Article

Chinese Science Bulletin

Geochemistry

December 2013  Vol.58 No.35: 4450—4458

doi: 10.1007/511434-013-5963-3

Identification of the Kukersite-type source rocks in the Ordovician
Stratigraphy from the Tarim Basin, NW China

SUN YongGe'*', MAO ShengYi'*, WANG FeiYu®, PENG PingAn' & CHAI PingXia'

! State Key Laboratory of Organic Chemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China;
2 Department of Earth science, Zhejiang University, Hangzhou 310037, China;

® Department of Geosciences, China University of Petroleum (Beijing), Beijing 102200, China;

* University of Chinese Academy of Sciences, Beijing 100049, China

Received February 28, 2013; accepted May 14, 2013; published online July 11, 2013

Due to the importance of the Gloeocapsomorpha Prisca (G. prisca)-enriched source rocks, which belong to Kukersite-type source
rocks in the Lower Paleozoic Ordovician strata, it has received great attentions during the petroleum exploration as to whether
there are the Kukersite-type source rocks developed in the major hydrocarbon source strata of the Upper and Middle Ordovician
in the Tarim Basin. Using pyrolysis-gas chromatography-mass spectrography to analyse kerogens from source rocks in the lime-
mud mound with moderate maturity, study reveals that there are the Kukersite-type source rocks in the Ordovician strata of the
Tarim Basin. The pyrolysis products showed a low content of >n-Cj9 normal alkanes with a significant odd-even predominance
between n-Cy; and n-Cy7, long-chain alky substituted alkylbenzene and alkylthiophene isomers and distinctive distribution of 5-N-
alkyl-1, 3-Benzenediol and its homologous. Based on the geographic environment characteristics of G. Prisca, the molecular dis-
tributions of crude oil from the Lower Paleozoic petroleum systems in the Tarim Basin and characteristics of kerogen pyrolysis
products from the Middle and Upper Ordovician source rocks, the results suggested that it is less possible to develop the G. Pris-
ca-enriched Kukersite-type source rocks in the major hydrocarbon source rocks in the Middle and Upper Ordovician strata in the

Tarim Basin. However, the benthic macroalga and planktonic algae-enriched source rocks are the main contributors.
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According to the petroleum exploration practices, the Paleo-
zoic Ordovician marine sediments are an important series of
petroleum source rocks in the world. The bio-precursors of
hydrocarbon can be divided into two types. The first type is
related to the Gloeocapsomorpha prisca (G. prisca), which
belongs to Type I organic matter. It is called Kukersite-type
source rock [1-3]. The other is type II amorphous organic
matter, which is characterized by visible Acritarch, Chi-
tinozoan, Scolecedont and graphtolite fossils in the rock
[3,4]. The crude oil contributed by G. prisca usually has
distinctive molecular geochemical fingerprint. In another
word, there is odd-carbon number predominance such as
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n-C;s, n-C;7 and n-C;9 in N-alkanes with low carbon num-
bers; meanwhile the relevant content of N-alkanes with high
carbon numbers is very less [1-13]. According to the statis-
tics, Kukersite-type source rocks are the primary contributor
of petroleum resources of the Lower Paleozoic marine pe-
troleum field that is discovered in north American platform,
including the G. prisca-enriched and G. prisca-diluted types
[11].

