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Jae-Ho Oh, Jung Mi Kim and Yong Mi Kim, 2014, Thermal maturation and geochemical characteristics of organ-
ic matter from meta-sedimentary rocks of Deogpyeong and Chubu areas in Ogcheon metamorphic belt,
Korea. Journal of the Geological Society of Korea. v. 50, no. 6, p. 707-722

ABSTRACT: The purpose of this research was to investigate thermal maturation and geochemical characteristics
of the organic matter of the samples collected from Deogpyeoung and Chubu areas in Ogcheon metamorphic belt.
Optical microscopy (OM), elemental analysis (C. H. O), X-ray diffraction (XRD), scanning electronic microscopy
(SEM), transmission electron microscopy (TEM) and Raman microspectrometry have been used to characterize
thermal maturation and geochemical characteristics of the samples. Total organic carbon (TOC) of the Ogcheon
metamorphic belt ranges from 11.1 to 46.9% in the Deogpyeong samples and from 2.1 to 44.5% in the Chubu
samples. Elemental analyses show that most of the samples were very high in carbon contents (at least 99%).
Complete symmetrical reflections were found in all samples in which dooz was 3.358~3.361 A and P was higher
than 0.7. OM, SEM and TEM analyses show that the organic matters in Deogpyeoung and Chubu areas in Ogcheon
metamorphic belt are mostly concentric spherule and hexagonal disc forms. Raman microspectroscopy analysis
of the samples indicate two high spectral bands: (1) a very high amplitude and narrow band at 1,580 cm’ (graphite,
E2g band) and (2) a moderate amplitude and wide band at 1,350 cm’ (defect band). The analyses of all samples
show that they were strongly graphitized. These results suggest that the organic carbon materials of the Ogcheon
metamorphic belt were different from the higher plant which was originated from organic carbon found in Moongyeoung
area. The organic carbon material of the Ogcheon metamorphic belt was the algae originated organic matter.

Key words: Ogcheon metamorphic belt, organic carbon, graphite, transmission electron microscopy, Raman micro-
spectroscopy, higher plant, algae, polygonization
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Fig. 1. Geological map of the Deogpyeong area (Koh,
1995) and the locations of sampling sites.
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Fig. 2. Geological map of the Chubu area (Kim and
Park, 1985) and the locations of sampling sites.
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Table 1. Total organic carbon (T.O.C.) analyses of the Samples from Deogpyeong and Chubu areas.

Deogpyeong area Chubu area
Sample No. Rock Types T.0.C. (%) Sample No. Rock Types T.0.C. (%)
ODP 1 Black Schist 15.5 OCB 1 Dark grey Schist 3.7
ODP 3 Black Schist 20.7 OCB 4 Graphitic Schist 44.5
ODP 5 Black Schist 11.5 OCB 6 Black Schist 11.8
ODP 11 Graphitic Schist 45.5 OCB9 Black Schist 8.6
ODP 14 Phyllite 11.1 OCB 10 Black Schist 2.1
ODP 15 Graphitic Schist 31.6 OCB 11 Black Schist 2.2
ODP 19 Graphitic Schist 33.8 OCB 12 Black Schist 9.4
ODP 20 Phyllite 23.0 OCB 13 Dark grey Schist 3.1
ODP 21 Black Schist 12.3 OCB 14 Black Schist 3.9
ODP 22 Black Schist 12.8 OCB 15 Dark grey Schist 3.2
ODP 23 Graphitic Schist 343 OCB 18 Graphitic Schist 28.4
ODP 26 Graphitic Schist 46.9 OCB 19 Black Schist 12.0

umo]ch(Lespade, 1982). 2hgt AMEZ O] B
7+ 1000 em™<Av<1800 cm™ 2.2 1580 cm ™ of|A]
e e 5219] E2gitols, 1350 cm ™ol A 2
F e o E Yeite e 2E3%E el
Zlo]th(Benny e al., 1985).

