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Formation in Eastern Junggar, were determined by organic petrography, Rock-Eval, molecular and stable carbon
(8'3C) analyses. TOC, S,, and hydrogen index (HI) values suggest a fair to good organic richness in mudstone
samples from the C-2 well. Moreover, an early mature to mature state for all the samples is inferred based on
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gignfiid;atter source the Rock-Eval and biomarker parameters. The maceral composition, molecular geochemistry and carbon isotopic
Biomarkers results for kerogen reveal that all the mudstone samples are characterized by a mixed organic matter assemblage
Paleoenvironment (Types II-11T) with relatively high percentages of terrigenous organic matter. The low to intermediate values of Pr/
Paleoclimate Ph and the high abundances of 3-carotene and gammacerane indicate the presence of a dysoxic, reducing, high-
Lower Carboniferous mudstones salinity sedimentary environment during the deposition of the Dishuiquan Formation. Numerous parameters
Eastern Junggar derived from the organic geochemical analyses indicate that the terrigenous organic matter increased with

decreasing salinity and oxidation in the sedimentary environment. This study concludes that a warm, wet climate
provided a continuous fluvial input of terrigenous plant debris and fresh water. The organic geochemical data,
combined with the tectonic setting, reveal a restricted, semi-closed marine depositional environment during
the deposition of the Dishuiquan Formation in the early Carboniferous.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction Fortunately, a major petroleum system (i.e., the Kalameily gas field)

with a Carboniferous volcanic reservoir was discovered in the Eastern

The Eastern Junggar Basin is located between the Altaids, or the Cen-
tral Asian Orogenic Belt (CAOB) (Cai et al., 2012; Wilhem et al., 2012;
Xiao et al,, 2010), and the Tian Shan Orogenic Belt. The basin contains
a large accumulation of Paleozoic volcanic and clastic sedimentary
rocks, which record the history of Paleo-Asian ocean closure and the ac-
cretionary orogenesis (He et al., 2010; Xiao et al., 2013). Numerous
studies have examined the geochemistry and chronology of the volcanic
rocks from the Eastern Junggar Basin and the CAOB, and a widely
accepted model relates Paleo-Asian ocean subduction with continental
accretion during the later Paleozoic, which is constrained by the timing
of ocean closure, collision and post-collision volcanic events (Han et al.,
2011; Li et al,, 2014; Liu et al., 2013; Yang et al.,, 2012a). However, few
data concerning the sedimentary facies and environmental evolution
of the Carboniferous sedimentary rocks along the subduction of the
Paleo-Asian Ocean are available due to the intense volcanic activity
and differential uplift following the early Carboniferous.
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Junggar Basin during the last decade (He et al., 2010; Zou et al., 2013).
The organic matter (OM) in the sedimentary rock of the lower Carbon-
iferous is believed to be an important source for the gas in these reser-
voirs (He et al., 2010; Wang et al., 2010; Zou et al.,, 2013). The
sedimentary successions under thick volcanic strata, especially the or-
ganic rich mudstones, could provide a window to understand the
paleoenvironment during the Carboniferous.

This study used Rock-Eval pyrolysis, organic petrography, molecular
and stable carbon (6'3C) analyses to determine the organofacies and
paleoenvironment of the lower Carboniferous Dishuiquan Formation
mudstones during the transition from marine to terrestrial environ-
ments in the Eastern Junggar Basin and to evaluate the hydrocarbon
potential of these mudstones.

2. Geological setting

The Junggar Basin is located at the triple junction of the Kazakhstan,
Siberia and Tarim Plates (Fig. 1a). This multicycle superimposed basin is
filled with late Paleozoic marine sediments and Mesozoic-Cenozoic con-
tinental sediments (He et al,, 2013; Li et al,, 2014; Xiao et al., 2013). The
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Fig. 1. (a) Location of northwestern China in the Central Asian Orogenic Belt, modified and simplified from Xiao and Santosh (2014). Panel b is outlined. (b) Simplified geological map
surrounding Junggar Basin (Chen and Jahn, 2004), showing the C-2 well in Eastern Juggar.

basin is surrounded by Paleozoic orogens: the Tianshan Mountains to
the south and the Altai Mountains to the north (Fig. 1b). The Eastern
Junggar comprises the Eastern Junggar Basin and Eastern Junggar Ter-
rane (Fig. 1b), which is part of the CAOB. The Eastern Junggar Terrane
is characterized by several accretionary complexes related to subduc-
tion-accretion processes and was accreted to the southern margin of
the Siberian block during the Paleozoic (Xiao and Santosh, 2014; Xu
et al,, 2013). Two NW-SE-trending, highly deformed and dismembered
ophiolite belts, the northern Zhaheba-Aermantai and the southern
Karamaili belts, crop out in the Eastern Junggar Terrane (Fig. 1b).
Using U-Pb methods, the Zhaheba-Aermantai ophiolite belt was
dated to 489 4 4-503 4+ 7 Ma (Jian et al., 2003; Tang et al., 2007; Xiao
et al., 2006; Zhang and Guo, 2010), whereas the Karamaili ophiolite
belt has an early Devonian to early Carboniferous age based on
SHRIMP zircon U-Pb methods (Su et al., 2012). The geochemical charac-
teristics of the lower Carboniferous volcanic rocks reveal that early
Carboniferous volcanism occurred in an island-arc setting related to
the subduction of the Paleo-Junggar Ocean (Su et al., 2012; Xiao and
Santosh, 2014; Yang et al., 2012a,b).

The Carboniferous in Eastern Junggar can be divided into four forma-
tions from base to top (Fig. 2). The Tamugang Formation consists of sed-
imentary tuff and basaltic tuff intercalated with marine sandstone. The
Dishuiquan Formation comprises rhyolite, basaltic breccia, and andesite
coarse clastic glutenite, topped with an approximately 400-m-thick
mudstone. The Batamayineishan Formation consists of a 3300-m-thick
succession of intermediate to basic volcanic rocks, including basalt,
andesite, basaltic tuff and breccia, intercalated with sedimentary tuff
and carbonaceous shale, which are considered to be rich in terrestrial
organic matter. The Shigiantan Formation is a suite of fine clastic rocks
intercalated with intermediate mudstones (Yang et al.,, 2011, 2012c;
Zhang et al., 2009). Furthermore, the Batamayineishan Formation and
Shigiantan Formation were denuded to varying degrees as a result of

differential uplift in Eastern Junggar during the late Carboniferous to
late Permian.

