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 Abstract  
 

 
The Late Permian is a time of significant environmental change, thus it 

is one of the most important period in the Earth history. In Korea, the 

Gohan Formation in the Pyeongan Supergroup was deposited in the Late 

Permian. It distributed in central eastern Korea and was deposited in non-

marine setting. Plant fossil, detrital zircon U-Pb age and paleomagnetic 

studies suggest that depositional age of the Gohan Formation is about 260 

Ma. The Gohan Formation is 450m thick and comprises the alternation of 

medium-grained sandstone and gray to greenish-gray shale. A detailed 

δ13Corg profile along with some geochemical proxies are presented for the 

Gohan Formation at Danyang site to investigate the paleoenvironmental 

change in the Late Permian.  

Excursion of δ13Corg represents disturbance of carbon cycle. Organic 

carbon isotope values show a 4‰ negative excursion in the lower part of 

the studied section. This negative excursion can be interpreted as carbon 

cycle disturbance from the Capitanian extinction event. Mercury 

concentration and Hg/TOC in sediments is a proxy for volcanic activity. 

The horizon of a mercury peak near the bottom of the section is consistent 

with that of negative carbon isotope excursion, suggestive of the volcanic 

event and carbon cycle disturbance are closely related to each other and 

this mercury peak probably indicate the Emeishan volcanism. One more 
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mercury peak noted in the middle part of the section is not related to 

carbon cycle disturbance, thus this peak may represent local volcanism. 

Weathering proxies decrease from lower to the upper part of the section. 

As provenance is constant throughout the measured section, decrease of 

weathering proxies suggest cooling and drying climate condition in the 

Gohan Formation. Clay mineral composition shift from kaolinite dominate 

in the lower part of the section to illite and chlorite dominate in the upper 

part of the section suggest climate change toward cool and arid climate as 

well. Paleoclimate study of North China have suggested warm and arid 

climate condition in the Late Permian. Therefore, the whole of the Sino-

Korea block was drying in the Late Permian. The main cause of the arid 

climate might be topographic barrier generated by subduction on the east 

side of the Sino-Korean block. 

C/S ratio indicates the Gohan Formation might deposit in the non-marine 

setting. C/N ratio of the organic matter reveals the presence of both 

terrestrial plants and algae. Redox proxies show the Gohan Formation was 

deposited in the oxic condition. TOC content shows the change of 

productivity in the Late Permian. Together with C/N ratio, it seems that 

local terrestrial plant is the main factor of the productivity increase. 

δ13CBC show significantly low value, indicating influence of canopy effect 

in the far eastern part of the Sino-Korean block. 
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1. Introduction 

 

Gohan Formation is strata of the Korea deposited in the Late Permian. 

The Gohan Formation conformably overlies the Dosagok Formation and is 

unconformably overlain by the Donggo Formation (Kim & Lee, 2017). The 

main lithology of the Gohan Formation is alteration of gray to greenish 

gray shale, greenish gray siltstone, and medium-grained sandstones (Lee, 

2010). The Gohan Formation is one of the few strata on the Korean 

Peninsula that may contain the extinction record (Figure 1-1). 

Late Permian was the most abrupt environmental change period in the 

Earth history. Climate changed from icehouse to greenhouse, a 

supercontinent called Pangea formed and two global mass extinction 

events, the Capitanian extinction(ca. 261Ma) and Changhsingian 

extinction(ca. 251Ma), were broken with the large igneous event. The 

scale of two extinction events was so large that they are one of the most 

important events in the Phanerozoic.  

The Capitanian extinction was originally known to the early stage of the 

End-Permian mass extinction, but additional studies showed they are 

independent events (Stanley & Yang, 1994). Fossil studies in South China, 

Antarctic, South Africa, Spitsbergen indicate the extinction event 

happened globally and its scale is extinction of 70% of marine species 

(Lai et al., 2008; Saitoh et al., 2013; Bond et al., 2015; Bond & Wignall, 

2009; Day et al., 2016). Despite the importance of the Capitanian 
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extinction, understanding of environmental condition in the Capitanian was 

lacking. The ultimate cause of the Capitanian extinction has been 

estimated to large igneous province (RIP) in South China called Emeishan 

RIP but how volcanic event triggered extinction is not well known.  

The environmental condition between the Capitanian extinction and 

Changhsingian extinction is also important due to rapid climate change 

(Berner et al., 2006; Chumakov & Zharkov, 2003). Especially, Korea 

Peninsula was located outside the supercontinent, implying that the Korea 

Peninsula could have a different environmental condition from the Pangea. 

Therefore, Korea Peninsula is the important region to interpret the 

environment of the Late Permian.  

Some previous studies have been conducted in the Gohan Formation, but 

they had several drawbacks. First, Previous studies did not cover the full 

section of the Gohan Formation. Second, no study analyzed paleoclimate 

and paleoenvironment information quantitatively using various 

geochemical indicators. Finally, there have been few considerations how 

the Gohan Formation is related to the global environment in the Permian. 

Various geochemical proxies are useful to reconstruct the 

paleoenvironmental condition. For example, geochemical proxies using 

major elements can indicate the change of weathering condition (Nesbitt 

& Young, 1985) and redox proxy using some trace element concentration 

can show whether the paleoenvironmental condition of the deposit was 

oxic (Morford & Emerson, 1999). Ratios of some element can be used as 
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indicators of provenance composition change (Lee, 2002; Cox et al., 

1995). In this study, the Upper Permian succession from the Danyang 

sections was analyzed with a carbon isotope, total organic carbon, black 

carbon content, black carbon isotope, major elements, Trace elements, 

rare earth elements, clay mineral contents, total nitrogen, sulfur contents 

and mercury concentration to reconstruct the paleoenvironmental 

conditions and paleoclimate change through time. 
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Figure 1-1 Temporal correlation between the Korean strata and 

extinction events. End-Permian extinction may be included in the 

Pyeongan Supergroup, but that period is likely to be unconformity. 

Therefore, the Capitanian extinction is the largest extinction event 

that could find the record in the Korean strata. (Modified after 

Percival et al., 2015) 
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Figure 1-2 Paleomap of the Late Permian. The orange colored area is land, sky colored area 

is shallow sea and blue colored area is deep ocean (Modified after Bond et al, 2010) 



 

 6 

2. Study site 

 

2.1 Geological setting 

On the Capitanian Stage, the part of the Korea Peninsula was located in 

the Sino-Korean block (Chough et al., 2000). Most of the continents in 

this period were assembled with one supercontinent, Pangaea, but the 

Sino-Korean block was not part of it and moved independently. The 

location of the Sino-Korean block in the Permian was about 5 N° ~ 30 

N°(Metcalfe, 2013) and the Korean Peninsula located at 6 N°(Doh & 

Piper, 1994) to 20 N°(Yu et al., 2017). In the northern margin of the 

Sino-Korean block, the Paleo-Asia Ocean plate had been subducting 

since the Carboniferous Period (Li, 2006; Xiao et al., 2006). In the 

southern part of the Sino-Korean block, the South China block collided 

with the Sino-Korean block, generating arc-related magmatism (Yi et al., 

2012). 

The depositional environment of the Pyeongan Supergroup was a shallow 

marine and fluvial setting (Lee & Chough, 2006a, b). The upper part of 

the Pyeongan Supergroup shows more characteristic of alluvial plains than 

the shallow marine (Lee & Chough, 2006). However, Lee & Chough 

interpreted the depositional environment of the Gohan Formation as 

restricted inter-distributary bay although the Gohan Formation is the 

upper part of the Pyeongan Supergroup.  
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Studies on sandstone composition and detrital zircon U-Pb ages have 

suggested that the Pyeongan Supergroup was deposited in foreland basin 

setting (Lee & Sheen, 1998; Kim et al., 2012). The provenance of the 

Pyeongan Supergroup is probably the collision orogeny belt (Lee & Sheen, 

1998; Kim et al., 2017) at the eastern part of the Sino-Korean block. 

