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Abstract: In this study, 26 samples from northwest Taiwanfr@h Mainland China, 13 from Australia and 39 fréterature
were jointly examined to explore relationships am@yrolysis parameters, Vitrinite Reflectance Ra¥td Atomic H/C ratio.
Samples of mixed high and low maturity coal wermbined in proportions determined by the total gitim the furnace prior
to the Rock-Eval analysis and used to explore theetation between the pyrolysis parameter, Tmansd the vitrinite
reflectance. These average values were then platieithst the corresponding Tmax results. The exparial results revealed
that:(1) For low maturity coal samples that wergediwith different proportions of high maturity ¢samples, the Tmax values
fell within a range of low maturities. Alternativlfor samples containing the reworked sedimentaagenals in the rock
formation, the Tmax values were similar to the miatwf young material. (2) For sampling or Rockatanalysis of the high
maturity materials, contamination with low maturitpaterial should be avoided, even in very small ams (3)
Afterproportional mixing, there was no evidenceaofeneral linear relationship between the averdggrmite reflectance,
Ro%, and the corresponding Tmax value recorded. akbmic H/C ratio, as well as the BI, HI, Ql1,Snd 2, generally
decreases while the maturity (Tm4KY; vitrinite reflectance Ro%) increases. The atohiC ratio decreases slightly from 1.1
to 0.7 while maturity increased from Ro 0.55% t859%6. Samples with atomic H/C ratio within this ranghow significant
change in certain other geochemical parameter8(e#il, QI, Pl, S, 2, S1+S2, Tmax). Organic matter in the samples studied
is of type Il/lll kerogen based on the relationshgtween HI and Tmax. The hydrocarbon potentialypet organic carbon
(S1+S2/TOC) of the organic matter in this study to beragpmately 100~380, similar to the potential of Haorooal used in
general gas and oil production. This shows thaamiggmatter in an oil window of Ro%=0.55 and atomi€=1.1 have reached
a certain maturity and hydrocarbon potential. OVandnen the atomic H/C ratio increases, the Bl, @I, SL, and 2 also show
an increasing trend; therefore, these parameteratmmic H/C ratio show a certain correlation.

Keywor ds. Atomic H/C Ratio, Vitrinite Reflectance Ro%, KeragdRock-Eval Pyrolysis Tmax, Maceral Analysis,
Reworked

where the organic matter are heated (burial orotect
movement) decomposed and then recombined. Thisgsoc
Despite the variety of forms in which organic matte S irreversible and not affected by retrograde metgphism;
evolves, the most important key in hydrocarbon potion is it can t_herefore r(_acord the most intensive thermdnt.ln
maturity. The process of involves physical and doamm Purial history (Tsai, 1988; Lee etal., 2010). Unte heating
factors such as temperature, pressure, and timtearbang ~PrOCesS, organic matter undergo two opposite @@t the
them temperature plays the leading role. Bostig{] 1974) Same time, i.e. condensation of molecular structane
pointed out that organic matter in sedimentarytatzan be Partial bond breakage and degradation. Through, tiine
used as the thermal index for contact or buriabmetphism, Side chains and miscellaneous atomic groups irkéhegens

1. Introduction
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break off, while the aromaticity increases due
condensation of aromatic entities and formatiopalf/cyclic
aromatic hydrocarbons and the orientation incredsasing
to optical changes. In addition, the atomic H/Goratnd the
maturity of organic matter changes,
hydrocarbon potential. In the evaluation of oil agds
potential, organic maturity is one of the most impant
criteria, and the assessment of organic maturityuires
various techniques including fluorescence spectq@gcHI,
Tmax, R0% and atomic H/C ratio. High atomic H/C rato i
observed since kerogens contain silicate minehalsdannot
be removed in the kerogen separation procedurekifBas
1997). With regard to this problem, we referredahl et al.
(2004) in which TOC is graphed against S2 to cakeuthe
Y-intercept and thus find the point where non-aattid
carbon content produces no pyrolyzed hydrocarbivestH%

tgarameter, Tmax, is another commonly used index

for
evaluation (Tissot,1984; Wu Liyan, 1986). Techrdigaboth
indices obtain the value of the sample maturityfedgntly.
Vitrinite reflectance is obtained by using physiaabtics

thus affectingneasurements; it is mainly restricted to the idieation of the

material morphology by the observer. Although usthe

vitrinite reflectance frequency histogram can malke for

some of the restrictions of the technique; when tifignite

reflectance frequency distribution is overly brodnils problem
persists and may incorrectly indicate that the dantpelf is
mixed with different maturity material. For instanca past
study used vitrinite reflectance values to explte oil and
gas potential of Western Taiwan. The study sugdestat
samples could be identified as reworked sedimemteterial,
or material with reworking environmental significan if the
frequency distribution of the vitrinite reflectanB®% values

(Y-axis) and C% (X-axis) obtained from the eleméntawas large at the two end points (Kuo Chenglung,7199n

analysis are graphed to find the Y-intercept (repnéing the
hydrogen content when the organic carbon contezgrns) to
correct the H% value.

Sun et al (2001) used the Gini coefficient to claltauthe
distribution of the irvitrinite reflectance (Ro%)easurements.
This allowed them to obtain quantified values aqgfiency
distribution in order to illustrate the average riwvite

reflectance value of the measured samples and derovi

quantitative judgments on the deviation of therendiata set.
Although this method transforms the Vvitrinite reflnce
measurement into a frequency distribution histogreia
numerical conversion, thus highlighting the gapnleen the
average states, a number of problems may still rodeor
instance,
reflectance frequency distribution due to probléha may be
caused by the individual who performs the measungnoe by
poor functioning of the instrument itself. Additalty, the

the other hand, the Rock-eval pyrolysis paramdimax, is
obtained using chemical heating analysis. It issealuation
method developed by the French Institute of Petrol¢lFP),
(Wu Liyan 1986). The biggest advantage of this néample is
that it provides rapid data analysis; however thethaod can
sometimes be restricted by the sensitivity of tmalysis
instrument.

