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ABSTRACT: Stratigraphic understanding of the Yeongwol Group in a western division of the Taebaeksan Basin remains unclear due largely
to development of complex thrust faults and extensive dolomitization. This study aims to describe lithostratigraphic features of the Namae
section, where the upper Cambrian to Lower Ordovician sedimentary successions are continuously exposed without structural discontinuities,
and to shed light on their geological values with an emphasis on refinement of lithostratigraphic units and boundaries. The Yeongwol Group
in the Namae section consists of the uppermost Machari (14.5 m), Wagok (171 m), Mungok (189.5 m), and lower Yeongheung (38 m) formations
in ascending order. This section is the only site to date where three lithostratigraphic boundaries between the formations can be observed
in one place. In this section, two lithostratigraphic intervals, including an entire succession of the Wagok Formation and a transitional interval
from the upper Mungok to the lower Yeongheung formations, were newly identified. Although the Wagok Formation is mainly composed
of massive dolostone, sedimentary structure, carbonate grains, and fossil skeletons are partly preserved in the lower and upper intervals of
the formation, allowing us for further paleontologic, stratigraphic, and sedimentologic researches. In addition, the Namae section provides
a lithostratigraphic standard for the boundary between the Mungok and Yeongheung formations, which has been ambiguously defined or
misinterpreted in previous works. It reveals how and when the peritidal carbonate depositional system of the Yeongheung Formation developed
in this region.
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Fig. 1. (a) Tectonic elements of the East Asia and the location of the Taebaeksan Basin. Abbreviations: SKB = Sino-Korean Block;
N = Nangrim Massif; Y= Yeongnam Massif, SCB = South China Block; G = Gyeonggi Massif; P = Pyeongnam Basin; T = Tacbacksan
Basin; O = Okcheon Basin; Q-D = Qinling-Dabie Belt; S = Sulu Belt; I = Imjingang Belt (after Chough, 2013). (b) Simplified
geologic map of the Taebaeksan Basin, showing the distribution of the Yeongwol and the other lower Paleozoic groups (after
Choi, 1998). (c) Enlargement of a red rectangle in figure 1b, showing geologic map of the northern area of the Yeongwol Group
and location of the Namae section (red rectangle) (after Choi, 1998 and Kim et al., 2014). Previously studied sections: 1 = Gokgeum;
2 =Yeonjeong 3; 3 = Dumok; 4 = Namgyo; 5 = Dojanggol; 6 = Uggagol; 7 = Garacjae. (d) Satellite image of the Namae section, showing
the upper and lower limits of the section and boundaries of the lithostratigraphic units (image source: https://map.kakao.com).
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Fig. 2. (a) Simplified lithologic log of the Namae section. (b) Detailed lithologic log of the interval around the boundary between
the Machari and Wagok formations. (c) Detailed lithologic log of the interval around the boundary between the Wagok and Mungok
formations. (d) Detailed lithologic log of the interval around the boundary between the Mungok and Yeongheung formations.
Information of fossil biozones sourced from Lee and Lee (1999) and Lee, B.-S. (2012a) for conodont zones, from Kim and Choi
(2000), Sohn and Choi (2002), and Lee, S.-B. (2020) for trilobite zones, and from Cho and Kim (2007) and Kim ef al. (2009)
for graptolite zones. Biozones established from other sections are marked with asteroid (Lee and Lee, 1999; Sohn and Choi, 2002;
Cho and Kim, 2007; Lee, B.-S., 2012a; Lee, S.-B., 2020). Abbreviations: S = shale; M = lime mudstone; W = wackestone; P =
packstone; G = grainstone; and C = limestone conglomerate.
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Table 1. Lithostratigraphic summary of the Yeongwol Group in Namae section. Key features for lithostratigraphic boundaries are
underlined and in bold.