Studies on the sandstones in the Pyeongan Supergroup indicated the 

change of the rock composition in the source area. Sandstones of the 

Manhang, Geumcheon, Jangseong, Hambaeksan and Dosagok formations 

are mainly composed of Quartz. On the other hand, the sandstones of the 

Gohan Formation, the upper part of the Pyeongan Supergroup, the quartz 

content decreases and feldspar begins to appear and in the Donggo 

Formation, a considerable amount of potassium feldspar is observed (Lee 

& Sheen, 1998). Therefore, the provenance of upper and middle part of 

the Pyeongan Supergroup was mostly composed of sedimentary rocks, 

which had abundant quartz owing to previous weathering process. The 

rock type of the provenance of the Gohan Formation was metamorphic 

rock, weathered after erosion of every sedimentary rock. On the other 

hand, the rock type of provenance changed to granitic rock when the 

Donggo Formation was deposited (Lee, 2002; Yu et al., 1997).  
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2.2 Age of the Gohan Formation  

The most generally used age-dating method for sedimentary rock is 

biostratigraphy. The Gohan Formation yields fossil plants such as 

Sphenophyllum, Shirakia, Chiropteris, Desmopteris, Plagiozamites, 

Pecopteris, Neuropteridium, Taeniopteris, Gigantopteris, Tingia, 

Elatocladus, and Psygmophyllum (Shiraki, 1940). Jang(1973) found two 

species of plant fossils Gigantopteris nicotiannaefolia and Lobatannularia 

heianensis and argued that the age of the Gohan Formation is the Late 

Permian. After that, Chun(1985, 1987, 2004) represented that the age of 

the Gohan Formation is Kazanian (270 - 260Ma) by reporting Sph. sp. cf. 

kawasaki, Alethopteris huiana, Compsopteris contracta, C. wongii-

Cladophlebis, Taeniopteris multinervis, Chiropteris reniformis, Cordaites 

principalis, Pterophyllum daihoensis and P. sp. cf. P. nilssonioides. The 

Kazanian corresponds to the late Middle Permian. 

Although the Gohan Formation contains some terrestrial plant fossils, 

their preservation state is not good, the number of species is not enough. 

Therefore, it is difficult to constrain the depositional age only using plant 

fossils. For more detail age dating, other methods should be introduced.  

Geomagnetic reversal can help the age estimation of the Gohan 

Formation. The Earth's magnetic field periodically reversed called the 

geomagnetic reversal. Finding the distinguishing geomagnetic pattern of 

specific period, the age range of strata can be estimated. In the late Middle 
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Permian, the geomagnetic record shows a remarkable change in 

geomagnetism called the Illawara Reversal(ca. 265Ma). From the 

Artinskian, the geomagnetic pattern of the Earth had been the reverse 

pattern for a long time, but it became the normal pattern in the Capitanian 

(Isozaki, 2009). According to geomagnetic study on the Pyeongan 

Supergroup, magnetic patterns of the Dosagok Formation showed both 

reverse and normal patterns (Doh, 1995), suggesting that part of the 

Dosagok Formation was deposited after Illawara reversal. As the Gohan 

Formation deposited after the Dosagok Formation deposited, it also 

deposited after 265 Ma. In addition, a U-Pb Zircon age dating study 

showed upper limit of the depositional age of the Gohan Formation is 

around 262Ma (Lee and Choi, 2012). Consequently, all of the evidence 

suggests that the Gohan Formation was deposited at ~260 Ma.  

Based on the above evidence, the depositional age of the Gohan 

Formation may be the Capitanian to the Wuchiapingian. However, most of 

these studies were the results of the Samcheok coalfield in Taeback area. 

On the other hand, this study used the samples from the Danyang coalfield. 

Nevertheless, the Samcheok and Danyang area are in close proximity 

each other and their stratigraphy is almost same. Therefore, the Gohan 

formation in both coalfields may have almost the same depositional age, 

claiming that the age of the Gohan Formation in Danyang area is also 

probably the Capitanian to the Wuchiapingian. 
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2.3 The Danyang section  

The Pyeongan Supergroup is distributed in the various areas of the 

Korean Peninsula such as Samcheok, Yeongweol, Danyang and Gangneung 

etc. Among them, this work studied the Pyeongan Supergroup in the 

Danyang area. Unlike other areas, the Danyang area has continuously 

exposed outcrop that cover most of the Gohan formation. On the other 

hand, the outcrops of the Taebaek area are not continuous and just small 

part of the section is accessible. There is no accessible outcrop in the 

Yeongwol area.  

The Pyeongan Supergroup in the Danyang coalfield has been studied by 

Park (1975). In this study, the names used to designate the upper part of 

the Pyeongan Supergroup was different to currently used name. For the 

upper part, the stratigraphic names of the Gicheon, Bongyang, 

Yongsanbong, Phihawri-shale, Heonggyo and Gunganwoo Formation 

were proposed, but now the stratigraphic name of the Pyeongan 

Supergroup in Danyang area is identical to that of the Samcheok coalfield. 

Those stratigraphic units proposed by Park (1975) can be approximately 

correlated with the currently used stratigraphy – the Gicheon Formation 

to the Hambaeksan Formation, the Bonyang and Yongsanbong Formation 

to the Dosagok Formation, the Phihawri-shale Formation to the Gohan 

Formation, and the Heonggyo and Gunganwoo Formation to the Donggo 

Formation (Cheong, 1988).  
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The outcrop of the Gohan Formation is located in riverside of the Namhan 

river between the Hyangsan-ri and Hari in the Danyang-gun, 

Chungcheongbuk-do, South Korea. The total thickness of the measured 

section is about 450 m. Except for a 30 m soil covered part in the middle 

of the section, the whole formation expose continuously. The exact lower 

boundary between the Dosagok Formation and the Gohan Formation and 

the upper boundary between the the Gohan Formation and the Donggo 

Formation are not exposed. However, the Donggo Formation and the 

Dosagok Formations were found in the adjacent area of the measured 

section, indicating that the outcrop covers most of the Gohan Formation. 

The strike of the outcrop is 10°NW and dip is 45°W ~ 90°W. The dip 

of the lower part of the section decreases to 0°, indicating folding 

structure. The starting point of the measured section is located at the 

bottom of the anticline. Most of the measured section consists of gray 

shale and silt. The lower most 10 m interval of the section contain 

medium-grained quartz arenite and some quarzite. 10 m to 81 m interval 

consists of black shale and slit. 81 m to 110 m interval is covered by soil, 

thus no samples could be collected in this interval. In measured section 

from 195 m to 205m, 280 m to 310 m and 330 m to 360 m interval are 

sandstones classified as lithic arenite. Total 143 samples were collected 

in 2.5 m interval in the Danyang section.  
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Figure 2-1 Stratigraphy of the Permian succession of the Pyeongan Supergroup. (Modified after 

Lee & Sheen, 1998) In polarity chron, black lines show normal geomagnetic period. The orange 

colored area on the P indicate the Triassic. The Gohan Formation is highlighted as red text. The 

vertical striped area indicate unconformity. 
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Figure 2-2 (A) : Geological map of the Taebaksan basin. (B) : Geological map of the Pyeongan Supergroup 

and the Gohan Formation in the Danyang area. Gray colored area is the Pyeongan Supergroup in figure A. 

(modified after Lee & Lee, 1998) 
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Figure 2-3 Outcrop feature of the Danyang section of the Gohan Formation. (A), (B), (D) : thick 

gray shale and slit. (C) : A fold at the basal of the section. Anticline of the fold is starting point of 

the measured section. 
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3. Methods 

 

3.1 Organic carbon data   

This study analyzed carbon isotope, total organic carbon, total nitrogen, 

sulfur concentration, mercury concentration, trace element, clay mineral 

composition, rare earth element and major element to search the 

paleoenvironmental change of the Gohan Formation. For chemical analysis, 

50 out of 143 rock samples were powdered in an agate mortar. 50 samples 

were analyzed total organic carbon contents and organic carbon isotope 

after 3M hydrochloric acid treatment to remove carbonate in the samples 

(Schumacher, 2002). TOC, organic carbon isotope, total nitrogen were 

analyzed using a Stable Isotope Ratio Mass Spectrometer System with 

Elemental Analyzer (Vision-EA) at the National Instrumentation Center 

for Environmental Management, Seoul National University. Sulfur 

contents were analyzed at the Korea Polar Research Institute using the 

elemental analyzer. Samples were analyzed once. Isotope values of TOC 

are expressed in ‰ deviation from the PDB (Peedee beleminite). The 

analytical precision is 0.01% for TOC 

 

3.2 Black carbon   

Black carbon analysis was performed on 34 samples same as that for 

analyzing the nitrogen content. To eliminate the carbon component except 
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for black carbon, the method of Lim & Charier (1996) was used. First, 

3M hydrochloric acid was used to remove the carbonate component. The 

next step is acid treatment for 24 hours at room temperature using 1M 

hydrochloric acid and 10M hydrofluoric acid to eliminate carbonaceous 

mineral trapped in silicate particles followed by 10M HCl acid treatment. 