The term “Dishuiquan Formation” previously only referred to a suite
of dark mudstones in the Dishuiquan area to the east of Karamaily
Mountain. This formation has also been drilled in the Ludong and
Woucaiwan regions of the Junggar Basin in subsequent explorations
and was thought to have great potential as a hydrocarbon source rock
in the Carboniferous and post-Carboniferous periods. However, the
suite of dark mudstones or similar mudstones also crops out in the
lower Carboniferous Nanningshui Formation and Heishantou Forma-
tion in Eastern Junggar, and the Sunkarsu Formation includes a succes-
sion of coarse clastic andesitic glutenite, which is considered to be a
coeval deposit developed on the proximal fan. In investigations of the
depositional environment and source rock potential of the suite of
dark mudstones, the Nanningshui Formation, Heishantou Formation,
and Songkaersu Formation were grouped together as the lower Carbon-
iferous Dishuiquan Formation (Tao et al., 2014; Wang et al.,, 2013).

3. Samples and methods

49 core samples were collected from a depth range of 3310-3732 m
in the C-2 well located in the Wucaiwan area of Eastern Junggar (Fig. 1,
Table 1). The sampled interval was within the Dishuiquan Formation, a
lower Carboniferous mudstone, 20 samples of which were gray-green
mudstone and the other 29 dark-gray mudstone. All collected samples
were analyzed for total organic carbon (TOC) and Rock-Eval pyrolysis,
and 10 samples were selected for maceral analysis of kerogen and stable
carbon isotope analyses. In total, 42 samples were prepared for gas
chromatography mass spectrometry (GC-MS) and chloroform bitumen
“A” stable carbon isotope analysis.

The TOC was measured with a Leco CS-200 instrument. The crushed
and sieved samples (approximately 100 mg, 120 mesh) were pre-
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Fig. 2. Stratigraphic section through the Carboniferous in Eastern Junggar, showing the location of the samples from Dishuiquan Formation. “Dsq” and “Sqt” are the abbreviation of

“Dishuiquan” and “Shigiantan”, respectively.

treated with 1 mol/L HCl to remove carbonate and then heated to
1200 °C in an induction furnace. The Rock-Eval pyrolysis data were col-
lected using a Rock-Eval Il instrument following guidelines established
by Peter (1986) and Espitalié et al. (1986). The S; signal represents
any free hydrocarbons that can be volatilized out of the rock without
cracking the kerogen (mg HC/g rock) at 300 °C. The S, signal represents
the amount of hydrocarbons (mg HC/g rock) that are expelled via kero-
gen cracking under temperature-specific pyrolysis (300-600 °C). The S,
peak represents the existing potential of a rock to generate petroleum if
burial and maturation were to continue to completion. The S; + S, pa-
rameter is a measurement of genetic potential, i.e., the total amount of
petroleum that might be generated by a rock. The parameter Tpax (°C)
is the Rock-Eval pyrolysis oven temperature at which the maximum
pyrolytic liberation of hydrocarbons (S,) is observed and is indicative
of thermal maturation (Hunt, 1996).

The powdered samples were extracted with chloroform in a Soxhlet
apparatus for 72 h. The extracts (chloroform bitumen “A”) were sepa-
rated by column chromatography into saturated hydrocarbons, aromat-
ic hydrocarbons, and NSO compounds using a silica gel alumina column
after the precipitation of asphaltenes (Petersen et al., 2005). The GC for
the saturated hydrocarbon fraction was performed on a HP6890 gas
chromatograph fitted with a 30 m x 0.32 mm i.d. HP-5 column with a

film thickness of 0.25 um and using nitrogen carrier gas. The oven tem-
perature was initially set to increase from 80 °C to 320 °C at 10 °C/min
and hold at 320 °C for 20 min. The GC-MS of saturated hydrocarbon
fractions was performed on a Thermal Scientific DSQ II quadrupole
mass spectrometer (fitted with a 30 m x 0.25 mm i.d. HP-5 MS column
with a film thickness of 0.25 Im and using helium carrier gas). The
oven was held for 1 min at 35 °C, then increased from 35 °C to 120 °C
at 10 °C/min and from 120 °C to 300 °C at 3 °C/min, with a final holding
time of 30 min at 300 °C. The selected ion-monitoring capabilities of the
data-acquisition system permitted specific ions to be monitored, such as
tricyclic terpanes and hopanes (m/z 191) and steranes (m/z 217) (Song
etal, 2013).

To prepare the kerogen samples, fragments of rock were leached in
12 N HCl for 12 h to remove carbonates, then washed several times
with distilled water and treated with hydrofluoric acid (HF) for 12 h
to remove silicates. The samples were again washed several times
with distilled water and again treated with 12 N HCl. Kerogen residues
were mounted from distilled water onto coverslips which were then
dried at 30-40 °C. Slides were then inverted onto coverslips with a
drop of polyvinyl alcohol solution. The analysis was performed by
reflected and transmitted white light and reflected UV fluoresce
(Littke et al,, 2012; Sachse et al., 2012; Wang et al., 2011).
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Table 1
Results of Rock-Eval and TOC analysis and calculated parameters.

Sample no. Lithology Depth TOC Tmax St S, HI PI

(m) (%) (°Q)

mg HC/g TOC

CC-1 Gray-green mudstone 3310 03 ur. 003 031 ur. 0.09
CC-2 Gray-green mudstone 3315 0.6 ur. 004 0.55 ur. 0.07
CC-3 Gray-green mudstone 3320 0.7 433 0.05 0.67 97 0.06
CC-4 Gray-green mudstone 3325 1.0 440 0.06 123 127 0.05
CC-5 Gray-green mudstone 3330 0.9 441 0.06 1.03 121 0.05
CC-6 Gray-green mudstone 3335 0.6 430 0.07 0.87 136 0.08
CC-7 Gray-green mudstone 3340 0.8 433 0.1 1.09 140 0.09
CC-8 Gray-green mudstone 3345 1.0 434 0.12 1.15 121 0.1

