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A B S T R A C T   

Precambrian and Cambrian rocks are often separated by the “Great Unconformity”, a global contact that can 
represent a gap spanning hundreds of millions of years of time. A coeval unconformity in the Sino-Korean Block 
has recently been documented from several different areas of China; however, the stratigraphic position of this 
boundary in the eastern margin of the Sino-Korean Block in the Taebaek Group, central-eastern Korea, is still 
elusive. We present an integrated approach incorporating detailed field observations, sedimentary petrography, 
and detrital zircon geochronology on the basal stratigraphic units of the Taebaek Group (Jangsan, Myeonsan, and 
Myobong formations) to resolve this issue. In contrast to the traditional view that all three formations are of early 
Cambrian age, that the Myeonsan Formation is a lateral equivalent of the Jangsan Formation, and that the 
Myobong Formation conformably overlies the other two formations, our data indicate that the Myeonsan For
mation can be a lateral equivalent of the basal Myobong Formation. We propose that the Great Unconformity 
possibly lies between the Jangsan and Myeonsan/Myobong formations: the Jangsan Formation is probably of 
Precambrian age, and the Myeonsan and Myobong formations are early Cambrian in age. This result suggests 
that the Great Unconformity on the Sino-Korean Block extends to the eastern margin of the block in the Korean 
Peninsula. The recognition of the Great Unconformity in the Taebaek Group will help to clarify the stratigraphic 
correlation, tectonic history, and paleogeographic reconstruction of the eastern Sino-Korean Block during the 
Cambrian.   

1. Introduction 

The “Great Unconformity” between Precambrian and Cambrian 
strata has been identified throughout the world, including in Laurentia, 
Gondwana, Baltica, Avalonia, and Siberia. The unconformity resulted 
from the break up of Rodinia, formation of the Gondwana as well as 
global eustatic sea-level rise (Brasier and Lindsay, 2001; Peters and 
Gaines, 2012; DeLucia et al., 2018). Many recent studies have empha
sized the importance of the Great Unconformity in terms of stratigraphy, 
evolution of organisms, sequence stratigraphy, and paleoceanography, 
as well as ore geology (Peters and Gaines, 2012; Parnell et al., 2014; 
Karlstrom et al., 2018; Keller et al., 2019; Barnes et al., 2020; Shah
karami et al., 2020). The Sino-Korean Block, one of the oldest cratons in 
the world (Zhao et al., 2005), was a microcontinent located near or at 
the eastern margin of Gondwana during the early Paleozoic (McKenzie 
et al., 2011; Han et al., 2016; Zhao et al., 2021). Thick Meso- to 

Neoproterozoic strata were deposited throughout the Sino-Korean 
Block, which are unconformably overlain by Cambro–Ordovician 
strata (Meng et al., 1997; Xiao et al., 1997, 2014; Chough et al., 2010; 
Meng et al., 2011; He et al., 2017; Wan et al., 2019; Zhai et al., 2019; Zuo 
et al., 2019; Li et al., 2020a; Li et al., 2020b; Zhang et al., 2020). The 
Precambrian–Cambrian boundary on the Sino-Korean Block commonly 
occurs as a cryptic disconformity, and recognizing this surface thus re
quires integrated investigations using a variety of methods (e.g., Xiao 
et al., 2014; He et al., 2017; Wan et al., 2019). Compared with Laurentia, 
where the Great Unconformity has been recognized and studied over the 
last few decades (Shahkarami et al., 2020 and references therein), 
further research is required to understand the nature of the Great Un
conformity on the Sino-Korean Block. 

In the eastern margin of the Sino-Korean Block (Korean Peninsula), 
lower Paleozoic strata are represented by the Taebaek Group (lower 
Cambrian–Middle Ordovician) (Fig. 1) (Choi et al., 2004; Kwon et al., 
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2006). The lowermost part of the group comprises the Jangsan and 
Myeonsan formations, which both unconformably overlie Paleoproter
ozoic basement rocks of the Yeongnam Massif (J.Y. Kim and Cheong, 
1987; Woo et al., 2006). These two formations are laterally bounded by 
a major right-lateral strike-slip fault (the Dongjeom Fault; Fig. 1) and are 
traditionally considered to be lateral equivalents (Cheong et al., 1973; 
Yun, 1978; J.Y. Kim and Cheong, 1987; J.Y. Kim, 1991; Chough et al., 
2000; Y.I. Lee and J.I. Lee, 2003; Choi et al., 2004; Kwon et al., 2006; 
Woo et al., 2006; Chough, 2013). The Myeonsan Formation gradually 
fines upward into the overlying Myobong Formation, and there is a 
general consensus that these two formations are conformable and are of 
early Cambrian age (Choi et al., 2004; Kwon et al., 2006; Y.I. Lee et al., 
2016c). 

However, the relationship between the Jangsan and Myobong for
mations has been questioned over the last few decades. Although these 
two formations have traditionally been considered to be conformable 
(Kobayashi, 1930; Son and Cheong, 1965; Kobayashi, 1966; Cheong, 
1969; Yun, 1978; J.Y. Kim and Cheong, 1987; Choi et al., 2004), Y. Kim 
and Lee (2006) reported outcrops with an “unconformable” boundary 
between the Jangsan and Myobong formations and suggested that there 
was a major time gap between these two formations. Y.I. Lee et al. 
(2012) reported an abrupt change in detrital zircon age spectra from the 
two formations and suggested that this change may indicate an uncon
formable relationship between them. However, Y. Kim and Lee (2006) 
did not present detailed outcrop observations of the boundary, and their 
outcrops are only poorly exposed. In fact, one of the outcrops (the west 
Dongjeom section; Fig. 1B, D) reported by Y. Kim and Lee (2006) later 

turned out to be a faulted contact (Chough et al., 2016). H.S. Kim et al. 
(2019) suggested that differences in the sediment grain sizes could 
reflect provenance changes, and thus the abrupt changes in sediment 
provenance reported by Y.I. Lee et al. (2012) are not solid evidence that 
these two formations are unconformable. In this study, we present the 
evidence that the Jangsan and Myobong formations are unconformable 
based on detailed outcrop and petrographic observations, as well as 
detrital zircon analyses. Positioning the Great Unconformity on the 
eastern Sino-Korean Block will help to constrain the geographic extent of 
the unconformity and the geochronologic magnitude of the 
unconformity-forming event across the Precambrian–Cambrian 
boundary. 