After acid treatment, K2Cr2O7 and H2SO4 were used to oxidize the samples 

at 55℃ for 48h to eliminate kerogen. The surviving carbon after this 

treatment is regarded as black carbon (BC). All of these acid treatment 

steps must be accompanied by 3 times rinsing with filtered deionized 

water and centrifuging.  

To consider the loss of fine-grained material and the removal of 

inorganic carbon, the raw data were corrected with the following 

relationship. 

BC(%) = TC x (Ma + La) x (Mo + Lo) / (Ma x Ms) 

Where BC is the concentration of black carbon, TC is total carbon content 

measured by the elemental analyzer, Mo is the weight of sample after 

chemical oxidation, Ma is the weight of sample after acid treatment Ms is 

the weight of sample used in BC determination, Lo is the weight of leftover 

after chemical oxidation and La is the weight of leftover after acid 

treatment. The data corrected by this relationship is the real black carbon 

content in the samples.  

BC isotope and BC content were analyzed using a Stable Isotope Ratio 

Mass Spectrometer System with Elemental Analyzer (Vision-EA) at the 
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National Instrumentation Center for Environmental Management, SNU. 

Isotope values of BC and TOC are expressed in ‰ deviation from the 

PDB (Peedee belemnite). 

 

3.3 Major, trace, rare earth element and Mercury  

 Mercury concentration was obtained for 38 samples without acid 

treatment. Direct Mercury Analyzer at the Chungnam National University 

Center for Research Facilities was employed to analyze the mercury 

concentration. Mercury concentration is presented in ppb unit. Mercury 

concentrations were analyzed at three times and this study show average 

value of 3 analysis results. Detection limit of mercury is 0.005 ng.  

Trace element, rare earth element and major element data were obtained 

for 26 samples as bulk power, excluding sandstone samples because grain 

size effect can distort the analysis result. The excluded part is bottom 10 

m, 280 m – 310 m and 340 m – 370 m interval. Inductively Coupled Plasma 

Mass Spectrometer (ICP-MS), Inductively Coupled Plasma Emission 

Spectrometer (ICP-AES) and X-ray fluorescence at the Korea Basic 

Science Institute Seoul Center were used to analyze trace element, rare 

earth element and major element respectively. Trace and rare earth 

elements are expressed in ppm and major elements are presented in wt%.  
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3.4 Clay mineral  

To analyze clay mineral contents, 22 powdered bulk samples were 

prepared with 2N HCl solution to eliminate carbonate components. After 

acid treatment, samples were ultrasonically treated and centrifuged to 

extract oriented clay silt (<2µm). The clay mineral contents were 

analyzed by using X-ray diffraction model MiniFlex 600 at the School of 

Earth and Environmental Sciences, Seoul National University. Clay 

mineral composition is shown as a relative proportion of kaolinite, illite 

and chlorite. The relative proportion of these three clay minerals is 

calculated by using Reference Intensity Ratio (RIR) method which use 

ratio of peak intensity between reference material and samples. 
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4. Results 

 

4.1 Petrography of the Danyang section 

Prior to the chemical analysis, the thin sections of sandstones in the 

Danyang section were observed because the result of petrographic search 

can help interpretation of the geochemical data. Observing these 

sandstones in the microscope, the sandstones in the basal of the section 

mostly compose of quartz grain and have few rock fragment (Figure 4-

1A). In the middle and upper part of the section, sandstones mainly 

compose of Quartz grain and volcanic rock fragment (Figure 4-1B, Figure 

4-1C). They also have a small quantity of plagioclase, sediment rock 

fragment and calcite. Matrix content is not much as 10 to 20%, and some 

of sandstones can be classified as graywacke. Sandstone grains was so 

much transformed that lithic grains boundary was no distinct, quartz grain 

become flat shape and most of the grains arranged to one side. There is 

some muscovite and biotite grains in the thin section but intermediate 

metamorphic minerals like marble, kyanite and garnet are not observed.  

 

4.2 Organic matter data  

This study analyzed organic carbon contents, organic carbon isotope 

ratio and sulfur and nitrogen contents in the organic matter to show carbon 

cycle and change of the ecosystem in the Late Permian. To indicate the  
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Figure 4-1 Columnar section and sandstone thin section of the 

Danyang site. The blue X mark indicates the soil-covered area. 

Magnification of figure A and B is x10 and magnification of figure C 

is x40. White lines in the figure are scale bar. Red circle is volcanic 

rock fragment. 
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trend more clearly, three-point smoothing curve of δ13Corg is also shown 

in Figure 4-2A. Organic carbon isotope values range from -25.08‰ to -

17.57‰ and the average value is –22.44‰. From bottom to 80 m of the 

measured section, δ13Corg fluctuate very much. Carbon isotope value 

indicates a 4‰ negative excursion at the 65 m. After the negative 

excursion in 65 m, δ13Corg show stable value throughout the section. 

However in 194 m, there is a small positive excursion and another 6‰ 

large positive anomaly is observed at the 256 m point, followed by a 

subsequent increasing trend at the upper part of the section. Measured 

section. The red line in the figure 4-2A is smoothing trend of the carbon 

isotope which show less fluctuate in the lower part of the measured 

section but more prominent negative excursion. Also, it indicates less 

prominent positive anomaly in 194 m.  

Total organic carbon (TOC) indicates how much organic matter 

deposited in the sediment. In most of the section, TOC value is lower than 

1 percent. The highest value is 1.6%, the lowest value is 0.03% and the 

average value is 0.33%. In the section from 0 m to 60 m interval, TOC 

content decrease to less than 0.1 percent. From the 60 m interval, TOC 

content starts to increase and become higher than 1 percent in the 150 

m– 190 m interval. After 190 m, the TOC content has small values, but 

there is some point that have more than 0.5% of TOC.  

The average value of BC content is 0.177%, the highest value and the 

lowest value is 0.896% and 0.016%, respectively. In the lower part of the 
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section under the 80 m, BC content is constantly very low. In the middle 

part of the section, BC content increases as 0.4% but does not increase 

as much as TOC content and the difference between BC content and TOC 

content increases. Above 150 m level, BC and TOC contents show a very 

similar trend. However, in the intervals where the TOC rapidly increases, 

BC does not increase as much as TOC increment except for 250 m. In 

other words, in the low TOC intervals, the proportion of BC in TOC is high, 

but when the TOC is high, the proportion of BC is low. Therefore, the 

proportion of BC in TOC seems to depend more on the content of TOC 

rather than BC content.  

BC isotope (δ13CBC) show large fluctuation throughout the section. BC 

isotope range from -17.1‰ to -24.7‰ and the average value is -21.84‰. 

In the lower part of the section, δ13CBC show negative excursion. In the 

middle to upper part of the section, δ13CBC have low values around -28‰ 

~ -26‰ but show positive spike in some intervals.  

This study analyzed C/N ratios to show the ratio of carbon and nitrogen 

in the organic matter. C/N ratio range from 0.7 to 35.8 and the average 

value is 9.4. C/N ratio is over 10 from 75 m - 150 m, 230 m – 250 m, 320 

m and 350 m interval but most of the measured section show less than 10 

of C/N ratio. The interval that has high C/N ratio show high TOC content.  
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Figure 4-2 δ13Corg, Hg (ppb) and Hg/TOC in the Danyang section. The 

red line in the figure A is three-point smoothing curve of the δ13Corg. In 

figure C, the Hg/TOC values are shown black for values of TOC > 0.1% 

and gray for TOC values < 0.1%). Some Hg/TOC values are not presented 

because they are so large that they multiplying the area of the figure 

several times, making other values invisible. The horizontal red area is 

the possible Capitanian extinction level. 
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Figure 4-3 Total organic carbon content (%), black carbon content (%), 

black carbon isotope and CN ratio in the Danyang section. In figure A,   

red dots are TOC content and blue dots are BC content. The black line 

in the figure C is plant-algae boundary. The right side of the line means 

terrestrial plant. 
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4.3 Mercury concentration 

The average background Hg value is 6 ppb. In the 45 m, 65 m, 81 m, 149 

m, 194 m and 224 m – 239 m intervals of the section, Hg value show an 

order of magnitude higher than the background value. However, in the 

remaining part of the section the Hg concentration is low, less than 10 

ppb.  