Ccc-9 Gray-green mudstone 3350 1.0 436 0.13 1.13 109 0.1

Cc-10 Gray-green mudstone 3355 1.1 439 0.08 1.12 101 0.07
CC-11 Gray-green mudstone 3360 0.8 440 0.07 092 110 0.07
CC-12 Gray-green mudstone 3365 1.0 439 009 12 117 0.07
CC-13 Gray-green mudstone 3370 1.1 441 0.11 148 140 0.07
CC-14 Gray-green mudstone 3375 1.2 441 0.11 154 128 0.07
CC-15 Gray-green mudstone 3380 1.3 443 0.11 1.85 143 0.06
CC-16 Dark-gray mudstone 3385 1.0 444 0.09 133 130 0.07
CC-17 Dark-gray mudstone 3391 1.0 441 0.13 135 136 0.08
CC-18 Dark-gray mudstone 3395 0.9 438 0.09 1 118 0.08
CC-19 Dark-gray mudstone 3400 0.8 440 0.09 0.99 118 0.08
CC-20 Dark-gray mudstone 3405 09 439 0.1 111 119 0.08
CC-21 Dark-gray mudstone 3410 0.9 440 0.09 1.09 117 0.08
CC-22 Dark-gray mudstone 3415 09 443 0.1 123 134 0.07
CC-23 Dark-gray mudstone 3420 0.8 440 0.08 1.01 125 0.07
CC-24 Dark-gray mudstone 3425 09 440 0.1 123 138 0.08
CC-25 Dark-gray mudstone 3430 0.9 446 0.07 1.04 118 0.06
CC-26 Dark-gray mudstone 3445 1.0 438 0.17 124 123 0.12
CC-27 Dark-gray mudstone 3450 0.7 439 0.07 0.81 109 0.08
CC-28 Dark-gray mudstone 3455 0.8 440 0.08 0.83 104 0.09
CC-29 Dark-gray mudstone 3459 0.6 438 0.07 0.64 105 0.1

CC-30 Dark-gray mudstone 3465 0.7 440 0.07 0.79 107 0.08
CC-31 Dark-gray mudstone 3470 0.8 431 0.11 08 105 0.12
CC-32 Dark-gray mudstone 3475 0.7 440 0.07 0.71 103 0.08
CC-33 Dark-gray mudstone 3480 0.7 435 0.08 0.77 105 0.1

CC-34 Dark-gray mudstone 3485 0.7 437 008 08 114 0.09
CC-35 Dark-gray mudstone 3490 0.7 426 0.13 083 119 0.13
CC-36 Dark-gray mudstone 3495 0.7 436 0.08 0.73 109 0.1

CC-37 Dark-gray mudstone 3505 0.6 440 0.06 0.71 111 0.08
CC-38 Dark-gray mudstone 3510 0.7 436 0.08 0.75 101 0.1

CC-39 Dark-gray mudstone 3515 0.5 ur. 0.06 047 ur. 0.12
CC-40 Dark-gray mudstone 3520 0.6 ur. 0.07 055 ur. 0.11
CC-41 Dark-gray mudstone 3525 06 ur. 0.1 049 ur. 0.16
CC-42 Dark-gray mudstone 3530 0.6 ur. 0.1 056 ur. 0.5
CC-43 Gray-green mudstone 3535 0.5 431 008 0.51 96 0.13
CC-44 Gray-green mudstone 3590 1.0 418 045 123 121 0.27
CC-45 Gray-green mudstone 3595 0.6 ur. 0.14 054 ur. 02

CC-46 Gray-green mudstone 3600 0.6 430 024 0.69 117 025
CC-47 Dark-gray mudstone 3660 03 ur. 013 04 ur. 025
CC-48 Dark-gray mudstone 3663 0.5 ur. 0.14 035 ur. 0.29
CC-49 Dark-gray mudstone 3732 1.0 445 0.14 127 132 0.1

u.r.: not reliable as the S, < 0.6.

The carbon isotopic values of the kerogen and chloroform bitumen
“A” were determined with an EA-Finnigan Delta plus XL mass spectrom-
eter. The results of the carbon isotope analysis are reported in the usual
d-notation relative to the Pee Dee Belemnite (PDB) standard, and the
analytical precision of this method was better than + 0.2%.. The repro-
ducibility was better than 0.2%. (Fu et al., 2009; Song et al., 2013).

4. Results
4.1. Bulk geochemical parameters

4.1.1. TOC and Rock-Eval

The TOC values from samples CC-1 to CC-49 are in the range of 0.30-
1.29% (Table 1), with an average of 0.79%. The Rock-Eval S; and S, values
exhibit ranges of 0.03-0.45 and 0.31-1.85 mg HC/g rock, respectively.
The production index (PI; PI = S; /[S; + S3]) is in the range of 0.05-
0.29. The Ty,a« values vary in the range of 418-446 °C (R, ranged from
0.3% to 1.2%) (Fig. 3). The hydrogen index (HI) varies from 68 to
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Fig. 3. Plot of HI vs. Tr,.x according to Espitalié et al. (1984) outlining kerogen type of
Dishuiquan mudstones from C-2 well.

143 mg HC/g TOC, averaging 114 mg HC/g TOC. The average “true” HI
of all samples from C-2, obtained according to the slope of the S, vs.
TOC regression line (R?> = 0.93), is 114.02 mg HC/g TOC (Langford and
Blanc-Valleron, 1990).

4.1.2. Maceral composition of kerogen

Amorphous sapropelic, amorphous humic, vitrinite, and inertinite
were detected in the 10 selected samples. The kerogen assemblages
consist of 25-40% amorphous sapropelic OM, along with 31-50% amor-
phous humic OM, 7-12% vitrinite, and 9-27% inertinite (Table 2).

4.2. Molecular geochemistry of organic matter

4.2.1. n-Alkanes, acyclic isoprenoids and [3-carotane

The n-alkane and isoprenoid distributions were analyzed via gas chro-
matography. Table 3 summarizes the results for the carbon preference
index (CPly5_»3 CPly5_35) (Bray and Evans, 1961) and other deterministic
ratios of isoprenoids and n-alkanes. On the gas chromatogram of the sam-
ples from Dishuiquan Formation, a unimodal n-alkane distribution with a
maximum at C15 or C19 is observed, and short-chain n-alkanes are more
dominant than long-chain n-alkanes (Fig. 4). Certain samples at depths of
3460-3732 m have few or no C,7 . n-alkanes (Fig. 4, Table 3). The ratios
of the short-chain to long-chain n-alkanes [>_ C>;_/Y_ Cy,.] are in the
range of 1.47-8.98, with an average of 3.72. The CPI; is defined as 1/
2[2 C15—21 (odd carbon)/z C14—20(even carbon) + Z C15—21(odd carbon)/

Table 2
Maceral composition and carbon isotope of kerogen form the Dishuiquan Formation
mudstones.

