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Geochemical Study of Black Shale in Uhangri Formation, Haenam Area
Dai Sung Lee* Hyun Soo Yun**

Abstraet: The studied area occupies the southern part of Haenam peninsula located in the southwe-
stern corner of Korea. :

The stratigraphic sequences of the area are grouped into following three units in ascending order.
(1) Late Cretaceous sedimentary rocks of Uhangri Formation which consist of the alternative beds

of black shales and tuffaceous sediments, Hwangsan acidic fine grained tuffs and Jinde: rhyolite

flows. )
(2) Late Cretaceous biotite granite and acidic porphyries which intruded the ILate Cretaceous “sedi-

mentary rocks. : o
(38) Tertiary(?) pitchstone.

The study purposes to delineate any of geochemical aspects on the deposition of .the sequences, the
average amounts of organic materials and the effect to the maturation of hydrocarbonization which
has been occured by the intrusives.

Sixty nine black shale samples were collected from Uhangri Formation in the northern and southern
-coasts of the peninsula. Organic carbons, total extracted organic matters and hydrocarbons were
mainly determined by the Soxhlet extraction method, together with C-H-N elemental analyses.
Based on the field and laboratory studies, the following interpretations have been obtained. (1) The
paleohydrostatic condition of the sedimentation which took place was relatively calm and stable to
delineate a lacustrine environment. (2) The amounts of organic material were more or less constant
throughout the period of the deposition of the sediments. (3) The degree of hydrocarbonization of
the Uhangri Formation in the northern coast was taken place higher than that in the southern
coast due to the differences of thermal effect by the biotite granite which is assumed to be as a heat
source in the area. Among the northern coast, some black shales in Uhangri and Mogsam areas
which had been under the most mbderate temperature environment show symptomatic oily material,
whereas, those in Sinseongri area do not, which were presumably to be intensive.thermal alteration
by the later acidic porphyries. . L
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% AET FUELE AGLol= 299 Aol
b o gue e 2S8R B
ARANE A AE ] SAHT WEFEE ZE
AR SALAAGE FAALe] BE} A%
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LEGEND
DARK GREY SHALE ™

BLACK SHALE & TUFF

FINE 8 COARSE TUFF

== cHERT

CHERTY TUFF

TUFFACEOUS SILTSTONE

TUFFACEOUS SANDSTONE

SSTET CONGLOMERATE

Fig. 2. Columnar section and sampling points in
Sinseongri area.

4-2 fHRILHE
1) BHRFE

KEFe #RY 2 ERES Aps gadd.
o] Eo] Skeletal remainsz Z FEHH bHoLEA W
gedch, zEv B2 R @ EFSA  organic
remainst> 39 3A Sl E8 A4S (decomposition
products) & vtERETY

B> KR, ER, B 2 75 TRE o) FA
Y ezt lipids, carbo hydrates, proteins, pigments
o lignins o2 T4 LA BHT LEpeld.
ol% HKF7F JMF 53 THEEA tissued] P U5~
559%, ash—free basis) & o] &}, %% 9 B KEKR
o A B3 LS 2 BMERSE Holmz A4lRER
%y (biogenous material) o] FEEHRIEN = KEF M4
wgubebet, tissuePy ol F RS MEHH FERTE o
+ &9 2o,

Table. 2. Relative composition of soft tissue
(Carver. 1971)

Carbon { Nitrogen |Phosphorous
Phytoplankton 100 16 1.7
Zooplankton 100 16 2.4
Bacteria 100 18 5.5
Mollusks 100 21 1.5
Fish 100 23 3.8
Mammals 100 18 8.9
Angiosperms 100 6 0.5

o] & Lol sulfur 7} ofu] @ (amino acids) 7L
718382 —H2AE vehde

R RS BRDS B B KES Mgz
3t gt o] FUHA 2 SEd

=2 31} “Inert organic matter (dead carbon)” o 2
ol EAA oz #9 HEL 0 Eyrt

t}2 g} “reactive organic matter” & ©] & #ho]
w3 3 5ot RICKHERS S5FHES BRI,

2) RILKEE

Rij3F “reactive organic matter”e] o &L H7] &
to] ZRgFelm BE “Kerogen”o] etz H-Ev},

o] Kerogeno] &l HEEE & ZF-(destructive distill-
ation) & oilo] 7]+ Scottish A|QW 9 FI)1ES 9
uEtgdet, o] HEE B ox Aov —mE %
o2 HAEA gz Jov HREHIA BREIE F
Bz E#%S 2 3lvk(Wedepohl, 1969).