2. Geological setting 

Eastern Asia (including most of Korea, China, and Japan) consisted of 
two major blocks during the early Paleozoic: the Sino-Korean (or North 
China) Block and the South China Block, which collided during the 
Permian–Triassic (Fig. 1A) (Yin and Nie, 1993; Chough et al., 2000). 
Both blocks were either microcontinents located near the Gondwana 
Supercontinent or parts of the supercontinent during the early Paleozoic 
(McKenzie et al., 2011). The Korean Peninsula consists of three major 
massifs, which are from north to south the Nangrim, Gyeonggi, and 
Yeongnam massifs (Chough et al., 2000). There has been controversy on 
the paleogeographic affinities of these massifs, except for the Nangrim 
Massif, which is an eastward extension of the Sino-Korean Block 
(Chough et al., 2000; Zhai et al., 2019). The Gyeonggi massif has been 

Fig. 1. Geological map of the Taebaeksan Basin. (A) Location of the Taebaeksan Basin in the Sino-Korean block. NM, Nangrim Massif; GM, Gyeonggi Massif; YM, 
Yeongnam Massif. (B) Geological map of the Taebaeksan Basin. The locations of the Sangdong (37◦08′44′′N 128◦50′35′′E), Dongjeom (37◦04′53′′N 129◦03′16′′E), and 
Seokgaejae (37◦04′05′′N 129◦08′31′′E) sections are marked with arrows. (C–E) Close-up maps of (C) the Sangdong section, (D) the Dongjeom section, and (E) the 
Seokgaejae section. Maps modified after GICTR (1962), Choi et al. (2004), and Chough (2013). 
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correlated with both the Sino-Korean Block and the South China Block 
by different studies (Choi, 2019 and references therein). This is also the 
case for the Yeongnam massif, but we consider this massif to be asso
ciated with the Sino-Korean block on the basis of sedimentological and 
paleontological evidence (Chough, 2013). 

The Cambro–Ordovician Joseon Supergroup occurs in the Tae
baeksan and Pyeongnam basins in the Korean Peninsula, which are parts 
of the Yeongnam and Nangrim massifs, respectively (Fig. 1). The Tae
baek Group comprises mixed siliciclastic–carbonate successions of the 
Jangsan/Myeonsan, Myobong, Daegi, Sesong, Hwajeol, Dongjeom, 
Dumugol, Makgol, Jigunsan, and Duwibong formations in stratigraphic 
ascending order (Choi et al., 2004; Choi and Chough, 2005). In the 
southeastern Taebaeksan Basin, the Jangsan Formation occurs west of 
the north–south-trending Dongjeom Fault (J.Y. Kim and Cheong, 1987) 
and unconformably overlies metamorphosed sedimentary rocks of the 

Paleoproterozoic (ca. 2010–2180 Ma, Y.I. Lee et al., 2011; 1838 ±
5–1878 ± 5.2 Ma, Jeong, 2020) Yuli Group and the Paleoproterozoic 
Hongjesa granitic gneiss (2013+30/− 24 Ma) (H.-S. Lee et al., 2010). The 
Myeonsan Formation is found east of the Dongjeom Fault (Cheong et al., 
1973; J.Y. Kim and Cheong, 1987) and unconformably overlies the 
Hongjesa granitic gneiss, without the Jangsan Formation. The Dongjeom 
Fault is thought to be of Cretaceous age (J.H. Kim et al., 2000). Both the 
Jangsan and Myeonsan formations are stratigraphically overlain by the 
black “shales” or “slates” of the Myobong Formation. The Jangsan/ 
Myeonsan formations occur parallel to the Myobong Formation in 
geologic maps, and their strikes and dips are generally similar (Fig. 1) 
(GICTR, 1962). Based on these observations, the Jangsan and Myeonsan 
formations are traditionally considered as lateral equivalents (J.Y. Kim, 
1991; Choi et al., 2004; Choi and Chough, 2005; Kwon et al., 2006; Woo 
et al., 2006). 

Fig. 2. Sedimentological logs of the Sangdong (modified after Oh, 2020), east Dongjeom (modified after Woo et al., 2006), and Seokgaejae (modified after Choi 
et al., 2004) sections. Sampled horizons for the detrital zircon analyses of this study (red arrows; SD-JS, SD-MB, DJ-MS, DJ-MS01, DJ-MB) and previous studies (JS-3, 
JS-4, MB-1: Y.I. Lee et al., 2012; MF1, 2, 3, 4: H.S. Kim et al., 2013; LA110725-4, 5, LA130127-ms, Y.I. Lee et al., 2016c; JSQ-1: S.W. Kim et al., 2017; DJ-MS (Jang): 
Jang et al., 2018; 399, 401, 402, TB17: Cho et al., 2021) are marked. JS-3 and JSQ-1 are from the Jangsan Formation of the west Dongjeom section. M: mudstone, 
VFS: very fine sandstone, FS: fine sandstone, MS: medium sandstone, CS: coarse sandstone, VCS: very coarse sandstone, C: conglomerate. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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A platform-wide transgression began in the early Cambrian (Stage 3 
or 4) and covered a vast area of the Sino-Korean Block (Meng et al., 
1997). The Jangsan and Myeonsan formations are previously regarded 
to represent initial stage of this transgression event (Kwon et al., 2006; 
Woo et al., 2006). The Jangsan Formation comprises milky white to 
pinkish coarse-grained quartzose sandstone with minor well-rounded 
quartzite and gneiss pebbles (Yun, 1978; Woo et al., 2006). Sedimen
tary structures such as trough and tabular cross-stratification are 
commonly found in the formation, and are interpreted to have formed in 
inner-shelf to nearshore environments (Woo et al., 2006). The Myeonsan 
Formation consists of basal conglomerate, dark gray sandstone, and 
mudstone formed in a restricted embayment with tidal influence (J.Y. 
Kim, 1991; Woo et al., 2006). The Myobong Formation comprises 
various lithofacies ranging from mudstone to dark gray gravelly sand
stone deposited in peritidal to shoal environments (Fig. 2) (Oh, 2020), 
and is early–middle Cambrian in age (Cambrian Stage 3?–Wuliuan) 
based on the occurrences of the Redlichia, Elrathia, Mapania (?), and 
Bailiella trilobite biozones (Kobayashi, 1966; Choi et al., 2016). 

Classically, the Taebaek Group was described from the Dongjeom, 
Sangdong, and Jikdong areas, of which the Dongjeom and Sangdong 
sections contain the basal succession of the group (Choi et al., 2004) 
(Fig. 1). Stratotype sections for the Taebaek Group were proposed in the 
Dongjeom and Sangdong areas (Kobayashi, 1930, 1966), but the orig
inal outcrops have been partly destroyed due to weathering and con
struction. As a result, outcrops are at the present day only sporadically 
exposed, with numerous stratigraphic gaps. Instead, the Seokgaejae 
section has been proposed as a principal reference section for the entire 
Taebaek Group (Choi et al., 2004). We describe these three main sec
tions, the Sangdong, Dongjeom, and Seokgaejae sections, focusing on 
the basal units (the Jangsan, Myeonsan, and Myobong formations). 

The Sangdong section is located in the westernmost part of the study 
area (Fig. 1B, C). This section has been described as containing the 
Jangsan and Myobong formations, without the Myeonsan Formation 
(Kwon et al., 2006). In this section, the Jangsan Formation is about 200 
m thick and is stratigraphically overlain by the Myobong Formation. The 
Myobong Formation is about 120 m thick in the Sangdong section 
(Fig. 2) (Oh, 2020). 