Sample no.  Amorphous Amorphous  Vitrinite  Inertinite  §'3C
sapropelicOM  humic OM (%)
CC-2 31 49 9 11 —26.75
CC-5 31 50 10 9 —26.29
CC-9 32 49 8 11 —26.20
CC-12 31 48 9 12 —26.50
CC-15 25 44 12 19 —26.62
CC-18 34 41 8 17 —25.74
CC-20 31 31 11 27 —25.66
CC-21 33 43 8 16 —25.57
CC-41 40 35 7 18 —25.37
CC-48 34 45 8 13 —2433
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Table 3
n-Alkanes, acyclic isoprenoids, aromatic carotenoids parameters, and 5'>C of chloroform extraction of samples from Dishuiquan Formation.
Sample no. Cinax CPlys_23 CPlys5_35 Alkeerr > nCy /> nCyyy Pr/Cy7 Ph/Cys Pr/Ph -carotane/2Cq2_35 (%) 8'3C CE?
CC-2 Cc17 1.11 2.52 1.20 5.12 0.76 0.65 143 1.28 —28.50
Ccc-3 Cc17 1.08 2.10 2.26 3.49 0.76 0.63 132 1.89 —29.51
CcC-4 Cc17 1.11 1.73 5.34 2.79 0.89 0.59 1.76 0.73 —29.19
CC-5 Cc17 1.10 2.27 4.86 333 0.70 0.55 1.55 1.37 —29.36
CC-9 C19 1.10 2.57 0.03 229 0.63 0.48 1.20 1.65 —29.57
CC-10 Cc17 1.11 1.75 4.80 3.28 0.74 0.64 1.40 1.19 —29.57
CC-11 Cc17 1.10 2.04 2.99 2.98 0.82 0.62 1.38 n.d. —29.77
CC-12 C17 1.11 1.60 6.30 224 0.87 0.68 1.50 1.02 —29.69
CC-13 Cc17 1.12 1.62 4.81 2.37 0.81 0.63 1.45 1.09 —29.67
CC-14 Cc17 1.12 1.65 6.29 2.32 0.84 0.63 1.55 2.26 —29.44
CC-15 C17 1.10 1.62 9.12 147 0.81 0.57 1.51 1.04 —2941
CC-16 Cc17 1.12 1.74 3.30 3.51 0.65 0.56 1.39 1.65 —29.29
CC-17 Cc19 1.08 2.16 3.71 2.50 0.65 0.58 1.08 2.74 —29.52
CC-18 Cc17 1.12 2.00 5.56 2.25 0.69 0.57 1.27 2.27 —29.24
CC-19 C16 1.10 1.95 3.03 3.68 0.62 0.53 1.57 2.28 —29.02
CC-20 Cc17 1.12 1.94 3.77 3.09 0.65 0.56 1.45 3.64 —29.26
CC-21 Cc17 1.09 1.82 4.00 2.50 0.64 0.50 1.40 n.d. —29.24
CC-22 Cc17 1.07 2.25 545 293 0.61 0.57 1.29 n.d. —29.10
CC-23 Cc19 1.09 1.23 6.37 1.80 0.70 0.60 1.12 2.26 —29.24
CC-24 Cc19 1.10 1.57 3.02 2.12 0.67 0.58 1.06 3.30 —29.00
CC-25 Cc17 1.11 1.63 3.83 2.50 0.64 0.55 1.28 n.d. —28.67
CC-26 Cc17 1.05 2.01 0.00 5.31 0.62 0.59 1.15 4.27 —29.49
CC-27 Cc17 1.09 n.d. 0.00 5.65 0.61 0.59 1.05 3.54 —29.42
CC-28 Cc17 1.09 2.61 132 4.42 0.70 0.57 133 2.23 —29.08
CC-29 Cc17 1.08 242 0.00 5.09 0.66 0.62 1.09 3.11 —29.37
CC-30 Cc19 1.05 1.55 291 2.82 0.60 0.57 0.81 3.22 —29.30
CC-31 Cc17 1.08 n.d. 0.00 7.27 0.63 0.62 1.29 2.27 —29.38
CC-32 C21 1.14 1.66 5.69 1.66 0.62 0.59 1.07 1.96 —29.55
CC-33 Cc17 1.10 3.12 1.60 5.78 0.60 0.59 1.21 1.96 —29.22
CC-34 Cc17 1.10 3.12 1.60 5.78 0.60 0.59 121 1.96 —29.47
CC-35 Cc19 1.06 n.d. 0.00 4.52 0.65 0.60 0.91 431 —32.71
CC-36 Cc17 1.08 n.d. 0.00 8.99 0.58 0.57 124 2.05 —29.27
CC-37 C16 1.11 2.63 3.53 2.58 0.59 0.50 1.54 1.77 —29.27
CC-38 C16 1.11 2.37 1.03 6.10 0.55 0.52 135 1.65 —29.07
CC-40 Cc17 1.07 n.d. 0.00 5.33 0.62 0.60 1.09 3.30 —29.39
CC-41 Cc17 1.06 n.d. 0.00 6.80 0.59 0.55 122 3.59 —29.38
CC-42 Cc19 1.08 133 0.00 2.44 0.65 0.61 1.01 n.d. —29.63
CC-43 C25 0.94 1.19 0.00 2.30 0.52 0.51 1.07 n.d. —29.26
CC-44 Cc19 1.06 n.d. 0.00 6.16 0.51 0.48 0.99 1.73 —29.75
CC-45 Cc19 1.06 n.d. 0.00 3.58 0.54 0.53 0.77 2.27 —29.44
CC-46 Cc19 1.06 n.d. 0.00 412 0.60 0.54 0.91 3.12 —29.55
CC-48 Cc19 1.05 n.d. 0.00 4.70 0.46 0.47 0.82 4.48 —29.57
CC-49 Cc19 1.07 1.39 4.69 2.25 0.59 0.41 141 1.13 —29.16

n.d.: not detected.
@ §13C CE = 8'C of chloroform extraction.
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Fig. 4. Gas chromatograms (TIC) of saturated hydrocarbon fraction of mudstone (CC-10) of the Dishuiquan Formation.
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Fig. 5. Cross-correlation of pristane/n-C17 versus phytane/n-C18 ratios (Connan and
Cassou, 1980).

Z C16—22(even carbon)]y and the CP]Z is defined as 1/2[2 C25—35(0dd carbon)/
Z C24—34(even carbon) + Z C25—35(0dd carbon)/z C26—36(even carbon)]- The
values of CPl; and CPI, are 0.94-1.36 and n.d.-3.12, respectively,
which indicate that odd-numbered n-alkanes are dominant over even-
numbered n-alkanes. The sum of the most abundant n-alkanes related
to biogenic terrestrial sources (C27, C29, C31, C33) is referred to here as
Alkterr and features values of n.d.-9.12% of the total n-alkanes in the
samples from the C-2 well.