HEREWA reactive organic matterdr LRy A Eo)
7] 4o L& o] & “soluble bitumen”o] e} X =
ool &= HALAFKES] vt eA o (paraffing), ++=dlA]
< (naphthenes) 3} %7 (aromatics) o] 4% o}

Kerogen-2- 200°~300°C 2. #RH (thermal treatment)
& ¥4 o (long chain n-and iso-paraffins) -8
AL A% wedd. & B Hllpol #HEYs)
A AQFE JES EHEST B ol B
—&F RIAEKRES H5TFReEs BiEs o,

ol&l RILAFELSTHEHES AR organic metamor-
phism#} 4 ¢] d¥-Hojt} o]& thermal metamorphism
of organic matter, transformation, thermal alteration,
incipient metamorphism, katagenesis Z&o 7 X zn &
3] maturationo] &z F-EZ},

HEML K #el &AAT RIEKFEEY ol
€ JAE 4 gl on] (Breger, 1963), B2 RIEAESR
el 4 943FE $4 $=vH(CCOP. I0C. 1974).

43 SHHE

Eagel 559 BEwS 5iBEe Fig 35 7%
. & FFE Jaw crusher, pulverizer @ mortar 2 100
mesh AR #ipFrsted] AF7A 27 (vacuum oven)oj
A 80°CE BipA e,

1) Bk ERREY 5

1) #BEd 2 1~3grS (1:1) HClz &
#e}lo] carbonate carbong A ATE (KA
T AZAA FFTE et A7

i) &3l RpE vE BED glass filter(1G3)
2 o35tz FHFFE FHs AFRE ovenol
A st oFA FES,

i) BED AFE JA BREASF C-H-N corder
(YANAGIMOTOS] MT-2 Model)o] 9J3) i
REE 2Prae),
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Rock Sample |

[ i

Pulverizing
(200 mesh)

— 1

e
l Dry - Analysis Wet - Analysis W
1 C.H.N Anoiyzer soluble in HCI(1:1)]

§ —
Co Liquid ~Chromatograpny]
(octivoted atumina) |

r T .
[benzene I,] pyridine —acetone TesTdue '
i -methanol( 70545 1 on aluming:

!
l n-hexane
fractlon
I
Pa.+ No. | Aro. 0-N-S comp. Res. |
Ch ;

T-E-M : Total Organic Extracts content ot Rock{ppm)

1
v

Pulverizing
{100 mesh

" Heat-Extraction
benzene:acetone : methano!
=2 1 to i

Extracted Rock

-

==

Pa+No. : Parattins and Naphthenes content of T-E-M{%)

Aro. : Aromatics content of T-E-M{%)

O-N-S : Oxygen, Nitrogen ond Sulfur compound confent of T-E-MWs)
Res. : Residue content of T-E-M(%)=100-{{Pa+Na.}+Aro.»(0-N-5})
Cn. : Hydrocarbons content ©of T-E-M(%) = (PasNa)sAm,

Co. : Orgonic Carbon content of Rock(%e)

Fig. 3. Flow diagram of organic matter analysis,

A28 B gt 2

Carrier gas (He) : 180ml/min, Oxygen : 18ml/min
Combustion furnace temperature : 850°C

Detecter temperature : 55°C

Reduction furnace temperature : 550°C

Bridge current : C; 90mA, H; 70mA, N; 170mA
2) RALKFEES &

1) BRpEskE —ER(50~100gr) R3St
E.o] 4] (extraction thimbles)e]] do] o] & &2
%27 (Soxhlet extraction apparatus)e] ¥-&
BABHI(NA 50%, ohAE 25%, ek 25%)
S st % 2RSS mEdte, HibE &
B wlg] FEe v A (250cc)o] &A 2=z A
Z EBRAA MR AEEY (total extracted or-
ganic matter) S FEIT,

i) o] T.E.Mo] E9¢]gl¥& ] 7] n-Hexane 10ml
< k] £ 40°C= stz Liquid chromato-
graph columno] #o]Q 3 n-Hexane® & 3~ 5
[ ul¥ §-23le] n-Hexane fraction elutiong
v E FES vAd I

i) T.E.Me] 9 w]A] WAL e #
40°Cz ppiste] EFER columnd] jnsta WAl
€ 3~5[E ¥E {353 Benzene fraction

2

T

oz

elutiong v 2] FFEF ¥ A g

i¥) T.E.Mo] E4¢ 11 u]# 0] Pyridine : Acetone :
Methanol=70: 15 : 158} {A=z EA&L £9&
stz # 40°C= jniEste] _EEE columnd] #:
Agtz vlE] FEE wA 2~3[E elutiond]
71, _