The Dongjeom section is located approximately 8 km south of Tae
baek city, and occurs along the Nakdong River (Fig. 1B, D). The 
lowermost part of the Taebaek Group is identified from two subsections 
of the Dongjeom section, located west and east of the Dongjeom Fault, 
respectively. In the west Dongjeom section, an east–west-trending fault 
contact between the Jangsan Formation and the upper Myobong For
mation occurs along the stream (Chough et al., 2016). In this section, the 
Jangsan Formation is structurally thickened by repeated thrust faults 
(J.-H. Lee et al., 2016a). In the east Dongjeom section, the Myeonsan 
Formation (ca. 40 m thick) unconformably overlies the Hongjesa 
granitic gneiss with ~4 m thick basal conglomerate (J.-Y. Kim and 
Cheong, 1987; Woo et al., 2006), and grades into the overlying finer- 
grained Myobong Formation (ca. 20 m thick) (Fig. 2). The Dongjeom 
Fault separates the west and east subsections, marking the lower 
boundary of the Jangsan Formation to the west and the upper boundary 
of the Myobong Formation to the east. 

The Seokgaejae section is located in the easternmost part of the study 
area (Fig. 1B, E), and contains 38.6-m-thick coarse sandstone of the 
Myeonsan Formation unconformably overlying the Hongjesa granitic 
gneiss with a ~1 m thick basal conglomerate (Fig. 2) (Choi et al., 2004, 
their fig. 3). The overlying Myobong Formation is mostly covered in the 
Seokgaejae section, and is assumed to be about 130 m thick (Choi et al., 
2004). The base of the Myobong Formation is placed at the first occur
rence of dark gray, homogeneous mudstone (Choi et al., 2004). 

3. Methods 

The contact between the Jangsan and Myobong formations is found 
in the Sangdong section, which runs along a stream (Fig. 1). The outcrop 

has been studied in order to reveal the nature of this boundary, and 
sketches and sedimentological logs were drawn on the basis of detailed 
observations (Figs. 2, 3). Two samples containing the exact boundary 
between the Jangsan and Myobong formations were collected from the 
outcrop and prepared as slabs (Fig. 5). Thin sections corresponding to 
the polished slab surfaces were made to observe microscale structures. 

Samples for detrital zircon analysis were collected from the Jangsan, 
Myeonsan, and Myobong formations in the Sangdong and Dongjeom 
areas. In the Sangdong section, sandstone samples from the Jangsan (SD- 
JS) and Myobong formations (SD-MB) were collected ~0.5 m below and 
above the formation boundary, respectively (Figs. 2, 3A). In the east 
Dongjeom section, two boulder-sized sandstone clasts from the basal 
Myeonsan Formation (DJ-MS and DJ-MS01) and from sandstone in the 
Myobong Formation in the upper part of the outcrop (DJ-MB) were 
collected (Fig. 2). Thin sections were prepared from the same samples 
for petrographic observation and identification of modal composition 
using the traditional point-counting method. 

Detrital zircon grains were separated from the collected samples 
using the conventional heavy-mineral separation method at the 
Geological Department at Lund University, Sweden. The zircon was 
handpicked from the concentrates, mounted in epoxy, and polished. 
Transmitted light microscopy, secondary emission (SE), cath
odoluminescence (CL), and back-scattered electron (BSE) imaging were 
applied to reveal the internal structures of the zircon and to select 
analytical spot positions. SE, CL, and BSE imaging were performed using 
the High-Resolution field-emission–scanning electron microscope 
(FE–SEM; Tescan Mira 3, Brno, Czech Republic) at Lund University. 

U–Pb isotope analyses were carried out in the Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry (LA–ICP–MS) labora
tory at Lund University. The laboratory includes a Teledyne Photon 
Machines G2 (Teledyne Technologies, Omaha, USA) laser coupled to a 
Bruker Aurora Elite quadrupole ICP–MS (Bruker Daltonics, Bremen, 
Germany). Instrument tuning was aimed at obtaining high and stable 
signal counts on lead isotopes, on low oxide production (below 0.5% 
monitoring 238U/238U16O and 232Th/232Th16O), and on Th/U ratios of 1 
using NIST612 for the standard. The primary and secondary reference 
standards for the analytical session were the GJ-1 (Jackson et al., 2004) 
and 91,500 (Wiedenbeck et al., 1995) natural zircon, respectively. The 
analytical results of the reference samples are shown in Supplementary 
Table 2. Each analysis was done with 300 shots at 10 Hz with a fluence 
between 2.5 J/cm2, measuring baseline compositions for 30 s before 
each measurement, and subtraction was performed with a step-forward 
approach. Common Pb was monitored by measuring 202Hg and mass 204 
(204Hg + 204Pb). Data reduction was made with Iolite using the 
X_U_Pb_Gerchron4 DSR (Paton et al., 2010; Paton et al., 2011), and the 
common-Pb correction was done using the VizualAge DRS by Petrus and 
Kamber (2012). Decay constant values (λ) of 238U and 235U used to 
calculate the zircon ages are 1.55125 * 10− 10/yr and 9.8485 * 10− 10/yr, 
respectively (Steiger and Jäger, 1977). All uncertainties of the isotopic 
ratios and ages are 2σ levels. For the zircon ages older and younger than 
1000 Ma, 207Pb/206Pb and 206Pb/238U ages are used respectively. 
Discordance (%) of the zircon ages were calculated as [1− (206Pb/238U 
age)/(207Pb/235U age)] * 100 and [1− (206Pb/238U age)/(207Pb/206Pb 
age)] * 100 with ages younger and older than 1000 Ma, respectively. 
The kernel density estimates (Vermeesch, 2013) were constructed using 
the 206Pb/238U ages and 207Pb/206Pb ages for zircon with the same 
criteria. 

4. Field and petrographic observations 

4.1. Field observations 

The studied outcrop in the Sangdong section that contains the 
Jangsan–Myobong boundary comprises an approximately 2-m-thick 
continuous succession of the light gray to reddish quartzose coarse 
sandstone (uppermost Jangsan Formation) overlain by the dark gray 
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gravelly to medium sandstone with rare pebbles (lowermost Myobong 
Formation) (Fig. 3). The Myobong Formation gradually fines upward, 
but never contains grains smaller than fine sand within the study in
terval (Fig. 3A). This boundary shows centimeter- to decimeter-scale 
irregular topography with a sharp boundary (Fig. 3B, C). Clast-bearing 
gravelly sandstone with crude lamination has filled in the topographic 
low (Fig. 3D). The clasts are gravel to pebble size and are generally 
aligned parallel to subparallel to the bedding plane, and composed of 
coarse sandstone that is similar to the Jangsan Formation below. In the 
upper part of the topographic low, slightly wavy (?) cross-laminated 
sandstone either directly overlies the Jangsan Formation or laterally 
extends and covers the depression-filling gravelly sandstone (Fig. 3E). 
This “wavy” cross-lamination could have been affected by pressure so
lution, as inferred from its sutured fabric that resembles stylolites. Still, 
its lateral persistence suggests that the “wavy” sandstone is strati
graphically in situ (Fig. 3C). 