Reworked sedimentary material refers to substatitats
are formed from sediment, fossil, rock fragmentsotirer
substances (Bates and Jackson, 1987). It is forwieeh
materials of old strata deposit on younger strafi&rinite
reflectance Ro% values tend to increase with irginga
strata depth (Stach et al., 1982), thus makinggio@d index

the method can cause overly broad vérinifor the assessment of organic maturity (Tissot, 4)98

Generally, for reworked sedimentary material, ibeieved
that when the Ro% value enters the oil window, Whic
ranges from 0.65 to 1.35 (Hunt, 1996), the derixegrage of

composition of the sample itself may cause problemsitrinite reflectance Ro% does not accurately wflibe true

particularly if the sample has a range of diffeneatturities, or
if the sample itself is mixed with material of difént
maturities, such as reworked sedimentary mateffdle
vitrinite reflectance measurement was also useiumy(1997)
to explore oil and gas potential in western TaiwHnis study
suggested a vitrinite reflectance Ro% frequenclyibigion of
many samples that is larger at the two end poeutsiicdicate
that the research sample is reworked sedimentatgriala or
that the sample has reworking environment signifiea
Additional problems with vitrinite reflectance (R3%

state of organic maturity. Alternatively, the pwsk
parameter, Tmax, is the recorded temperature ofStheak
value during the pyrolysis of hydrocarbons in thecREval
instrument occurs (Kuo Chenglung, 1997; Walples35)9
The hydrocarbon pyrolysis £5 of reworked sedimentary
material should reflect feature with at least tveaks, at this
point, how will the pyrolysis parametersnmBXx evolve
variations? Past studies have shown that the wérin
reflectance Ro% and the pyrolysis parameter, TnwX,
type-lll kerogen have a very strong linear corielat

measurements may also been countered when examinifigichnuller and Durand, 1983; Lang Dongsheng, 1999;

reworked sedimentary material
indicators. In this situation it is easy to prodecdandwidth
phenomenon. These situations raise the questignaanfid
using the good correlation between vitrinite refiece and
pyrolysis parameter Tmax (Tissot and Welte, 198&hpitalié
et al,1985) be able to deal with the bandwidth phesnon?
And what would the pyrolysis parameter Tmax behim ¢ase
of reworked sedimentary material samples?

A vitrinite reflectance (Ro %) value within somdeetive
range is often regarded as a good index to evaluagnic
maturity (Tissot, 1984; Hunt, 1996). Similarly, tpgrolysis

using organic maturitHou Dujie and Zhang Linye, 2003); however, the reatof

this correlation is unknown for reworked sedimeyntar
materials. This makes it difficult to conduct Rdekal
analysis on affirmed reworked sedimentary materTddis
study aimed to clarify this relationship by adogtira
simulation experiment. We used coal samples(whiod
enriched in organic matter) as a base sample, piopally
mixing coal samples with larger high-value and leaite
differences in Ro%. We then subjected the mixedpsarno
Rock-Eval pyrolysis analysis in order to comparee th
differences with the original samples.
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Obtaining geochemical data by heating a small amotin

rock powder through pyrolysis process is an impurta centrifuge-separation.

geochemical tool in oil exploration. Neverthelet® rock
itself contains inorganic mineral matrices anddhollutants
generated in the sampling process will reduce trdrdgen
index (HI) value (Udoet al, 1986; Dahlet al, 2004) and
affect the assessment for kerogen type and qu@lkinlua et
al., 2005; Lee, 2010; Lee, 2011). As a result, whesessng
the hydrocarbon potential of kerogens, one shouoid raly
solely on the Rock-Eval pyrolysis parameters froymolysis
analysis but also graph the atomic H/C ratio, T@ Ro%
against one another to confirm and double checkethiglts for
accurate assessment. In terms of oil and gas estrinites
are gas-prone, exinites are oil-prone, while inggs have no
oil and gas potential (Tissot&Welte, 1984). Statlal. (1982)
believed that vitrinite reflectance increases with degree of
heating because molecules move closer to each wthen
heated causing a higher reflectance. Rock-Evallysisis a
fast, inexpensive analytical technique that prowvidseful data
but requires only a small number of samples. THisaatage
allows the technology to be widely used in the ysial of
organic matter samples. The pyrolysis results @ftlal. (2003)
from the Dongying Depression in Bohai Bay Basinvett
that with increased depth,m&x and Pl also exhibited an
increase, while TOC and HI showed a decrease. Hege,
focused mainly on lithofacies analyses (maceralyaisaand
measurement of vitrinite
analyses (elemental analysis and Rock-Eval pys)ly&r
organic matter to understand their thermal matunitygt assess
their hydrocarbon potential. Subsequently, throeghloring
the relations between the relevant parameters ((1F¥SC,
HI, atomic H/C ratio, Ro%, max), we tried to shed light on
their connections to hydrocarbon potential.

2. Samples and Methods

The coal samples for investigation included 26 frona detection system. Rock-Eval

northwestern Taiwan, i.e. coal and carbonaceous shenples
from Nanchuang Formation, Shiti Formation, and Mumsh
Formation. The coal samples were mainly from bedsméd
through three sedimentary cycles in the Miocenejewtne
sedimentary environment for intercalated coal seianod the
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maceral groups were then prepared by using density
Coal briquettes were prapare
according to the standard production procedurefcsét in
ASTM (1975). The coal samples were first crushed an
filtered through a No.20 sieve, then mixed with egland
placed in a round steel mold to dry and harden. iardened
and dried briquettes were then polished (Ting, 195@n,
2000). In accordance with the work of Su (2001, £000),
and Dormanset al (1957); zinc chloride was used as a
density liquid for centrifuge-separations. Dengifyless than
1.25 denotes a concentrate of exinite, and density
1.25-1.35 denotes a concentrate of vitrinite .Malcanalysis
and vitrinite reflectance measurements were perdrran
polished pellets using a Leitz MPV Compact Micrqeeo
(light source 12 V, 100 W; wavelength 546 nm; refirge
index of soak oil, Ne = 1.5180). Optical microsceyes used
to identify three main maceral groups (exinite,rimite,
andinertinite), as well as inorganic minerals (fgyand clay
minerals) through point counting. According to ASTM
standard (1980) and Bustin (1991), each sample maxe
into two pellets, and each pellet requires 200 fpoiunts; a
mean value should also be calculated. In additib®Q
random points (Rstd%) were measured in each paltetthe
mean value of the 100 points was calculated. Thezetwo
mean values of the same sample were averageddmdbe
vitrinite reflectance (Ro%) value.