The Yakela petroleum field was found in 1984. It has
become the biggest palacozoic marine oil field (Tahe-Lun-
nan 100 million ton oil field) as a result of large-scale ex-
plorations of 30 years in the Tarim Basin. Due to the im-
portance of Ordovician marine source rocks in the global
exploration of Paleozoic petroleum resources and the con-
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sideration of the actual results of the basin biomarker oil-
source correlation of compounds, most geochemists believe
that the Middle and Upper Ordovician source rocks are the
major source rocks of marine crude oil in the Tarim Basin
[14-20]. There are a great amount of geochemical evidenc-
es such as molecules and isotope that prove the fact that the
Cambrian-Lower Ordovician source rocks had significant
contributions to the Lower Paleozoic petroleum systems
which have been found so far [21-25]. Although there are
still some differences in the understanding of oil field, one
of the preconditions of Ordovician marine sedimentary lay-
er as a major oil source rocks is that the source rocks have
to be plentiful in hydrogen-enriched organic matters. Ac-
cording to the foreign exploration experiences, it is gener-
ally believed that the Ordovician source rocks are biogeni-
cally monotonic. It mainly consists of biological species of
hydrogen-rich homonemeae, of which most are related to
the development of Kukersite-type source rocks. For this
reason, whether there is a growth of Kukersite-type source
rocks in the Ordovician marine sedimentary strata in the
Tarim Basin has become a question which is always asked
by the Chinese specialists and explorers of petroleum and
geochemistry. The exploration of this matter has directive
significance to the search of high quality marine source
rocks of Ordovician in the Tarim Basin.

Over the last ten years, it is initially revealed that there is
a possibility that the Kukersite-type source rocks indeed
exist in the Tazhong area of the Tarim Basin in view of
sedimentary facies and morphology [19]. In this study, 11
Middle and Upper Ordovician source rocks of interdune
depressions, which possibly consist of Kukersite-type source
rocks, were selected out from the geochemistry database of
source rock samples developed by the Tarim Basin Petro-
leum Exploration Brainstorm Project from the “Ninth Five-
year Plan” of China. With the application of pyrolysis gas
chromatograph/mass spectrogram technology, the charac-
teristic biomarker compounds which indicated the biogenic
source of G. prisca were tested thoroughly from the kerogen
pyrolysis products. In addition, a discussion was carried out
on the possible indicative significance of the distributive
features of samples' characteristic compounds in petroleum

geology.

1 Research sample and experimental condition

Based on previous research results, representative samples
of the Middle and Upper Ordovician strata from Tazhong
Area mainly consisting of sediments of Lianglitage For-
mation were selected. The source rocks were developed in
the sediments of lime-mud mound facies, including the in-
terdune depression and lime-mud mound-core facies. In the
meantime, a comparative analysis was carried out on the
Lower Ordovician source rocks of undercompensated estuarine
sedimentary facies in Dawangou Saergan section (Table 1).
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After the process of separation and beneficiation, samples
of kerogens were obtained, after which benzene-methanol-
acetone ternary solvent were applied for the on-line pyroly-
sis GC-MS analysis after one week. Then, about 1 mg ker-
ogen sample was put in the CDS system of Pyroprobe Model
2000 to be warmed up to 250°C. The sample was kept under
such constant temperature for 5 min with the protection of
inert gases in order to remove the remaining volatile free
components in the kerogen. After that, the sample was
heated up from 250°C to 770°C with a 5°C/min heating rate
and kept under such temperature for 10 s. The pyrolysis
products were directly brought into the Voyager 1000 mass
spectrometry system of Carlo Erba GC 8000 TOP gas
chromatography instrument by helium gas. For the chroma-
tography separation, HP-1 elastic quartz capillary column
(30 mx0.32 mmx0.25 pm) was applied. The initial temper-
ature was 30°C, which was kept unchanged for 5 min. Then
it was heated up until 300°C with a heating rate of 3°C/min
and remained for 15 min. The carrier gas was helium gas,
and the speed was 1.0 mL/min constantly. In addition, the
mass spectrometry conditions are as follows: 200°C ion
source temperature, EI mode and 70 eV. The compound
was identified in accordance with the references and the
retention time.