V) Lid 39 wlAE 70°Cel A w2 s
#uFni bk 3 (saturated hydrocarbons), J5HFIR
4t A& 3 (aromatic hydrocarbons) @ O-N-S 1k

24y (hetero compounds) S 77 k&,
5. fEBEO HWBE

5-1 4HEREY L

ABA BeALol G FEsA ddste X &
Hol A ERE dhelarel EIUM JLi BE-FE HE
oo A WE FRBEME o 2E ol

A AT FRE € 4EER ddEe] &
wE BEY BT WEE. o F iR A KB
Rk Table 33 7o,

KER ALF FEE ERE oFE Ad, °=
9 WEHE afdte AY, AH2 ARAL 2 B
BYES gadAy BaALY #EE oEH XE
= ARE Adges EHdd Ak =8 o) EF
ERRAYG ) Bipoz 71F A dgozE R
REALY, DEAYS Aoz Adx BaHy
o (AR, FTMEE 1976).

KEANANA wEpe) HAHE X2 FHEMIR
9 EAANEQAAYGY EEd g3 ALFolH
(Table 3,4 F=).

HEl A A ko] ol F WEHS # 50cm
FAS ALERY ZuEE] 22 . ol F &
HEHEACE ¥ 1mm 379 WfAAZY E2EB
9 AgAAoe] gen o] ARJE Aold B®&KES] W
Biol A= vt FEEREHE 29 dHEel &
Rl el AEFSS 29 KEol EEd FT
A F4A gl '

5-2 HEREEREE

FIERE 2 59 BEBETAAN #EREJG=
#HE = REFe ShEd de T LA 9F
3 ulobgo] wWedbp—y #oltt,

RS SHERGS TiEd ddc. 2523
iR ShE REJEZERNY FRRESES 0.01
% = 0.02%24 ol AR BEALFY FHRRE
R T5E 0.77% Rt R W 4 80|t (Table
5%z), o] organic tissuer} A BLIEM K3
73] (destroyed) 5 7] w&oletz A2},
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Table. 3 HRE 9 SHEBMRS HHid 4HEEY 248

FTBCE MR
& Ao F R BEREEMm) BRI ()

1 BE IRt A < (cross lamination'h 2, A IKELLI%E) 25 1.0

2 AR ~AERIE RIS (R IKE A Y P A, band 489 chert nodule) 26 5.3 6.3
3 | AZAlE, A=A L3, L3FAAG 1.2 7.5
4 | BEIREA Y (papery shale, FHIREREIME) 27 1.5 9.0
5 | PRMA BREBIKE (1 E, convoluted chert §4)) 1.5 10 5
6 | IFREAQ (RKEESES, 49%) 28. 29. 30* 1.8 12.3
7 | MRA REEBRE (BEAY YA, fine vitric tuff) 1.7 14.0
8 REIREAD 31 0.9 14.9
9 | SILAAY, %s‘ﬂ FAAY (BEAYHA, convoluted chert) 41 19.0
10 | BEREADERE 2 8RS BKEEDE 1294) 32.33.3¢4 4.5 23.5
11 R BIKEEDS (3 g3t Ado BE) 1.0 24.5
12 % (pebble sandstone w2+ 9.8 34.3
13 | EEREAD (chert ¥, MRA HIRERKEIA) 35. 36. 37 38 1.2 35.5
14 | HEKEAD (chert 43, MRA HRERKAEA) 39. 40. 41 11.5 47.0
15 | AR A ERES I G EFREAD 2 A EYA) 11.0 58.0
16 BREAD (RFEAN AL 49 $3dd AardA) 42 5.2 63.2
17 ek, MAEESE S, YA, AEALH G, EaAIH) 11.8 75.0
18 | BKEAY 1.2 76.2
19 | BeGHRY) 0.8 77.0
20 | BEREALTH A4 AE2ES 35 HAEALHIYA) 43.44 8.0 85.0

