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Abstract : The chemical composition and characteristics of the source rock collected from Dolgorae-1 well
in Korea continental shelf block VI(35° 18’ N.L., 130° 28' E) have been investigated. An oil show analyzer(OSA)
has been used to determine the contents of gas, oil and total organic carbon(TOC). The average TOC value
for the sample is found to be 0.59%. The OSA has also provided hydrogen index and Tga, the maximum
temperature which generate maximum hydrocarbons from kerogen. From a Tua-hydrogen index diagram the
type of organic matter in the source rock was estimated to be type III kerogen. The content of bitumen and
its molecular weight have been determined by means of extraction method and gel permeation chromatograph,
respectively. The physicochemical properties has been studied using X-ray diffraction spectrometer, IR spectro-
meter and thermogravimetric method. On the basis of the results obtained in the present work, the samples
collected from Dolgorae-1 well are evaluated to be poor source rocks.
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1. INTRODUCTION is extremely emphasized in Korea, where the consu-
mption of energy is rapidly increasing and no single
In recent years the efforts to search for petroleum economical oil deposit is found so far[1,2]. A syste-
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matic geochemical studies can help to decrease the
uncertainty in predicting a petroleum-filled structure.
This is important especially in offshore areas and re-
mote exploration regions where drilling cost is com-
paratively high. The key in the basin study is to iden-
tify petroleum source rock, which is called for the
rock that is, or may become, or has been able to gene-
rate petroleum. The nature of the source rock is a
powerful guide to the present condition of any accu-
mulated oil in areas where the wells have not penet-
rated the relevant rocks at a position where a potential
trap for hydrocarbons exists, with an appropriate geo-
logical histroy. The requirement for a potential source

rock is the presence of insoluble organic matter (kero-.

gen) and it is generally accepted that any rock contai-
ning about 0.5 % of organic carbon may procuce oil
or gas. A facet of major attention in recognition of
a source rock has been the determination of its con-
tent of organic matter, the type of kerogen, and the
evolutionary stages of kerogen which is commonly
referred to as maturity. Therefore, the prerequisite
for a valuable application of the source rock is the
improved analytical technique employed to identify
the composition in detail. Analytical methods used
widely for source rock evaluation have been total or-
ganic carbon determination[3,4], pyrolysis[5,6], orga-
nic petrography[7,8], optical analysis[9], and various
organic and inorganic geochemical analyses[10~12].
The quality and maturation of organic matter are the
basis of the characterization of the source rock. It
is well known that pyrolysis is the best routine tool
since this technique allows the determination of type
and maturation simultaneously[3~5J.

In the present study, source rock samples from
Dolgorae-1 well in Korea continental shelf were eva-
luated using an oil show analyzer(OSA). The OSA
technique is based on the quick analysis of cuttings
by pyrolysis cycle followed by the oxidation in air
of the organic matter remaining after pyrolysis. We

have carried out X-ray diffraction measurements and _

thermogravimetric analysis to investigate the compo-
Sition of the samples. To further characterize the sou-
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rce rock, total extractable organic matter(TOM) was
determined by extraction method. A gel permeation
chromatograph was used for the determination of mo-
lecular weight of TOM.

2. EXPERIMENTAL

2. 1. Sample Preparation

Sixteen ditch cutting samples in approximately 100
m intervals in depth were obtained from Dolgorae-
1 well (Location : 35° 18’ N.L., 130° 28’ E) in Korea
continental shelf block VI (Figure 1). These samples
covered a depth range of 2700—4300 m from sea le-
vel. Samples were not collected from 222 m(drilling
start position) down to 2700 m because this region
does not contain materials for our analytical purpose.
To prepare samples for oil show analyzer each cutting
was separated from mud and other contaminants
using 3 mm sieve, washed with water, and then air
dried on a filter paper. One hundred milligrams of
the clear sample was weighed in a small Ni crucible
for each oil show analyzer measurement. In order

to determine the composition of the source rock, clean
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Fig. 1. Location of the Dolgorae-1 well (35° 18’ N.
L., 130° 28' E). The 200 meter depth line is
indicated by dotted line.
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samples were used after crushing using a Jaw crusher,
followed by grinding in about 80 to 100 meshes.

2. 2. Measurements

X-ray diffraction measurements were carried out
with a Philips Model 1730 using Cu target and K-
radiation. The instrument operation conditions used
are as follows : slit 1°, 0.1°, 1°; accelerating voltage,
40 KV/20 mA ; scanning, 2°/min ; chart speed, 2 cm
/min ; range, 3°—55°, IR spectra were obtained on
a Bio-rad FTS-40 FT-IR spectrometer. Thermogravi-
metric analysis (TGA) studies was done using Chino
Mode PN system. The TGA range was +50 mg (full
scale) and the rate of temperature increase was
9°C/min. A Waters Model 244 Gel permeation chroma-
tograph (GPC) was used in conjunction with refractive
index detector for the determination of molecular
weight distribution of TOM. For GPC studies, U -stra-
ngel columns of 100, 500 and 100 A were used and
the mobile phase was tetrahydrofuran. An IFP-FINA
type oil show analyzer was employed in this study.
The helium and hydrogen flow rates for pyrolysis
were adjusted to 50+ 1 and 28+ 1 ml/min, respecti-
vely. To purge the system helium with flow rate of
40+ 1 ml/min was used. The total extractable organic
matter (TOM) was determined using Soxhlet appara-
tus with benzene/acetone/methanol (2:1: 1 V/V)
mixture as extraction solvent[13].