2 Results and discussion

The study shows that, among numerous sedimentary facies
types of the Middle and Upper Ordovician in the Tarim Ba-
sin, only the closed and undercompensated terrigenous bay,
semi-closed and undercompensated terrigenous bay and
lime-mud mound facies of platform margin slope contain
source rocks with high abundance of organic matter. The
distributions of the former two were limited at Keping-
Avati depression, and had limited contributions to the oil
and gas reservoirs [19]. The detailed geochemical analysis
of source rocks in Tazhong area has shown that the source
rocks with high organic matter abundances in the Middle
and Upper Ordovician are sediments of lime-mud mound
facies of platform margin slope in principle. Among them,
the interdune depression sediments have the highest level of
organic matter abundance and are capable of developing
high quality source rocks [19]. According to Table 1, it is
clear that the sedimentary source rocks of interdune depres-
sion facies are obviously enriched with organic matter com-
pared with that of the sediments of lime-mud mound-core
facies. This reflects the strong heterogeneous characteristics
of the sedimentary organic matters of lime-mud mound in
another perspective. The maximum pyrolysis peak temper-
ature of the organic matter in samples of source rock is
around 440°C, which shows that the present thermal meta-
morphic grade of source rock is at peak of the petroleum
generation, which approximately equals to vitrinite reflec-
tance of ~1.0% Ro. This is consistent with the result of
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Table 1 Sample background and pyrolysis features
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Hydrocarbon
Well No. D((:E;h Strata Lithology F{;)(): (m /S 1rock) (m /Szrock) (m /H”IFOC) (c'gx Sedimentary facies  source rocks
o g/g g/g g/g ) classification”
\Xll\?éléTazhong 3960 0; dark gray limestone 1.17 0.29 2.30 197 453 Interdune pression 1
Well Tashong 3g754 0, argillaceous limestone  0.14 0,01 0.13 93 446 lime-mud mound-core
Well T97hOne 4800 481663 Oy dark gray limestone  0.10 0.2 0.10 100 431 lime-mud mound-core
\Xll\?il l'gazhong 4970.1 Oy dark gray limestone 0.49 0.18 0.42 86 444 Interdune pression
. 1
“{\Iecl)l ;*‘Zh"“g 48476 O, biolithite 0.28 0.01 0.22 79 435 lime-mud mound-core
Well Lo 40908 Oy dark graylimestone 085 011 115 135 442 Interdune pression
Klgpmg outcrop O, black graptolite mudstone 0.86 0.39 0.82 95 456 undercompensated
awangou estuarine
V\I/\Ie(l)l 1"£azhong 5056-5075.62 Oy argillaceous limestone .82 0.31 1.94 237 443 Interdune pression
Well Garhone 38930 O, micritic limestone 061 017 0.79 130 440 Interdune pression
. I
Wl facah 402970 Oy black micritic limestone 177 0.26 2.03 147 438 Interdune pression
V\I/\Ie(l)l 1Zlhorlg 5337.8 0; dark gray limestone 1.83 0.41 3.51 192 441 Interdune pression

a) For hydrocarbon source rocks classification see the text.

conodont color index CAI and the reflection rate of vitrinite-
like maceral [26]. Hence, the kerogen pyrolysis products in
the period of thermal evolution could represent the biochem-
ical compositions of the precursor of sedimentary organic
matter [27].

2.1 Identification of the G. Prisca’s biogenic biomarker
compounds in the kerogen pyrolysis products of
the Middle and Upper Ordovician source rock

There are two identification methods to check whether there
is biogenic source of G. prisca in sedimentary organic mat-
ters. First, the distribution characteristics of N-alkanes in the
crude oil can be utilized in determination. In general, the
factor that distinguishes the crude oil generated by Kuker-
site-type source rocks from others generated by organic
matter is the odd-even predominance of low carbon number
N-alkane. In the meantime, the content of high carbon num-
ber N-alkane is relatively low [1-13]. However, this feature
has yet been found in the crude oil of the Lower Paleozoic
petroleum system in the Tarim Basin [19]. As a second
method, the molecular composition of kerogen pyrolysis
products of source rocks can be adopted in identification. In
general, the kerogen pyrolysis products of Kukersite-type
sedimentary source rocks are characterized by the following
features: low content of >n-C 9 chain hydrocarbon, the odd-
even predominance between the n-Cy and n-Cig chain hy-
drocarbons, the low content of acyclic isoprenoid compound,
relatively high content of cycloalkane compounds, the dis-
tinctive alkylbenzene, the distribution of alkylthrophene
series compounds and the oxygen-containing compounds
such as Alkyl ketone, phenol, benzenediol and the like