STRE IR

1 REIREAYd N EA$3 ¢, A EFA) 6 3.0

2 | 544G (BAAY, FAALIAGHA) 1.0 4.0
3 | BKREAY, FA435¢ 2 AgA S 1.8 5.8
4| AL EAAA) L A AL 7, 8 9,10 1.7 |- 7.5
5 FEREAL, MR A HEERKE (BaAY R 23 11 2.6 10.1
6 AR A 292 $ALEANDLHY, BEAY 2 HolEg) w2y A) . 8.2 18.3
7 | BREADCGERERKE =t BIRETDE 94) 12,13 2.2 20.5
8 A ol E (HIRITEERIKE |A) 1.2 21.7
9 | BKEAD (GRESKE @A RRERKE 34) 14,15 2.0 23.7
10 | #kod ) HRESHG(AE, BEALY t2y4)) ‘3.0 - 26.7
11 | BREALGFALA), BRESI S, S3ga4ee] wa 16,17 3.3 30.0
12 | BREALEASA S, H3idga)) 18, 19, 20, 21 5.0 35.0
13 | GIANAD(SIAGARE gA4) 22 3.2 38.2
14 BIREHR BE 1.8 40.0
* LRI

7&@?@] el Al A3 wkebziol HRn A I, LRget AHdGog v Fo] AR nod WIAELE

W’MEE‘#" et %kbﬁ WEE] Hgs o) F 9}
2w 5o ALBAAE 3Rl 2 Fkd ol ;,15}
= 8% wKiREY ?ﬁﬂiﬁﬁ&a Hrste Ao °l
A8 BEC]A Ml HRYES £EHE D HREY
iR A B g 7":}(Flg 5 F=x),

5 FHEHIRS ALFS THAA Ll 2R A
9 2T SRBMEE I 39 0.73% ) HERE
£ Y. =3 FREMEE FTHdA Ligd 2
A dA vz FREBEE A 595 0.75%9 &
BRFEE aHS

]

el vz - £ Fpol HEE UG A
gHT, oo HalAE 6-1904 o @)