As the sedimentary drawdown of Hg is typically achieved by organic 

matter, sedimentary Hg content rations are normalized against total 

organic carbon (TOC) to account for the effect on Hg drawdown by 

changes in organic matter deposition rates (Sanei, 2012). However, given 

the low organic matter content throughout much of the Danyang section, 

reliable Hg/TOC ratios are not always possible to obtain. If TOC content 

is low, Hg/TOC values are less reflective of natural conditions (Grasby et 

al., 2016) because inaccuracies in measurement can lead to magnified 

errors and highly variable Hg/TOC values. Thus, for values < 0.1% TOC, 

Hg/TOC values are marked as gray color in the Figure 4-2C. Both Hg 

concentrations and Hg/TOC values have broad spike in the 55–75 m and 

180 m – 210 m section intervals. Since clay minerals are another host for 

scavenging Hg in sediment, correlation between Al2O3 and Hg of the 

studied samples was also analyzed. Lack of correlation between Al2O3 

content and Hg concentrations (R=-0.08, p = 0.66) suggest that Hg 

fluctuations are not controlled by clay mineral content.  
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Figure 4-4 CIA and CIW value in the Danyang section. 
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4.4 Proxies using major, trace and rare earth elements 

In this study, chemical index of alteration, chemical index of weathering, 

U/Th, V/Cr, Ti/Al and La/Ce are represented as geochemical proxies. 

Chemical index of alteration (CIA) is the most extensively used 

weathering proxy defined as Al2O3 / (Al2O3 + Na2O + K2O + 

CaO*)(Nesbitt & Young, 1982).  

The principle of CIA is that the difference of erosion resistant between 

Al and other elements. Due to high resistance of Al2O3 in chemical 

weathering, higher CIA means more chemical weathering. CaO* means 

CaO content in the silicate mineral. Since the carbonate component was 

not removed before XRF analysis, it is hard to see CaO contents is 

equivalent to CaO* in the Danyang section. Thus, CaO was corrected by 

the method in the Mclennan (1991).  

CIA value ranges from 65 ~ 91 and average value is 81. In the lower part 

of the measured section, CIA is more than 85. In the middle part of the 

section, CIA value decline to 80, followed by slightly decreasing trend in 

the upper part. Above the 350 m of the section, CIA has stable value 

around 75.  

index of weathering (CIW) is defined as Al2O3 / (Al2O3 + Na2O + CaO*). 

Harion (1988) proposed CIW as a new chemical index due to more 

complicated behavior of potassium. Unlike Na and Ca, potassium can be 

an immobile element in metamorphosed paleosol. Therefore, the CIW is a 
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weathering index that can be applied to more places by removing 

potassium. CIW valve ranges from 88.5 to 99.9 and the average value is 

93.3. CIW show similar trend to CIA. CIW show high values in the lower 

part of the section and decline in the middle part of the section.  

U/Th and V/Cr are used as a redox proxy in this study. U/Th and V/Cr 

range 0.2 ~ 0.5 and 0.6 ~ 1.6 respectively. The average value is 1.01 in 

U/Th and 0.344 in V/Cr. There is no rapid change in redox proxies 

throughout the section but just show little fluctuation. Ti/Al and La/Ce are 

used as proxy for provenance condition. Ti/Al and La/Ce range 0.36 to 

0.82 and the average value is 0.471 and 0.5 respectively. Both Ti/Al and 

La/Ce has very stable values throughout the section.  

 

4.5 Clay mineral composition  

Kaolinite, illite and chlorite are shown in cumulative distribution in figure 

5-4. In the lower part of the measured section, kaolinite is the most 

dominant clay mineral, more than 80 percent. However, in the middle part 

of the section kaolinite content rapidly decline and illite becomes the most 

dominant clay mineral. In the upper part over the 300 m, chlorite and illite 

occupy close to half of the clay minerals respectively and only a small 

amount of kaolinite remain.  

Another clay mineral found in the Danyang section by analyzing x-ray 

diffraction (XRD) peak data is pyrophyllite. Pyrophyllite peaks were found 
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in XRD peak data in the lower part of the section and they disappear in 

the middle and upper part of the section. This pyrophyllite originated from 

low-grade metamorphism of a part of kaolinite in the Gohan Formation.  

As the Gohan Formation receive some metamorphism, it is necessary to 

check whether kaolinite can be stable. The upper limit of the stable 

temperature of kaolinite is about 350°C (Zotov et al., 1998). Studies in 

the Gangneung area have indicated that a diagenesis temperature of this 

area is 400°C to 500°C (Kim, 2012). However, the Danyang section is not 

included in this metamorphosed zone and it does not contain 

intermediate-grade metamorphic minerals such as kyanite and staurolite. 

Pyrophyllite can also be an indicator of metamorphic temperature. The 

stable temperature of pyrophyllite is under the 320°C, thus pyrophyllite 

indicate that the diagenesis temperature of the Gohan Formation was less 

than 320°C. Therefore, the diagenesis temperature of the Gohan 

Formation includes the stable range of kaolinite, meaning that the Gohan 

Formation can contain kaolinite.  
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Table 4-1 δ13CTOC, mercury concentration and Hg/TOC data of the 

Danyang section. 

Sample height (m) 
TOC Isotope 

(‰) 

Mercury 

(ppb) 
Hg/TOC 

623DY-100 436 -22.98 5.0 32.24 

623DY-96 421.5 -21.64 1.8 25.24 

623DY-93 416.5 -22.09   

623DY-91 411.5 -21.72   

623DY-90 406.5 -20.84 0.0 0.00 

623DY-89 398 -22.20   

623DY-88 389 -20.70 2.3 29.42 

623DY-86 383 -23.12   

623DY-84 376.5 -24.52 4.5 32.69 

623DY-83 371.5 -23.08   

623DY-82 366.5 -23.17 6.2 11.94 

623DY-78 356.5 -23.06 6.2 102.60 

623DY-72 341.5 -22.84 4.0 63.81 

623DY-66 326.5 -23.63 5.3 75.05 

623DY-60 311.5 -22.87 9.4 6.90 

623DY-54 294 -22.60 4.2 83.22 

623DY-50 279 -21.83   



 

 

 31 

Sample height (m) 
TOC Isotope 

(‰) 

Mercury 

(ppb) 
Hg/TOC 

623DY-48 274 -22.80 9.7 312.32 

623DY-46 264 -24.25   

623DY-44 259 -23.45   

623DY-42 256.5 -17.57 5.7 90.17 

623DY-40 249 -23.33   

623DY-38 244 -23.76   

623DY-36 239 -23.23 25.6 28.06 

623DY-34 234 -23.98   

623DY-30 224 -23.23 23.3 164.38 

623DY-24 209 -23.41 4.2 138.34 

623DY-18 194 -21.23 31.4 805.91 

623DY-12 179 -22.83 14.3 139.94 

623DY-6 164 -22.65 28.4 61.10 

623DY-1 149 -22.12 60.6 37.82 

623DY-M1 144 -21.84 7.8 10.70 

623DY-M5 129 -22.21 17.0 24.06 

623DY-M10 114 -22.07 17.9 13.02 

624DY-33 81 -22.54 40.4 43.01 

624DY-32 79 -22.93 19.6 57.31 
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Sample height (m) 
TOC Isotope 

(‰) 