3. Results and Discussion

3. 1. Physical Properties and Inorganic Compo-
sition

Inorganic chemical composition determined by wet
silicate analysis is found to be very similar for all
the rock samples. The major components found for
the sample collected from the 3102—3125m region
are SiO,, Al;Os, Fe;0; and Ca0, and their weight per-
centages are 56.30, 3.95, 6.51 and 2.05 %, respectively.
The loss of ignition for the sample is 26.50 %, and
MgO, Na;0 and KO are found to be trace compone-
nts. Fig. 2 represents the X-ray diffraction pattern

of source rock sample collected from 4006 —4026 m
region. Similar results are obtained for the other sam-
ples. The results of X-ray diffraction studies indicate
that the samples are mainly composed of clay mine-
rals. Quartz, feldspar and kaolinite are major compo-
nents and illite and siderite exist as minor ones.
Fig. 3 shows a typical differential thermal analysis
(DTA) curve obtained using a -Al;0; as standard toge-
ther with TGA curve for the sample collected from
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Fig. 2. X-ray diffraction pattern of source rock sam-
ple collected from Dolgorae-1 well : (a) 3102
—3126m; (b) 4006—4026 m; Q, quartz ;
F, feldspar ; K, kaolinite ; I, illite ; S, side-

rite.
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Fig. 3. Thermal curves of source rock sample collec-
ted from 4006—4026 m region of Dolgorae-
1 well.

J. of Korean Ind. & Eng. Chemistry, Vol. 2, No. 2, 1991.



188 ol 3% - F2d

Depth Oil S2 TOC

o
Jo

R
-0

TPI

2751

280!

2834

2851

2882

2901

2926

2951

2978

3006

3030

3034
3074
3102
3126
3150
3174
3202
3226
3250
3278

3302
3326
33%0
3374
3402
3430
3451

3476
3502
3526
3551
3576
3610
3626
3658
3674
3702
3726
3754
3774
3802
3826
3854

3874
3906
3926
3950
3976
4006
4026
4054
4078
4106
4126
4150
4174
4 206
4226
4251

Emm——gmm=- -0

- m ---------.-.-—-
[ L llllll|l|ll|l .llllllllllllllllllllIlllllIl..-.-llllll...-O

....-..-.........--. ..'------..----.---.--.. m= 0

Fig. 5. Geochemical log of Dolgorae-1 well source rock obtained by OSA.
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4006—4026 m zone. An endothermic peak appeared
at 66 °C is due to the release of adsorbed water in
the sample. Several exothermic peaks occurred in
the range 250—530 °C indicate that organic matter
in the sample oxidize. The observed weight loss is
found to be about 4%. The peak shown at 572 °C
is thought to be the resuit of phase change of quartz.

3. 2. Organic Composion

A typical IR spectra of the samples are shown in
Fig. 4. Of note here are the C-H out of plane deforma-
tion peak around 870 cm™! and the C-H stretching
band around 2900 cm™. The broad band appeared
in the range 930~ 1800 cm ™! represents the combina-
tion of various stretching, bending and skeletal vibra-
tions which indicate the multiplicity of various fine-
tional groups. Table 1 provides a summary of the
results for all the samples studied and F ig. 5 represe-
uts the geochemical log printed on the OSA plotter.
The Tna is the temperature in °C when maximum
generation of hydrocarbons from kerogen occurs.
Therefore, the T values indicate the organic matter
maturation degree | T <430—435°C, immature
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Fig. 4. FT-IR spectra of source rock collected from
Dolgorae-1 well : (a) 3610—3620m; (b)
4006—4026 m.
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zone 5 430435 °C=< T, <465 °C, oil zone 5 Touc>
465 °C, gas zonel[3]. According to this classification
Dalgoral-1 well source rock falls under the oil zone
category. The GPI, OPI and TPI is gas, oil and total
production index, respectively : GPI=Sy/(S,+S;+$S
2), OPI=SI/(SO+SI+S2) and TPI= (So+51)/(so+sl
+S,) where S, and S, are the quantity of gas and
oil, respectively, in mg/g rock sample and S; is the
quantity of hydrocarbons produced by thermal conve-
rsion of kerogen contained in the rock sample in mg
hydrocarbons produced by thermal conversion of ke-
rogen contained in the rock sample in mg hydrocar-
bons/g rock. The S; value is a good indicative of sou-
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Fig. 6. Estimation of the organic matter type and

of maturation for rock samples : (@) plots
of hydrogen index vs. temperature for Dolgo-
rae-1 well source rock samples. The vitrinite
reflectance value of 0.5 is the criteria to disti-
nguish the diagenesis and categenesis stages
3l
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Table 1. Pyrolysis Results for the Dolgorae-1 Well
Source Rock
Depth, Oil S Tma® OPPF TOC* HP