reflectance) and geochalmic Geochemical analysis using elemental analysis (Efeah

analyzer of Germany Heraeus Vario EL model, Accyrac
0.1%, Precision +0.2%) to determine C, H, N, armbftents.
The mineral of carbonate and silica-gel can be tifled
microscopically and removed by additional hydrocicland
hydrofluoric acid treatments. Samples were firahgformed
into the irgaseous forms gNH20, CQ, and SQ), and then
the segases @@, CQ, and SQ) were adsorbed/desorbed
through individual adsorption and desorption tuligsally,
the weight percentage of C, H, N, and S wasobtatimexigh
pyrolysisis a stashdar
pyrolysis method for assessing source rocks (Hipitd al.
1977). In this study, Rock-Eval Il was used for ghyeolysis
analysis, and FID (flame ionization detector, Qaltton
sample IFP 55000,2S= 8.62 mgHC/g rock, $= 1.00 mg
CO2/g rock, TOC = 2.86%,Tmax = 4i0) was used in the

regression type (Maet al, 1988). On the other hand, 13 rockprocess to detect volatilized hydrocarbons) (8d organic

samples were collected from Australia, 12 from Neid matters from pyrolyzed hydrocarbong)Sas shown in Table
China, including samples from the Paleozoic, Megoamd 1.0Organic matter have the same maturity but differe
Tertiary Cenozoic eras (Gat al, 1993), and some from the hydrocarbon potentials, the maceral compositionsrewe

Uinta and Permian Basins of the United States. Afing to
the field study of Taylor &Ritts (2004) at the Gre®iver
Formation of Uinta Basin, Utah, the Green Riverriation
covers Flagstaff, comprising a continuous lake rsedi.

compared with the results of their pyrolysis andnedntal
analysis, so as to study the mechanism of hydrocarb
generation.

The content percentage of the three macerals {exini

Lastly, by taking 39 sample data from literatures studied vitrinite and inertinite) from the maceral analysiss then

how the variations of atomic H/C ratio of kerogeasd
pyrolysis parameters can be used to elucidate nipadt of
changes in atomic H/C ratio on the hydrocarbon mittkof
organic matter.

The material study starts from the collection ofalco
samples with maturity close to the early oil windosarious

used to estimate the atomic H/C ratios of the ctild samples
(Jones and Edison, 1978). The hydrogen and carbotert
obtained from the elemental analysis could alsoused to
calculate the atomic H/C ratios. Furthermore, thdréicarbon
potential (S1+S2) and TOC values from the pyrolgsialysis
could be used to calculate the hydrocarbon potepdiaunit
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organic carbon (S1+S2/TOC). By graphing H% (Y-axispasis of the sample. The two types of coal sampdesl as
against C% (X-axis) from the elemental analysis,dbtained simulation materials were Jiao-Zuo Coal (Ro% avenrsgue
Y-intercept (representing the hydrogen content whieea = 3.43)and Fu-Xin coal (Ro% average value = 0.@&bth
organic carbon content is zero) could be used teecbthe sourced from Mainland China. In accordance withrttiging
H% value, as shown in Table 2. Next, by using toen&c H/C  proportion, the mixed samples were subjected tokHoal
ratio, the pyrolysis parameters HI, S1, S2, S1+Bp3+S2), pyrolysis analysis and compared with the origireinples.
S1/TOC, (S1+S2)/TOC, and Tmax were graphed agaiD&t At the same time, the vitrinite reflectance datasoof these
And Ro% to explore the relations between atomic Hitibs two coals with the same mixing proportion and rando
and the various pyrolysis parameters. sampling were averaged (50 points each) after bigndor
The mixed samples were prepared according to tlightve each mixed sample, average readings were taken as
ratio using coal sample swith high and low matesitirom representative after 1,000 times measurementshenasults
Mainland China (Jiao-Zuo Coal: Ro% of 3.34 ~3.72#n  were plotted against the corresponding Tmax re3iiles
Coal: Ro% of 0.58 ~ 0.65). These samples were theronductance of the Rock-Eval analysis and vitrinite
subjected to Rock-Eval pyrolysis analysis. The ysialof reflectance measurements of the samples were tadrts
the samples was performed by the Exploration &he Research Institute of Petroleum Exploration and
Development Research Institute of the CPC Corpmmati Development (RIPED), CNPC. The sample numbers are a
Taiwan. 10mg of each mixed sample was inserted timo follows: 1. (H = Jiao-Zuo Coal original sample);(Bl95: L5
furnace. The mixed proportions of the samples weaeed on mixed samples); 3. (H90: L10 mixed samples); 4.(H8D
the sample number and proportion, as shown in Table mixed samples); 5 (H70: L30 mixed samples); 6. (L =
This study used simulation experimentation. We usgad  Fu-Xin Coal original sample).
samples, which are organic matter enriched mateailthe

Table 1.The parameters when atomic H/C ratio=0.7-1.1

Par ameter® All? Taiwan® Mainland China® Australia® Others'
Ro% 0.72~0.26 0.95~0.35 0.8~0.5 1.4(1 sample) 0.72~0.4
HI (mg/g) 25~445 75~340 52~165 50(1 sample) 25~445
S1+S2 (mg/g) 20~235 45~235 60~145 - 20~220
BI (mg/g) 0.01~14 2-5 s T — 0.01~14
QI (mg/g) 35~415 70~375 70~170 80(1 sample) 35~415
PI (mg/g) 0.005~0.072 0.03~0.06 0.01~0.035 0.36(1 sample) 0.005~0.072
Tiel(S) 395~510 414~480 418~435 418(1 sample) 395-510
TOC (%) 0.26~80 45~80 62~73 0.36(1 sample) 0.26~76
S2 (mg/g) 0.12~242 50~230 20~150 0.12(1 sample) 0.15~220
S1 (mglg) 0.01~15 2~4 1~2.4 0.01(1 sample) 0.03~15

Note 1.Considering all samples and graphing H/® ejainst each parameter, the result shows ticatgarameter exhibits significant variations when
H/C=0.7~1.1.

2."All” includes all samples from Taiwan, Mainlahina, Australia and other reference sample data.

3."Taiwan” denotes the sample data from Taiwan; itNéand China” denotes that from Mainland China; $talia” denotes that from Australia.
4."Other” refers to the use of sample data fromeptleferences (Wang, 1998; Xiabal, 1996; Xiao, 1997).