Mercury 

(ppb) 
Hg/TOC 

624DY-30 75 -22.68 10.5 27.47 

624DY-28 70 -24.91 22.3 51.96 

624DY-26 65 -25.35 15.3 71.26 

624DY-24 60 -24.98 15.6 222.20 

624DY-22 55 -19.59 8.4 82.53 

624DY-20 50 -19.74 8.4 102.11 

624DY-18 45 -22.91 25.1 98.13 

624DY-16 40 -20.24 10.1 117.14 

624DY-14 35 -24.67 6.8 21.06 

624DY-12 30 -21.16 7.0 31.96 

624DY-10 25 -21.07 9.0 29.54 

624DY-8 20 -19.23   

624DY-6 15 -21.90 7.2 7.01 

624DY-1 0 -23.26 5.9 68.28 
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Table 4-2 Total organic carbon, black carbon, BC isotope and CN 

ratio in the Danyang section 

Sample 
height 

(m) 
TOC (%) BC (%) 

BC isotope 

(‰) 
C/N  

623DY-

100 
436 0.154 0.043 -24.08 2.91 

623DY-96 421.5 0.072 0.030 -22.66 3.14 

623DY-93 416.5 0.106    

623DY-91 411.5 0.057    

623DY-90 406.5 0.079 0.030 -20.69 1.84 

623DY-89 398 0.089    

623DY-88 389 0.077 0.056 -18.97 3.14 

623DY-86 383 0.778    

623DY-84 376.5 0.139    

623DY-83 371.5 0.034    

623DY-82 366.5 0.520 0.320 -17.01 10.40 

623DY-78 356.5 0.060    

623DY-72 341.5 0.063 0.027 -21.22 1.61 

623DY-66 326.5 0.071    

623DY-60 311.5 1.367 0.473 -21.33 26.29 

623DY-54 294 0.051 0.015 -24.76 2.13 

623DY-50 279 0.042 0.030 -22.62 2.53 
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Sample 
height 

(m) 
TOC (%) BC (%) 

BC isotope 

(‰) 
C/N  

623DY-48 274 0.031 0.013 -22.13 1.07 

623DY-46 264 0.054 0.040 -22.61 2.33 

623DY-44 259 0.051 0.018 -18.06 2.43 

623DY-42 256.5 0.063 0.023 -25.63  

623DY-40 249 0.068 0.050 -23.38 3.40 

623DY-38 244 0.777 0.691 -24.73 29.88 

623DY-36 239 0.914 0.472 -22.53 25.38 

623DY-34 234 0.498 0.314 -24.64 17.17 

623DY-30 224 0.142 0.129 -23.67 2.91 

623DY-24 209 0.030 0.023 -21.18 0.67 

623DY-18 194 0.039 0.023 -17.66 1.14 

623DY-12 179 0.102 0.075 -21.15 1.76 

623DY-6 164 0.465    

623DY-1 149 1.601 0.896 -22.89 36.39 

623DY-

M1 
144 0.729 0.364 -21.52 14.29 

623DY-

M5 
129 0.705    

623DY-

M10 
114 1.377 0.466 -23.14 35.86 

624DY-33 81 0.940 0.330 -22.08 21.86 
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Sample 
height 

(m) 
TOC (%) BC (%) 

BC isotope 

(‰) 
C/N  

624DY-32 79 0.342    

624DY-30 75 0.382 0.263 -23.72 10.76 

624DY-28 70 0.429 0.179 -24.35 9.13 

624DY-26 65 0.215 0.094 -23.18 5.81 

624DY-24 60 0.070 0.024 -21.17 1.19 

624DY-22 55 0.102 0.077 -19.56 2.83 

624DY-20 50 0.082 0.071 -20.19 3.73 

624DY-18 45 0.256    

624DY-16 40 0.086 0.068 -17.84 2.87 

624DY-14 35 0.323    

624DY-12 30 0.220 0.076 -23.20 6.11 

624DY-10 25 0.303    

624DY-8 20 0.171    

624DY-6 15 1.020    

624DY-1 0 0.086 0.020 -19.01 17.20 
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Table 4-3 Redox proxies (U/Th, V/Cr) in the Danyang section 

Sample height (m) U/Th V/Cr 

623DY-100 436 0.387 0.912 

623DY-96 421.5 0.372 0.988 

623DY-90 406.5 0.388 1.180 

623DY-88 389 0.389 0.919 

623DY-84 376.5 0.286 0.767 

623DY-82 366.5 0.465 0.527 

623DY-78 356.5 0.406 1.412 

623DY-72 341.5 0.315 0.560 

623DY-60 311.5 0.304 1.633 

623DY-48 274 0.357 0.544 

623DY-36 239 0.340 0.757 

623DY-30 224 0.356 0.985 

623DY-24 209 0.480 1.029 

623DY-18 194 0.389 0.685 

623DY-12 179 0.510 0.619 

623DY-6 164 0.393 0.785 

623DY-1 149 0.289 1.317 

623DY-M1 144 0.284 1.099 
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Sample height (m) U/Th V/Cr 

623DY-M5 129 0.269 1.297 

623DY-M10 114 0.257 1.165 

624DY-33 81 0.261 1.122 

624DY-30 75 0.264 1.127 

624DY-24 60 0.317 1.531 

624DY-18 45 0.222 1.073 

624DY-12 30 0.346 1.283 

624DY-6 15 0.305 1.329 
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Table 4-4 CIA, CIW, Ti/Al and La/Ce in the Danyang section. 
 

Sample Height (m) CIA CIW Ti/Al La/Ce 

623DY-

100 
436 75.37 88.13 0.05 0.56 

623DY-96 421.5 78.83 92.41 0.05 0.40 

623DY-90 406.5 76.59 88.70 0.05 0.59 

623DY-88 389 77.09 88.27 0.05 0.49 

623DY-84 376.5 81.53 92.56 0.04 0.45 

623DY-82 366.5 76.25 95.53 0.03 0.48 

623DY-78 356.5 82.37 92.08 0.05 0.48 

623DY-72 341.5 79.77 87.46 0.04 0.50 

623DY-60 311.5 76.80 82.16 0.04 0.49 

623DY-48 274 71.58 94.58 0.04 0.58 

623DY-36 239 80.96 88.14 0.05 0.51 

623DY-30 224 75.82 88.14 0.05 0.33 

623DY-24 209 82.35 94.51 0.04 0.40 

623DY-18 194 77.80 89.47 0.04 0.53 

623DY-12 179 78.84 91.26 0.04 0.49 

623DY-6 164 80.61 93.93 0.04 0.50 

623DY-1 149 82.44 94.71 0.05 0.50 

623DY-

M1 
144 81.74 94.09 0.05 0.53 
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Sample Height (m) CIA CIW Ti/Al La/Ce 

623DY-

M5 
129 81.58 93.21 0.05 0.51 

623DY-

M10 
114 81.31 92.05 0.05 0.54 

624DY-33 81 86.69 98.39 0.05 0.52 

624DY-30 75 88.61 99.89 0.05 0.49 

624DY-24 60 87.61 97.92 0.04 0.55 

624DY-18 45 90.15 99.67 0.08 0.48 

624DY-12 30 87.85 98.94 0.06 0.47 

624DY-6 15 86.78 98.45 0.05 0.53 
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Table 4-5 Clay mineral composition of the Danyang section.  

 

Sample Height (m) chlorite  kaolinite illite  

623DY-100 436 15 15 70 

623DY-96 421.5 5.9 9 86 

623DY-90 406.5 32 16 52 

623DY-82 366.5 32 1 67 

623DY-78 356.5 49 5 46 

623DY-72 341.5 26 10 63 

623DY-60 311.5 57 6.2 36 

623DY-48. 274 23 57 20 

623DY-36 239 9.9 6 84 

623DY-30 224 13.3 30 56 

623DY-24. 209 6.7 44 50 

623DY-18 194 6.7 1 92 

623DY-12 179 7.5 28 64 

623DY-6 164 0.1 49.3 50.6 

623DY-1 149 13.3 34 53 

623DY-M5 129 8.8 27 65 

623-M10 114 6.8 45 49 

624DY-33 81 12.3 73 14.6 
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Sample Height (m) chlorite  kaolinite illite  

624DY-30 75 8.1 52 39.8 

624DY-24 60 8.8 87.6 3.6 

624DY-18 45 3.6 69.8 26.6 

624DY-12 30 2.1 97 0.9 

624DY-6 15 5 28 67 
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5. Discussions 

 

5.1 Capitanian extinction records in the Gohan Formation 

 

5.1.1 Carbon isotope excursion  

The most notable part of the carbon isotope data in the Danyang section 

is a negative excursion in the 55 m – 75 m interval (Figure 4-2). This 

negative excursion in the lower part of the section may be closely related 

to the Capitanian extinction event. 