& BEALZNY EHRS 25 ostracoda 4ol
el RO Slst Mol =8 EHE %o
T s Ak (AR, AL, 1976),

KRR HD S S 629 Fig 64
o A&}

6. 4EBEAN REAY FltP B
AEANANE BEALEAR] 4H1 HEpaES
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Sam. | Organic Total Paraffin | Aromatic | O-N-S | Residue
ple Carbon ﬁctract + . Rock Property
No, atter | Naphthene p
: (%) (ppm) (%) (%) (%) (%)
1 0.01 211 ND ND 5.17 93.11 | purplish tuffaceous siltstone
2 0.56 515 18.57 7.60 37.13 36.70 | dark grey shale
3 0.42 1,630 1.71 3.19 1. 37 93.73 | light grey shale
4 0.52 898 31.31 10.17 4.30 54. 22 | dark grey shale
5 1.50 1, 240 24.83 14. 37 6. 86 53.94 ditto
6 0. 69 2,356 70.18 8.49 18.67 2.66 | dk. grey calc. shale (lime nodule)
7 0.87 2,221 67.45 7.41 10.40 14. 74 | massive dk. grey shale (grease like matter)
8 1.20 1, 260 18.09 15. 18 14. 05 52.68 | dark grey shale (grease like matter)
9 0.91 2,255 63. 06 13.36 10.97 12.61 ditto
10 1.30 3,428 59. 39 18.62 10. 62 11.39 | black shale
11 0.76 2,547 41. 47 15.31 15. 31 27.91 | papery black shale
12 0.75 2,090 34.49 17.85 11. 04 36.62 | papery black shale (lime nodule)
13 0.79 1,522 64. 62 4.21 16.73 14. 44 ditto
14 0.47 1,157 28. 60 29. 08 6. 47 35.85 ditto
15 0. 60 1,730 27.06 42.85 6.44 23.65 | papery black shale
16 0.60 1,283 39.16 18.14 10. 00 32.70 | papery bl. calc. shale (grease like matter)
17 0.46 1, 550 57.55 13.94 7.62 20.89 | black shale (grease like matter)
18 1.00 2,428 61.52 12. 08 5.25 21.15 | dark grey shale
19 0.22 580 11.19 16. 30 10. 87 61. 64 ditto
20 0.27 540 14.91 10.91 10.91 63.27 ditto
21 0.45 814 35. 67 11.33 7.96 45. 04 ditto
22 0.97 1,955 60. 08 13. 04 4.52 22. 36 ditto
23 0.89 1,649 51.85 17.98 3.57 26.60 | dark grey calcareous shale
24 0.74 2,593 33.05 21.30 9.12 36.53 | black calcareous shale
25 1.55 930 21.72 11.62 6.89 59.77 | papery black shale
26 0.88 1,116 38.00 15. 60 6. 81 39.59 | dark grey shale (lime nodule)
27 0.57 860 31.12 16. 63 8.79 43.36 | dark grey shale
28 0.74 620 35.81 15. 49 9.04 39.66 | dark grey calcareous shale
29 0.60 967 44.07 13.41 9.77 32.75 | dark grey shale
30 0.73 1,010 42.63 19.59 12.91 24.87 | dark grey shale (ripple mark)
31 0.82 680 0.76 8.04 10.34 80.69 | dark grey shale
32 0.87 2,085 64. 65 7.50 18.03 9.82 ditto
33 0.75 2,624 58.99 6.96 4.69 29.36 | dark grey calcareous shale
34 0.90 1, 453 36.89 6.32 8.28 48.51 ditto
35 0.43 973 3.4 4.16 14.12 78.40 | dark grey shale
36 0.67 1,117 35. 31 2.87 14.98 46.84 ditto
37 1.02 1,697 46.52 7.07 3.72 42. 69 ditto ;
38 0.71 1,058 29. 56 14. 41 47. 26 8.77 | papery dk. grey calc. shale
39 0.57 990 8.99 4.90 14.51 71.60 | dark grey shale
40 0.92 1,381 23.87 11.16 27.90 37.07 ditto ‘
4 0. 60 1,018 1.51 5.84| 11.90| 80.75 | dark grey calcareous shale
42 0.31 1,103 2.11 4.65 10. 78 82.46 | dark grey shale
43 0.62 868 34 3.69 9.85 83.02 ditto
4 0.81 724 | 1. 09 3.83 10. 95 84.13 ditto
45 0.92 1,615 42.93 17.23 9.96 29.88 | black shale i
46 0.71 1,320 35.63 12.21 9. 54 42. 62 ditto !
47 1.04 1,655 63. 07 3.60 4.08| 29.25 | black shale (grease like matter)
48 1.37 2,455 38.43 12.78 1.12 47.67 | black shale !
49 0.87 291 2.98 7.74| 14.88|  74.40 | black shale (varved structure)
50 0.99 695 4.31 6. 47 24. 00 65.22 | dark grey shale
51 0.74 865 23.02 22.14 21. 05 33.79 | laminated black shale
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Sam- 8rgla)1nic ETotal Paraffin | Aromatic| O-N-S | Residue
II)\}:.?; arbon M?:ti? anl;lt—hene Rock Property
: (%) (ppm) %) (%) (%) (%)
52 0.67 650 25.89 20. 23 31.25 22.63 | laminated black shale
53 0. 90 1,312 22.68 12.34 21. 05 43.93 | laminated dk. grey shale
54 0.57 886 6.21 8.29 33. 67 51.83 ditto
55 0.35 908 3.40 1.06 9.56 85.98 | dark grey mudstone
56 1.35 2,862 37.47 35. 02 7.44 20. 07 ditto
57 0.34 1,242 8.06 7.91 3.80 80. 23 | black shale
58 0.33 266 8.85 885 34.70 47.60 | bl. sh. fragment in lapilli tuff
59 0.56 2,692 52.12 7.46 18.11 42.31 | laminated dk. grey calc. shale
60 0.34 248 1.71 ND 11.97 86. 32 | laminated dark grey shale
61 0.60 1,545 5.78 4.13 10.88 79.21 ditto
62 0.34 1,002 4.02 4.23 59. 32 32.43 | massive dark grey shale
63 1.54 5,962 67.48 8.94 15. 39 8.19 | black shale
64 0.65 747 22.32 0.87 31.02 45.79 | laminated black shale
65 2.16 2,570 34.80 24.55 25.23 15.42 | dark grey calcareous shale
66 1.51 4,422 54.77 17.18 24.92 3.13 | papery dark grey shale
67 0.91 1,976 16.61 6.16 29.92 47.31 | papery black shale
68 1.04 1,067 24. 08 27.78 35. 37 12. 77 | dark grey shale
69 0.38 511 10. 26 11.12 20. 52 58.10 | dark grey mudstone
70 0.26 683 107 2.13 28.73 68. 07 ditto
71 0.02 168 9.31 5.82 24,42 60.45 | purplish tuffaceous siltstone
72 ND 163 16.67|  9.53| 46.43| o797 ditto

* Grease like matter was identified in the outcrop.

aeteh, g RG] HHMpo) WS BILAR(LEE
41904 I whe o) MBI E Yro] Mg

6-1 FHILE B

A A R el BEE HELER, 24
9 2B Table 49 o)

6-2 HY aF

ZBA] FEPY 82 oltzle] Feoxeoly
d7lele REY HEVE 9 BN pEseg
AHAA T 42004 SRE uho} o] HEERL R