In the east Dongjeom section, the basal conglomerate of the 
Myeonsan Formation unconformably overlies the Precambrian Hon
gjesa granite (Fig. 4A). The conglomerate consists of various sub- to 
well-rounded cobble- to boulder-sized clasts including sandstone, 
quartzite, chert, and granitic gneiss. Notably, some boulder-sized 
sandstone clasts are dominated by coarse- to very coarse sand-sized 
quartz with apparent stratification (Fig. 4B). The upper part of the 
Myeonsan Formation in the Dongjeom section consists of fine- to 
medium-sand-sized sandstone alternating with siltstone layers, and the 
boundary between the Myeonsan and overlying Myobong formations is 
placed at the first occurrence of a thick dark gray silt- to fine sandstone 
bed (Fig. 4C). Overall, the general sedimentary succession of the 
Myeonsan and Myobong formations in the Dongjeom section is similar 
to that of the Seokgaejae section (Fig. 2) (Kwon et al., 2006). 

4.2. Petrographic observation 

4.2.1. Slab and thin-section analysis of the Jangsan–Myobong boundary 
The slab analysis of the boundary sample acquired from the Sang

dong section shows that there is a clear boundary between the under
lying brownish to grayish sandstone of the Jangsan Formation and the 
dark gray sandy conglomerate of the Myobong Formation (Fig. 5A). The 
layer above (Myobong Formation) comprises a matrix of coarse silt to 

very fine sand-sized detrital ilmenite and some quartz and feldspar with 
moderately rounded to sub-angular quartzose sandstone and quartzite 
clasts (Fig. 5B, C). The Jangsan sandstone and the sandstone clasts in the 
Myobong Formation are petrographically similar, with quartz over
growth observed from both of them. Deformation-induced features (e.g., 
cataclastic foliation, fault gauge) are not observed in thin section along 
the boundary (Fig. 5C), suggesting the boundary is not produced from a 
post-depositional tectonic event (cf. Chough et al., 2016). 

4.2.2. Microscale observation 
The sample from the Jangsan Formation (SD-JS) dominantly consists 

of monocrystalline (80%; 465/581) and polycrystalline (11.2%; 65/ 
581) quartz with a substantial amount of matrix (8.8%; 51/581 points) 
(Fig. 6). This makes the rock a quartz wacke. Grains range from fine to 
very coarse sand, but the dominant component is moderately to well 
sorted, subangular to moderately rounded coarse sand (Fig. 7A). Some 
quartz grains show syntaxial overgrowth. Previous studies suggested 
that the matrix (mainly sericite) constitutes as much as 30% of the 
volume, which could have resulted from diagenesis of feldspar and lithic 
fragments (Y.I. Lee et al., 2016b). Remnants of original feldspar grain 
shapes can also be locally observed in our samples (Fig. 7A). If all of the 
matrices had originally been feldspar, then the Jangsan sandstone can be 
classified as quartz arenite to subarkose. No evidence of organisms (e.g., 
bioclasts, bioturbation) was found in the Jangsan sandstone. Overall, the 
petrographic characteristics of our Jangsan sample are very similar to 
those of the Jangsan Formation at other localities (Y.I. Lee et al., 2012) 
(Fig. 6). 

The sample from the basal Myobong Formation in the Sangdong 
section (SD-MB) is poorly sorted, medium to very coarse sandy siltstone 
mainly consisting of a silt-sized matrix (73.1%; 471/644) with quartz 
(17.9%; 115/644) and detrital ilmenite (9%; 58/644) grains, in addition 
to a substantial amount of secondary skarn minerals (Fig. 7B). Under the 
SEM, these ilmenite grains are generally moderately to well-rounded 
and very fine sand-sized, and do not show interlocking texture, sug
gesting that these are detrital sediments (cf. H.S. Kim et al., 2013). 
Gravel-size clasts consisting of quartzose sandstone with abundant ma
trix are common (Fig. 7B), and are similar in composition to the cobble- 
to boulder-sized sandstone clasts of the basal Myeonsan Formation (Y. 
Kim and Y.I. Lee, 2006). The sample from the Myobong Formation in the 

Fig. 3. Details of the Sangdong section that contains the Jangsan–Myobong boundary. (A) Sedimentary log, (B) photograph of the boundary interval shown in (A), 
and (C) an interpretative sketch of part of the interval. M: mudstone, VFS: very fine sandstone, FS: fine sandstone, MS: medium sandstone, CS: coarse sandstone, VCS: 
very coarse sandstone, C: conglomerate. (D, E) Details of the outcrop, showing the irregular boundary between the Jangsan and Myobong formations. Note the 
occurrence of sandstone pebbles (arrows) in the basal Myobong Formation that might have been derived from the underlying Jangsan Formation in (D). (E) Wavy (?) 
cross-laminated sandstone (partly linedrawn) occurring in the upper part of the topographic low. Scales in centimeters. 
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Dongjeom section (DJ-MB) is fine to medium sandy siltstone consisting 
of monocrystalline (29.7%; 179/602) and polycrystalline (6.5%; 39/ 
602) quartz, detrital ilmenite (28.2%; 170/602), minor feldspar (0.03%; 
2/602), and rock fragments (1.8%; 11/602) with abundant matrix 
(33.4%; 201/602) (Fig. 7D). 

The petrography of Myeonsan sandstone reported by J.Y. Kim (1991) 
and H.S. Kim et al. (2013) indicates that the sandstone is immature 
litharenite. The main components of the sandstone are subangular to 
subrounded quartz (18%–53%), feldspar (~13%), rock fragments 
(~13%), and matrix (mainly micas and clay minerals; 3%–26%), with 
abundant (locally up to 60%) opaque minerals (ilmenite and hematite) 
(J.Y. Kim, 1991; H.S. Kim et al., 2013). Similar to our Myobong samples, 
ilmenite grains are moderately to well rounded, suggesting a detrital 
origin. Although the Myobong sandstone from the Seokgaejae section 
was previously identified as feldspathic arenite by Y.I. Lee et al. (2016c), 
they counted matrix (“near completely sericitized” in their word) as 
feldspar (Fig. 6). If these “feldspar” are not counted, the Myobong 
sandstone from the Seokgaejae section is similar in composition to our 
Myobong sandstone from the Dongjeom section. In contrast, the 
sampled Myeonsan sandstone clasts as part of this study are petro
graphically indistinguishable from the Jangsan Formation (Fig. 7C). The 
DJ-MS and DJ-MS01 clasts contain monocrystalline quartz (DJ-MS: 
64.5%, 409/634, DJ-MS01: 62.9%, 371/590), polycrystalline quartz 
(DJ-MS: 19.6%, 124/634; DJ-MS01: 25.1%, 148/590), and matrix (DJ- 
MS: 15.9%, 101/634; DJ-MS01: 12%, 71/590). Quartz grains in both 

samples are commonly moderately rounded to sub-angular and medium 
to very coarse sand-sized. 