The acyclic isoprenoid pristane (Pr) and phytane (Ph) are present in
considerable abundance in all samples. The Pr/C17 and Ph/C18 ratios are
0.46-0.89 and 0.41-0.68, respectively. The ratio of Pr to Ph in the sam-
ples ranges from 0.77 to 1.76, with an average of 1.24 (Figs. 4 and 5,
Table 3). The compound [3-carotane is present in considerable quantity
in most samples (Fig. 4). The ratio of 3-carotane and the sum of n-

alkanes (p-carotane/3C;,_3s5) is in the range of n.d.-4.48%, and the
values decrease upward (Fig. 6, Table 3).

4.2.2. Hopanoids and steranes

Terpanes (including hopanoids) are important non-aromatic cyclic
triterpenoid components of the lower Carboniferous mudstone in the
Eastern Junggar. On the m/z 191 terpane fragmentograms of the C-2
well samples, tricyclic terpanes are observed in low abundance; the
most abundant of these low-abundance terpanes C,;- or Co3-tricyclic
terpanes (Fig. 7a). The hopanoid patterns are characterized by
170,213 (H)- and 173,21 (H)-hopanes from C,; to C3s, with an ab-
sence of Cyg hopanes and a predominance of 17a,21B3(H)-Csq
hopanes. The ratio of 22S/(22S + 22R) for the 17B,21a(H)-Cs;
hopanes is in the range of 0.54-0.58 (Table 4), whereas the average
of 225/(22S + 22R) for the 17B,21a(H)-Cs; hopanes is 0.59. The C-
2 samples exhibit averages of 0.49 and 0.52 for C35/C34 and Cp9/C3o,
respectively.

Gammacerane was detected in all the samples from the C-2 well in
Eastern Junggar. The gammacerane index calculated from the ratio of
2 x gammacerane/(S + R)-C3o hopanes is in the range of 0.62 to 1.89
(Table 4), and the values decrease upward. The values of Ts and Tm
were also measured using the ion trace of m/z 191. The compound 18
a(H)-22,29,30-trisnorneohopane (Ts) is generally considered to be
more thermally stable than 17 o(H)-22,29,30-trisnorhopane (Tm).
The Ts/Tm values range from 0.62 to 1.98, a range similar to the
gammacerane index (R?> = 0.58) (Fig. 8).

Steranes are abundant in all of the samples (Table 5). The
5a,14a,17a (H) steranes, dominated by the 5a,14a,170t(H) isomers,
are present in the C,7,-Cyg range (Fig. 7b). The 5c,140,170.(H)20R
isomer distributions of regular steranes in the samples from the
upper part and lower part of the C-2 well are Cp9 > C37 > C2g and
Cyg > Cyg > Cy7, respectively. All the samples show a lower proportion
of Cy; steranes compared to Cpg steranes among the Cy7_n9
50,140,170 (H)20R isomers. Additionally, the mudstone samples

Alkter ¥ nC21+/% nC22 + Pr/Ph p -carotane/C,,
012345678910 05 1.0 15 2.0 2 3 4 5
3300 > :] ? ? "1 ? ? . 8| |9 1|0 3300 T 2300 T T 3300 —_—
3350 4 3350 - 3350 4 3350 4
3400 4 3400 3400 4 3400 4
3450 3450 4 3450 3450 4
3500 3500 4 3500 3500 -
£ g £ g
7 3 a a
O 3550 3550 1 3550 3550
3600 3600 3600 4 3600 4
3650 4 3650 4 3650 4 3650
3700 - 3700 - 37004 37004
37504 37504 37504 37504

Fig. 6. Profile for parameters from n-Alkanes, acyclic isoprenoids, aromatic carotenoids of samples from Dishuiquan Formation, showing the negative relationship between the value of

{3-carotane/3C;_35 and Pr/Ph.
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from C-2 well exhibit averages of 0.42 and 0.41 for Cogaxcxc-20S/
(20S + 20R) and Cog-apB/(apP + aaw), respectively.

4.2.3. 8"3C values of kerogen and chloroform extract

The kerogen 8'3C values for the Dishuiquan Formation vary in the
range of —26.75% to —24.33%,, with an average of —25.90%.
(Table 2). The chloroform extracts from the C-2 well mudstones
have lower stable carbon isotope values that range from —32.71%
to —28.50%o.

5. Discussion
5.1. Petroleum potential and maturity

The TOC values from the mudstones in the Eastern Junggar indicate
that the mudstone is a fair to good petroleum source rock according to
evaluation criteria of organic matter abundance of argillaceous source
rocks established by the China National Petroleum Corporation in the
1990s (Han et al,, 2014). However, based on the S2 values, which repre-
sent the fraction of the organic matter that can be transformed into hy-
drocarbons via high temperature, most of the mudstone samples show a
fair source rock character. The samples from the C-2 well match the field
characteristics of Type II-III kerogen in the HI vs. T2 diagram (Fig. 3)
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(Espitalié et al., 1984). Based on the data above, it can be easily conclud-
ed that the organic matter in the mudstones is capable of generating oil
and gas in the Dishuiquan Formation.

The production index (PI; PI = S1/[S; + S;]) reaches approximately
0.4 at the bottom of the oil window and less than 0.1 at the top of the oil
window (Peter, 1986). The PI for the mudstone samples is in the range
of 0.05 to 0.29, reflecting mature organic matter in Dishuiquan Forma-
tion, while the Ty« value indicates an early mature to mature thermal
stage for these mudstone samples. The maturity estimates suggested
by the Trax and Pl values are slightly inconsistent, likely due to a low de-
gree of petroleum generation, which can affect the Rock-Eval pyrolysis
data (Lo and Cardott, 1995).

