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and structural evolution of the Goseong Formation in the southern Gyeongsang basin, SE Korea. Journal
of the Geological Society of Korea. v. 54, no. 4, p. 359-381

ABSTRACT: The Goseong Formation, the lowermost formation of the Yucheon Group, disconformably overlies
the Jindong Formation, which is the uppermost formation of the Hayang Group, and is overlain and intruded by
the andesitic rocks of the Yucheon Group and the Bulguksa Granites. We revealed the distribution and structural
evolution of the formation based on detailed geological mapping and structural analysis and constrained its
depositional age range based on absolute age dating methods. The formation is characterized by purple strata and
a vast amount of volcanic materials, unlike the Jindong Formation. It is composed mainly of the purple mudstones
and sandstones, greenish sandstones, tuffaceous sedimentary rocks, which are intercalated with dark gray
mudstones, pebbly sandstones, and conglomerates. In order to constrain the depositional age of Goseong Formation,
LA-MC-ICPMS U-Pb zircon ages obtained from the tuffs within and overlying the upper Goseong Formation are
ca. 89 Ma and ca. 85 Ma, respectively. Considering the SHRIMP U-Pb zircon age (ca. 92 Ma) of the dacitic tuff
within the lower Goseong Formation from a previous study, the Goseong Formation indicate that its accumulation
commenced before 92 Ma and terminated before 85 Ma. Meanwhile, the stratal attitudes generally define a homoclinal
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structure dipping toward the south. But the strata in the western part of the formation dip toward the east or southeast
with their local deflections due to post-faulting and volcanic activity. The WNW-striking growth faults observed
in the Goseong Formation have listric/domino or conjugate geometries and sometimes show normal-slip senses,
whereas the N-S-striking growth faults mostly show sinistral transtensional oblique-slip senses. The directions
of clastic dykes (< 5 cm in thickness) are northwest or west-northwest similar to those of the growth faults. On
the other hand, post-depositional faults also show two dominant strikes of N-S and NW to WNW and their slips
are generally localized within narrow (< 3 cm) bands. Based on relative cross-cutting relationships between various
structures in the Goseong Formation, it is interpreted that the formation was deposited under NNE-SSW to NE-SW
extensional stress and sequentially deformed under NW-SE maximum horizontal stress/NE-SW minimum
horizontal stress during the late Cretaceous, intrusions of intermediate dyke swarms during the early Paleogene,
and NE-SW maximum horizontal stress/NW-SE minimum horizontal stress after about 44 Ma. Lastly, some
inherited weaknesses were selectively reactivated under E-W compression (Ds) during the Quaternary.

Key words: Goseong formation, distribution, structural evolution, depositional age, growth faults

(Yunseong Lee, Youngbeom Cheon, Sangmin Ha, Hee-Cheol Kang and Moon Son, Department of Geological
Sciences, Pusan National University, Busan 46241, Republic of Korea;, Youngbeom Cheon, Division of Earth
and Environmental Sciences, Korea Basic Science Institute, Ochang Center, Chungbuk 28119, Republic of Korea)
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Fig. 1. (a) Simplified geological map (modified from Hwang et al., 1996; Kim et al., 1998; Choi et al., 2002) and
key beds (modified from Jeong ez al., 2005; Jeon and Sohn, 2008; Hwang and Woo, 2009) of the Gyeongsang Basin.
Stratigraphic correlation is reconstructed from Chang ef a/. (2003), Chough and Sohn (2010), and Kang and Paik
(2013). (b) Detailed geological map of the study area (modified from Chang et al., 1983a; Paik et al., 2006).
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Fig. 2. Outcrop photographs showing the relationship between the Jindong and Goseong formations. (a) Irregular

scoured unconformity contact observed in the western boundary of the Goseong Formation and (b) its close-up
view. (¢, d) Disorganized, subangular to subrounded and poorly sorted conglomerates observed in the northern (c)
and eastern (d) boundaries of the Goseong Formation.
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and overlying tuffaceous sandstone. (b) Purple mudstone and greenish sandstone, which are dominant lithologies
within the Goseong Formation. (c) Well-stratified dark gray mudstone, mainly observed in the northern and eastern
parts of the formation. (d) Crudely stratified conglomerate and pebbly sandstone. (e-f) Dacitic tuff layers observed
in the lower (e) and upper (f) parts of the Goseong Formation, respectively. Each tuff layer consists of lower ash
tuff unit and upper lapilli tuff unit. (g) Yucheon Group andesitic ash tuff overlying the Goseong Formation.
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plots of the andesitic ash tuff overlying the Goseong Formation.
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Fig. 5. Cathodoluminescence images showing the representative zircons selected from the dacitic ash tuff in the
upper Goseong Formation (a) and the andesitic ash tuff overlying the Goseong Formation (b). Inset circles (20 um
in diameter) indicate the analyzed spot.



