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Abstract: Organic matter (OM) type critically controls the hydrocarbon generation potential and
organic pore development in black shales. However, maceral variation in lacustrine shales and
its control on hydrocarbon generation potential and organic pore development are not yet well
understood. In this study, 15 Chang 7 Member shale samples of the Yanchang Formation, Ordos
Basin, were investigated with organic petrography, Rock-Eval pyrolysis, and a scanning electron
microscope to study the maceral composition, hydrocarbon generation potential, and organic pores in
this black shale succession. The results show that the studied shales are in the oil window (Ro~0.70%).
OM belongs to Type I and Type III kerogen, as demonstrated by Rock-Eval pyrolysis. Macerals in the
Chang 7 Member shales are composed of amorphous OM, alginite, sporinite, liptodetrinite, vitrinite,
inertinite, and solid bitumen. Amorphous OM and alginite are major hydrocarbon-generating
macerals, and their content determines the hydrocarbon potential of shales. Secondary organic pores
were not observed in the studied Chang 7 Member shales due to either a low thermal maturity or
a dominance of terrigenous OM. Maceral variation can affect the reliability of using Rock-Eval Tmax
as a thermal maturity indicator. This study provides important insights into maceral control on
hydrocarbon generation and organic pore development in black shales, calling for a critical evaluation
of OM in black shale successions with organic petrography.

Keywords: maceral; hydrocarbon generation potential; organic pores; lacustrine shales; Yanchang
Formation; Chang 7 Member

1. Introduction

Organic matter (OM) quantity and quality determine the hydrocarbon generation
potential of organic-rich shales and are important parameters in both conventional and
unconventional oil and gas systems [1–3]. The OM in black shales is heterogeneous
and composed of different macerals when examined with a microscope [3–8]. These
different macerals have varying origins and different hydrocarbon generation potentials.
Documenting the OM type and its control on the hydrocarbon generation potential of black
shales will provide important insights into petroleum source rock evaluation, as well as
into shale oil and gas exploration and development.

Dispersed OM in black shales can be classified into five maceral groups based on
reflectance, origin, morphology, texture, fluorescence, and other optical properties, with
each group containing multiple macerals [2,4–8]. The liptinite group is derived from lipid
materials and has the highest hydrocarbon generation potential among the five maceral
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groups [9,10]. The vitrinite and inertinite groups are derived from terrigenous higher
plants [11]. Vitrinite generally has a low oil potential but can generate some light hydrocar-
bons. In comparison, inertinite has almost no hydrocarbon generation potential, because it
is burnt or oxidized before deposition [11]. Zooclasts, such as graptolites and chitinozoans,
have a lower hydrocarbon generation potential than vitrinite because their reflectance
values are generally higher than that of vitrinite. The reflectance of OM is a proxy for the
aromaticity of its molecular structure. Secondary OM is generated during hydrocarbon
generation of oil-prone liptinite macerals and can further generate hydrocarbons when
reaching higher thermal maturities [2,7,8].

The OM in lacustrine shales is generally Type I kerogen, such as the Green River For-
mation oil shale [12]. OM in lacustrine shales with high hydrocarbon generation potential
is dominated by alginite and/or amorphous organic matter ((AOM); also referred to as
amorphinite, bituminite, or amorphous kerogen) [13–15]. However, lacustrine shales can
be enriched in terrigenous OM during periods of high detrital input, which results in a low
hydrocarbon generation potential. Shale samples from the same drill core can have signifi-
cantly different hydrogen index (HI) values as determined by Rock-Eval pyrolysis [16].

The heterogeneity of OM composition may cause uncertainties in evaluating the
hydrocarbon generation potential of lacustrine shales. The purpose of this paper is to study
the hydrocarbon generation potential of lacustrine shales from a maceral perspective using
the Chang 7 Member of the Triassic Yanchang Formation, Ordos Basin, as an example. The
specific objectives are to (1) examine maceral compositions in the Chang 7 Member of the
Yanchang Formation and (2) analyze the control on maceral variations on the hydrocarbon
generation potential and organic pore development in lacustrine shales.