[8,10,11,28]. The most typical one of them is the phenolic
compounds. The structure of this type of compounds is very
different from the phenolic structures of tannic matters of
terrestrial originated plants, which could be considered as
the distinctive biomarker of G. prisca [8]. The analysis re-
sults of kerogen pyrolysis products from 11 selected source
rocks collected by this study reveal that the distinctive
compositions of G. prisca’s biogenic biomarker compounds
have been detected in the kerogen pyrolysis products of
three source rocks (Figure 1). By comparison, the kerogen
pyrolysis products of the Lianglitage Formation source
rocks from the depth of 3960 m in Well Tazhong No.6 are
the most typical one. According to the figure, the normal
chain hydrocarbons of pyrolysis products are mainly dis-
tributed in the parts with low carbon number. Based on the
mass chromatogram of m/z 55+57 that shows the distribu-
tion of normal alkanes and normal olefine, the carbon num-
ber is from n-Cg to n-Cie. Very few high number carbons
are detected. But there is an obvious odd-even predomi-
nance between n-Cy3 and n-Cy;. There exists a high content
of oxygenated compounds in the pyrolysis products, which
are typically G. prisca’s biomarker compounds (5-N-alkyl-1,
3-Benzenediol and homologous compounds). The distinc-
tive ions of such compound, including m/z 124, 138 and 152,
depend on the numbers of methyl replacement on aromatic
ring. However, there are still arguments on whether the me-
thyl is directly bridged to the aromatic ring or connected
with hydroxyl [8]. In the study, 5-N-alkyl-1,3-Benzenediol
occupied the largest portion among all the oxygen com-
pounds (m/z 124) detected, including its homologues with
one degree of unsaturation and two degree of unsaturation.
The carbon number distribution was from C; to C,; but
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Figure 1 G. Prisca biomarker (5-N-alkyl-1,3-Benzenediol) and Homologous Compounds of the Kerogen pyrolysis Products of Middle and Upper Ordovi-
cian Source Rock, Well Tazhong No.6, 3960 m (a) and Well No.12, 4970.1 m (b). The numbers represent the number of carbon.

without Cp,. The main peak of 5-N-alkyl-1,3-Benzenediol
as well as its homologue with one degree of unsaturation
was Cy4 while another secondary peaks on C,; and C,; was
also observed. But no peak emerged after C,;. In the mean-
time, the distribution of compounds of alkylbenzene series
(Figure 2) and alkylthrophene series (Figure 3) in pyrolysis
products were characterized by the following features. First,
the isomers were mainly replaced by the normal long chain
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alkyl. Second, the contents of other isomers were very low.
Those features were almost completely identical with the
kerogen pyrolysis products of Estonia Kukersite-type sedi-
mentary source rocks [8,10,28]. Correspondingly, the ex-
istence of alginite which is like G. prisca in morphology
was also observed by microscopy assay of kerogen (Figure
4). The pyrolysis results showed that such source rocks had
a high abundance of organic matter (TOC=1.17%) and a
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Figure 2 Distribution characteristics of the alkylbenzene series in the pyrolysis products of the organic matter of interdune depression facies source rock,

Well Tazhong No.6, 3960 m depth.
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Figure 3 Characteristics of the alkylthrophene series compound in the pyrolysis products of the organic matter of interdune depression facies source rock,

Well Tazhong No.6, 3960 m depth.

Figure 4 G. Prisca of interdune depression facies source rock, Well
Tazhong No.6, 3960 m depth.

relatively high hydrogen index (HI=197 mg/gTOC, T.=
453(C)). Hence, the Lianglitage Formation sediment from
the depth of 3960 m of Well Tazhong No.6 could be identi-
fied as the Kukersite-type source rocks from three aspects:
the overall characteristics of organic matter, the features of
morphological organic matter and the features of molecular
geochemistry. The other two source rocks that had two dis-
tinctive G. prisca biomarkers (5-N-alkyl-1,3-Benzenediol)
and their homologous compounds showed none of the
above typical molecular geochemical features. They possi-

bly belonged to the diluted Kukersite-type source rocks (re-
fer to the discussion below) [11].