YRR HF 9B X, EXA7|et TS 367
Table 1. LA-ICP-MS data and calculated ages of the dacitic ash tuff in the upper Goseong Formation.
SPOt Ty 27pb™ph Error  2Pb/™*U P E
Number U age rror

20 20 (Ma) 20
GS-416-1*  0.40 0.0494 + 0.0020 0.0138 + 0.0003 88.6 + 1.8
GS-416-2  0.54 0.0480 + 0.0011 0.0138 + 0.0003 88.4 + 1.8
GS-416-3  0.35 0.0814 +  0.0069 0.0141 + 0.0002 90.4 + 1.3
GS-416-4  0.52 0.0486 + 0.0017 0.0141 +  0.0004 90.3 + 2.8
GS-416-5  0.75 0.0478 + 0.0006 0.0140 + 0.0002 89.5 + 1.3
GS-416-6 042 0.0485 + 0.0013 0.0140 + 0.0003 89.5 + 1.8
GS-416-7  0.64 0.0890 + 0.0110 0.0144 + 0.0003 924 + 2.1
GS-416-8 048 0.0484 + 0.0006 0.0139 + 0.0002 89.0 + 1.0
GS-416-9  0.44 0.0481 + 0.0009 0.0139 + 0.0002 88.9 + 1.5
GS-416-10  0.74 0.0481 + 0.0008 0.0135 +  0.0004 86.4 + 23
GS-416-11  0.39 0.0486 + 0.0017 0.0138 +  0.0004 88.3 + 23
GS-416-12  0.70 0.0486 + 0.0017 0.0138 + 0.0003 88.0 + 1.6
GS-416-13  0.53 0.0488 + 0.0011 0.0137 + 0.0002 87.7 + 1.4
GS-416-14  0.49 0.0492 + 0.0017 0.0138 +  0.0004 88.2 + 23
GS-416-15  0.61 0.0487 + 0.0014 0.0137 + 0.0004 87.5 + 23
GS-416-16  0.76 0.0480 + 0.0003 0.0140 + 0.0002 89.3 + 1.0
GS-416-17  1.01 0.0478 +  0.0005 0.0141 + 0.0002 90.3 + 1.3
GS-416-18  0.52 0.0478 + 0.0007 0.0137 +  0.0003 88.0 + 1.6
GS-416-19  1.25 0.0478 + 0.0002 0.0141 + 0.0002 90.4 + 1.0
GS-416-20  0.72 0.0484 +  0.0009 0.0139 + 0.0003 88.8 + 1.6
GS-416-21  0.56 0.0488 + 0.0018 0.0138 + 0.0002 88.4 + 1.5
GS-416-22  0.33 0.0493 + 0.0040 0.0138 + 0.0004 88.0 + 24
GS-416-23  0.66 0.0523 + 0.0007 0.0143 + 0.0002 91.2 + 1.4
GS-416-24  0.83 0.0481 + 0.0007 0.0138 + 0.0003 88.3 + 1.8
GS-416-25 047 0.0487 + 0.0011 0.0140 + 0.0003 89.8 + 1.7
GS-416-26  0.42 0.0474 + 0.0010 0.0139 + 0.0002 89.0 + 1.2
GS-416-27  0.69 0.0474 + 0.0012 0.0139 + 0.0003 88.8 + 1.9
GS-416-28  0.50 0.0482 + 0.0016 0.0139 + 0.0004 89.1 + 2.5
GS-416-29 047 0.0482 + 0.0031 0.0139 +  0.0004 89.0 + 2.8
GS-416-30  1.05 0.0479 + 0.0004 0.0142 + 0.0002 90.6 + 1.1

*Bold Characters, concordant data points.
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Table 2. LA-ICP-MS data and calculated ages of the andesitic ash tuff overlying the Goseong Formation.