2. Geological Setting

The Ordos Basin, in the western North China Craton, is the second-largest onshore
hydrocarbon-bearing basin in China [17]. It is composed of six primary tectonic units,
including the Yimeng Uplift in the north, the Jinxi Fold Belt in the east, the Weibei Uplift
in the south, the Western Thrust Belt and the Tianhuan Depression in the west, and the
Yishan Slope in the center (Figure 1) [17–20]. During the Middle and Late Triassic, the
collision of the North China Block and Yangtze Block created a large, inland freshwater
lake basin [18,21].

The Middle to Upper Triassic Yanchang Formation was deposited from fluvial and
deltaic environments to lacustrine environments. The Yanchang Formation is more than
1000 m thick and can be subdivided into 10 members, i.e., Chang 10 to Chang 1 Member
from bottom to top based on lithology, fossil assemblages, and geophysical log charac-
teristics (Figure 2) [22–24]. The Yanchang Formation constitutes a complete second-order
transgressive–regressive cycle and consists of at least seven depositional sequences [25].
The Chang 7 Member was deposited in semi-deep to deep lake environments during
a period of maximum expansion of the Yanchang Lake [26,27]. The Chang 7 Member is the
major source rock for shale oil and tight oil in the Yanchang Formation and is characterized
by black shales. The OM in the black shales of the Chang 7 Member has high hydrocarbon
generation potential and is dominated by Type I and II kerogen. The Chang 7 Member is
a shale oil interval and the Chang 6 Member is a tight oil interval; oil in both members is
sourced from the Chang 7 Member black shales. The total tight oil and shale oil resources
in the Chang 7 and Chang 6 Members are approximately 30 × 108 t [28]. By the end of 2018,
the annual production of tight oil and shale oil from the Yanchang Formation was about
100 × 104 t [29].
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Figure 1. Map showing the tectonic units of the Ordos Basin and sampling locations. KQ = Kuquan 
section; DZ = Danzhou section. 
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section; DZ = Danzhou section.
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Figure 2. Generalized stratigraphy of the Triassic Yanchang Formation in the Ordos Basin. The
thickness of different members is not to scale.
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3. Samples and Analytical Methods
3.1. Samples

Fifteen shale samples from two outcrop sections (Figure 1) were collected to study
OM content, maceral composition, and hydrocarbon generation potential of black shales
belonging to the Chang 7 Member of the Triassic Yanchang Formation, Ordos Basin. The
Kuquan section (KQ section) is in Yijun County, Tongchuan, Shaanxi, and the Danzhou
section (DZ section) is in Yichuan County, Yan’an, Shaanxi. Samples were collected at the
bottom of the Chang 7 Member with a sampling distance of approximately 1 m. Freshly
exposed and hard samples without signs of weathering were collected in the field.

3.2. Analytical Methods
3.2.1. Total Organic Carbon Content

The total organic carbon (TOC) content of shale samples was analyzed with an EL-
EMENTRAC CS-i elemental analyzer. Shale samples were crushed into powders to pass
through a 200-mesh sieve. Shale powders were pretreated with 10 wt.% HCl to dissolve
carbonate minerals. Solid residues after acid treatment were analyzed with the LECO
elemental analyzer.

3.2.2. Organic Petrography

Shale samples were crushed into rock chips to pass through a 20-mesh sieve. The
chips were made into petrographic pellets with epoxy and hardener following standard
coal petrography procedures [30]. A Leica DM2500 P microscope equipped with a Leica
DFC 310 FX digital camera was used to investigate the organic petrographic characteristics
of different macerals such as occurrence, color, fluorescence, size, and texture. Vitrinite
reflectance (Ro) was measured with a Zeiss Photoscope III reflected-light microscope linked
to a TIDAS PMT IV photometric system. Maceral composition of the studied shale samples
was determined via point counting with more than 500 points.