5. Detrital zircon U–Pb geochronology 

We obtained a total of 787 U–Pb ages from five samples (Supple
mentary Table 1 and Supplementary Fig. 1). Among the analytical re
sults, 337 concordant to slightly discordant (<10% discordance) ages 
were selected, ranging from Archean to Cambrian in age. The zircon 
grains are largely subangular to rounded (Fig. 8), although the Paleozoic 
zircon grains have more angular and euhedral morphologies than the 
Precambrian grains. Many of the Paleoproterozoic to Archean zircon 
grains are subangular or rounded, and some of the rounded zircon are 
fragmentary, which suggests possible recycling. Most of the zircon have 
oscillatory growth or patchy zoning, which are indicative of a magmatic 
origin (Corfu et al., 2003). 

5.1. Jangsan Formation 

Of the 160 analyses of detrital zircon from sample SD-JS from the 
Jangsan Formation (Fig. 8), 70 grains show concordant U–Pb ages 
ranging from 2793 to 1849 Ma (Fig. 9; Supplementary Table 1). Two 
Phanerozoic zircon ages of 326 ± 14 Ma and 240 ± 7 Ma obtained from 
this sample are not dealt with in this study because they are much 
younger than the depositional age of the overlying Cambrian Myobong 

Fig. 4. Outcrop photographs of the east Dongjeom section. (A) Unconformity between the Paleoproterozoic Hongjesa Granite and basal conglomerate of the 
Myeonsan Formation. Samples DJ-MS and DJ-MS01 are collected from this outcrop. (B) Boulder-sized sandstone clasts in the basal conglomerate. Note the 
occurrence of distinctive lamination within the sandstone clast. (C) Photograph of the lower Myobong Formation, consisting of dark-colored fine sandstone below 
and coarse sandstone above, from which sample DJ-MB was collected. Scales in centimeters. 
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Formation. Those ages might have been affected by later events after the 
burial of the Jangsan Formation. Two dominant age groups were found: 
Paleoproterozoic (67%) and Archean (33%). The zircon age spectrum 
shows the most prominent peak at 2495 Ma with a relatively short but 
broad peak at 1920 Ma. This zircon age population is generally similar to 
that from the same location of the Jangsan Formation reported by Y.I. 
Lee et al. (2012), as well as to those from other localities of the Jangsan 

Formation (S.W. Kim et al., 2017; H.S. Kim et al., 2019; Cho et al., 2021; 
C. Lee et al., in press), which exhibited bimodal zircon age peaks at ca. 
1900 and 2500 Ma. 

5.2. Myobong Formation 

From the Myobong Formation, 320 U–Pb analyses on the detrital 

Fig. 5. Slab photograph and thin-section photomicrographs of the Jangsan–Myobong boundary from the Sangdong section. (A) Scan of the slab showing the 
boundary between quartzose sandstone of the Jangsan Formation below and dark gray conglomerates of the Myobong Formation above. (B) Photomicrograph of the 
sharp lithologic boundary. Sandstone clasts that are similar to the Jangsan Formation (arrows) are commonly found in the Myobong Formation. (C) Close-up of the 
boundary. The dark matrix consists of various opaque minerals, including detrital ilmenite. 

Fig. 6. Total quartz–feldspar–non-quartzose lithic grains (Qt–F–L) and monocrystalline quartz–feldspar–total lithic grains (Qm–F–Lt) diagrams of the Jangsan, 
Myeonsan, and Myobong sandstone. Previously published data for the Jangsan, Myeonsan (J.Y. Kim, 1991), and Myobong (Y.I. Lee et al., 2016c) formations are also 
presented. Note that the Myobong samples of Y.I. Lee et al. (2016c, p. 774) counted matrix as feldspar, making them feldspartic arenite. 
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Fig. 7. Photomicrographs taken with cross-polarized light. (A) Jangsan Formation (SD-JS) with possible feldspar pseudomorph (arrow). (B) Myobong Formation 
from the Sangdong section (SD-MB) with a large sandstone clast resembling the Jangsan Formation. (C) Sandstone clast of the Myeonsan Formation (DJ-MS). (D) 
Myobong Formation from the Dongjeom section (DJ-MB). Opaque minerals in (B) and (D) are ilmenite. 

Fig. 8. Representative scanning-electron-microscope cathodoluminescence images of detrital zircon analyzed in this study. Red circles are the analysis spots (25 μm 
in diameter). Spot numbers are shown together with the 206Pb/238U and 207Pb/206Pb ages for zircon younger and older than 1000 Ma, respectively. (For inter
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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zircon (Fig. 8) yielded 130 concordant ages from samples SD-MB and DJ- 
MB (Fig. 9; Supplementary Table 1). The two samples show different 
zircon age spectra. The age population of DJ-MB mostly consists of 
Paleoproterozoic (64%) and Archean (32%) ages, with peaks at 1945, 
2170, and 2475 Ma. The detrital zircon age spectrum of SD-MB mainly 
comprises Paleozoic (15%), Neoproterozoic (12%), Paleoproterozoic 
(59%), and Archean (13%) ages, with major age peaks at 525, 900, 
1875, 2055, 2275, and 2490 Ma. Such a variety of zircon age groups, 
including early Paleozoic and Neoproterozoic, was detected only in SD- 
MB among the samples analyzed in this study. The zircon age spectra of 
both Myobong Formation samples are also different from those of the 
Seokgaejae section, which has yielded early Paleozoic, Neoproterozoic, 
and Mesoproterozoic age groups (Y.I. Lee et al., 2012, 2016c; Cho et al., 
2021), indicating spatial and/or temporal heterogeneity of the source 
rocks of the Myobong Formation. 

5.3. Clasts of the Myeonsan Formation 

A total of 137 concordant zircon ages was obtained from two sand
stone clasts (samples DJ-MS and DJ-MS01) of the lowermost Myeonsan 
Formation (Fig. 8; Supplementary Table 1). Each clast yielded slightly 
different zircon age spectra. The zircon age distribution of DJ-MS01 (71 

zircon) consists of Paleoproterozoic (82%) and Archean (18%) ages 
(Fig. 9). The most prominent age peak occurs at 1865 Ma, followed by 
2500 Ma. DJ-MS (66 zircon) includes zircon grains with Paleoproter
ozoic (67%) and Archean (32%) formation ages with one 
Neoproterozoic-aged zircon (650 ± 7 Ma) (Fig. 9). The youngest age of 
443 ± 9 Ma is not dealt with in this study for the same reason as the SD- 
JS. The age groups between two major peaks at 1910 and 2545 Ma. The 
age spectrum of both samples is comparable to that of the Jangsan 
Formation (Y.I. Lee et al., 2012, 2016c; S.W. Kim et al., 2017; H.S. Kim 
et al., 2019; Cho et al., 2021) and DJ-MB in this study. 