5. HI: S2/TOC; QI: (S1+S2) / TOC; Bl: S1/TOQ; B1 / S1+S2

Table 2.The Ro, H/C ratio, HI, QI, TOC,V, E, and (S1+S2)ea of samples analyzed in this study

Sample S1+S2 TOC Ql HI V E Tmax Ro

No. (mgig) _ (wi%) (mgig) (mgig) %) ey HCw HC@ =g (%)
A0 1.2 0.7 159.2 118.1 1.0 0.0 0.25 0.18 437 1.63
Al 0.3 04 67.6 40.2 1.0 0.0 0.26 0.25 407 1.61
A2 0.3 0.4 70.2 45.4 0.4 0.2 0.70 0.63 416 1.40
A3 3.2 1.7 184.1 168.3 2.4 0.2 2.54 2.15 434 1.14
A4 51 4.2 377.1 285.2 20.8 0.4 1.85 1.63 426 1.23
A5 4.1 1.9 213.3 199.1 1.8 1.8 2.11 1.82 433 1.02
A6 3.2 1.7 182.5 167.2 1.6 0.6 1.52 1.46 434 0.77
A7 3.6 3.8 282.2 220.5 18.8 0.4 1.48 1.34 426 0.86
A8 2.8 18.3 16.3 14.4 61.4 0.6 1.94 1.67 433 1.08
A9 1.2 2.0 59.6 50.6 4.6 1.0 1.75 1.72 432 0.84
01 112.6 75.2 149.8 148.1 60.6 5.0 0.78 0.73 434 0.74
02 84.2 62.6 134.5 133.4 95.0 1.0 1.04 0.83 431 0.53
03 140.3 67.7 207.2 205.3 68.8 2.4 0.89 0.62 429 0.58
14 81.1 44.3 183.2 177.1 53.2 1.2 1.18 0.47 430 0.39
15 37.7 18.6 202.9 196.4 30.2 1.4 1.36 0.28 425 0.52
16 68.3 43.2 158.0 155.2 66.2 0.6 1.08 0.57 427 0.52
17 1.6 2.2 73.7 70.5 3.8 0.0 1.86 0.03 433 0.36

18 177.6 79.2 224.2 221.2 93.2 1.2 0.90 0.81 437 0.74
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Sample S1+S2 TOC Ql Hl \ E Tmax Ro

No. (mgig)  (wi%) (mgig) (mgig) (%) ) HCw HC@ g (%)
19 214.9 79.3 271.1 286.1 84.0 11.4 0.90 0.86 435 0.68
21 152.6 79.8 191.2 189.1 93.2 3.0 0.80 0.84 437 0.75
22 104.6 64.1 163.1 161.0 81.6 3.6 0.85 0.76 441 0.73
23 32.6 58.1 56.2 54.1 95.4 0.4 1.07 0.82 377 0.23
24 227.3 71.2 319.4 314.7 33.2 1.2 1.10 0.31 431 0.36
25 8.4 1.5 545.7 512.0 11.6 0.2 0.16 0.11 440 0.31
26 155.0 28.6 541.0 511.5 12.8 0.0 1.36 0.12 428 0.28
27 164.1 35.5 462.3 437.5 0.6 16.8 1.44 0.22 430 0.21
28 152.7 29.0 526.4 498.5 4.0 10.2 1.43 0.17 428 0.18
29 70.2 66.6 105.3 104.2 87.0 4.6 0.84 0.8 429 0.54
30 124.3 71.9 172.8 171.2 88.2 9.4 0.96 0.88 429 0.59
31 155.5 45.9 338.7 334.1 80.0 10.8 1.18 0.86 450 0.58
32 354.3 77.6 456.3 454.0 69.4 24.8 1.27 0.93 453 0.39
33 159.2 44.0 361.4 354.4 6.6 1.8 1.38 0.06 444 0.45
34 114.6 72.8 157.3 155.4 82.6 15.4 0.89 0.91 429 0.68
35 93.5 74.4 125.7 124.0 71.4 4.8 0.74 0.78 432 0.59
36 17.5 73.4 23.8 23.0 78.0 2.6 0.70 0.74 445 1.24
37 54.8 71.1 77.0 74.2 61.2 6.8 0.77 0.77 432 0.72
38 17.9 7.3 245.6 239.0 1.4 0.8 6.68 0.02 426 0.17
39 0.4 82.2 0.5 0.1 = = = — 488 4.60
40 71.2 68.9 103.4 101.7 88.0 2.8 0.83 0.81 430 0.54
41 49.6 55.9 88.8 85.5 80.0 5.6 0.77 0.75 477 1.57
42 45.3 50.4 90.0 87.1 73.0 3.4 0.68 0.67 479 1.56

Note 1. HI: S2 / TOC; QI: (S1+S2) / TOC; V: Vitrtri E: Exinite
2. H/IC(1): H/C atomic ratio (Elemental analysisjCR): H/C atomic ratio (Maceral analysis)

Table 3.Preparation of Sample Proportions

Sample No. 1 2 8 4 5 6 7

H* (9) 0.010 0.002 0.004 0.005 0.006 0.008

L* (9) 0.008 0.006 0.005 0.004 0.002 0.010
Total (g) 0.010 0.010 0.010 0.010 0.010 0.010 0.010

*H : Jiao-Zuo Coal :L: Fu-Xin Coal

Table 4.Rock-Eval Pyrolysis results of simulated samples

Sample No. Tmax (C) S, (mgHC/g-coal) S, (mgHC/g-coal) 3 S
S, S+S

1* 487 0.60 0.20 3.0 0.75

2 427 0.87 75.63 0.012 0.011
3 428 0.78 68.72 0.011 0.011
4 430 0.78 46.07 0.017 0.017
5 426 0.81 63.00 0.013 0.013
6 431 0.62 28.03 0.022 0.022
7 428 1.00 75.00 0.013 0.013

*: No.1 as Jiao-Zuo Coal original sample
»%: No.7 as Fu-Xin Coal original sample

highest, followed by vitrinite, then inertinite. &hvan
Krevelen diagram can also be presented rasx Tversus HlI
graphs (Hunt,1996). The samples in this study aaénim
type Il and type Il kerogens (Fig. 1). This isii@ with the
When Ro%=0.55~0.85 (H/C=1.1~0.7), atomic H/C ratiokerogen classification put forward by Magoon andwDo
exhibit a less noticeable decline. As the atomi€ Hatio (1994), where Type Il kerogens have H/C=1.2~1.5 Bypuke
increases, (S1+S2)/TOC value also increases. Bgharg Il kerogens have H/C less than 1.0 in. This alsoasponds
atomic H/C ratio against the following parametets$i, S2, to the results of significant changes in the patamewhen
S1+S2, S1/(S1+S2), S1/TOC,(S1+S2)/TOGadand TOC, the atomic H/C ratiois in the range of 0.7~1.1.
we observed that when atomic H/C ratio lies in thege By using Rock-Eval pyrolysis, (S1+S2) was graphed
0f0.7~1.1, each parameter value displays significhanges against TOC (Fig. 2). As shown in Fig. 2, the (S2}*+8nd
(Table 1). According to the van Krevelen diagramdmanic TOC values in the samples from Australia are lower,
matter classification (Stackt al, 1982), it is also observed distributed around the proximity of the origin; ettvise the
that for different macerals, the H/C ratio of eténis the greater part of the samples lie in zone C. In a#sgsthe