3.2.3. Rock-Eval Pyrolysis

Rock-Eval pyrolysis of shale samples was conducted using a Rock-Eval 6 apparatus by
Vinci Technologies. Powdered samples weighing 60 mg were introduced into the pyrolysis
chamber in a N2 atmosphere. The oven temperature was first increased to 300 ◦C and kept
at 300 ◦C for 3 min. to vaporize volatile hydrocarbons in samples (S1). The temperature
was then increased from 300 ◦C to 650 ◦C at a heating rate of 25 ◦C/min. S2 represents
the yield of hydrocarbons generated through cracking of kerogen during pyrolysis. Tmax
corresponds to the temperature at the maximum hydrocarbon generation rate during
pyrolysis. The hydrogen index (HI) was calculated as S2/TOC × 100, which represents the
remaining hydrocarbon generation potential of kerogen.

3.2.4. Scanning Electron Microscopic Imaging

The pore characteristics of OM were investigated with a field-emission-scanning
electron microscope (SEM) FEI Quanta 400 FEG. Shale samples were first cut into small
blocks and then mechanically polished using successively finer-grit sandpapers. The
mechanically polished samples were argon ion milled with a Gatan 600 DuoMill at 4 kV
and a low incident angle (7.5◦) [31–34].

4. Results
4.1. Organic Matter Content and Maceral Composition

The TOC content of the studied Chang 7 Member shale samples ranges from 0.30 to
33.15 wt.% (average 9.63 wt.%; Table 1). The KQ section samples have a much higher TOC
content (average 21.86 wt.%) than the DZ section samples (average 1.48 wt.%). The average
Ro of samples from the KQ section (Ro 0.70%) and the DZ section (Ro 0.71%) are very close
(Table 1), suggesting oil-window maturity.
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Table 1. Total organic carbon (TOC) content, vitrinite reflectance (Ro), and maceral composition
(vol.%; on mineral-free basis) of the studied Chang 7 Member shale samples.

Sample Location TOC
(wt.%) Ro (%) AOM Alginite Sporinite Liptodetrinite Vitrinite Inertinite Solid

Bitumen

KQ-1
Kuquan
section,
Yijun

County,
Tongchuan,

Shaanxi

12.48 0.69 60.6 24.2 1.5 1.5 1.5 1.5 9.1

KQ-2 22.80 0.67 62.1 14.7 0.0 2.1 2.1 1.1 17.9

KQ-3 19.39 0.71 54.9 23.2 0.0 1.2 1.2 1.2 18.3

KQ-4 21.62 0.67 68.8 17.2 0.0 1.1 3.2 1.1 8.6

KQ-5 21.73 0.74 67.5 21.2 1.3 1.3 0.7 1.3 6.6

KQ-6 33.15 0.69 78.6 4.2 0.4 4.2 0.7 0.7 11.2

Average 21.86 0.70 65.4 17.5 0.5 1.9 1.6 1.1 12.0

DZ-1

Danzhou
section,
Yichuan
County,
Yan’an,
Shaanxi

0.31 0.72 0.0 0.0 11.1 22.2 44.4 22.2 0.0

DZ-2 0.30 0.72 0.0 0.0 25.0 25.0 37.5 12.5 0.0

DZ-3 0.30 0.71 0.0 0.0 10.5 26.3 52.6 10.5 0.0

DZ-4 0.55 0.70 10.5 0.0 10.5 26.3 42.1 10.5 0.0

DZ-5 0.72 0.71 0.0 0.0 7.1 21.4 50.0 21.4 0.0

DZ-6 1.76 0.68 0.0 0.0 5.9 23.5 47.1 23.5 0.0

DZ-7 3.70 0.70 0.0 0.0 3.7 7.4 77.8 11.1 0.0

DZ-8 2.14 0.71 0.0 0.0 6.7 20.0 66.7 6.7 0.0

DZ-9 3.54 0.71 0.0 0.0 4.0 8.0 80.0 8.0 0.0

Average 1.48 0.71 1.2 0.0 9.4 20.0 55.4 14.1 0.0

AOM = amorphous organic matter.