2.2 Composition characteristics of kerogen pyrolysis
products of the Middle and Upper Ordovician source
rocks and the indicative significance of corresponding
hydrocarbon generation material

According to results of the kerogen pyrolysis GC/MS anal-
ysis of the Middle and Upper Ordovician source rocks, the
main pyrolysis products are normal alkane, normal ethylene
series, benzene series, alkylbenzene series, phenol series,
alkylthrophene series and terpenoids. From the perspective
of hydrocarbon generation material, the Middle and Upper
Ordovician source rocks could be divided into three types in
accordance with the composition characteristics of the py-
rolysis products of the source rocks (Figure 5). The first
type could be distinguished as the Kukersite-type source
rock, the sedimentary organic matter of which is mostly
contributed by G. prisca. The identification mark of pyroly-
sis products is the distinctive G. prisca biomarker. In the
meantime, the carbon number distribution of chain hydro-
carbon is characterized by low carbon predominance.
The >n-Cyy chain hydrocarbon is very low (Figure 5(a)). Such
source rocks have a high abundance of organic matter. Its
hydrocarbon generating potential is large. The second type
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Figure 5 Characteristics of three representative pyrolysis products of the organic matter of Middle and Upper Ordovician source rocks of lime-mud mound

facies. The numbers represent the number of carbon.

could be defined as diluted Kukersite-type source rock. The
pyrolysis products of this type of source rocks are typically
characterized by a great deal of benzene series (Toluene,
Xylene, trimethylbenzene) and compounds of 3 normal al-
kylbenzene series. Comparing with the Kukersite-type source
rock, the carbon number distribution of normal alkane and
normal olefine compounds are evidently expanded. The
highest carbon number is up to Cy. However, the overall
abundance of high carbon number part is relatively low
(Figure 5(b)). The relative contents of 5-N-alkyl-1,3-Ben-
zenediol and homologous compounds are obviously de-
creased, sometimes to a level even undetectable (Figure
1(b)). Occasionally, there is algainite which is like G. prisca
found in kerogen morphological organic matter. The vit-
rinite-like maceral is relatively rich. Although the benzene
series could be formed through the condensation and dehy-
drogenation of polyenoic fatty acid, phytic acid or the eth-
ylenic bonds in kerogen [29]. But it is commonly believed
that the abnormally abundant benzene series and 3-N-al-
kylphenol series compounds are related with the input of the
lignin and tannic acid material of terrestrial plants. This is a
typical character of the pyrolysis products of organic matter
in coal source rocks [30-32]. However, there were no ter-
restrial plants on earth during the Ordovician period. The
sedimentary organic matters during that period were mainly
contributed by marine plankton and benthos. It has been
confirmed that the macromolecular structure of poly phe-
nols in modern macro brown algaes could form phenolic
compounds during the process of pyrolysis [33,34]. The