3. Results and Discussions

3.1. Atomic H/C Ratios Vs. Various Parameters
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hydrocarbon potential of source rocks according
hydrocarbon generation potential per unit orgarécbon

tpossess a certain hydrocarbon generating poteatial

hydrocarbon generating potential per unit orgamitbon to

(S1+S2/TOC) (Wang, 1998), in zone A. (S1+S2/TOCP;60 have oil production possibility, and in this rangemax
denoting typical high potential oil shale; zone Bexhibits a greater range of change (Fig. 7), intdigamature

(S1+S2/TOC) of 380~600 indicates excellent humial @s
source rocks; and zone C (S1+S2/TOC) of 100~38@ates
high-quality humic coals for general oil and gaedurction.
Our results showed that samples in this study tlagesame
hydrocarbon potential as high-quality humic coasediin
general oil and gas production. As presented in Ejghe
hydrocarbon potential of zone A> B> C, while thermto

hydrocarbon potential. From Fig, 8 and 9, we kndwatt
when H/C=0.7~1.1, TOC and S2values must reachtaioer
value for the source rocks to have oil productioegibility.
For all the samples in this study, an increase @tunty
leads to a decrease in HI and pyrolyzed hydroca&ralue
(Fig. 10 and 11), corresponding to the aforemeption
situation when H/C=0.7~1.1, the kerogen in thisgeainas

the upper right-hand corner in each zone meansehighlowered hydrocarbon potential when Ro% is gredtan t0.8.

potential. Ro% value is about0.3~0.9, anda¥ranges from

When reflectance (Ro%) is below 0.55, HI shows ifigamt

410C~46%C, depicting the range from immature stage tdrregular changes (R0%=0.55~0.35—HI=80~520mg/g); when

mature stage. The higher the vitrinite reflecta(Re%), the
lower the atomic H/C ratio, and when R0%=0.55~0188,
decline is less noticeable (Fig. 3). For this tygekerogen
(H/C=0.7~1.1), source rocks with maturity withinsthiange
have better hydrocarbon potential. By graphing Haiast
H/C (Fig. 4), a decrease of HI is observed withdang H/C
values. When H/C=0.7~1.1, HI exhibits a stable @asing
trend, indicating the kerogenhas reached a censiturity
and has hydrocarbon potential. In Fig. 5 and 6,ias/
correlation is detected between atomic H/C ratid 84+S2

atomic H/C value is above 1.1, HI value has alsowsh
significant  irregular changes (atomic H/C=1.1~1.4
—HI=160~520mg/g). From this result, we can conclthukt
organic matter in the oil window of Ro% =0.55% atdmic
H/C=1.1 possess a certain maturity and hydrocapotential.

In addition, if H% (Y-axis) is graphed against TO@¥eaxis)

(Fig. 12), the obtained Y intercept (representimg tiydrogen
content when organic carbon content is zero) candeel to
correct the H% value. By doing this, a better atoRC ratio

is generated to enhance the accuracy of the adsesse

and (S1+S2)/TOC. When H/C=0.7~1.1, kerogens mustydrocarbon potential.
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g. 3.hydrocarbon atomic ratio (H/C) vs. vitrinite refeance (%Ro).
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Fig. 12.hydrogen content (H%(wt%)) against total organichmn (TOC%).
3.2. Hydrocarbon Potential Evaluation of Organic 600
Materials . .
300 7 .
By graphing hydrogen index (HI) against atomic HéGo, 400 | * ¢
we showed that when the atomic H/C ratio is grethten 0.4, = . .
the HI and the atomic H/C ratio exhibit a certaorelation £ 300 | . *
(Fig. 13 and Fig. 14). However, when atomic H/Gordgss = ] .
than 0.4 (sample No.17, 38, 33, 25, 26, 27, 2&#15), the 200 1 e e ’
H/C ratio versus HI graphs mapped from the resfltaaceral wo{ L, ° : *
analysis and elemental analysis display significhffitrences. 1 . .
This can be attributed to the high mineral contemd low 0 ‘ ‘ : : :
maceral content in the samples (Fig. 15). Whersémeple has 0.6 0.8 H/1C( o 12 L4
atomic,

high mineral content, hydrous silicate would reéehgdrogen
in the combustion process, resulting in abnorntaitiyh atomic
H/C ratio (Table 2) in the elemental analysis (Fi§). In
contrast, low maceral content gives rise to a loatemic H/C
ratio in the maceral analysis. In addition, altfué samples can
only produce a certain amount of S2,therefore, whertotal

Fig. 14.hydrogen index and elemental analysis of H/C atoatio.

organic carbon (TOC) in the sample is low, it magduce a 600
high HI value. This condition of low atomic H/Cimand high e
HI is depicted in Fig. 13. For this reason, we $thdae more sso b
cautious when using HI and atomic H/C ratio, the Tam,
“ H e 11} (OC)
so-called“hydrocarbon generating potential”’, to eass .
hydrocarbon potential of organic matter. 500 | '
600
. 450 F
500 * o
4 . *
. 400 . i i i . i ;
% 1 - . . 0 1 2 3 4 5 6 7
E 3001 . Sample No
= s _‘ . . " Fig.15. Rock-Eval Pyrolysis Parameter Tmax distribution coal mixed
] AN . *, samples.
. *
100 T . .
e p Fig. 2 shows the hydrocarbon potential of zone AEB>
0 — — — - where the upperright-handcorner means higher patent
0 0.2 0.4 0.8 0.8 1 From our results, sample No. 32 Shuicheng2 in ®res
- .. .. HfCmace=l), = . e thehighest hydrocarbon potential, with low minecahtent

Fig. 13. hydrogen index and microscopic analysis of macet&l atomic
ratio.