Biomarker parameters supplement our understanding of the ther-
mal maturity of the source rocks. The ratio of 22S/(22S + 22R) for the
17pB,210(H)-C31 hopanes is in the range of 0.54-0.58 (Table 4), whereas
the average of 225/(22S + 22R) for the 173,21a(H)-C5, hopanes is 0.59.
These ratios indicate an equilibrium value of 0.5-0.6% R, (Mackenzie
and Maxwell, 1981). The isosterane content is primarily related to
maturity, which transforms the biologic ccaex forms (normal steranes)
into appP forms (Mackenzie and McKenzie, 1983; Seifert and
Moldowan, 1986; Spiro et al., 1988; Ten Haven et al., 1986; Waples
and Machihara, 1991). The values of 20S/(20S + 20R) and app/
(app + aaa) of the Cyg steranes show a similar average of 0.42 in
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Fig. 7. (a) m/z 191 mass chromatograms of the Dishuiquan Formation mudstone (CC-10), (b) m/z 217 mass chromatograms of the Dishuiquan Formation mudstone (CC-10).
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the mudstones from the C-2 well, and equilibrium value of 0.6% R, has
been attained. Therefore, based on the Rock-Eval, 22S/(22S + 22R)
hopanoids, 20S/(20S + 20R) and aBR/(aPP + ctaer) of the Cog steranes
ratio data, all the samples exhibit an early mature to mature thermal
stage.

5.2. Organic matter source input and depositional environments

Amorphous sapropelic and humic organic matter are predominant
(>65%) in all the samples. The amorphous humic OM is more abundant
than the amorphous sapropelic OM, except in sample C-41, which con-
tains 40% amorphous sapropelic OM and 35% amorphous humic OM.
Amorphous humic materials were probably formed by the biodegrada-
tion of land plants (Styan and Bustin, 1983), and amorphous sapropelic
matter is generally related to algal or bacterial sources (Schnyder et al.,
2009; Tyson, 1995). The proportions of amorphous sapropelic and
humic organic matter reveal a high terrestrial OM contribution in the
organic matter of the lower Carboniferous Dishuiquan Formation.

The values of CPI; and CPI, are 0.94-1.36 and n.d.-3.12, respectively,
which indicate that odd-numbered n-alkanes are dominant over even-
numbered n-alkanes. The Alkterr exhibits the opposite tendency of
> Co1-/2_ Cyy 4, which suggests that the organic matter from in situ
algae sources gradually decreases in the later periods of the Dishuiquan

Formation. The low Alkterr values can be attributed to three factors: a
relatively low contribution of terrestrial organic matter, the fact that ter-
restrial plants during the early Carboniferous had not evolved into “real”
higher plants and the possibility that these early terrestrial plants may
also have lacked long-chain n-alkanes. Similar n-alkanes were also de-
tected in Carboniferous coals from the Ruhr Basin, western Germany,
which exhibit high ratio of n-C;7/n-C,7 (Bocker et al., 2013).

Ratios of Pr/Ph that are < 1.0 indicate anaerobic conditions during early
diagenesis (DamstéS and Leeuw, 1987; Risatti et al., 1984). However, Pr/
Ph ratios are known to be affected by maturation (Radke et al., 1986;
Tissot and Welte, 1984) and by differences in the precursors for acyclic
isoprenoids (Brocks et al., 2005; Goossens et al., 1984; Mackenzie et al.,
1980; Rontani et al., 1990; Volkman et al., 1992). However, (Peters
etal,, 2005) argued that Pr/Ph values <0.6 indicate anoxic, commonly hy-
persaline or carbonate environments, whereas Pr/Ph values >3.0 are typ-
ical of terrigenous OM input under oxidative conditions for rocks within
the oil-generation window. Given the early mature to mature thermal
stage of these rocks, the influence of thermal stress on Pr/Ph ratios can
be ruled out. The ratio of Pr to Ph in the samples ranges from 0.77 to
1.76, with an average of 1.24, indicating that dysoxic conditions were
present during the deposition of the Dishuiquan Formation. Peters et al.
(2005) defined different fields in the plot of Pr/n-Cy7 vs. Ph/n-Cys: Type
IIL, Type Il and mixed (Type II/Ill) domains. The C-2 samples fall into the

Table 4
The hopanoid parameters calculated from m/z 191 mass chromatograms of samples from Dishuiquan Formation.
Sample no. C3103-22S/(S + R) C32a3-22S/(S + R) Gammacerane index?® Ts/Tm Cy9/C3g C35/C34
cc-2 0.58 0.60 0.60 1.09 0.53 0.44
CcC-3 0.57 0.60 0.57 0.92 0.60 043
Ccc-4 0.58 0.58 0.31 0.67 0.53 0.46
cc-5 0.58 0.58 0.42 1.05 0.61 0.42
cc-9 0.54 0.60 0.89 0.89 0.55 0.52
CC-10 0.58 0.59 0.46 0.89 0.51 0.53
cc-11 0.57 0.60 0.51 1.06 0.52 0.45
CC-12 0.58 0.59 043 0.84 0.52 0.46
CC-13 0.57 0.59 0.40 0.93 0.54 0.42
CC-14 0.57 0.58 0.48 0.82 0.50 0.51
CC-15 0.58 0.60 0.32 0.87 0.66 0.42
CC-16 0.58 0.59 0.53 0.98 0.53 0.40
Ccc-17 0.55 0.58 0.78 1.12 0.48 0.51
CC-18 0.57 0.59 0.64 0.93 0.50 0.44
Ccc-19 0.57 0.59 0.60 0.76 0.56 0.46
CC-20 0.56 0.58 0.62 0.66 0.51 0.53
cc-21 0.57 0.60 0.54 0.82 0.60 0.43
Ccc-22 0.57 0.59 0.54 0.84 0.56 0.44
CC-23 0.57 0.59 0.50 0.68 0.53 0.45
CC-24 0.56 0.59 0.56 0.77 0.57 0.47
CC-25 0.58 0.58 0.44 0.62 0.59 0.44
CC-26 0.56 0.58 0.87 0.94 0.45 0.59
cc-27 0.57 0.60 0.82 0.99 0.52 0.48
Ccc-28 0.58 0.58 0.67 0.71 0.53 0.50
CC-29 0.57 0.61 0.74 0.92 0.54 0.44
CC-30 0.57 0.59 0.68 0.81 0.56 0.45
CC-31 0.56 0.59 0.33 0.96 0.47 0.57
CC-32 0.57 0.60 0.77 0.97 0.55 0.47
CC-33 0.56 0.59 0.79 0.95 0.47 0.55
CC-34 0.55 0.58 0.88 1.07 0.45 0.52
CC-35 0.56 0.60 0.94 1.13 0.45 0.56
CC-36 0.56 0.59 0.84 1.00 0.48 0.51
CC-37 0.56 0.59 0.77 0.85 0.57 0.51
CC-38 0.55 0.59 1.00 1.51 0.45 0.54
CC-40 0.57 0.60 0.89 1.25 0.50 0.52
CcC-41 0.57 0.61 0.92 1.50 0.47 0.51
CcC-42 0.58 0.61 1.01 1.98 0.49 0.54
CC-43 0.58 0.61 0.98 1.66 0.51 0.46
CC-44 0.55 0.57 1.05 191 0.40 0.64
CC-45 0.57 0.58 0.85 1.69 0.45 0.46
CC-46 0.55 0.59 1.00 1.71 0.38 0.57
CC-48 0.56 0.59 1.04 1.74 0.41 0.66
CC-49 0.58 0.59 0.56 1.04 0.58 0.35