Formation Member Lithology (lithofacies) Key lithostratigraphic features
(interval)
Yeongheung lower - thin-bedded to laminated silty dolo mudstone - first occurrence of tidalites (laminated silty do-
- lenticular-bedded calcareous sandstone lo-mudstone and lenticular-bedded calcareous
- massive dolostone (packstone to grainstone) sandstone)
- bioturbated wackestone to packstone - development of nodular cherts within massive
- laminated to thin-bedded lime (dolo) mudstone dolostone
to wackestone
- limestone conglomerate
Mungok Dumok - massive dolostone (packstone to grainstone) - last occurrence of limestone-marlstone (shale)
- bioturbated wackestone to packstone couplet
- laminated to thin-bedded lime mudstone - predominance of fine-grained sedimentary
- limestone conglomerate rocks in middle part
- limestone-marlstone (shale) couplet - first occurrence of homogeneous mudstone
- homogeneous mudstone
Jeommal - packstone to grainstone - re-occurrence of limestone-marlstone (shale)
- bioturbated wackestone to packstone couplet
- laminated to thin-bedded lime mudstone
- limestone conglomerate
- limestone-marlstone (shale) couplet
Baeiljae - massive dolostone - totally massive
Garam - massive dolostone (packstone to grainstone) - development of layered cherts within massive
- thin- to cross-bedded packstone to grainstone dolostone
- bioturbated wackestone to packstone - first occurrence of limestone-marlstone (shale)
- laminated to thin-bedded lime mudstone couplet
- limestone conglomerate
- limestone-marlstone (shale) couplet
Wagok upper - massive dolostone - weak preservation of sedimentary structure and
- dolostone-dolo mudstone couplet textures
- laminated dolo mudstone - predominance of dark-colored dolostone
- stromatolite
- thin- to cross-bedded packstone to grainstone
- bioturbated wackestone to packstone
lowerto - massive dolostone - mostly massive
middle - medium- to thick-bedded dolostone (packstone - predominance of light-colored dolostone
to grainstone)
Machari upper - thin- to medium-bedded packstone to grain- - last occurrence of limestone-marlstone (shale)
stone couplet
- bioturbated wackestone to packstone
- thin-bedded lime mudstone to wackestone
- limestone-marlstone (shale) couplet
HE AAS, GEF, dAsE TFSY W=, =4 LH T Aol A AR A, FEHo = ¢F
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Fig. 3. Lithological features of the uppermost Machari Formation. (a) Field photograph of an entire sequence of the uppermost
Machari Formation. (b) Photograph of a thin section of dolomitized limestone (bioturbated wacke to packstone). (c) Enlarged
photomicrograph of a rectangle in figure 3b, showing peloids and bivalve shells, taken using the white card method. (d) Field
photograph of alternation of dark gray limestone and reddish-brown marlstone (shale) thin beds. Scale bar is in centimeters. (¢)
Photomicrograph of a boundary of limestone and marlstone (shale) couplets, showing that dolomite crystals occur commonly
within a limestone layer.
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Fig. 4. Stratigraphic interval around the boundary between the Machari and Wagok formations. (a) Field photograph with the
lithostratigraphic boundary (dashed line) between the Machari and Wagok formations. (b) Field photograph showing a gradational
change of lithofacies in the uppermost Machari Formation, from limestone-marlstone (shale) couplet (L-S) and thin bedded lime
mudstone (LM/Wtb), wackestone and packstone (W/P) to massive dolostone (Dm) (packstone to grainstone; P/G). (¢) Photograph
of a thin section of dolomitic limestone (wackestone to packstone). (d) Enlarged photomicrograph of a rectangle in figure 4c,
showing peloids and fossil fragments of probable trilobite, taken using the white card method. (¢) Photograph of a thin section
showing limestone-marlstone (shale) couplet collected from the uppermost Machari Formation. (f) Enlarged photomicrograph of
arectangle in figure 4e, taken using the white card method. Note that sedimentary structures of both limestone and marlstone layers
are partly preserved, but grain components are not identified. Hammer for scale in figures 4a (white circle) and 4b is 28 cm long.
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Fig. 5. Lithological features of the Wagok Formation. (a) Field photograph of light gray massive dolostone in the lower Wagok
Formation. Scale bar is in centimeters. (b) Photomicrograph of massive dolostone, showing a xenotopic fabric. (c) Field photograph
of thick- to medium-bedded dark gray dolostone in the upper Wagok Formation. Hammer for scale (white circle) is 28 cm long.
(d) Photograph of dolomitic packstone to grainstone in the upper Wagok Formation, showing partially well-preserved peloidal
and intraclastic grains. (¢) Photograph of thin- to cross-bedded packstone to grainstone in the upper Wagok Formation, showing
weakly preserved cross-bedding (dotted lines). (f) Photograph of a stromatolite slab sampled from the upper Wagok Formation.
(g) Photograph of a thin section of dolostone-dolo mudstone couplet in the upper Wagok Formation, showing development of
lamination. (h) Enlarged photomicrograph of a rectangle in figure S5g, showing well-rounded and -sorted peloids, granular intra-
clasts, and unidentified fossil fragments, taken using the white card method.