and high organic matter content(exinite and vite)i
particularly in exinite (or H) content; thereforeesides an
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increase in TOC value, (S1+S2) also exhibits #&oth samples exhibited a higher concentration afiex On
significantincrease, resulting in an increase inthe other hand, from themaceral analysis on theteobn
thehydrocarbon potential of per unit organiccarbompercentage of the three major macerals (exinit&jnite
(S1+S2/TOC). On the other hand, samplesNo. 26n#728 andinertinite), we estimated the atomic H/C ratidseach
of the same zonehave high mineral content (abo%) &% sample as listed in Table 2. For aportion of theas, the
their (S1+S2) and TOC values arerelatively lowdreit atomic H/C ratio obtained here differs significgnfrom
(S1+S2/TOC) value still lie in zone B. With regardtamples there sults from the elemental analysis.
below the zone C line (sample No. 42, 41, 23, 29,37, 36, The main purpose of measuring the vitrinite reflece is
39 and 17), apartfrom the high mineral contentd99.in to use it as a maturity indicator. We classified gamples
sample No. 17, making it close to the origin, testof the into various ranges of Ro% according to Tissot &velte
samples have moderate mineral content, but théimiw@ (1984). The measurement results are summarizeollas/$.
content in the total organicmatter is relativelghhimeaning The mean vitrinite reflectance of samples from Teaiws
a lower exinite content), resulting in low (S1+S2Juesand between 0.3~0.7%, in which samples from Mushan
high TOC. For this reason, their (S1+S2/TOC) valaes Formation are in the mature stage, possessing @ilidand
below the zone C line. wet gas potential; samples from Shiti Formationiarie oil
window stage; while most of the samples from Naacigu
) ; Formation are in the immature stage. Most samplem f
Mainland China also have a vitrinite reflectancewsen
0.3~0.7%, but they exhibit a wide spectrum of tface.
For example, sample No. 36 Shanxi has a wide tefiee

i Ro%=0.61 from 0.5 to 2.0%. In contrast, samples from Taivave a
: . narrower spectrum. Using heavy liquid separatiosejparate
Eesony: ) ot the coal samples from Yufeng, the vitrinite refieute
“ RS distribution displays a sideway extension to bottes;
"] Jido-Zuo Coal besides the lower reflectance in exinite conceatkraamples,
L (N=50) the rest show nosubstantial variations.

In the elemental analysis, most samples have carbon
content (C%) ranging50~80%. In terms of hydrogenteat
(H%), sample No. 32 Shuicheng 2 from Mainland CHina
the highest (8.02 %), while Woodford Shale has|tiveest
(0.18%); the remaining samples range between 2+H&avy
liquid separation of concentrated macerals can ibelead
into twoparts: (1) for the separated samples froafeMg,

Fig. 16. Vitrinite Reflectance histogram of Jiao-Zuo and Xiu- coal density less than 1.25 means higherhydrogen cofitén),
samples. with a maximum of 5.91%, and a high H/C ratio 09,0.
possibly dueto the concentration of exinites, (2¥imilar
trend is observed for the samples of Green RivateéSivhere

Overall, the majority of samples contain vitrinitds the hydrogen content (H%=3.98) and atomic H/C ratid4}) are
samples from Taiwan, the maceral content of thesondhe highest for thosewith density less than 1.26ck=Eval
collected from Shiti Formation is higher than thees from  pyrolysis results gave us data omak S1, S2and TOC for
Nanchuang Formation. The samples from Taiwan hase | further calculation of HI and Pg (S1+S2, hydrocarbo
exinite and inertinite content, in which only samplo. 1 potential). In terms of ax all samples range between
Lifung 1 had 29.6% maceral content which is highan the 377~488C, with sample No. 39 Jiaozuo being the highestand
rest. As for the samples from Mainland China, nsashples sample No. 6 Mingde and the samples collected fFaujn
contain vitrinites as well with contentranging from8 to Hengshan being the lowest. S1 yields range from @@®.81
24.8%, and the inertinite content could range fastittle as Mg HC/g rock, with the lowest being sample No. 17
0% t032.0%. In terms of the overall trend, theirnite and fromMingde, Dongxia that contains mud. After hedigyid
inertinite contents in samples from Mainland Chama both separation, samples from Green Riverwith densiég lihan
higher than the ones from Taiwan. Shale sampleshpsed 1.25 have the highestiSields. S2yields range from 0.08
from the United States contain mostly mineralsiofeed by  (sample No.39 Jiaozuo) to 352.5 (sample No. 32cBienig 2)
vitrinites. With respect to heavy liquid separatitme results mg HC/g rock. HI ranges between 0.1 to512 mgHC/gTOC
for samples from Yufeng are: when liquid densityswass while the majority of samples lie within 200~300
than 1.25,the concentration of exinite is %,.4and mMgHC/gTOC.
when density liquid was greater than 1.35 the coimagon o o
of exinite is 4.8%. Results for Green River shaes when 3'4'(1—2:'0(8;? {aer;dM\?)l(tg(rjute Reflectance (Ro%) Reésuof
density liquid wasless than 1.25, the concentratibexinite P

is 16.8%. After heavy liquid separation at a deneft1.25, By using two coal samples with larger differences i

T L L LR D LRy Laa R AL L) LR LA LAy A
), D8 10 12 14 16 18 20 22 24 26 28 30

Vitrinite Reflectance Ro%

3.3. Elemental Analysis and Maceral Analysis
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maturity, mixed samples wereprepared in
proportions and then subjected to Rock-Eval
analysisin order to explore the change and impacTmax.
The experimental results (Table 4): The Tmax valfkethe
original samples with high and low maturities w&@4C and
428 °C, respectively; the average Tmax value obther five
mixedsamples was 428.4 °C. This demonstrated that the
mixed samplespresented Tmax values similar to thgnal
sample with low maturity. The resultsalso indicatdwht
regardless of the mixing proportion of low matuisiymple to
highmaturity sample, all of the mixed samples pntes Tmax
characteristics of lowmaturity samples.

The pyrolysis parameter, Tmax, is determined mabyy
the S2 peak position(hydrocarbons derived from deno
pyrolysis) (Espitalié et al., 1977; 1985). In theerimental
results, when the high maturity original sample waiged
proportionally with low maturity sample, the @lues of the
former sample did not significantly affect the S#lue of the
original low maturity sample (Table 4). Thisnonssfgcant
change of the peak value temperature was due tloth&
of thehigh maturity sample. After mixing, despitbet
increase in the proportion of high maturity sampédgle 3),

calculate@iheRock-Eval pyrolysis results obtained after prdpoal
pyislys mixing of the two coal samples showed (Fig. 15)Tle high

maturity Jiao-Zuo Coal (H) had a Tmax value of 582and
the low maturity Fu-Xin coal sample (L) had a Tmaatue
0f439 °C. When the mixing proportion was H: L = @:
(Tmax = 512 °C), abimodal phenomenon appeared laad t
result was closer to the Tmax of Jiao-Zuo coal Khig
maturity). 2. When the mixing proportion was H: 198:10

(Tmax =440 ° C) bimodal phenomenon also appeared,

however is the result was closer to the Tmax oXiucoal
(low maturity). When the mixing proportion of H waess
than 90%, all of the Tmax values recorded werelam the
low maturity Fu-Xin coal.