Terrestrial plants prefer to using 12C to 13C in photosynthesis. Thus, 

Organic matters made by photosynthesis show lighter carbon isotope 

composition than the atmospheric CO2 (Holser, 1997). Extinction event 

would have limited oceanic primary production, leading to less 

consumption of organic carbon and enriching 12C carbon in the ocean. 

Carbon isotope changes in the ocean influence the carbon isotope 

composition of the atmosphere carbon dioxide, as CO2 in ocean and 

atmosphere is equilibrium with each other (Wignall et al., 1998). As plants 

use carbon dioxide in the atmosphere through photosynthesis, the 

enriching of 12C in the atmosphere would result a heavier carbon isotope 

composition of plant matters in terrestrial environments. Consequently, 

extinction event would be shown in a negative carbon isotope excursion 

in the organic matters in the terrestrial environment. In reality, many 
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studies have shown negative organic carbon isotope excursion in the 

Permian, KT and Devonian mass extinction (Kiaho et al., 2009; Horacek 

et al., 2007; Wignall et al., 1998)  

Carbon isotope change can be associated with various local 

environmental conditions (Hong et al., 2012). Several workers have 

suggested that water stress, nutrient level (Toft et al., 1989), the 

composition change in organic matter and latitude can influence the δ13C 

values of terrestrial plants. First, water stress can influence the δ13Corg 

data. In general, carbon isotope values of plants living in water stressed 

ecosystems indicate heavier isotopic composition (Hong et al., 2012; 

Kohn, 2010). In water-stressed condition, plants restrict the 

transpiration to prevent water loss. Less transpiration means limited 

carbon dioxide exchange between plant and the atmosphere. As plants 

prefer 12C to 13C, less air exchange results in a higher isotopic composition 

of the plant. However, weathering proxies do not change in this interval, 

indicating no humidity change in the lower part of the section. Nutrient 

level could effect on δ13Corg if the plants were growing in low nutrient 

areas like cold desert, but previous studies show that the Korean 

Peninsula was not desert (Lee & Chough, 2006). Transition in 

composition of the organic matter could make some isotopic change. To 

check the turnover in composition of the organic matter, C/N ratios were 

represented in figure 4-3. In the 55 m – 75 m interval, C/N ratio did not 

change very much, suggestive of just little transition in organic matter. In 
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conclusion, no local factors can explain this negative carbon isotope 

excursion. Furthermore, many studies of continental organic matter have 

demonstrated that the atmospheric CO2 signal overwhelms the local 

factors (Hasegawa, 1997; Gröcke et al. 1999; Arens et al. 2000; Hesselbo 

et al. 2007; Nunn et al. 2010; Belcher et al. 2010; Dal Corso et al. 2011). 

Accordingly, the negative excursion of organic carbon isotope in the 65 

m intervals should be interpreted as isotopic change of carbon dioxide in 

the atmosphere by extinction event.   

Many previous studies about the Capitanian extinction represent 

negative carbon isotope excursion in various areas (Figure 5-1). In South 

China section, the best-dated sections of the mid-late Permian, the 

large-amplitude negative δ13Ccarb excursion (5 to 6‰) is found to slightly 

post-date the extinction (Wignall et al., 2009; Bond et al., 2010b). A 

study in the Spitsbergen represented the negative δ13Ccarb excursion (3 to 

4 ‰) in the Capitanian extinction level (Grasby et al., 2015). In other 

words, around 260Ma, the probable age of the Gohan Formation, only the 

Capitanian extinction level show global negative carbon isotope excursion 

(Retallack et al., 2006). In our studied section, no prominent negative C 

isotope excursions except for the first negative excursion in the lower 

part of the section was observed. Consequently, the negative excursion 

means the Capitanian extinction event and this is the first Capitanian 

extinction record in the Korea. Since the boundary of the Capitanian and 

the Wuchiapingian is very close to Capitanian extinction level, this 
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observation suggest that the part of the measured section deposited 

before the soil-covered interval might deposited in the late Middle 

Permian and the part of the section after the soil-covered interval 

probably deposited in the Late Permian.  

 

5.1.2 Mercury anomalies  

Another geochemical tool for chemostratigraphy of the Gohan Formation 

is mercury concentration as an evidence of volcanic activity. Volcanism is 

known to be a major nature source of Hg. Hg is supposed to be 

transported long range in the atmosphere as a trace gas and globally 

distributed before being drawn down. Therefore, anomaly of mercury 

concentration may be evidence of volcanic activity. Many studies have 

reported mercury anomalies as a proxy for volcanic event in the extinction 

level (Grasby et al., 2016; Sial et al., 2013; Grasby et al., 2013). Studies 

on Hg anomaly in the extinction level strengthen the cause-and-effect 

scenario by supporting the close temporal link between the onset of large 

igneous province and extinction events. However, it should be considered 

that mercury has great affinity with organic matter. To account for this, 

mercury concentration was represented with Hg/TOC (Grasby et al., 

2013). 

Throughout the Danyang section, two intervals show both mercury and 

Hg/TOC spike (Figure 4-2), implying that this area had been affected by 

volcanic activity more than 2 times. A notable point is that the horizon of 
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the first Hg/TOC anomaly is consistent with the negative carbon isotope 

excursion. Correlation between Hg/TOC and negative δ13Corg excursion 

indicate that a perturbation to the global Hg and carbon cycles are closely 

related to each other at the extinction level. Accordingly, the stratigraphic 

level showing both δ13Corg excursion and Hg/TOC spike may indicate the 

Emeishan volcanism and Capitanian extinction event recorded in the 

Gohan Formation.  

There is another mercury spike in 180 m - 200 m interval, the middle 

part of the section. This spike probably indicate local volcanism. Volcanic 

rock fragments are observed on the thin section of the sandstones in the 

upper part of the section (Figure 4-1B, Figure 4-1C) but they are not 

observed in the basal of the section (Figure 4-1A), suggesting that at 

least one of those two mercury peaks probably show the local volcanic 

event. However, a mercury spike in the middle part of the section is not 

related to carbon cycle disturbance, suggesting there is less evidence of 

biotic crisis for these later Hg perturbations. Therefore, the volcanic 

signal in the middle part of the section is more likely to local volcanism.  

A study of SHRIMP zircon geochronology in the northern Gyeongsang 

basin represented 257Ma and 255Ma aged granitoid plutons and 

suggested are-related magmatism in the Korea peninsula in the Late 

Permian (Yi et al., 2012). This arc-related magmatism along the East 

Asian continental margin may be related to the mercury anomaly in the 

middle part of the section. 
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Figure 5-1 Correlation between the carbon isotope excursion in the Gohan Formation and that of the 

Capitanian extinction level in various areas. The red colored area is the Capitanian extinction level. 

(modified after Retallack et al., 2006) 
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Figure 5-2 The tectonic map of Sino-Korean block. NM : Nangrim massif, 

PB : Pyeongnam basin, IB : Imjingang belt, GM : Gyeonggi massif, TB : 

Taebaeksan basin, OMB : Okcheon metamorphic belt, YM : Yeongnam 

massif. HB : Hida belt. All of them are included in the Sino-Korean block. 

The study site is located in the Taebaeksan basin so it is highlighted by 

red circle. The purple colored area is probable source of black carbon. 

The red line with small red triangle indicate the subduction zone in the 

Late Permian. The dashed red line is hypothetical link of subduction zone 

in the eastern margin in the Sino-Korean block and that in the northern 

margin the block. The blue arrow is a wind direction in the Late Permian. 

As this map is illustrated based on the modern position of the East Asia, 

the represented latitude in the map is 30N˚~ 40N˚. The position of the 

Sino-Korean block in the Late Permian was 5N˚ ~ 25N˚. (modified after 

Kim et al., 2017) 
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5.2 Climate change in the Late Permian 

 

CIA is the most widely used weathering proxy that can represent a 

climate condition because climate condition largely influences the 

chemical weathering process. In general, hot and humid climate condition 

bring about more chemical weathering. However, provenance condition 

can influence the chemical weathering. To confirm the influence of 

provenance change, Ti/Al and La/Ce (Sheldon & Tabor, 2009) ratio are 

used as proxy of provenance. These elements are so stable in chemical 

weathering that they are suitable for provenance proxy. In general, high 

Ti/Al(>0.1) is interpreted as the sedimentary rock may come from mafic 

rock (Nesbitt & Young, 1996). The trend of Ti/Al and La/Ce ratio is stable 

throughout the section (Figure 5-3), suggesting there is no drastic 

change of provenance condition in the Middle to Late Permian. Ti/Al is 

less than 0.1 in all of the section, indicating the source rock may be felsic 

dominant. Consequently, it is reliable to interpret change of weathering 

proxy as a climate change.  