The OM in the studied Chang 7 Member shales consists of AOM, alginite, sporinite,
liptodetrinite, vitrinite, inertinite, and solid bitumen (Table 1; Figure 3). AOM and alginite
are the dominant macerals in samples from the KQ section, accounting for 65.4 vol.% and
17.5 vol.% of total OM, respectively. Vitrinite and inertinite content is low, with an average
terrigenous OM content of 2.7 vol.%. Solid bitumen content is 12.0 vol.% on average.
In comparison, OM in samples from the DZ section is dominated by vitrinite (average
55.4 vol.%) and inertinite (14.1 vol.%). AOM was only observed in one sample (DZ-4).
Alginite and solid bitumen were not observed in the DZ section. It is noteworthy that in
low-TOC samples from the DZ section, counting 500 points may be rather semiquantitative
as far as OM is concerned. However, even without counting the points, it is obvious that
vitrinite is the predominant maceral in this set of samples. The proportion of maceral in
samples from the DZ section therefore reliably reflects their OM composition.

AOM occurs as layered structureless OM parallel to bedding (Figure 4A). Mineral
particles are always mixed with AOM. Alginite occurs as distinct algal bodies and exhibits
yellowish fluorescence (Figure 4C,D). Botryococcus was observed in places (Figure 4C).
Vitrinite and inertinite are dispersed OM particles in the shale matrix (Figure 4E,F). Solid
bitumen, a secondary product during thermal maturation, occurs between mineral grains
(Figure 4G,H) and appears darker than vitrinite (Figure 4E).
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Figure 4. Photomicrographs of macerals in reflected white light and oil immersion (A,B,E–H) and 
in fluorescence mode (C,D) in the studied Chang 7 Member shale samples. (A,B) Amorphous or-
ganic matter (AOM). Note that AOM is mixed with fine mineral particles, especially pyrite. (A) 
Sample KQ-4. (B) Sample KQ-5. (C,D) Alginite. (C) A Botryococcus in the center. Abundant greenish 
yellow fluorescing algal bodies parallel to bedding. Sample KQ-2. (D) Intercalated greenish yellow 

Figure 4. Cont.
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Figure 4. Photomicrographs of macerals in reflected white light and oil immersion (A,B,E–H) and in
fluorescence mode (C,D) in the studied Chang 7 Member shale samples. (A,B) Amorphous organic
matter (AOM). Note that AOM is mixed with fine mineral particles, especially pyrite. (A) Sample
KQ-4. (B) Sample KQ-5. (C,D) Alginite. (C) A Botryococcus in the center. Abundant greenish
yellow fluorescing algal bodies parallel to bedding. Sample KQ-2. (D) Intercalated greenish yellow
fluorescing alginite and very weak brownish fluorescing AOM. Sample KQ-5. Panel D is the same
view as panel B in fluorescence mode. (E) Vitrinite and AOM. Sample KQ-6. (F) Inertinite. Sample
KQ-1. (G,H) Solid bitumen occurring between mineral grains. (G) Sample KQ-6. (H) Sample KQ-4.

4.2. Rock-Eval Pyrolysis

The HI values of samples from the KQ section range from 510 to 639 mg HC/g TOC,
with an average value of 571 mg HC/g TOC. In comparison, the HI values of samples from
the DZ section are much lower, ranging from 43 to 148 mg HC/g TOC, with an average
value of 82 mg HC/g TOC (Table 2). The modified van Krevelen diagram shows that the
OM in samples from the KQ section is Type I kerogen, whereas the OM in samples from
the DZ section is a mixture of Type III and IV kerogen (Figure 5).

Table 2. Total organic carbon (TOC) content and Rock-Eval pyrolysis results of the studied Chang
7 Member shale samples.

Sample TOC
(wt.%)

S1
(mg HC/g
Sample)

S2
(mg HC/g
Sample)

S3
(mg CO2/g

Sample)

Tmax
(◦C)

HI
(mg HC/g

TOC)

OI
(mg CO2/g

TOC)
Ro (%) Ro-1 Ro-2 Ro-3

KQ-1 12.48 3.22 66.15 0.19 436 530 2 0.69 0.69 0.67 0.83

KQ-2 22.80 4.87 130.53 0.16 441 573 1 0.67 0.78 0.75 0.93

KQ-3 19.39 6.44 123.99 0.18 438 639 1 0.71 0.72 0.70 0.87
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Table 2. Cont.