CERIEICEREE:
A ARES] & goleee] G 111 -469%
2 H| 1A =& Hojy, 2RAY X 8=21~445%

£ ety 270 A2 5 A LE 2 AREY

T 1EaY e 94%0l5tE HAH oz W
o} AA A o2 Hol X H Y A gEo| FHAY
A& Hohs & 7184 o] =52 9 5 ot
(E1). B A7 ANRE 78 f7IEAZA)S 5
Zsto] 25 107] Al2o] et 84S AARE
A3, 247 OCB 9 A2E Agg BE Alast
99% o]Ate] mj-& =2 et kS el wat
A F7 2 YPRQoA YFHE ARSS F71E
Z13}He] 2|F HAIY S =EstHa= ¢ o ok
(Teichmiiller ef al., 1979). OCB 9, 11 ¥ 18 A|&2&
o] the ARHT} Ak T e ol vehier
ol E2H wEolN AT ARZA E3} ¥

Table 2. Elemental analyses of the samples from
Deogpyeong and Chubu areas.

Sample T.O.C. Elemental Analysis (%) Atomic Ratio

No. (%) Cc H O HC O
ODP1 155 99.47 0.05 0.05 0.026 0.003
ODP5 11.5 99.21 0.05 0.69 0.006 0.005
ODP 11 455 99.61 0.20 0.20 0.006 0.002
ODP20 23.0 99.53 0.09 0.38 0.012 0.003

OCB1 3.7 99.12 0.05 0.77 0.006 0.006
OCB4 445 99.40 0.05 0.05 0.006 0.004
OCB6 11.8 99.08 0.05 0.82 0.006 0.006
OCB9 86 9841 0.05 1.38 0.006 0.010

OCB11 22 99.00 0.15 1.90 0.020 0.015
OCB18 284 99.00 0.14 1.24 0.013 0.009

g EA Q] A|&2] Debye-Scherrer?] AMAl 7|52
19 334 o] S| B9l hkl 1]} v My
S22 Lpepeh, 2HE XAl SR 02 olojx]
AIe T 334 5 4o AABHATE do W29 B
2 - F3L 7w A Y A o] FAL Utk dow=
3359 A 59| ZHE WS LRk w24
HARSY A F= P 2 0704 0.82= o
2oz A vehytth. 224 ODP 14 % ODP
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Table 3. D-spacing (do2) and P values of the original and
heated samples from the Deogpyeong area.

Table 4. D-spacing (do2) and P values of the original and
heated samples from the Chubu area.

Original Heated (2800C) Original Heated (2800C)

Samples - = Samples - =

doo2( A) P doo2( A) P doo2( A) P doo2( A) P
ODP 1 3.359 0.78 - - OCB 1 3.358 0.81 - -
ODP 5 3.360 0.83 3.359 0.75 OCB 4 3.359 0.80 - -
ODP 3 3.361 0.87 3.358 0.79 OCB 6 3.360 0.79 3.359 0.80
ODP 11 3.360 0.72 3.359 0.78 OCB9 3.358 0.80 3.358 0.81
ODP 14 3.359 0.84 3.358 0.80 OCB 10  3.359 0.68 3.359 0.80
ODP 15  3.359 0.89 3.359 0.80 OCB 11 3.359 0.34 3.359 0.78
ODP 19 3.359 0.76 3.360 0.80 OCB 12 3.359 0.78 3.358 0.80
ODP20  3.360 0.78 3.360 0.80 OCB 13  3.358 0.77 3.358 0.80
ODP 21 3.361 0.82 3.360 0.79 OCB 14  3.359 0.68 3.359 0.79
ODP22  3.359 0.78 - - OCB 15 3.359 ND 3.358 0.80
ODP 23 3.360 0.75 3.360 0.76 OCB 18  3.359 0.72 3.359 0.80
ODP26  3.360 0.73 3.360 0.76 OCB 19 3.359 0.75 3.359 0.79

110112 106
006

002 100 00
101 103

Fig. 3. Diagrams of X-ray diffraction analysis (Debye-
Scherrer rings).
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Fig. 4. Optical micrographs obtained under crossed polarizers. a) ODP 11 : Isolated sphere carbon (single arrow).
b) ODP 26 : Edging continuous carbon, lining cracks (single arrow) and coalesced spheres (double arrow). ¢) OCB
10 : widely dispersed carbon materials (luminous spots) in the mineral matrix with N-S directed foliations. d) OCB
13 : Characteristic plastic phase migration; fairly concentrated carbon materials without any foliation. The carbon
material is fairly concentrated and presents no well developed foliation. These clusters indicate a plastic phase

migration.