In the lower part of the section, CIA and CIW show very high and 

constant value (Figure 4-4). It suggest that the Gohan Formation was hot 

and humid climate and underwent little climate change in the late Middle 

Permian. However, from the middle part of the section CIA and CIW 

subsequently decrease, indicating climate change from hot and humid  
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Figure 5-3 Provenance proxies (Ti/Al and La/Ce) in the Danyang section. 

For Ti/Al > 0.1, the source area is probably influenced by mafic input. 
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Figure 5-4 Clay mineral composition in the Danyang section. This figure 

indicate how much they occupy in the sum of the three minerals. The area 

on the left side of the blue line is chlorite, the area between red line and 

blue line is kaolinite and the area on the right side of the red line is illite. 
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condition to relatively cool and dry condition. As a result, from the middle 

to the late Permian period, the Korean Peninsula is becoming cool and dry 

condition. 

In fact, decreasing of weathering proxies represent not only the Korean 

Peninsula but also the eastern part of the Sino-Korean block was drying 

and cooling because chemical weathering is a process from the source 

area (Figure 5-2). In other word, CIA and CIW can reflect the chemical 

weathering process in the source area as well. 

The transition of clay mineral content also supports the drying and 

cooling trend of the climate (Figure 5-4). Kaolinite is generally formed 

in hot and humid tropical area while illite and chlorite are formed in 

temperate and dry area. Therefore, kaolinite dominate in the lower part 

of the section suggests hot and humid climate condition in the late middle 

Permian. On the other hand, illite and chlorite dominate from the middle 

to upper part of the section indicates relatively cool and dry climate in the 

Late Permian. 

This study compares the result of climate patterns in the eastern part of 

the Sino-Korean block to another part. According to the studies in North 

China, the northern and western part of the Sino-Korean block, coal bed 

disappeared and red-bed was formed in the Permian upper strata (Wang, 

2010), suggesting gradual transition from the humid marine condition to 

the terrestrial dry condition throughout the Permian. Fossil plant study 

shows that climate condition of North China had been changed from humid 
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to dry condition in the Late Permian (Wang, 2010) and several abrupt 

climate shifts toward hot and dry climate in the biotic overturn period 

(Stevens et al., 2011). Therefore, the entire Sino-Korean block was 

getting dry in the Late Permian.  

The probable cause of arid climate is rain shadow effect or latitude. 

Location of the Korean Peninsula in the Late Permian was 6N° to 20N° 

(Doh & Piper, 1994; Wu et al., 2017), not included in the subtropical high-

pressure zone. Therefore, rain shadow effect might be a more persuasive 

cause of arid climate. Two candidate areas could make a barrier for rain 

shadow effect. One is the Inner Mongolia Paleo-Uplift belt in the northern 

part of the Sino-Korean block formed by subduction of the Paleo-Asia 

plate (Cope et al., 2005; Zhang et al., 2009). The other is arc-related 

volcanism that was generated by the subduction in the eastern part of the 

Sino-Korean block (Yi et al., 2012; Arakawa et al., 2000). A study in the 

northern margin of the Sino-Korean block argued that widespread climate 

change from humid climate to arid climate had taken place in the Middle 

to Late Permian accompanied by the uplifting of the northern margin of 

the Sino-Korean block (Cope et al., 2005). However, it is hard to argue 

that the Korea Peninsula also become dry due to the Inner Mongolia belt. 

The study site of Cope (2005) and the east part of the Sino-Korean block 

are very far away, raising a question that uplifting of northern margin 

could influence the east part. Considering that the Sino-Korean block was 

located in the trade wind zone (Doh & Piper, 1994; Metcalfe, 2006), 
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moisture seemed to be supplied from the east, suggesting that the barrier 

was located in the east of the Korean Peninsula. But the Inner Mongolia 

belt was located in the northwest part of the Sino-Korean block (Figure 

5-2). In case of the eastern margin, the distance from the Korean 

Peninsula was not far and this barrier can block the Trade Wind. 

Furthermore, evidence of the Late Permian volcanic activity in the Korean 

Peninsula support more active subduction and orogeny. Therefore, the 

rain shadow effect caused by uplifting and arc-related volcanism in the 

east-southeast margin of the Sino-Korean block (Yi et al., 2012) might 

have played an important role in generating the barrier for rain shadow 

effect.  
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5.3 Vegetation of the Sino-Korean block 

 

5.3.1 Organic carbon composition  

C/N ratio can show the composition of the organic matter (Figure 4-3). 

As the terrestrial plant tissue have low contents of protein, C/N ratio of 

the terrestrial plant is less than algae. In general, C/N ratio less than 10 

indicates that most of the organic matter is algae and C/N ratio more than 

indicates that the organic matter is terrestrial plant (Muller, 1974). In the 

Gohan Formation, C/N ratio range from 0.7 to 35.8, suggesting the organic 

matter composition is mixing of plant and algae.  

 

5.3.4 Deposit environment 

C/S ratio is a proxy for deposit environment. The principle of C/S ratio 

method is difference of sulfide reduction between marine and terrestrial 

environment. In the marine condition, sulfur contained in the seawater 

help sulfide reduction, making marine sulfur content higher than that of 

terrestrial. If C/S ratio is higher than 10, the sedimentary environment 

may be non-marine setting (Berner & Raiswell, 1984). However, this 

proxy cannot use if organic carbon is too low. Therefore, samples 

containing more than 1% TOC (623DY-60, 623DY-1, 624DY-6) was 

measured for sulfur content. The result of C/S ratios are 266, 168, and 

140 respectively, suggesting the Gohan Formation might be deposited in 
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the non-marine setting. 

 

5.3.3 Productivity change  

TOC content is generally controlled by productivity, preservation and 

sedimentation rate. Oxidizing condition is an important component on the 

decomposition of the organic matter. Many studies have shown anoxic 

event in the extinction level in various regions, and they have suggested 

oxygen depletion and extinction event is closely related to each other. To 

know the redox condition of the deposit, ratios of several trace metals are 

used as redox proxy. Uranium, Vanadium, Molybdenum and Nickel are 

sensitive trace elements that bond to organic matter of make sulfide 

compounds enriched in strata under anoxic conditions (Tribovillard et al., 

2006). On the other hand, some trace elements like Cr and Th are 

depleted in strata under the oxic condition. Therefore, ratios of some 

trace elements can be used to redox proxy.  

There are many redox proxies used in the previous studies but Johns & 

Manning (1994) argued that U/Th and V/Cr are the most reliable redox 

proxies. If U/Th and V/Cr are under 0.75 and 2 respectively, the redox 

condition was oxic. On the other hand, U/Th and V/Cr higher than 1.25 

and 4.25 indicate anoxic condition. U/Th and V/Cr in the Gohan Formation 

is less than 0.75 and 2 throughout the section (Figure 5-5), suggesting 

the sedimentary environment of the Gohan Formation is oxic condition 

and there is no redox shift in the Middle to Late Permian including the 
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Capitanian extinction level. Therefore, the preservation condition of 

organic matter was not good throughout the Danyang section.  

Sedimentation rate might influence the TOC contents but the maximum 

value of TOC content is 50 times bigger than minimum value. 

Sedimentation rate cannot change dramatically about 50 times, thus TOC 

content of the Gohan Formation reflect the input of the organic matter. 

Most of the section show low TOC contents, indicating low productivity 

in the Middle to Late Permian. In the lower part, TOC trend show decrease 

of productivity. In the middle part of the section, TOC rapidly increases 

more than 1 % with high C/N ratio, suggesting high productivity of the 

terrestrial plant. The cause of high productivity in the middle part of the 

section might be biotic recovery after extinction event. On the other hand, 

the productivity of the Gohan Formation rapidly declines during the 

volcanic event period in the measured section suggesting that volcanic 

event might inhibit the production. 