Niggbter TWU  *7Pb/”™Pb Error  Pb/U Error 231051’:; . Error

20 20 (Ma) 20
GS-296-1 043 00498 + 00046 00135 = 00003  86.1 £ 20
GS-2962 051 00471  + 00021 00134 = 00002 855 £ 12
GS-296-3 048  0.0484 =+ 00031 00132 = 00003 848  + 18
GS-296-4 056  0.1010 + 00230 00147 = 00006 942 £ 37
GS-296-5 051 0.0490 + 00034 00133 = 00002 852  + 14
GS-296-6 049  0.0475 + 00029 00134 = 00003 855 £ 17
GS-2967 045 00479 = 00038 00133 = 00003 851  + 2.1
GS-296-8 055  0.0478 = 00019 00133 £ 00002 853  + 13
GS-296-9 058  0.0468  + 00023 00134 = 00002 856 £ 12
GS-296-10 072 0.0478 = 00025 00132 < 00002 848  + 12
GS-296-11  0.46  0.0468 = 00022 00133  + 00002 850 + 13
GS-296-12 046  0.0481 = 00009 00132 = 0.0001 848 = 09
GS-296-13 041 00475 = 00017 00134 < 00002 855  + Il
GS-296-14 045 00495 = 00030 00132 + 00003 845 + 16
GS-296-15  0.65 00473 = 00020 00133 £ 00002 853  + Il
GS-296-16 054 00474 = 00036 00134 + 00002 856 + 13
GS-296-17 051 00479 = 00023 00132 < 00002 848  + 1.1
GS-296-18 042 0.0486 = 00024 00132 < 00002 842  + 1.1
GS-296-19 056 00470 = 00025 00132 £ 00002 844 + 1.0
GS-29620  0.63 00478 = 00025 00134 £ 00002 859 + 15
GS-29621 074 02370 = 00350 00169 £ 00009 1076 + 59
GS-296-22  0.61 00492 = 00029 00134 + 00003 856 + 16
GS-296-23 048 00493 = 00034 00133 £ 00002 852 + 15
GS-296-24 057 0.0489 = 00037 00132 < 00003 842  + 1.8
GS-296-25  0.66  0.0494 = 00046 00131 = 00003 840 £ 17
GS-296-26 044 00487 = 00027 00132 £ 00002 844  + 13
GS-296-27 048  0.0486 = 00033 00132 < 00003 845 + 18
GS-296-28 046 02100 = 00130 00178  + 00004 1137 + 24
GS-29629 049 00491 = 00027 00135 £ 00004 862  + 23
GS-296-30 059 00830 = 00042 00137 £ 00002 877 + 14

*Bold Characters, concordant data points.
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Fig. 7. (a) Contour and (b) rose diagrams showing the attitudes of faults in the study area.
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Fig. 8. Slip data obtained from the post-depositional faults and fold axes estimated from best-fitting nt-circle of various
attitudes of fold limbs (lower-hemisphere, equal-area projection). Convergent and divergent arrow heads represent
contraction (0Hmax) and horizontal stretch (0Hmin) direction, respectively. When determined, the principal stress
axes 01 (circles), 0 (triangles), 03 (squares) are also projected. Based on the relative chronologies at the outcrops,
reconstructed paleostress regimes are grouped into (1) NW-SE compression or NE-SW tension (D), (2) NE-SW
compression or NW-SE tension (Ds), and (3) E-W compression (Ds), in ascending order. R'=R (0, is vertical), or
2-R (021s vertical), or 2+R (o3is vertical) [Delvaux et al., 1997; R=(0,-03)/(01-03)].
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Fig. 9. Outcrop photographs and diagrams showing the major features of the syndepositional structures (D). (a)

Contour and rose diagrams showing the attitudes of all growth faults within the Goseong Formation. Note that
WNW-striking growth faults are dominant. (b, c) WNW-striking growth faults. (d) N-S-striking growth fault. (e)
Reconstructed paleo-stress regime indicating NE-SW tension (D) (f) Contour and rose diagrams showing the atti-
tudes of all clastic dyke within the Goseong Formation. (g, h) NW-striking clastic dykes containing various lithic

fragments, which are poorly sorted and angular.
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Fig. 10. Outcrop photographs and sketch of the post-depositional faults formed under NW-SE compressional or
NE-SW tensional stress field (D,). (a) NW-striking clastic dyke offset by N-S-striking dextral fault and WNW-strik-
ing sinistral fault. (b) N-S-striking sinistral strike-slip faults and its (c) sketch. The fault shows a network of multiple
anastomosing strands. (d) NW-striking en-echelon veins indicating a sinistral sense of the N-S-striking fault. (e)
Slickenline indicating sinistral strike-slip sense observed on the N-S-striking fault surface. (f) The N-S-striking

fault transected by a WNW-striking intermediate dyke.
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Contour and rose diagrams showing the attitudes of all intermediate dyke in the study area. (b, c) WNW- and
N-S-striking intermediate dyke intruding the Goseong Formation. (d, ¢) Close-up views showing porphyritic texture

(d) and fine-grained texture (e).
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Fig. 12. Outcrop photographs showing the major features of the post-depositional faults formed under NE-SW com-
pressional or NW-SE tensional stress field (Ds). (2) N-S- and (b) WNW-striking intermediate dyke, which underwent
dextral and sinistral slips on their contacts, respectively. (¢) Slickenline indicating the sinistral strike-slip sense.
(d) Slickenline indicating the dextral strike-slip sense. (¢) WNW-striking sinistral strike-slip fault cutting the inter-
mediate dyke. (f) Slickenline indicating the sinistral, reverse oblique-slip sense on the WNW-striking fault surface.
(g) Slickenline indicating the dextral, normal oblique-slip sense on the N-S striking shear fracture.
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Fig. 13. Geochronological records in SE Korea and summary of the paleostress history in study area.
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