Sample TOC
(wt.%)

S1
(mg HC/g
Sample)

S2
(mg HC/g
Sample)

S3
(mg CO2/g

Sample)

Tmax
(◦C)

HI
(mg HC/g

TOC)

OI
(mg CO2/g

TOC)
Ro (%) Ro-1 Ro-2 Ro-3

KQ-4 21.62 3.4 110.25 0.61 433 510 3 0.67 0.63 0.63 0.78

KQ-5 21.73 7.09 131.43 0.38 436 605 2 0.74 0.69 0.67 0.83

KQ-6 33.15 8.55 188.54 0.72 435 569 2 0.69 0.67 0.66 0.82

Average 21.86 5.60 125.15 0.37 437 571 2 0.70 0.70 0.68 0.84

DZ-1 0.31 0.04 0.16 0.17 439 52 55 0.72 0.74 0.72 0.89

DZ-2 0.30 0.05 0.14 0.16 438 47 53 0.72 0.72 0.70 0.87

DZ-3 0.30 0.05 0.13 0.26 444 43 87 0.71 0.83 0.79 0.98

DZ-4 0.55 0.1 0.28 0.26 448 51 47 0.70 0.90 0.85 1.06

DZ-5 0.72 0.07 0.34 0.37 443 47 51 0.71 0.81 0.78 0.96

DZ-6 1.76 0.33 2.61 0.53 446 148 30 0.68 0.87 0.82 1.02

DZ-7 3.70 0.17 3.06 0.99 448 83 27 0.70 0.90 0.85 1.06

DZ-8 2.14 0.41 3.01 0.52 446 141 24 0.71 0.87 0.82 1.02

DZ-9 3.54 0.25 4.36 0.27 450 123 8 0.71 0.94 0.88 1.10

Average 1.48 0.16 1.57 0.39 445 82 42 0.71 0.84 0.80 1.00

S1 = free hydrocarbons in shales; S2 = generated hydrocarbons during pyrolysis; S3 = generated CO2;
Tmax = temperature of peak hydrocarbon generation; HI = hydrogen index; OI = oxygen index; HC = hydrocarbon.
HI = S2/TOC × 100; OI = S3/TOC × 100. Ro-1: Calculated vitrinite reflectance (Ro) from Tmax based on the
empirical equation Ro = 0.018 × Tmax − 7.16. Ro-2: Calculated vitrinite reflectance (Ro) from Tmax based on the
empirical equation Ro = 0.0151 × Tmax − 5.9127. Ro-3: Calculated vitrinite reflectance (Ro) from Tmax based on
the empirical equation Ro = 0.01867 × Tmax − 7.306.
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The Tmax values of samples from the two sections are very close. The average Tmax
values of the KQ section and DZ section are 437 ◦C and 445 ◦C, respectively, which translate
to Ro values of 0.70% and 0.84%, 0.68% and 0.80%, and 0.84% and 1.00%, respectively,
based on the empirical equations of Jarvie et al. [35], Mastalerz et al. [36] and Laughrey [37]
(Table 2). The average calculated Ro values (0.70% and 0.68%) of samples from the KQ
section based on the empirical equations of Jarvie et al. [35] and Mastalerz et al. [36] are
very close to the measured Ro (0.70%). However, all the calculated Ro values of samples
from the DZ section are higher than the measured Ro (Table 2).