systematic researches of chemical constituents (especially
the carbohydrate, pigment, lipoid substance and phenolic
compound) of modern benthic brown, red and green algaes
also show that the essential components of the organic mat-
ter of modern benthic brown algaes are carbohydrates and
phenolic compounds [35]. According to the detailed pal-
aeobiology record of the Middle and Upper Ordovician
sedimentary source rocks of lime-mud mound facies of the
Tarim Basin, the sedimentary strata consists of macroalgae
such as thallophyca, fasciculella, tawuia, isophylum, paleo-
laverilla, prototaxites(?) and juriaphyllum [36]. Therefore, it
is surmised that the organic inputs of ancient macroalgae
are the essential biogenic elements of the benzene series and
phenolic compounds in pyrolysis products. The benthic
macroalgae is possibly the main hydrocarbon generating
material of such source rocks. Macroalgae is a hydrogen-
deficient benthic algae at the beginning, which determines
the main characteristics of the species as follows: hydrogen-
deficiency in organic matter and gas generation. The third
type of kerogen pyrolysis products of source rocks is char-
acterized by an enrichment of normal alkane and normal
olefine. Its distribution of carbon number could be Cyy with-
out odd-even predominance. Meanwhile, the content of ben-
zene series is high, while those of alkylbenzene, alkylthro-
phene and phenol compounds are relatively low (Figure
5(c)), which reflects the typical sedimentary character of a
dominance of input of hydrogen-enriched organic matters
such as phytoplangkton. This type of source rocks has high
abundance of organic matter and is characterized by hydrogen
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enrichment. It is a type of high quality oil source rocks. As a
matter of fact, the latter two source rocks correspond to the
Middle and Upper Ordovician hydrocarbon generating or-
ganic matters defined by Wang Feiyu and his colleagues in
accordance with the optical characteristics of rocks [36].
Based on the pyrolysis products of the above three source
rocks, it is clear that the main difference between them is
the different biological inputs. The main contributor of the
first type of source rocks is G. prisca. The second type of
source rock, to a great extent, is formed in the macroalgae
and benthic algae development environment. The third type
of source rocks shows a feature of hydrogen enrichment due
to the increase of phytoplangkton input. Although there are
controversial opinions, most researchers tend to believe that
the G. prisca is a photoheterotrophic cyanobacteria [7,28,
37-39]. After a thorough investigation of the G. prisca-
enriched development environment of Ordovician sedi-
ments in Estonia, Foster and his colleagues (1989,1990)
believed that the G. prisca was mainly developed in inter-
tidal zone [6,40]. In the meantime, modern ecology showed
that the depth of water where macroalgae and benthic algae
mainly inhabit was 30 to 60 m. In view of the effective uti-
lization of light by phytoplangkton, it is seen, the develop-
ment of G. prisca is not sensitive to the depth of water. This
fact can also be reflected in the lithologic characteristics of
these three source rocks. The first and second types of source
rocks are mainly biogenic limestone, which has been gradu-
ally changed into pelsparite in the third type of source rocks.
It represents the increasing process of water depth (Table 1).
Hence, the water depth strictly controlled the biologic devel-
opment features in the sedimentary environment of the Mid-
dle and Upper Ordovician source rocks and ultimately con-
trolled the organic characteristics, distribution and hydrocar-
bon generating potentials of all three types of source rocks.

2.3 Development environment of G. Prisca and the
inspiration on searching Kukersite-type source rocks
in the Ordovician strata in the Tarim Basin

Global exploration practices show that, the Ordovician
source rocks with high abundance of organic matter, which
is mainly contributed by G. prisca as the biogenic elements,
are extensively distributed in today’s North American, Aus-
tralian and Northern European sedimentary basins, which
means that G. prisca is massively bred in the marginal sea
of tropic area in Ordovician period [12]. According to the
results of paleomagnetic research, the Tarim Basin is in line
with North American Platform and Northern Europe in Or-
dovician Period. Therefore, it possesses the geographic
background for the breeding of G. prisca [41]. In the mean-
time, a large numbers of exploration and geological and
geochemical researches show that the lime-mud mound
discovered in the margin slope of platform of the Middle
and Upper Ordovician in the Tarim Basin is the major hy-
drocarbon source of the Lower Paleozoic petroleum system.
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However, this study has seriously analyzed the 11 repre-
sentative samples from hundreds of the Middle and Upper
Ordovician source rocks selected by fellow researchers [19].
The primary bases of sampling are the abundance of organic
matter, the hydrogen index and the characteristics of mor-
phological organic matter. As mentioned above, the Kuker-
site-type source rocks are only found in the typical Lianglitage
Formation sediment at depth of 3960 m in Well Tazhong
No.6 according to the results. On one hand, it indicates that
G. prisca-enriched Kukersite-type source rocks could be
developed in the Ordovician sediments of the Tarim Basin.
On the other hand, it also shows that the G. prisca-enriched
Kukersite-type source rocks could be developed only at
local horizon due to the effect of water depth as well as hy-
drodynamic condition of sedimentary environment.