3726 008 028 456 022 054 51
3754 013 030 458 031 097 30
3774 008 031 454 021 048 64

m

2751 003 024 435 012 050 48
2801 013 062 411 018 057 186
2834 012 056 437 018 064 87
2851 018 064 439 014 001 63
2882 007 033 441 017 055 60
2901 004 020 441 017 045 44
2926 008 037 441 018 053 69
2951 015 038 435 019 058 69
2978 009 044 441 017 048 91
3006 008 040 440 020 050 70
3030 009 029 442 024 045 64
3054 009 026 441 026 041 63
3074 008 025 441 025 043 58
3102 017 007 429 020 064 104
3126 006 017 432 022 038 44
3150 004 015 444 022 038 38
3174 003 012 446 021 042 28
3202 008 032 427 020 046 66
3226 005 028 441 016 047 59
3250 0.08 028 445 022 052 57
3278 006 029 426 018 049 59
3302 008 032 441 020 043 74
3326 003 037 444 033 052 71
3350 014 063 444 018 087 72
3374 005 037 444 014 051 62
3402 006 022 444 011 044 59
3430 005 012 450 031 039 30
3451 004 026 444 013 046 56
3476 003 018 449 015 038 47
3502 008 025 448 025 043 58
3526 004 014 448 022 039 35
3551 006 028 449 018 042 66
3576 005 015 453 030 037 40
3610 007 036 435 017 049 67
3626 007 035 448 017 043 81
3658 000 034 452 019 055 61
3674 035 020 456 035 056 35
3702 011 037 448 023 052 71

A3, A 2@ A 25, 1991

3802 007 025 464 022 051 49
3826 007 022 466 023 054 42
3854 003 033 460 019 060 58
3874 014 035 458 032 062 48
3906 012 043 463 022 090 47
3926 0.10 023 467 031 049 46
3950 0.17 028 432 032 052 50
3976 0.14 019 469 037 056 33
4006 004 024 459 025 056 42
4026 021 071 420 026 069 44
4054 0.16 043 445 026 0.67 68
4078 006 011 476 037 051 21
4106 0.14 022 451 039 059 37
4126 015 020 477 044 063 31
4150 007 009 472 044 052 17
4174 012 001 444 037 063 33
4206 000 018 475 035 0.60 30
4226 014 024 455 041 062 33
4251 032 033 454 048 0.76 46
See text.

rce rock quality. The content of total organic carbon
(TOC) is calculated from the sum of residual organic
carbon (CO:) and pyrolysed organic carbon (82 % of
the quantity So+Si+S,). The CO; resulting from the
cracking of kerogen during pyrolysis is not taken into
consideration to evaluate TOC. The HI (hydrogen in-
dex) is defined as HI=100S,/TOC with S, expressed
is mg hydrocarbons/g rock and TOC in % by weight.
It is generally accepted that a rock with more than
2% of TOC is a very good source rock[3~5]. The
TOC values of Dolgorae-1 samples range from 0.38
to 1.88% and the average value is 0.59 %. This value
is close to the 0.5 % which is considered to be the
low limit for source rock[4].

Types of organic matter can be estimated and diffe-
rentiated by means of 2 Tma-HI diagram as shown
in Fig. 6. Such rocks containing abundant organic mat;.
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Fig. 7. Plots of depth vs. production index for Dolgo-
rae-1 well source rock samples.

ter of type I or II are excellent source rocks. The
plot of HI vs. Ty for Dolgorae-1 well sample indicate
that the source rock 'in this region contains type III
kerogen.

To obtain the information on migration, depth vs.
production index were plotted for Dolgoral-1 well sa-
mples (Fig. 7). The production index (PI) is defined
as PI=S,/(S:+$S;). This plot suggests that migration
is expected at about 3000, 3700 and 4100 m regions[ 3,
4, 10].

The total extractable organic matter (TOM), which
is commonly called bitumen was determined by sol-
vent extraction of the finely ground sample followed
by hydrocarbon separation and weighing. The TOM
content of the rock sample in Dolgorae-1 well is found
to be 0.010, 0.025 and 0.026 % for 30003300, 3500—
3800 and 4000—4200 m ‘region, respectively. The
TOM content has a trend to slightly increase in deep
samples but the values are generally low comparing
with those of good source rock[3]. Molecular weight
of TOM determined by gel permeation chromatograph
is 348.9 and 589.3 for 3000— 3300 and 4000—4200 m
zone, respectively. The detailed analysis of bitumen
and its structural identification is still under investi-
gation in our laboratory.
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