93t FRgter,

AR A SR MR BRRER EHES
2 0.5% LTS HEEHK(Co)E asts Aol 21.7
%, 0.51~1.6%9] Co% m&sE Aol 76.8%, =
B3 1.61% LIk9) Co¥ mass Aol 1.5%24 2
B2 SRS 78.3%7)F 0.51% LIES] CoZ &3

LEF ol F RS Ty HEBRREES 0.77%=
A9 7] 2% Sfitel EH5e] 0.48% ) yiEe)
0.55% 2} & £8S 7137, (Tables Fx)

Table 5. Organic matter content in sedimentary rocks from various areas

. Organic Carbon Bitumen Hydrocarbon Degree of hydro-
Region (%) (ppm) (ppm) carbonization

Haenam* 0.22-2.16 266-5, 692 4-4,556 0. 0010-0. 2544
Haenam average 0.77 1,478 756 0.0757
Niigata** 0.73-1.10 570-1, 360 87-423 0. 0087-0. 0357
Niigata average 0.86 970 208 0. 0208
Miyazaki** 0.27-0.77 271-511 76-127 0. 0123-0. 0357
Miyazaki average 0.48 343 117 0.0210
Okinawa** 0. 39-0. 60 272-374 49-93 0. 0073-0. 0168
Okinawa average 0.55 330 70 0.0110

* Cretaceous shales

**Tertiary mudstones (Motojima, 1976)
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° NCRTHERN PART AREA
® SOUTHERN PART AREA
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Fig. 4. Relationship between Co & Ch.

FRYHEELS 25 FEIEEY 48 IR LRE (con-
version factor) & ¥ #R=2 ey AUt HRE
9 Z 9% conversion factor 7} 1.26 0 = Bzl 9
oh(Forsman & Hunt, 1958). o2 BIAREE EH
3 ABRCE B 7 1.07% A= 445
ol Sl& Aoz #Hmec,

Al LIRS MR AB Ao aFd
HERRSES 27 29 (Fig. 4 3=),

Fi& A& Cofol BIUE Jbimibigel sd —
B BBRENAFNA 0.3% 6] o] v] 2919 Hyigo] A
E Co@io] 0.31~1.55% el #ifkslo] ek
=3 BEANAE Cofol BNE Jeaigel 5= g
RE Jetol A 0.3% vl ek, HILE Bie] s 93
BALNAE 2% Llkold =29 #R] A= Co i

ol 0.33~1.54%Me] fskslo] HHRT, Z g 2

MEtRel SR £FRY HERESES A9 9
AL SHERS L9EDG, =8 F9 Coa e Flat
R BRI A &% 0.77% R 0.79%0] <.

HEA SHY HERKEE WEMY BE
T3t 2o (Fig. 5 2x),

FIREHIRA A Cof B TiFEEL HBELE No.
42914 0.31%, SEfE#e] No.35 bt A 0.43% =
el B EEE No.25 3iktolA] 1.55%0] o},

P2 o] BURHRTRES LIStS s T
AA Lol A3 Cogfel wA #H—sin THEE
0.75%0°1 7, AHBMRAN A Codrfe shifF#ee] No.
13, No.12, No.11 #ktelAl &% 0.79%, 0. 75% H
0.76%°1 7}, ©] HifFES s Foz Cosfe = T
HEHE No.20, No.19 REIAE £% 0. 27% =}
0.22% 2 Zra=slv] 2 L#E#Sl No. 10, No.9, No.8
HBI A= £4% 1.30%, 0.91% 2 1.20% = k7 i
meT, 22 282 vol @R Cogie T®
AA Eifel AR A= B FgpEe 0.73% =
A FREBRS At A 2o = o)5 wmm gl

SINSEONGR  AREA UHANGRI ~ AREA

20 Samples Wittin 85m Tnicknes:

9101 2131415 6 7 18 8203l 22
ter M2373 Sample Numbers.

uoper or!
>255£7183w3t I B33 7637 38 3
Fig. 5. Organic carbon content,

FREMR 579 BAAABRY Coio T
A Eigel AR A9 #—dio,

RIS JLESl MRS Conl Mk 2 FHRE
IEBEMRY] BER CotB#{b2 2y o A4
o] #FEEl o},

FAHERN BEAYF BET dode da i
BRIl £RE QYo HEHy B—o FBYWE(F
¥ Co. 0.77%)°) HK= vt

Il bitumen K5 S =falligol A o
2 54Aq trendE me]E}(Fig. 6 2=z).