It is well known that the lime-mud mound could be de-
veloped in the inner table land (platform inner sag), plat-
form margin and other low energy environment, especially
the deepwater flat gradient environment with weak hydro-
dynamic conditions. In the mode of classic carbonate sedi-
mentary facies, the lime-mud mound is intent to develop on
the platform margin slope within the 120 m to over 300 m
water depth in photic zone. According to the fine laminar
algal, laminar birds eyelet or tent conglomerate on the mas-
sive and layered lime-mud mound of the hillock-top, the
minimum water depth for lime-mud mound's development
should be the intertidal zone, or sometimes the epilittoral
zone. According to the ecological fact that the abundant
benthic macroalgae (brown algae) is contained in the shale
micrite of interdune depression, the maximum water depth
for lime-mud mound’s development should be 60 m. This is
because the modern marine algaes in 20-30 m water depth
are brown algaes in principle. In the meantime, the brown
algae contains great amounts of fucoxanthin and the effec-
tive light is yellow and orange lights. Therefore the brown
algaes flourish in the water interval at depth of 30 to 60 m
[42]. According to this, the possible main hydrocarbon gen-
erating materials of the Middle and Upper Ordovician
source rocks of lime-mud mound facies deposited in the
Tarim Basin are benthic macroalgae and phytoplangkton
along with small amount of G. prisca, which is correspond-
ing with the above mentioned second and third types of
source rocks. The development of G. prisca-enriched Kuker-
site-type source rocks is small and scattered in the basin.
Assuming that the crude oil from the Lower Paleozoic pe-
troleum system is mainly contributed by the Middle and
Upper Ordovician sedimentary source rocks of lime-mud
mound facies of platform margin slope, the molecular geo-
chemical features of the crude oil could not show the G.
prisca biogenic characteristics.

3 Conclusion

(1) Through the kerogen pyrolysis-gas chromatography-
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mass spectrography analysis of moderate maturity source
rock, this study confirmed that the G. prisca-enriched
Kukersite-type source rocks indeed exist in the Middle and
Upper Ordovician sediments of lime-mud mound facies in
the Tarim Basin for the first time. The pyrolysis products
show the following features: a low content of >n-Cjo chain
hydrocarbon, an obvious odd-even predominance between
n-Cy; and n-Cy;, the isomers of alkylbenzene and alkylthro-
phene series replaced by normal long-chain alkyl, distinc-
tive distribution of 5-N-alkyl-1,3-Benzenediol and homol-
ogous compounds and etc.

(2) According to the composition characteristics of the
Kerogen pyrolysis products of source rocks, the Middle and
Upper Ordovician sedimentary source rocks of lime-mud
mound facies in the Tarim Basin can be divided into three
types. The first type is the typical G. prisca-enrich Kuker-
site-type source rock. The second type is diluted Kuker-
site-type source rocks. The pyrolysis products of this type of
source rocks are typically characterized by benzene series
enrichment (Toluene, Xylene, trimethylbenzene) and 3 nor-
mal alkylbenzene series compounds. In addition, the bio-
genic element and organic matter are mainly macroalgae
and hydrogen deficient and gas. The third type of source
rocks is characterized by high abundance of normal alkanes
and normal olefine, with hydrogen-enriched organic matters
such as plankton as its main source. This type of source
rocks is featured by a high abundance of organic matters,
and is able to generate oils with high quality. The above
mentioned three types of source rocks are mainly controlled
by the water depth of sedimentary environment.

(3) Based on the breeding geographic environment char-
acteristics of G. prisca and combining with the present re-
vealed crude oil characteristics of the Lower Paleozoic pe-
troleum system as well as the composition characteristics of
kerogen pyrolysis products of the Middle and Upper Ordo-
vician in the Tarim Basin, this study proposed that the pos-
sibility of a medium or large scale development of G. prisca-
enriched Kukersite-type source rocks in the major hydro-
carbon source rocks of the Middle and Upper Ordovician in
the Tarim Basin is small. Instead, the major developed source
rocks should mainly be benthic macroalga and planktonic
algae.
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