6. Discussion 

6.1. Depositional age of the Jangsan and Myobong formations 

6.1.1. Sedimentary petrological evidence 
The outcrop and thin-section observations suggest that the Jang

san–Myobong boundary in the Sangdong section has not been affected 
by post-depositional tectonic events, in contrast to the west Dongjeom 
section containing a fault-bounded contact (Chough et al., 2016) that 
might have formed during the Cretaceous. The sharp boundary between 
the Jangsan and Myobong formations in the Sangdong section (Fig. 3A), 
the abrupt changes in lithology across the formation boundary (Fig. 3B, 
C), and the occurrence of sandstone clasts in the overlying Myobong 
Formation that might have been derived from the underlying Jangsan 
Formation (Figs. 3D, 5) collectively suggest that these two formations 
have an unconformable relationship. The absence of pre-Myobong 
sandstone in the geographically adjacent area except for the Jangsan 
Formation, which could have been source of these sandstone clasts, 
supports this interpretation (Fig. 1) (GICTR, 1962). The Jangsan For
mation sometimes contains clasts, but these are mostly quartzite or 
metasedimentary rocks in composition without sandstone clast (Son and 
Cheong, 1965; Kobayashi, 1966; J. Kim and Y.I. Lee, 2006; Woo et al., 
2006). 

In the east Dongjeom and Seokgaejae sections, the coarse sandstone 
of the Myeonsan Formation are intercalated with mudstone and siltstone 
in the upper part, and the succession gradually changes into the Myo
bong Formation (Fig. 2) (Kwon et al., 2006; Woo et al., 2006). This 
pattern is similar with that of the Myobong Formation in the Sangdong 
section, where the complete sedimentological log of the Myobong For
mation was drawn (Oh, 2020). In the Sangdong section, the Myobong 
Formation is divided into four units: immature sandstone/conglom
erate; lenticular bedded sandstone with stromatolites; siltstone and 
sandstone representing a tidal rhythmite deposit; and bioturbated 
sandstone in ascending order (Oh, 2020). Of these, the lowermost 
sandstone/conglomerate unit is very similar to the Myeonsan Formation 
in grain size, and in containing abundant detrital ilmenite grains and 
sandstone clasts, although the unit lacks basal conglomerate (J.Y. Kim, 
1991; H.S. Kim et al., 2013). Abundant detrital ilmenite grains in the 
basal Myobong Formation in the Sangdong section as well as the 
Myeonsan Formation can be interpreted as paleoplacer deposits formed 
on the sub-Cambrian surface (Y.I. Lee et al., 2016b) that resulted from 
intensive weathering of the Precambrian basement rocks (Parnell et al., 
2014). The upper three units are generally fine-grained and are super
ficially similar to the “shales” of the Myobong Formation in other areas 
that are underlain by the Myeonsan Formation. Together with the 
complete absence of detrital ilmenite in the Jangsan Formation (Son and 
Cheong, 1965; Kobayashi, 1966; J. Kim and Y.I. Lee, 2006; Woo et al., 
2006), these collectively suggest that the basal Myobong Formation in 
the Sangdong section and the Myeonsan Formation in Dongjeom and 
Seokgaejae sections can be in fact lateral equivalents. 

6.1.2. Paleontological consideration 
The Cambrian Explosion resulted in a complete turnover in the 

sedimentary system: shelly fossils began to be incorporated into rocks, 
and organisms began to dig into soft sediments, resulting in the 

Fig. 9. Kernel density estimates (Vermeesch, 2013) of detrital zircon U–Pb ages 
from sandstone in the Jangsan (SD-JS) and Myobong (SD-MB and DJ-MB) 
formations and quartzite clasts in the Myeonsan Formation (DJ-MS and DJ- 
MS01). The curves were conducted from the 206Pb/238U and 207Pb/206Pb ages 
(discordance <10%) for zircon younger and older than 1000 Ma, respectively. 
For sample locations, see Fig. 2. For raw data, see Supplementary Table 1. 
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Cambrian Substrate Revolution (Seilacher, 1999; Mángano and Buatois, 
2017). In contrast to well-preserved sedimentary structures in Precam
brian sedimentary rocks, Phanerozoic sedimentary rocks are commonly 
bioturbated, leading to the appearance of a mixed layer that was ho
mogenized by bioturbation (Droser and Bottjer, 1988; Bottjer et al., 
2000; Droser and Li, 2001; Álvaro et al., 2013; Tarhan et al., 2015; 
Gougeon et al., 2018). Calcareous skeletons of organisms became a 
major part of the carbonate facies (Pruss et al., 2010) as various shelly 
fossils evolved as part of the Cambrian Explosion (Tucker, 1992; Knoll, 
2003). 

The age of the Jangsan Formation is uncertain due to the complete 
absence of fossils (Kobayashi, 1966). It is possible that fossils are not 
preserved in the “mature” quartzose sandstone of the Jangsan Forma
tion; however, Cambrian quartzose sandstone elsewhere in the world 
often contain ichnofossils such as Skolithos, and are commonly called 
piperock (Hallam and Swett, 1966; Peterson and Clark, 1974; Droser, 
1991; Khalifa et al., 2006; Desjardins et al., 2010). Nonetheless, the 
absence of fossils cannot be solid evidence to assign a Precambrian age 
to a formation. The Myeonsan Formation is also known to be unfossil
iferous (Woo et al., 2006), but J.Y. Kim (1991) reported the ichnofossils 
Skolithos and Laevicyclus from the formation, suggesting that this unit is 
at least of Phanerozoic age (Bottjer et al., 2000). 

There is a consensus on the age of the Myobong Formation, from 
which trilobites and other fossils have been studied for several decades 
(Kobayashi, 1935, 1960; H.-Y. Lee et al., 1992). The lowermost biozone 
of the Myobong Formation contains the trilobite Redlichia saitoi 
(Kobayashi, 1960), and the first appearance datum (FAD) of Redlichia 
has been generally considered to be the base of informal Cambrian Stage 
4 (Geyer and Shergold, 2000; Peng et al., 2012; Zhang et al., 2017). 
Although recent biostratigraphic studies have suggested that the FAD of 
Redlichia can be diachronous (Geyer, 2019), the occurrence of Redlichia 
in the Myobong Formation constrains its age to at least late Cambrian 
Series 2 (Stage 4). Fossils of Redlichia have recently been found in the 
lower–middle Myobong Formation stratigraphically above the basal 
sandstone unit, geographically adjacent to Kobayashi (1960)’s locality 
(ca. 4 km southwest of the Dongjeom section) (Lee, S.-b., per. comm.). 