Intervals showing high productivity always has high C/N ratios, 

suggesting flourish of the terrestrial plant is a main cause of huge 

productivity. In other word, the most important factor for productivity was 

local terrestrial plant in the Gohan Formation. 
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Figure 5-5 Redox proxies (U/Th and V/Cr) in the Danyang section.  
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5.3.4 Black carbon  

Black carbon (BC) is the carbon component generated by plant burning. 

In the Gohan Formation, BC occupies more than half of the organic matter. 

Thus, black carbon should be considered in interpreting the organic matter 

data.  

As BC is mainly transported by wind, most of the BC usually comes from 

a far distance area. In the Gohan Formation, however, BC does not seem 

to have come from very far place. Since the Korean Peninsula was located 

in the Trade Winds zone, BC was come from the east. However, on the 

east side of the Sino-Korean block, there was just the Panthalassa Ocean 

and BC cannot be generated in the Ocean. Therefore, most of BC come 

from the eastern part of the Sino-Korean block and very slight amount of 

BC might come from Pangea, turning around the Earth.  

Isotope of BC can show the climate condition and vegetation in the east 

part of the Sino-Korean block. In the lower part of the section, δ13CBC 

show negative excursion in 70 m interval. There is no change in 

weathering proxies in this interval, thus this excursion is not related to 

humidity change. Other local factors can influence the δ13CBC, but as 

discussed at 5.1.1, they cannot make this rapid change. Therefore, this 

excursion may show carbon isotope change of carbon dioxide in the 

atmosphere by extinction event. 

In the middle part of the section, δ13CBC values decrease compare to the 
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lower part. In this interval, canopy effect may the affect the δ13CBC. Canopy 

effect is caused by height difference of plants. Taller plants restrict light 

and recycling CO2 and plants growing under dense canopy show 

significantly low carbon isotope values (Drucker et al., 2008) due to 

recycled CO2. Furthermore, canopy effect can make significant change in 

carbon isotope (~ 3‰). Therefore, it is probable cause of low δ13CBC in 

the middle part of the section. Although most of the Sino-Korean block 

was arid in the Late Permian, the eastern side of the topographic barrier 

in the Sino-Korean block could have large forest for canopy effect 

because this area could become a humid climate. 

In the 180 m ~ 200 m interval, BC and TOC content is exceedingly low 

and δ13CBC become heavy. Since this interval show local volcanic event, 

the rapid change of BC data may be related to volcanic event. Therefore, 

low BC contents indicate that the volcanic event might eliminate the plant 

in the east part of the Sino-Korean block. The positive value of δ13CBC 

might be related to suspension of canopy effect. Elimination of the tall 

plant by the volcanic event suspend the canopy effect, thus the δ13CBC 

become heavy. After volcanic activity, δ13CBC decrease and BC content 

increase due to recovering of the vegetation and resuming of the canopy 

effect.  

In the upper part of the section, climate condition become drier but some 

interval still show low δ13CBC value. Likewise, it seems that canopy effect 

largely contribute to δ13CBC in the upper part of the section. 
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6. Conclusion 

 

The Gohan Formation, the Middle Permian to the Late Permian deposit 

in the Korean Peninsula was studied with various geochemical proxies. A 

prominent negative organic carbon excursion occurs in the lower Gohan 

Formation, suggestive of a possible Capitanian extinction horizon. Several 

mercury anomalies exist in the studied section indicate the volcanic 

activity. The stratigraphic level at which Hg/TOC anomaly occurs near 

the bottom of the section coincides with that of negative δ13Corg excursion, 

which indicates that the stratigraphic level of Hg anomaly may record the 

Emeishan volcanism.  

Redox proxies show that the depositional basin was under oxidizing 

conditions. Clay mineral composition and weathering proxy show that the 

climate of the east part of the Sino Korean block changed from relatively 

warm and humid climate in the late-middle Permian to arid climate in the 

Late Permian. Together with the reports from the North China, the results 

suggest that dry climate prevailed in the Sino-Korean block. The rain 

shadow effect due to the topographic barrier on the eastern margin of the 

Sino-Korean block might cause the arid climate condition.  

The composition of organic matter in the Gohan Formation is mixing of 

terrestrial plant and algae. The Gohan Formation might be deposited in 

the non-marine setting. The most dominant factor of the organic matter 
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input change in the Late Permian may be the local terrestrial plant. BC 

content and BC isotope may show the Capitanian extinction record and 

influence of canopy effect in the eastern margin of the Sino-Korean block.  
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국문초록 

 

페름기 후기는 격렬한 환경변화가 일어난 시기로 지구 역사에서 매우 중요한 

시기 중 하나이다. 한반도에서는 평안누층군의 고한층이 페름기 후기에 

쌓이고 있었다. 고한층은 한반도 중동부의 육상 환경에서 쌓이고 있었다. 

식물화석과 저어콘 및 고지자기 연구는 고한층의 연대가 대략 2억 6천만년 

정도 된다는 것을 지시한다. 고한층은 약 450 m 에 사암과 흑색 셰일이 

교대로 나타나는 암상을 보여준다. 이 연구에서는 페름기 후기의 환경 

변화를 알아보기 위해 단양 지역 고한층에서의 탄소 동위원소를 비롯한 

다양한 화학분석을 실시하였다.  

유기 탄소 동위원소의 급격한 변화는 탄소 순환의 교란을 나타낸다. 

고한층 하부에서는 탄소 동위원소의 급격한 변화가 나타나며 이것은 

카피탄절 멸종에 의한 전 지구적인 탄소 순환의 교란을 나타내는 것으로 

보인다. 수은 농도의 변화는 화산 활동의 흔적을 나타낸다. 고한층 

하부에서의 높은 수은값을 나타내는 곳은 탄소 동위원소가 높게 나타나는 

지점과 동시에 나타난다. 이것은 탄소 순환의 교란과 화산활동이 서로 

긴밀히 연관됨을 나타내며 따라서 이 수은 이상값은 카피탄절 멸종의 원인인 

이메시안 화산의 흔적으로 보인다. 고한층 중부에서 수은 이상값이 한 번 더 

나타나는데 이것은 탄소 순환의 교란과는 상관이 없으며 따라서 국소적 

화산활동의 흔적으로 보인다.  

화학적 풍화 지표는 상부에서 하부로 갈수록 줄어드는 경향을 보인다. 

고한층의 기원지가 일정하게 유지되기 때문에 이러한 풍화도의 변화는 
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한중지괴의 동부 지역의 기후가 페름기 후기에 들어서면서 점차 건조해지는 

것으로 해석할 수 있다. 점토 광물의 조성은 하부에서는 카올리나이트가 

대부분이고 상부는 일라이트와 클로라이트가 대부분으로 나타난다. 따라서 

점토 광물 조성 역시도 건조한 기후로의 변화를 지시한다고 할 수 있다. 

한중지괴의 북부인 북중국 지역 역시도 같은 시기에 건조한 기후로의 변화가 

나타나는 것으로 보아 한중지괴 전체가 건조해지고 있었던 것으로 보인다. 

이러한 건조 기후로의 변화는 한중지괴 동쪽에서의 섭입에 의해 고지대가 

형성되면서 비그늘 효과가 발생하여 건조해진 것으로 보인다.  

. C/S 비율은 고한층이 육상에서 쌓였음을 지시한다. C/N 비율은 이 지역의 

유기물 구성이 육상 식물과 조류가 혼합된 형태임을 지시한다. 레독스 

지표는 고한층이 산화 환경에서 쌓였다는 것을 지시한다. 유기 탄소 함량의 

변화와 C/N 비율을 비교해 본 결과는 이 지역 생산성을 결정하는 가장 

중요한 요소는 육상 식물인 것으로 확인된다. 블랙 카본의 동위원소 값은 

몇몇 구간에서 매우 낮은 값을 보여주는데 이것은 캐노피 효과의 영향이 

일부 있었던 것으로 보인다.  

 

주요어 : 카피탄절 멸종, 이메시안 화산, 탄소 동위원소 전환, 한중지괴, 

고한층, 건조한 기후, 육상 식물 

학번 : 2016-20405 
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