2 Gammacerane index = 2 x gammacerane/(S + R)-Cszo hopanes.
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Fig. 8. Distribution diagrams of C,7, Cg, and Cy9 50t,14c,17at(H)20R sterane of
the Dishuiquan samples and Qiakuerter Outcrop (Qku) of Nanmingshui Formation
(Qin et al., 2008), according to Peter (1986).

mixed (Type II/Ill) domain (Fig. 5), which can be explained by the pres-
ence of both algae and higher plants.

[p-Carotane is the most prominent compound of the carotenoid
carbon skeleton preserved in lacustrine and highly restricted marine
depositional settings (Peters et al., 2005). This aromatic carotenoid
was first identified in the Green River Shale (Murphy et al., 1967). B-
Carotane was later found in numerous sedimentary rocks and crude
oils (Bechtel et al., 2012; Brocks and Schaeffer, 2008; Casilli et al.,
2014; Jiang and Fowler, 1986; Sousa Janior et al., 2013). The compound
is also reported in the upper Permian oil shale from Southern Junggar
(Carroll, 1998). The ratio of 3-carotane and the sum of n-alkanes (-
carotane/2Cy5_3s) is in the range of n.d.-4.48%, and the values decrease
upward. The abundance of 3-carotane indicates highly reducing condi-
tions involving salinity stratification during the early Carboniferous. The
high concentrations of the molecule in the mudstone from the C-2 well
were generated by a stratified water column that was characterized by
low Pr/Ph ratios (Fig. 6, Table 3). The effect of salinity stratification on
the preservation of carotenoids is clearly demonstrated by the negative
correlation between the value of 3-carotane/>.C;,_35 and the Pr/Ph ratio
(Fig. 6). This relationship indicates that terrestrial fresh water was
continuously added to the restricted water column.

The values of C35/C34 22S homohopanes and norhopane/hopane
(Cy9/C30) can be used to define source facies (Peters et al., 2005). The

Table 5
The sterane parameters calculated from m/z 217 mass chromatograms of samples from Dishuiquan Formation.
Sample no. C290t0ie-20S/20(S + R) C29a3R/(apP + aaxer) C27a0toi20R C28aatoi20R C29aatoi20R
CC-2 0.42 0.39 27.13 23.83 49.04
CC-3 0.41 0.37 22.98 25.53 51.49
CC-4 0.43 0.37 24.43 19.89 55.68
CC-5 0.43 0.39 29.78 22.13 48.09
CC-9 0.44 0.49 1734 28.64 54.02
CC-10 0.42 0.38 28.12 18.60 53.29
CC-11 0.43 0.40 29.08 18.54 52.39
CC-12 0.43 0.40 26.02 18.32 55.66
CC-13 0.43 0.39 27.78 19.05 53.17
CC-14 0.42 0.39 24.36 19.50 56.14
CC-15 0.44 0.41 28.98 19.34 51.68
CC-16 0.43 0.40 26.31 22.78 50.91
CC-17 0.43 0.42 20.16 26.75 53.09
CC-18 0.42 0.41 24.92 23.22 51.86
CC-19 0.44 0.41 24.69 24.00 51.31
CC-20 0.41 0.41 21.42 23.48 55.10
CC-21 0.43 0.41 25.95 23.69 50.37
CC-22 0.43 0.39 26.95 23.32 49.73
CC-23 0.41 0.38 25.63 2239 51.98
CC-24 0.43 0.41 25.67 24.05 50.28
CC-25 0.43 0.38 28.21 22.44 4935
CC-26 0.41 0.44 21.28 26.58 52.14
CC-27 0.43 0.42 26.37 25.76 47.88
CC-28 0.42 0.41 24.90 23.73 51.37
CC-29 0.42 0.43 26.49 25.19 48.32
CC-30 0.42 0.42 26.96 2434 48.69
CC-31 0.41 0.42 24.37 25.50 50.13
CC-32 0.42 0.43 25.76 25.61 48.63
CC-33 0.42 0.42 23.44 25.73 50.83
CC-34 0.42 0.41 21.89 27.31 50.81
CC-35 0.41 0.43 23.59 26.10 50.31
CC-36 0.41 0.43 23.06 25.98 50.96
CC-37 0.44 0.42 29.92 24.04 46.04
CC-38 0.42 0.44 23.99 27.06 48.96
CC-40 0.42 0.45 2531 26.49 48.20
CC-41 0.42 0.44 24.82 26.76 48.42
CC-42 0.44 0.45 26.92 27.10 45.98
CC-43 043 0.44 26.22 26.57 47.21
CC-44 0.39 0.39 20.73 25.07 54.20
CC-45 0.43 0.43 28.07 25.36 46.57
CC-46 0.39 0.42 20.59 24.97 54.44
CC-48 0.42 0.45 23.62 2734 49.04
CC-49 0.43 0.44 25.06 23.92 51.01
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Fig. 9. Profile for parameters from hopanoids and steranes of samples from the Dishuiquan Formation.

C-2 samples exhibit averages of 0.49 and 0.52 for C35/C34 and Cp9/C3o,
respectively. The low values for C35/C34 and Cy9/C3q indicate major
terrestrial organic matter contributions in the mudstones during the
early Carboniferous. The upward-decreasing values represent the in-
creasing input of terrestrial organic matter (Fig. 8), which agrees with
the tendency from Alke,, values from the n-alkanes.