AR A = O-N-S k240 5~159% ) e
Hel @ikez gl oo HA BItIRe] A =
O-N-Sfb&4°] 20~35% o] #gro = HAdEE £
Wt 4~12%F] H7EE EEHoz Yia A
MRl A %] Lme HAB—= 9 Aag
WY — Rl A HRe Eeadold,

LT O-N-SLA4HS HHzky o e A}
Aol #EA, F JtF 2 HEHERIA AEEAQ

"/ HYDROCARBONS

© NCRTHERN PART AREA

® SOUTHERN PART ASEa

. . \
C—N-5 / R . Qe
COMPOUNDS, . ot oo

. . : \RESIOUS

Fig. 6. Triangular diagram of Ch, Hetero
Compound & Residue,
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BAd #ED Aims EEE SH8%H x4 =
3 o] & WMume] #HED FEHY BT £ ER
7t 99k, o]l O-N-Sib&#He SofERd &8 <&
4 Qe Aoz iR 5 ~15% K, PR
20~35% el #Es o] Rz HmE

AFHNY BEHEAELEE 5204 AFg wpsl 7ol
Ostracoda Liske] EIfeo] B3 MMEEH-2o)2hs 1
gk glek, =Y Bt AKE € 49
—mEeAAFR HED FEYS residuer} To
o =% O-N-S{t&%9 7/t hfRe] A EH
HAc}, ol 2¥E AAKE 2 4AHd FMHEH A=
2o AdBAY AlYe duiRe A% 2 #&E0)
HUSY S Aes #EAT

6-3 RILKFELE

AREA AL FEARLES RILAEETS
o] #Ech(Fig. 4,78 =),

FF9 RILAFEF(Ch)> BT 4ppmolA] &
4,556ppme] o] 2= W& wWlgo] A HmdH T

& 756ppmol v}, = REAF(LEF(DOH) = &F
0001091 A] i 0.2544R°1 7=l™ FHEE 0.076
ol

KR BEAEALFE ALY FERBSHH HE
Bl 2 89 mudstonert} Ch @ DOHr} yl& o
Ak =& &% A (Table 53=)

@S B =8 F¥5 Che} DOH S Hik
shd ohgsth 2o

Ch i Aol Hi\e 3.56, Hik 643, W
M 10 ]34 E % M =3 DOHFMES
B 3.5f%, EikY 3.5f%, EY 6% olAN=
& ke,

AF9 Ch € DOHE S 4114 SR uks} 7o)
IR E HEstd oS5 2o

iR Ch gko]l A2 550ppm o] Fol A=tk &
AR A7 550ppmo] ko] . mE LIRS
DOH#ol 2 0.05 o] Aol At BifipiRe o H-3o]
0.050]3tol ot Z LRIl BEERS] —iF MRS A9t
23 Adbg o2 Chel DOHzte] v},

LR A vl ¥e Ch 2@ DOH 32 4=
IR FIUEHEER FEEHIRT . E 44 2R o)
t}, (Table 3,4 =) _

TRV AILEEA o] AR A ALfFe o
A= Ch gke] 500ppmo] 3Fo] =] DOHZEo] 0.05 o] &} &
A demike] Jle AQBSmbRGE Andos
& Ch 3l DOHZS ~bd e, Jbifiike] 2545 Ch 2
* DOH (Degree of Hydrocarbonization) =0. 86X Ch/Co
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Fig. 7. Relationship Between Co & DOH

= DOH z}& £4 762ppm} 0. 085¢] t}.

EEET FUERESR 2 B4R G AE 55T
5-1e0 4] SR vrebgol BEAdRdA mwEsyo 3
A, o)A FFL BEA AR Kerogeno] bk
FEWR BET heat sourced JFBESE [ITTERISC.
BN LS oz BT olF mEHL 51
oA BRE webge] BAAARGY 4% =t BRI}
o FEE HEENY HRA, BE L WEWRER
RBEYE LR EET, 90~570°C ¢ EEHEA
o] FAF & Aolztz #HEAW JTHEAE, 1964),

R BEEHERY A AERRRE-E ARAA B
9 Ch ¥ DOH z& 714+ =3 §ES Ch 2 DOH
e M BaAdEe] s . & MR
—#AAJF-2 Ch kel 4ppm 3 4,556ppm, DOH gke]
0.00105} 0.254401ch, =3 A AEFERHE S4E
#BS olFt mKEeAYe Ch @ DOHzkol £4%
1,065ppm} 0.1642 4 ¥lmd E& g AR