6.1.3. Detrital zircon geochronological consideration 
The detrital zircon samples were collected in order to estimate 

depositional ages of the Jangsan and Myobong formations, and to un
derstand how rapid the provenance change across the Jang
san–Myobong boundary reported by Y.I. Lee et al. (2016c) was. The 
detrital zircon from the Jangsan Formation commonly show bimodal 
peaks at ca. 1900 and 2500 Ma, and there is no zircon younger than 
1738 ± 67 Ma (the youngest zircon age of 1630 ± 141 Ma reported by 
Cho et al. (2021) is not considered because of its large error range) 
(Fig. 10) (Y.I. Lee et al., 2012, 2016c; S.W. Kim et al., 2017; H.S. Kim 
et al., 2019; Cho et al., 2021; C. Lee et al., in press; this study). These 
ages are very similar to those of the basement rocks of the Sino-Korean 
Block (Darby and Gehrels, 2006). The Jangsan Formation was thought 
to have been deposited after the Paleoproterozoic, based on its youngest 
zircon age (Y.I. Lee et al., 2012) and its stratigraphic position overlying 
the Paleoproterozoic Yuli Group (Y.I. Lee et al., 2011; Jeong, 2020), and 
prior to the deposition of the Myobong Formation (Cambrian Series 2; 
Stage 4), between 1800 and 520 Ma. Correlatable sedimentary rocks in 
eastern North China were deposited throughout the late Paleo- to Neo
proterozoic (Meng et al., 2011; Zuo et al., 2019), but these rocks are 
characterized by variable detrital zircon age spectra. The detrital zircon 
age spectra of Mesoproterozoic sedimentary rocks in the eastern (Liu 
et al., 2013), north-central, and southern (Li et al., 2020c) parts of the 
Sino-Korean Block are all characterized by dominant Paleoproterozoic 
and Archean-aged zircon with bimodal peaks at around 1800 and 2600 
Ma, and are generally comparable to those of the Jangsan Formation. 
Similarly, Neoproterozoic successions north of Beijing (Wan et al., 2011) 
and in the southern Sino-Korean Block (Li et al., 2020b) contain 
2600–1800-Ma detrital zircon, without any younger than 1600 Ma. In 

contrast, Neoproterozoic sedimentary rocks in the eastern Sino-Korean 
Block (Shandong and Liaoning provinces of China, and North Korea) 
contain many Meso- and Neoproterozoic-aged zircon that may record 
the breakup of Rodinia and formation of rift basins in the Sino-Korean 
Block (Hu et al., 2012; He et al., 2017; Wan et al., 2019). These com
parisons suggest that detrital zircon data alone cannot further constrain 
the depositional age of the Jangsan Formation, and other methods are 
required to understand its stratigraphic implications. 

In contrast, the Myobong Formation has different detrital zircon age 
populations in different places, as described above (see also Fig. 9), but 
all populations commonly contain Cambrian- to Neoproterozoic-aged 

Fig. 10. Kernel density estimates of detrital zircon U–Pb ages of the Jangsan, 
Myeonsan, and Myobong formations using data compiled from previous studies 
and this study (marked in blue). The compiled data are the 206Pb/238U and 
207Pb/206Pb ages (discordance <10%) for zircon younger and older than 1000 
Ma, respectively. For sample names and locations, see Fig. 2. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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zircon (Fig. 10) (Y.I. Lee et al., 2012; Jang et al., 2018; H.S. Kim et al., 
2019; Cho et al., 2021; this study). The diverse detrital zircon age 
spectra of the Myobong Formation may record temporal and areal 
changes in sedimentation patterns during the early transgression. The 
basal Myobong sandstone (and correlatable Myeonsan sandstone) would 
have been deposited in the early stage of the transgression. Their zircon 
age populations commonly comprise Cambrian and Paleoproter
ozoic–Archean ages (Figs. 9, 10); these sediments could have been 
supplied from the adjacent basement rocks of Paleoproterozoic–Archean 
age (H.S. Kim et al., 2019) and some newly generated sediments from 
the early Paleozoic magmatic arc that might have existed at the margin 
of Sino-Korean Block (Cho et al., 2021). The subsequent rapid trans
gression during the deposition of the Myobong Formation would have 
imported Cambrian- and Neoproterozoic-aged zircon from a much 
further source on the Gondwana mainland (Fig. 10) (H.S. Kim et al., 
2019). 

The statistical similarity of the detrital zircon age distributions of the 
Jangsan, Myeonsan, and Myobong formations obtained in this and 
previous studies (Y.I. Lee et al., 2012, 2016c; H.S. Kim et al., 2013; S.W. 
Kim et al., 2017; Jang et al., 2018; Cho et al., 2021; this study) is 
compared on a multi-dimensional scaling map (Fig. 11) (Vermeesch 
et al., 2016). In this map, samples with similar age spectra are arranged 
closer together compared with samples with dissimilar spectra. The 
zircon age distributions of the two clasts from the Myeonsan Formation 
(DJ-MS and DJ-MS01) are located closer to the samples from the 
Jangsan and Myeonsan formations than the other samples. DJ-MS is the 
closest sample to SD-JS in this map, while DJ-MS01 is most similar to the 
zircon age spectra of the Myeonsan Formation in the Dongjeom section 
(Figs. 9–11). This suggests that the clast DJ-MS01 could have been 
derived from a source rock of the Myeonsan sandstone other than the 
Jangsan Formation. However, considering the absence of the Precam
brian sandstone in the adjacent basement rocks (Fig. 1) (GICTR, 1962) 
and heterogeneity of the detrital zircon age population of the Jangsan 
Formation (Y.I. Lee et al., 2012), both of these sandstone clasts can be 
grouped with the Jangsan sandstone. 

In addition, the abrupt change in detrital zircon age population 
across the Jangsan–Myobong formation boundary in the Sangdong 
section (Fig. 9) suggests that there is either an unconformity across the 
boundary (Y.I. Lee et al., 2012) or that there was an abrupt change in 
sediment provenance (H.S. Kim et al., 2019). In this study, this abrupt 

change was detected within stratigraphically adjacent intervals, just 1 m 
apart, that are similar in grain size (Fig. 3A). Thus, the complete absence 
of Cambrian- and Neoproterozoic-aged zircon in the Jangsan sandstone, 
in contrast to their abundance in the Myobong sandstone, cannot be 
easily explained by a provenance shift. Together with sedimentary 
petrological evidence, the detrital zircon geochronology supports the 
existence of the Great Unconformity between the Jangsan and Myobong 
formations. The duration of the Great Unconformity on the Sino-Korean 
Block is uncertain. However, the rarity of Cryogenian–early Cambrian 
(Terreneuvian) sedimentary rocks throughout the block (He et al., 2017) 
suggests that the Jangsan Formation is likely to be older than the Tonian. 