o] 2of] BhAMH(radial) FEQ1A] 4 (concentric)
FEQIA] Esk= A o] vl of Hrh(Ayache, 1987;
Ayache et al., 1990).
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Fig. 5. Scanning electron micrographs (a, b= ODP 23, ¢ =OCB 10): a) Low resolution (small scale) encircled spherical
particle (lamella particle is indicated by an arrow). b) High resolution (large scale) closed-up encircled spherical
particle in the a). ¢) Circular form of small lamella particles (presumably derived from crushed spheres). d) Hexagonal
mono-crystalized large lamella graphite (single arrow).
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A o)A Feut 7PgARE of| Urehu= e
B YA RAR Aoz iE =R o, 714
2o g ofs BAA7] Hrk. HBAY A=
S 1/3 7Fo] o] Fej 9] PAE0IH FHAY A=
o] ¢ AR A 2.2 10% o]sk= vrehdTh

2) 2 o) 2= (disk) FF : 1,000~5,000 A 2] =
719 71" 6a, 17 )R AFolY =
7ty mgo g WEd o] e 53] F5AY
A& A go] e, 44 Fele ¢E3Y =
FOo= A TR ol 22 Ha3 FEie=
SR A ZEJAE30% WA 50% FEZ 2R
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Fig. 6. Transmission electron micrographs of carbon materials in ODP 11 showing disc type graphite and concentric
texture particles: a) Bright field image : small disk of graphite placed a flat (single arrow) spherical particle to
concentric texture (double arrow), Bragg dark fringes into the center of the particle, graphite particle placed on the
slice (triple arrow). b) Obtained 002 lattice-fringes image of a spherical particle, visualization of concentric texture
and local flatness in layers, and concentric dark fringes (evidence of several stages of growth of the particle). c)

and d) 002 dark field image corresponding to a) (2 positions of the diaphragm 90°) : -

The disk of graphite placed

a flat layer remains always extinguished. - The graphite particle placed on the slice strongly illuminated (triple arrow).
- Concentric particles show two sectors (double arrows) vertically opposite, and oriented perpendicular to the
illuminated graphite particle. ¢) SAD pattern of 112 reflections (single arrow) show graphite occurrence.
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o ol AYTAE 2 BRENLY ob). 5]
AL 2RA G NREE F9Jo] iR BYY
Bete] dero® @ WAL A wol e
(black carbon)E 2,800 C 2 7145t Yeh = FAY
B RS EESENEEERT EESRY
Uepctch chzbslahee ofat Zolsi(decohension)
o] Axto] 7|15} HIREE F-o] HHSHA Zo}E =
Aol A FRbE = Zoloh Addt S Y SR
e st ) olel e BAY Tx oo b
Bl 228 Aolth(L7 %, %), o] 5 FAY el
AR =2 ¢4HY g9BAY ABSoA= 20~40%
A= 2R glom, FHRAH AmsoAs 10~
30% A= tehde. 015 RS FHEE F 771
o] $eFo] =2 A|Z(ODP 23, OCB 18, OCB
19)0ll 4 @o| yeh {7187t 7| -] Ak

a)

of Lehh ZSolis w9 vk Mejabgol A%
NEE(OCB 10, OCB 11)el4] BHEE YASe
ghto] ZAAGE P4 BeITHIY b, 96, 9e).
HAT G4 P B4 TR Fxo HeSel
EelEuA TS ol m, WS XUk AL s F4
ol ok SIEH1E 9a, 9b). 717 9defA] Ko F-5o]
Zzte] o) AAEL THAA B YNER B4
w0} QIek. 1% 99) ARIE-L FAY R} npxjat
WAel Ugolit S2-aEe] Fd AA (Y 90 A}
JEREEESESTEE

4.6 2}2t OO|aZRABEZNER|

49 AR5 AHEYL o3t Zo] A 7t
A Fef(type) o] 542 UEhH, A4 F o= 3 7}
A W& Bt 10).

b)