Gammacerane was detected in all the samples from the C-2 well in
Eastern Junggar. The origin of gammacerane is uncertain, but it
may form via the reduction of tetrahymanol associated with the pres-
ence of planktonic bacteriovorus ciliates (Grice et al., 1998). High
tetrahymanol abundance occurs in sediments from the eutrophic Lake
Lugano (Bechtel and Schubert, 2009). The gammacerane index calculat-
ed from the ratio of 2 x gammacerane/(S + R)-C3o hopanes is in the
range of 0.62 to 1.89 (Table 4), and the values decrease upward. The
compound 18 ae(H)-22,29,30-trisnorneohopane (Ts) is generally con-
sidered to be more thermally stable than 17 «(H)-22,29,30-
trisnorhopane (Tm). However, the ratio of Ts to Tm is more related to

C-2 well

the salinity and redox conditions in the immature-early maturity ther-
mal stages, and high Ts/Tm values reflect a highly saline reducing envi-
ronment (Peters and Moldowan, 1993). The Ts/Tm values range from
0.62 to 1.98, a range similar to the gammacerane index (R?> = 0.58)
(Fig. 8). These values indicate that the salinity and redox conditions
were an important factor in the distribution of Ts and Tm.

The 5a,14,17x (H) steranes, dominated by the 5a,14a,170(H)
isomers, are present in the C,7-Cyg range (Fig. 7b), consistent with the
low maturity-early maturity of the samples. Algae are the predominant
primary producers of C,7 sterols, whereas C,g steranes are commonly
associated with higher plants (Volkman, 1986). However, microalgae
or cyanobacteria can also be important sources of Cyg sterols
(Volkman, 1986; Volkman et al., 1992). The Cy,7, Cag, and Cyg distribu-
tions imply that there are greater contributions from terrestrial higher
plants than marine algae in the Dishuiquan Formation mudstone
(Fig. 8). The upward increase in the Cyg steranes indicates that the in-
creasing contribution occurred during the later stages of the early
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Fig. 10. Paleogeographic sections (a) and paleoenvironment (b) during Early Carboniferous.
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Carboniferous, which is consistent with the previously discussed data.
The abundance of C,g steranes in samples CC-44, — 46, and — 49 is likely
due to terrigenous plant debris transported by river currents (Fig. 9).

Carbon isotopic ratios are useful for distinguishing between marine
and continental plant sources of sedimentary organic matter and
for identifying organic matter from different types of land plants
(Meyers, 1997). The 5'3C values for kerogen from all the selected sam-
ples show a light carbon isotopic composition within the C3 plant
range (Lichtfouse et al., 1994; Meyers and Ishiwatari, 1993; Meyers
and Lallier-Vergés, 1999; O'Leary, 1988). However, the stable carbon
isotope values of kerogen and chloroform extract are higher than the
5'3C values produced by typical terrestrial plants deposited in modern
lakes or marginal seas. Whereas no evidences show that C4 plants oc-
curred on Earth before Oligocene (Nelson et al., 2014), this pattern sug-
gests that the former terrestrial plants, which colonized dry areas such
as alluvial plains and evaporitic sabkhas, had not evolved into the true
terrestrial plants using a modern C3 photosynthetic pathway. The distri-
bution of carbon isotopic compositions also agrees with the Alkterr esti-
mates calculated using n-alkanes, which are produced by certain types
of terrestrial plants that originated from the paleomarine environment
in the early Paleozoic.

This study used the maceral composition, molecular geochemistry
and carbon isotopic composition of kerogen to interpret the paleo-
environment during the lower Carboniferous succession in Eastern
Junggar. The mudstone samples from the C-2 well are characterized
by a mixed organic matter (Type II/Ill kerogen) assemblage with a rela-
tively high percentage of terrigenous organic matter and a low to inter-
mediate percentage of algal and planktonic organic matter. The low to
intermediate values of Pr/Ph and the high abundances of 3-carotane
and gammacerane indicate a dysoxic to reducing, high-salinity water
column during the deposition of the Dishuiquan Formation. Moreover,
the relative content of Cyg steranes in the Qiakuerter Outcrop (Qku)
(Qin et al., 2008) of the Nanmingshui Formation (equivalent to the
Dishuiquan Formation) is lower than in the samples from the C-2
well, which implies that the C-2 well is located in a more proximal po-
sition (Fig. 10). In general, such an organic matter assemblage and hy-
drologic condition are considered to indicate a restricted, semi-closed
shallow marine depositional environment into which terrigenous
organic matter was transported via rivers from the nearby island arc
(Fig. 10).

The increase in terrigenous organic matter with decreasing salinity
and oxidation in the sedimentary environment is noteworthy. These
trends in the proportion of terrigenous organic matter and the salinity
and oxidation conditions of the water column may have been affected
by two factors: a continuous regression of the restricted, semi-closed
marine depositional environment or a warm, wet climate that generat-
ed a continuous fluvial input of terrigenous plant debris and fresh water.
In summary, a dysoxic, reducing shallow marine environment may have
been present during the studied interval in Eastern Junggar. The Paleo-
Junggar Ocean had not closed completely in the early Carboniferous;
however, the ocean had already experienced a regression, which
continued until the ocean's closure.

6. Conclusions

A detailed organofacies and organic geochemical study of 49
Dishuiquan Formation mudstone samples from the C-2 well, Eastern
Junggar, was performed. This study describes the paleoenvironment
and paleoclimate of the region in the early Carboniferous and the source
potential of these mudstones. The following conclusions have been found.

1. The TOC and Rock-Eval results suggest a fair to good organic richness
in the Dishuiquan mudstone samples in the C-2 well. The samples are
characterized by Type II-III kerogen in the HI vs. Tp,ax diagram,
and substantial amounts of amorphous humic organic matter were
detected.

2. The values of 225/(22S + 22R) of hopanoids, 20S/(20S + 20R) and
app/(app + aoer) of Cyg steranes indicate an early mature to
mature state for all the samples from the Dishuiquan Formation.
However, the Dishuiquan Formation was buried to a greater depth
in the Eastern Junggar Basin, and that portion may act as a petroleum
source rock for the overlying strata.

3. The maceral composition, molecular geochemistry and carbon isoto-
pic composition of kerogen reveal that all the mudstone samples
are characterized by a mixed organic matter assemblage with a rela-
tively higher percentage of terrigenous organic matter and low to
intermediate percentages of algal and planktonic organic matter.
The low to intermediate values of Pr/Ph and the high abundances
of B-carotane and gammacerane indicate that a reducing, high-
salinity water column was present during the deposition of the
Dishuiquan Formation.

4. Numerous parameters derived from organic geochemical analyses
demonstrate that the terrigenous organic matter percentage in-
creases with decreasing salinity and oxidation in the sedimentary en-
vironment. This study concludes that a warm, wet climate provided a
continuous fluvial input of terrigenous plant debris and fresh water
to a restricted, semi-closed marine depositional environment during
the early Carboniferous.
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