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Fig. 6. Stratigraphic interval around the boundary between the Wagok and Mungok formations and lithologic features of the lower
Mungok Formation (Garam Member). (a) Field photograph with the lithostratigraphic boundary between the Wagok and Mungok
formations, showing a sharp contact between massive dolostone (Dm) and limestone-marlstone (shale) couplet (L-S). (b) Enlarged
photograph of a rectangle in figure 6a showing limestone-marlstone (shale) couplets (L-S). (c) Field photograph of bioturbated
packstone to grainstone (P/G) and limestone pebble conglomerate (Clp) interbedding packages of limestone-marlstone couplet
(L-S) lithofacies. (d) Field photograph of massive dolostone interbedded with layered cherts in the lower Garam Member of the
Mungok Formation. Scale bar is in centimeters. (e-f) Field photograph and photomicrograph of laminated lime mudstone (LMI)
lithofacies in the upper Garam Member of the Mungok Formation, showing development of parallel- to low-angle cross-lamination,
partly obliterated by bioturbation. Hammer (circles) for scale in figures 6a, 6¢, and 6e is 28 cm long.
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Fig. 7. Lithological features of the middle to upper Mungok Formation (Baeiljae, Jeommal, and Dumok members). (a) Field photo-
graph of massive dolostone in the Baeiljae Member. Net for scale (right) is tied at 10 cm intervals. (b) Field photograph of lithostrati-
graphic boundary (dashed line) between the Baeiljae and Jeommal members, showing a sharp contact between massive dolostone
(Dm) and limestone-shale couplet (L-S). (¢) Field photograph of lithofacies associations of the lower Dumok Member, including
homogeneous mudstone (Mh) or shale (S), limestone-marlstone (shale) couplet (L-S), laminated to thin-bedded lime mudstone
(LMI), bioturbated wackestone to packstone (W/Pb), and packstone to grainstone (P/G) facies. (d) Field photograph of a representa-
tive lithofacies associations of the middle Dumok Member, showing a few meters-thick homogeneous mudstone (Mh) or shale
(S) and limestone-marlstone (shale) couplet (L-S) intercalated with limestone pebble conglomerate (Clp). (¢) Photograph of a
thin section of limestone-marlstone (shale) couplet lithofacies, showing four packages of couplet, consisting of graded lime mud-
stone and homogeneous mudstone thin beds to laminae, recognized by erosional surfaces and burrows. (f) Enlarged photomicro-
graph of a rectangle in figure 7e, showing burrows filled with dolomite crystals. Hammer (circles) for scale in figures 7b, 7c,
and 7d is 28 cm long.
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Fig. 8. Stratigraphic interval around the boundary between the Mungok and Yeongheung formations. (a) Field photograph of
the lithostratigraphic boundary (white dashed line) between the Mungok and Yeongheung formations and the upper stratigraphic
limit of the Namae section below a reverse fault (red dashed line). (b) Enlarged field photograph of a rectangle in figure 8a showing
the lithostratigraphic boundary between the Mungok and Yeongheung formations. This boundary is delineated by last occurrence
of limestone-marlstone (shale) couplet (L-S), located in between laminated dolo-mudstone (DM1) and massive dolostone (Dm).
(c) Enlarged field photograph of a rectangle in figure 8b, showing occurrence of limestone pebble conglomerate (Clp) within
the L-S lithofacies interval. (d) Photomicrograph of massive dolostone (packstone to grainstone; P/G) in the uppermost Mungok
Formation, showing peloids and a shell fragment. (e) Photograph of a thin section of limestone pebble conglomerate in the lower-
most Yeongheung Formation. (f) Enlarged photomicrograph of a rectangle in figure 8e, showing intraclasts and grainy matrix
consisting of peloids and fossil fragments. Hammer for scale in figures 8b and 8c is 28 cm long.
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Fig. 9. Lithological features of the lower Yeongheung Formation. (a-b) Field photograph and photomicrograph of laminated dolo
mudstone (DMI). This facies unit consists of sets of homogeneous lime mudstone and marlstone thin beds to laminae with burrows.
(c) Field photograph of massive dolostone (Dm) including chert nodules (arrows). (d) Field photograph and photomicrograph
in an inset of calcareous sandstone (CS). This facies that contain well-rounded quartz sand grains is underlain by limestone pebble
conglomerate (Clp) and overlain by laminated silty dolo mudstone (DMlIs). (e-f) Field photograph and photomicrograph of lami-
nated silty dolo mudstone (DMIs), showing low-angle cross lamination and intercalation of lenticular calcareous siltstone laminae.
Note that there are no fossils in this lithofacies, such as bioturbation and skeletal fragments. Scale bar in figures 9a, 9c, 9d, and

9e is in centimeters.
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