6.2. The Great Unconformity in the Sino-Korean Block 

6.2.1. Reconsideration of regional stratigraphy 
The stratigraphy of the Taebaek Group was first proposed by 

Kobayashi (1930, 1935, 1966). According to this classification, the 
lower part of the group consists only of the Jangsan and Myobong for
mations, the view followed by GICTR (1962) and Cheong (1969). The 
Myeonsan Formation was erected by Cheong et al. (1973) for the basal 
conglomerate and coarse sandstone in the Dongjeom section, which was 
considered to be a lateral equivalent of the Jangsan Formation (J.Y. Kim 
and Cheong, 1987). This view was subsequently followed by various 
researchers (Y.I. Lee and J.I. Lee, 2003; Kwon et al., 2006; Woo et al., 
2006). The occurrence of two contrasting lithologic units is interpreted 
as a result of local subsidence during the initial transgression (Woo et al., 
2006). 

However, petrographic similarity between the basal Myobong For
mation in the Sangdong section and the Myeonsan Formation in the east 
of the Dongjeom Fault suggests that these two units can be lithostrati
graphically comparable (Fig. 2). We propose that these coarse-grained 
units are lateral equivalents, and regional stratigraphy needs to be 
refined accordingly. The Myeonsan and Myobong formations would 
have been deposited on top of basement rocks (Jangsan Formation, Yuli 
Group and Hongjesa granite) via a disconformity or nonconformity. The 
Jangsan and Myobong formations are generally parallel to one another, 
and this boundary can be traced up to 80 km southwest in the Danyang 
area (GICTR, 1962; H.S. Kim et al., 2019). Such a lithologic uniformity 
along the Jangsan–Myobong boundary, although the boundary itself is 
often fault-bounded (Chough et al., 2016; Uhmb, 2018), indicates the 
wide extent of the unconformity. Finding more outcrops bearing the 
Jangsan–Myobong boundary as well as the entire Myobong Formation 
will be helpful to clarify stratigraphy of the basal Taebaek Group. 

6.2.2. Paleogeographic implications of the Great Unconformity 
The lower Paleozoic sedimentary rocks of the Taebaeksan Basin have 

historically been compared well with those in various parts of North 
China and the Pyeongnam Basin of North Korea (e.g., Kobayashi, 1930, 
1966; Chough et al., 2000; Kwon et al., 2006; Chough, 2013), in terms of 
biostratigraphy (Choi et al., 2016 and references therein), paleo
biogeography (Jeong and Y.I. Lee, 2000, 2004; S.-b. Lee et al., 2008; 
Choi and Park, 2017), sequence stratigraphy (Kwon et al., 2006; Chen 
et al., 2012), and lithostratigraphy (Chough et al., 2010). The sedi
mentation pattern on the Sino-Korean Block was generally similar 
throughout geologic time, before its collision with South China Block 
during the Permian–Triassic. Sedimentation began on the craton in the 
late Paleoproterozoic (ca. 1.6 Ga?), and lasted until the Neoproterozoic 
(Sinian) (Meng et al., 2011; Zuo et al., 2019). These Precambrian sedi
mentary rocks are unconformably overlain by Cambrian–Ordovician 
sedimentary rocks via the Great Unconformity (Meng et al., 1997). 
Sedimentation ceased in the Middle–Late Ordovician, resulting in the 
platform-wide hiatus of the “Great Hiatus” (D.-C. Lee et al., 2017) or the 
Huaiyuan Epeirogeny (Zhen et al., 2016) that lasted until the early 
Carboniferous. 

In addition to the newly proposed Precambrian–Cambrian discon
formity in the Taebaeksan Basin, similar unconformities are found 

Fig. 11. Multidimensional scaling (Vermeesch et al., 2016) map of detrital 
zircon ages of the Jangsan, Myeonsan, and Myobong formations (using the 
same data as Figs. 9 and 10). The arrows indicate the trends of increasing 
age population. 
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throughout the Sino-Korean Block over a distance of 2000 km, especially 
along the marginal areas of the block, including the western (Fig. 12A, B; 
Subaigou section, Inner Mongolia Province; Zhang et al., 2020), south
western (Shuiyougou section, Shanxi Province; Luonan section, Shaanxi 
Province; Xiao et al., 1997), southeastern (Fig. 12C, D; Liangcheong 
section, Shandong Province; Chough et al., 2010; Dalian region, 
Liaoning Province; He et al., 2017; Huaibei region, Anhui Province; Wan 
et al., 2019), and north-central (Fig. 12E, F; Western Hill section, Bei
jing; Meng et al., 1997; Jixian section, Tianjin; Xiao et al., 1997) areas as 
well as the Pyeongnam Basin of North Korea (Zhai et al., 2019). All of 
these Cambrian sedimentary rocks disconformably overlie Neo
proterozoic (Shanxi, Shaanxi, Anhui, Liaoning, Shandong provinces, the 
Beijing and Tianjin areas, and North Korea) or Mesoproterozoic (Inner 
Mongolia Province) sedimentary rocks. This consistency suggests that 
the Great Unconformity on the Sino-Korean Block mainly developed as a 
disconformable boundary, and this disconformity might have been 
extended to the Taebaek area. It further emphasizes the importance of 
eustatic control on the formation of the boundary in addition to the local 
tectonics; e.g., the assembly of Gondwana (Brasier and Lindsay, 2001; 
Meert and Lieberman, 2008; Keller et al., 2019; Shahkarami et al., 
2020). 

7. Conclusions 

The Jangsan Formation, previously considered to be the basal 
Cambrian deposit of the lower Paleozoic Joseon Supergroup in the 
eastern Korean Peninsula, could be Precambrian in age. The disconfor
mity separating the Jangsan Formation from the overlying Cambrian 
Myobong Formation is interpreted to represent the Great Unconformity. 
The Myeonsan Formation, which has traditionally been considered to be 
a lateral equivalent of the Jangsan Formation, is correlated with the 
basal part of the Myobong Formation. Although limited outcrop expo
sure, as well as fault-bounded Jangsan–Myobong boundary elsewhere, 
hinder understanding of the stratigraphic relationships between these 
lithostratigraphic units, further studies including detailed mapping, 
sedimentary facies analysis and correlation, and biostratigraphic anal
ysis would help to further elucidate their nature. 
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Fig. 12. The Precambrian–Cambrian boundary in other areas of the Sino-Korean Block. (A, B) Subaigou section, Wuhai, Inner Mongolia (39◦40′11′′N 106◦56′50′′E). 
(B) Arrows point to reworked Mesoproterozoic sandstone clasts. Hammer for scale in (B) and (C) is 27 cm long. (C, D) Liangcheong section, Linyi, Shandong Province 
(34◦56′29′′N 118◦06′34′′E) (see Chough et al., 2010, figs. 4c, 7). (D) Arrow points to mudstone clast originating from the underling strata. Coin for scale is 20.5 mm in 
diameter. (E, F) Western Hill section, Beijing (40◦00′23′′N 116◦01′46′′E). (F) Arrows point to mudstone clasts derived from the underlying Precambrian strata. Lens 
cap for scale in (F) is 7.2 cm in diameter. For locations, see Fig. 1A. 
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