the right-lateral shear. The mean kinematic vorticity number (#,,) derived from the right-lateral
C’ foliations, range from 0.738 to 0.813 in the Myobong Formation near the Okdong Fault, indicating prevalent
simple shear. In contrast, they range from 0.170 to 0.466 in the Hwajeol and Dumugol Formations farther from
the Okdong Fault, indicating predominance of pure shear. This may indicate stress change and strain partitioning
between the Okdong fault. The kinematics and changes of the /¥,, across the Okdong fault indicate that they are
strongly associated with the movement of the Okdong fault, and the minimum instantaneous stretching axes (ISA3)
and the strain partitioning indicates that the Okdong fault experienced transpressional stress (WNW-ESE compression)
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condition. In addition, the paleo-convergence angle based on 17, was rotated clockwise from ENE-WSW toward the
WNW-ESE with distance from the Okdong Fault, which may suggest a kinematic relation with the Gakdong Thrust.

Key words: layer-parallel shearing structures, C’ foliation, flow apophyses, mean kinematic vorticity number (W,,),
strain partitioning
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Fig. 1. Location of the study area. (a) Tectonic province of the Korean Peninsula (highlighted in black: Okcheon
Belt). (b) Fault trace map around the Okdong Fault and Gakdong Thrust. Red stars indicate reported areas of layer-par-
allel shear structures (modified from Kim et al., 1989 and Kee et al., 2019).
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Fig. 2. Geological map of the study area. The A-A” section is for Fig. 10 (modiﬁed from Kim and Koh, 1992).
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Fig. 3. A method for calculating mean kinematic vorticity number (#,,) using the C' foliation. (a) Conceptual illus-
tration of the relationship between flow apophyses and C’ in sub-simple shear. a is acute angle between AP; and
AP», d is angle between C' and shear plane. The C’ occurs along the acute bisector between AP; and AP, and rotates
toward AP,. Thus, J . = o/2, W, = cos o (modified from Fossen and Tikoff, 1997 and Kurz and Northrup, 2008).
(b) Example of calculating #,,. Measure the attitude of C’ and the shear plane and use the largest value of the angle

between the two planes.
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Fig. 5. Examples of layer-parallel shear structures indicating right-lateral shear. (a) C’ foliation in Myobong
Formation. (b) Shear band boudin in Myobong Formation. (c) C’ foliation in Hwajeol Formation. (d, ) C’ foliation
in Dumugol Formation. Inset is stereo plot of shear zone boundary (black) and C’ foliation (red). All scale bars
are 10 cm. The structures indicate extension and thinning of layers.
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Table 1. Angle between C' and shear plane (6 ), o and ,,.

Location Number Angle between C' and Shear plane (d ) o W

Site 1 p€gn-1 19.2 38.4 0.784
€m-1 21.0 19.2 127 42 0.743

Site 2 €m-2 17.8 13.7 119 35.6 0.813
€m-3 19.4 17.2 38.8 0.779

€m-4 21.2 202 19.6 424 0.738

Site 3 €w-1 38.2 37.9 76.4 0.235
Site 4 €w-2 34.9 28.0 274 253 212 21.0 69.8 0.345
. Odu-1 40.1 37.1 350 343 80.2 0.170
Site 3 Odu-2 36.2 359 355 322 246 72.4 0.302
Odu-3 39.6 342 314 303 30.1 295 282 79.2 0.187

. Odu-4 39.2 364 339 318 78.4 0.201
Site 6 Odu-5 313 29.6 21.0 192 127 62.2 0.466
Odu-6 37.7 349 335 329 317 163 75.4 0.252
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Fig. 6. Examples of layer-parallel shear structures indicating left-lateral shear. (a) Shear fold in Myobong Formation.
(b, ¢) Shear fold in Hwajeol Formation. (d) Shear fold in Dumugol Formation. All scale bars are 10 cm. The structures
indicate contraction and thickening of layers.
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right-lateral C’ foliation. (b) NNE section disturbed by left-lateral shear fold. (c¢) Detailed sketches and kinematic
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shearing is followed by a left-lateral shearing.
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Fig. 11. Block diagram of strain partitioning across the Okdong Fault and Gakdong Thrust. Om, Makgol Formation;
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slip sense, and the high-angle Okdong Fault moved with a right-lateral strike-slip sense.
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