(2) Vitrinite reflectancel. 50 points of measurement were
assessed to obtain the vitrinite reflectance measent of
the Jiao-Zuo coal sample and the Fu-Xin coal samptethe
average Ro% values were respectively 3.43 and (Ri@fl
16). 2. According to the original mixing proportion, as
determined by the pyrolysis analysis and using oend
sampling, 50 measured points respectively that dieohp
with the proportion were taken and then averageathE
sample with mixing proportion was taken in this manfor

the overall 3 value exhibited a downward trend (Table 4).1000 times and then the average was calculatedhas t
However, the temperature of feak was still determined by vitrinite reflectance results after proportionalxmg. The
the low maturity sample, such that, when the Roe&tE results for mixed samples are as follows (Fig. E8mple no.

pyrolysis instrument was producing curves it tobk & of
low maturity material as the main contribution amérged

2 (mixed sample)had an Ro% of 3.32; sample no. i3e@n
sample) had an Ro% of 3.15; sample no.4 (mixed Emp

with it the  of high mature material (low volume), giving had an Ro% of 2.87; sample no. 5 (mixed sample) drad

smooth results.

Ro% of 2.59. Besides, each Ro% value of randomlyechi

This study also used the proportional mixing of twaoproportion was stable. As the vitrinite reflectanmeasured

different kinds of maturity coal samples to simalahe
changes in the Tmax and vitrinite reflectance afadked
sedimentary material. After mixing and being sutgdcto
Rock-Eval pyrolysis analysis, the vitrinite reflante

point of low maturity increased, the vitrinite mdftance
results of mixed samples showed a linear declirot.duite
unexpectedly one obtains a approximate "mixing'lfioe the
Vitrinite Reflectance valués Ro% (xH)= xH*3.5 +

measurement was performed on the original coal Emmp (1-xH)*0.6in the figure 17 (xH the mixing proportion of
The experimental results are outlined in Table 5 anhigh maturity Jiao-Zuo original coal sample). Neketess,

discussed below:

(1) Rock-Eval pyrolysis analysis: In the results tbfs
pyrolysis analysis, Jiao-ZuoCoal is the main bodythe
mixing proportion of the two coals as Jiao-Zuo dsak high
maturity coal sample. The amount of pyrolyzed hgdrbon

several mixed samples continued to show high ntgturi
characteristics. 3. The vitrinite reflectance resubf the

original samples and mixed samples, as well as the

corresponding Tmax values, were placed on a plajoofd
correlation (Lang Dongsheng et al, 1999). The teslisplay

S2 waslower, whereas the Tmax value should be highethat in more extreme cases (mixed samples comgrisfn
However, the Tmax values are determined by the mdak substrates with highly different maturities), thelationship
S2(Bates, 1987; Teichmdller and Durand, 1983).Theegfo of mixed samples deviates from the general linegedtory

by using the low-maturity Fu-Xin coal sample, wibhs a
higheramount of pyrolysis hydrocarbore, Sas the main

(Fig. 18). This suggests that when extracting atsstmples
that contain reworked sedimentary materials, theaXm

component of the mixed sample the Tmax value oh higmeasurement of the sample is likely to reflectritaurity of

maturity Jiao-Zuo coal cannot

be easily observedhe younger materials present.

Table 5.Rock-Eval Pyrolysis and Vitrinite Reflectance résobtained from mixed coal samples

Sample No. Tmax (°C) Si(mg/g) S;(mg/g) Ro%
No.1 (Jiao-Zuo Original Coal Sample, H ) 552 0.41 2.40 3.43
No.2 H95:L5 Mixed Sample 512 0.34 6.19 3.3
No.3 H90:L10 Mixed Sample 440 0.32 9.45 3.15
No.4 H80:L20 Mixed Sample 440 0.50 17.99 2.87
No.5 H70:L30 Mixed Sample 441 0.70 26.53 2.59
No.6 (Fu-Xin Original Coal Sample, L ) 439 1.84 86.12 0.61

*:R0% of Sample No.2 is derived from the result$i86:L4.
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Fig. 17. Vitrinite reflectance Ro% of simulation differentoportion of coal mixed samples. Show the appraténimixing line" for the Vitrinite
Reflectance values: Ro%(xH)= xH*3.5 + (1-xH)*0.6(xHe mixing proportion of high maturity Jiao-Zudginal coal sample).
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Fig.18 Correlation between Tmax temperature and vitrinitiectance for type-Il kerogen (Adapted from eitJller and Durand, 1983).

3.5. Vitrinite Reflectance (Ro%) Versus Tmax (°C) value, the higher the peak value, meaning a betseral
) L _composition for higher hydrocarbon potential. Matemwith

For samples separated with heavy liquid, those WitQengity is greater than 1.35 indicates less hydragetent.
density less thanl.25 have more exinite than thginal 1o yan Krevelen diagram for organic matter clacstion
sample, thus giving them lowemixand Ro% values; those (giachet al, 1982) can also be used to represent the differen
with density greater than 1.35 have more inertitti@n the macerals, where exinite has the highest H/C réditowed
original, and since inertinites are macerals thatreated and by vitrinite, then inertinite. The van Krevelen giam can
oxidized before burial, they result in highemakand Ro%. gisg pe presented asdxversus HI graph (Hunt, 1996). The
Generally speaking, the washing process leadsetdods of samples in this study are mostly typl and type Il
free hydrocarbon, thus a decreasein $he value of $ kerogens. From immature to mature stage, Ro% valuges
shows the pyrolyzed hydrocarbon content, and singgom 0.3 to 0.7, while Faxranges from 42C~465C. The
hydrogen index(HI) is the ratio of2&nd TOC, the value of ,imic H/C ratio decreases with the increase aofinitie
Sz also serves as reference hydrogen content. In efethe | factance (Ro%), but when Ro%=0.55~0.85, theideds
above, macerals with density less than 1.25 comtaime |oqq obvious, as shown in Fig. 3.
exinite (i.e. higher hydrogen content) and will guee a  Thermal maturation is the most important process in
higher volume of hydrocarbons; therefore, the highe 2 1\ qrocarbon production. In the evaluation of oildagas
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potential, organic maturity is one of the most impnt