Fig. 7. a) Model of a carbon black showing concentric microtexture (onion skin textures). b) Model of a polyhedral

graphitic carbon black.

a) Lamellar texture

b)  Concentric texture

¢) Radial texture

Luminous sector

Fig. 8. 002 dark field images of carbon organized in lamellar (a), concentric (b) and radial (c) textures.
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Fig. 9. Transmission Electron Micrographs: a) OCB 4 : "Intact" form of concentric particle. After polygonization, the
particle is present in the form of encased polyhedral. b) OCB 4 : Fragmentation of the particle, the central polyhedron
remaining intact. ¢) ODP 19 : broken polyhedron ; its faces consist of polycrystalline graphite. d) Image of 110 dark
field: corresponding to c), visualization of polycrystalline graphite on the faces placed a flat layer. ¢) OCB 9 : illustration
of the detached lamella polycrystalline graphite (single arrow) from the faces of the polyhedron fragments, the dotted
line emphasizes the break line. f) OCB 14 : Morphology of hexagonal graphite crystal.
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njoFsh e W

Y2 ARES AZ Fe(type) 29 FE)
(type) 3 W= ULt ODP 11, ODP 23 @ ODP
26 A @O} Zro] S7|ekA Fepo] We AR E P
(type) 29} 3E Tt 2 Fel(type) 1] w7} Ho]
ERATHZ™ 10). 222 AREL AAHoR g

FAYG 2Rt o Jshd Fejo bE 2ol §
71ekA o] ghegfo) Bl A W 2HA| A A RS

o] Fef(type) 302 et} 1 FolAE A
© 2 {7)era9] gEFo] &2 OCB 183+ OCB 199
A 2= FH(type) 29} 371 ERE o] & B &
ok BE AlRS2 FH(type) 1014 BEl(type) 371
2o 5L RofFEd o5 1,580 cm” w9
HEZ ZFo i 2 16 cm™ YR] 20 cm™o], 1,350
em” @] BRE kO 40 emZ uf» AHsl Z=
ozl o] wnto] YA ©rk 1,620 cm™ = e
(type) 104 FEli(type) 3 02 HSIEHA HZIZ]
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Fig. 10. Results of the Raman microspectrometry on ODP and OCB samples.

© 2 AR I SAHE T} o9 A yeRdT)
5. E 9

YEA G FEA oA AHE RE A= &

| &
H f7Iede 5935 Hoj S A8 & &+
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HNe A% Mol 1,350 em’e Aastn S
E2g (1,580 em™)7} 3L s uehdt g
A3t BRI o A= BRHA AJmA U
el mfo] 3 &(micro) T HFEE(macro) 3t &
32 PAs Holx| gron], IR o ehis
s A= Ha e etk 28 $44,
T2ty Felot 2 94 B EE Ao 02ay 5
Aqto] ZA3}E o Yehdth At FabdAtE |
oA et A5 %) 94 Bl 5

3} t2hg 549 ARte) wsate) BAS & e
EESE

o]} o] Yy} FHA A A= ohrH &
7|&aE 27 A9 A RS04 Uehhs 254 =
71909] §7)ea0h 1 Gelr s T pg wel
tHDeurbergue et al.. 1987; Oh, 1987; Oh et al..
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Hot:
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Bhao] e LR gk 5419, 79 2 ohA)
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ol2]gt thHA| Fej=HE A FH4HE 71%
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(Oberlin et al., 1975; Boulmier, 1976; Bonijoly, 1980;
Boulmier et al., 1982). o]&]3 YA= ety o=z
o} AT e FEE AT ek AAE ol
3 729 Q1 SAekat 714 Aeje] TeoH
Hoj x| (Heidenreich et al., 1968), T8t A Al
A= 600°C 0|3} 300bar ¢+ 3t A BB (QIATS)
= 7Iste] 853 4= QlaL, T ohE HPHE Botryoccus
braunii XR-8 ATBAR ot T3ksto] ALt
£ #Ho] lth(Ayache, 1987; Ayache et al., 1990).
o] ABoIN 2] QR Wehs A LS TS
APA F20] H|2uk A7 40, Brooks and Taylor
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Fig. 11. Mechanism of the graphitization on the carbon
materials of algae origin.
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