[}
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® SOUTHERN PART AREA
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Fig. 8. Relationship between Ch & DOH
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®e] F#y Ch 2 DOHzEe %% 199ppm3} 0.0299]
=},

RS EA—jbiiih HRE B FEES] R
o] Ch 9l DOH 9 2R o/ &3} ZEEMS] B
it &3 2. (Fig. 9,10 &=2)

FREHIRS] DOH 3t KT 0.004901 4 EiF 0.20
Aolel A=Y FifEE 0.050] ¢, FiHiRe] DOH
7o hEEee] EEE No.33, No.32¢4 &%
0.20 € 0.159 H2%E ZV|E 3 HAZ THE
S5 Bl AF 0.069 5k k& A FiiRe]
A 53] ¥ DOHZE 7HA & [E#ES T #e No.
44, No. 43, No.42, No.41, No. 39, #iffE#<l No. 35,
No.31 € Liffg#eel No.25 3ktolth, ol F fF#o]
DOHzE2 BT 0.0201 3k 2 gholoh, =% FHK
Hipige] Chzt> DOHz A9 ®l&@ #LEE 7
A=, @R Chgke &K T 36ppmel Al & 1,730
ppm Apole] 7Y FHfE 466ppmol T FRHLIR
9] Chzhe $ifE#s] No.33, No.32¢]4 &4 1,730
ppm 2 1,500ppm®] £&3E V% S A= T
#EH-E kel ZA 500ppm w]gto) v}, [Fuige] Al
= 53] T#E#EY No.44, No.43, No.42, No.41 3}
ERE%ES No. 35, No.3lo]AE EF 75ppm o] 39
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Fig. 9. Degree of hydrocarbonization
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Fig.10. Hydrocarbon content.

Y& Chgtg A

¥ AEEHIRS DOHZS BT 0.0304 BE
0.23 Aolo] SMmEY FifEE 0.13°]7. FHiRY
DOHzL-& TFiERfB#ql No.21, No.20, No.19 ¥fol] A
£ 0.07, 0.056 2 0.069 & 7HAH LR
No. 84 0.039 wlwAd W& g 7, =y
RS ol & F#sldE FTHEYE Lol A4 =
WMo 0.1 049 & g A

A4 EE#IRY Chzk-& KT 140ppmdl] A B 2, 774
ppm Abol o] S7iE ¥ FEISEE 1,155ppmo] oF, Rk
o] Chzke Fiffg#el No.21, No.20, No.19 Stio]
A %4 380ppm, 140ppm % 160ppmo|n _LiifE#Eq)
No. 8 F¥lel A 420ppmo) o}, =2} FHRS A A S
2.2 660ppm o] A8 ¥lwAd FLe AAY. = HF
BRE 9 £HEEHKS F35 DOHZE-L 44 0.059) 0.13
olw ZE#y Chgtd £%& 466ppm3} 1,155ppmo 2 415
Hiko] FMEMME T ¥ 2.5/ L3+ DOH ¢
Chtg 7wk, =z} R whehzdo] HRE L 4
HEY MR o4E BEAYERN Ty HlRE
SEL ARV 0.75%, FA7L 0.73% 24 FidbiRe] A
A8 Z& Corl HE YdEul o)L FRBHIR]
AR AEBEF 98 REAREY BRAIG=
%3¢t thermal alterationg W& Ao #pe o),

FkE AEE fFASH oo 2o, ‘

A = e R E s Y& Ch @ DOHgt
& M BEAdEe]l SfHEC Slod ok FEe
WIZ7ER4S) thermal effect Rl 9 3ch  Jraibsk
AAEZ QAW RBEEBIES olF FEEga
9 FAETIRE—HY —BFIA= Rz WE
ol BRAQA. 2 bR IR B
= WITEREC S BAT R ARBESY 94
RILKFES BRET= A3 thermal alterationg uk
Skoh, =@ WIS AN R A AR
¥& Ch 3% DOH#EE A Ewt o] Ritige] Lz=
BEEFRS o) & BKIEAd I8 Aoz Eydg,

7 &

AR REALES EHBEE, ARERE 2

RACAKILES] HRFl $be oFes) )

W kEe HFE o8 BOALE, Ademts 1
BRIKEHDES) RS °lF iy 299 #x
ARABS] BABRSEO A Aol Heaks Q)

(@) AR HRRG = Tht HRAYY ERE Q9o
BBME (T Co, 0.77%) & A2 BH—3A 4K
=l A
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@ TR FRE 2 AEERRY 469

E&AARENY £ Ch R DOHRE i~ 466
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