In the assessment of thermal maturity, vitrinitheance

parameters to be considered. This is the reason wikiRo%) and maxare the most frequently used indicators. Both

“hydrocarbon potential” and “maturity” are the twoajor
topics in oil and gas potential assessment studiesording
to the evaluation parameters for source rocks gePdters
and Cassa (1994); when Wt.% TOC values is grelater 2.0

of them increase as the maturity increases. As shiow
Fig.19 where Taxis graphed against the average vitrinite
reflectance (Ro%), we found these two factors digph
positive correlation. The sample with the higheszinite

and Rock-Eval Svalue greaterthan10.0, the source rocks areontent, No. 32Shuicheng 2, hasav8lue as high as 352.5

rich in organic matter; when the atomic H/C rasogreater

mg HC/g rock. From the results of the analysisisi@also

than 1.0 and hydrogen index (HI, mgHC/gTOC) valge iknown that with the increase of vitrinite refleatan(Ro%),

more than 200, the organic matter has oil-produpivigntial;
and when Ro% is greater than 0.6 andaxd(°C) value is
more than 430, the organic matter are at the beygjrof the
mature stage for hydrocarbon production.

In this study, most samples are abundant in orgaaitter
content, while the majority has gas producing ptaén
ranging from
hydrocarbon production begins to happen. Drawiogfthe
obtained parameters of both lithofacies and geodsm
analyses, the organic matter from Lifung have gaslycing
potential (less oil)and have reached the maturityen
hydrocarbons begin to form; while the organic nrattéom
Shuichengbian have oil-producing potential and haeaehed
the maturity when hydrocarbons are about to form.

S2 generally shows a declining trend, which is simitaithe
findings of Rimmeret al. (1993). After Rock-Eval pyrolysis,
the samples in this study display little correlatmetween the
S2value and Ro% andniax, thus we were unable to discuss
the reflectance suppression, maximum pyrolysis tratpre
suppression, and reworked sediments. However, % R®

immature stage to mature stage whegraphed against nfaxthe more similar the sedimentary

environment and sedimentary time, the better thieetadion
between Taxand Ro% (all sample$?=0.51; samples from
Taiwan)?=0.78; samples from Mainland Chiné=0.73; all
meet the significant levet=0.01) (Table 6); it may be
possible to use these results to examine suppressid
reworked sediments.

Table 6.The correlation coefficient (r) offflaxversus Ro%

Number of Samples r-value r%value
90(All Samples) 0.810 0.656
26(Samples from Taiwan) 0.885 0.782
12(Samples from Mainland China) 0.852 0.726

(All meet the significant level 4=0.01)
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Fig. 19. linear regression of Jax (°C) vs. vitrinite reflectance (Ro%).

4. Conclusions

Hydrogen index (HI) and atomic H/C ratio generahow
a certain correlation. When themineral contenthef $ample
is high and total organic carbon (TOC)content is,lahigh
HI and low atomic H/C ratio may result. Therefovehen
using HI and atomic H/C
potential of organic matter, a morecautious apgraawould
be adopted. In addition, when H% is graphed agalt
using the obtained Y-intercept to correct the HW give

better results for the samples from the same regian the
same sample group. Vitrinite reflectance (Ro%)aases as
the organic material becomes more mature; at time $ane,
the atomic H/C ratio declines, but the decline Ibees less
noticeable when R0%=0.5~0.7. When organic mattee ha
atomic H/C ratio>1.0 and HI (mgHC/gTOC)>200, they

ratio to assess hydroaarbg?0SSess oil-producing potential, whereasax (°C)>430

indicates that the organic matter has reached Htarmstage
that hydrocarbon production is about to take place.

The results of proportionally mixing two coal saeglvith
different maturities, and then subjecting them wclREval
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pyrolysis analysis, vitrinite reflectance measurateseand
mixing treatment showed that in low maturity madbsi
(i.e.younger rock formations), regardless of thepprtion of

mixed high maturity material (i.e. reworked sedirseof old

rock formations), the Tmax value remained simitathat of

low maturity samples (i.e. younger strata maturityhis
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implies that when a strata sample contains reworked

sedimentary material, the Tmax may reflect the nitgtwf
young material. Therefore, during the sampling wofysis
analysis on relatively high maturity material, lomaturity
material contamination should be avoided wheneussiple, [1]
even in very small amounts; otherwise the Tmax e/ahki
likely to be biased towards that of the low maturit
contaminant. Our results also indicate that aftixing, there

is a distinctively non-linear relationship betwebe average (2]
value of vitrinite reflectance Ro% and the corresfing
Tmax values measured. Whemakis graphed against Ro%, [3]

the more similar the sedimentary environment and
sedimentary time, the better the correlation betwieaxand
Ro% (all sample$’=0.51;samples from Taiwar(’=0.78; 4]

samples from Mainland Chin&?=0.73).

As thermal maturity indicator (vitrinite reflectagcRo%)
increases, HI, $ S, and H/C values decrease; when th%]
atomic H/C ratio has a Ro%=0.55~0.85 (H/C=1.1~0t79,
decline is less noticeable. When the atomic H/Qorat
increases, (3S,)/TOC value also increases. It was observetf]
that when atomic H/C ratio is in the range of 0.7;7%kach
parameter value displays large-scale changes. When
vitrinite reflectance (Ro%) is below 0.55, the \alaf the (7]
corresponding HI showsirre gular substantial char(@o%
=0.55~0.35->HI=80~520mg/g). However, the decline is less
noticeable in the range of R0%=0.55~0.85. Whertasia
H/C ratio lies in the range of 0.7~1.1 and Hli[g]
(mgHC/gTOC)>200, organic matter are expected tosg&s
oil-producing potential. On the other hand, whea #tomic
H/C value is in the range of 0.7~1.1, the valuetlod
corresponding HI shows a stable increasing tremon(a
H/C=0.7~1.1->HI=120~520mg /g). This shows that organic
matter inan oil window of Ro%=0.55 and atomic H/CE1
have reached a certain maturity and hydrocarboengiat.
Tmax (C)>430 also indicates that the organic matter heﬁo
reached the stage of hydrocarbon generation gjairniake
place. When the atomic H/C ratio=0.7~1.1, Hl, S, S+S,,
S/(S:*+S), S/TOC, (S+S)/TOC, Tmax and TOC exhibit
significant large-scale variations, demonstratimg éxistence
of correlations between them.

[9]

[11]
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