4.3. Organic Matter-Hosted Pores

OM-hosted pores were only observed in terrigenous OM, probably representing
cellular pores in inertinite (Figure 6A,B). Pores in inertinite are mostly round (Figure 6).
Other macerals such as AOM do not show pores in the studied Chang 7 Member shales
(Figure 6C,D and Figure 7).
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5. Discussion
5.1. Sedimentological Control on OM Content and Maceral Variation

OM accumulation in black shales is controlled by a combined effect of the terrige-
nous clastic supply, bottom-water redox conditions, and the paleo-productivity of the
ocean surface, which applies to both marine and lacustrine shales [38–41]. OM-rich inter-
vals generally occur near the maximum flooding surface within a sequence stratigraphic
framework [38–41]. The Chang 7 Member black shales of the Yanchang Formation were
deposited during maximum lake expansion [24,42,43]. Decreased clastic supply caused
by lake transgression and oxygen deficiency of bottom waters resulted in the deposition
of Chang 7 Member organic, rich black shales [24,42,44]. During deposition of the Chang
7 Member, the KQ section was located in a semi-deep to deep lake environment, whereas
the DZ section was located in a prodelta to shallow lake environment [42,43]. The OM
content of muddy sediments was diluted by terrigenous clastics in the DZ section, and
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there is a significant input of terrigenous OM, as evidenced by high vitrinite and inertinite
content in the DZ section (Table 1). In comparison, the OM content in the KQ section is
high (average TOC >20 wt.%) due to significantly reduced input of detrital components;
lacustrine OM, such as alginite and AOM, dominates the OM composition.

5.2. Maceral Control on Hydrocarbon Generation

Previous studies have identified AOM, alginite, sporinite, cutinite, liptodetrinite,
vitrinite, inertinite, and solid bitumen (depending on thermal maturity) in the Chang
7 Member shales of the Yanchang Formation, Ordos Basin [16,45–47]. Alginite and AOM
are major hydrocarbon-generating macerals in black shales [7,8,48,49]. The OM in samples
from the KQ section is dominated by alginite and AOM (Table 1), which explains its high
hydrocarbon generation potential (Figure 8A). AOM is derived from degraded phyto-
planktons (mainly algae) and bacteria [15,50,51] and generally has a lower hydrocarbon
potential than alginite, as demonstrated by micro-FTIR studies [15,48]. Alginite is generally
characterized by abundant long, unbranched alkyl chains and little aromatic functional
groups [15,48]. Some AOMs in the Chang 7 Member shales show very weak brownish
fluorescence (Figure 4D), suggesting an algal origin and a degraded product. AOM in the
Devonian New Albany Shale of the Illinois Basin also shows no or weak fluorescence [48].
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Terrigenous OM derived from land plants, especially vitrinite and inertinite, has low
hydrocarbon generation potential and high O content in its macromolecular structure [52].
Inertinite is always oxidized or burned before burial [11]. Samples from the DZ section con-
tain abundant terrigenous OM and are indeed characterized by high OI values (Figure 8B).
Samples from the DZ section have a higher thermal maturity, but solid bitumen was not
observed in the DZ section, also suggesting very limited hydrocarbon generation in the
DZ section.

Rock-Eval Tmax has been used as an indicator of thermal maturity [35–37,53,54].
However, the reliability of Tmax can be influenced by many factors such as OM types,
rock matrix, and experimental issues [53]. In this study, samples from both sections have
a similar thermal maturity (Ro ~ 0.70%). The calculated Ro values (0.70% and 0.68%) of sam-
ples from the KQ section using the equations from Jarvie et al. [35] and Mastalerz et al. [36]
are very close to the measured Ro (0.70%), but the calculated Ro values of samples from
the DZ section (0.84% and 0.80%) are higher than the measured Ro (0.71%; Table 2). The
reason could be that OM in the KQ section is mainly Type I kerogen, whereas the OM in
the DZ section is Type III kerogen (Figure 5). Vitrinite pyrolysis has a higher activation
energy and requires a higher temperature to generate hydrocarbons than liptinite [55,56],
which results in a higher Tmax of vitrinite-dominated OM than liptinite-dominated OM.
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Therefore, when calculating vitrinite-reflectance-equivalent values, the equations from
Jarvie et al. [35] and Mastalerz et al. [36] are best used for shales with Type I/II kerogen.
Using these two equations in shales with Type III kerogen may overestimate the thermal
maturity. Interestingly, Ro values calculated using the equation from Laughrey [37] are
always higher than measured Ro values, even though this equation was developed based
on 245 Woodford and Barnett shale samples. The reason is not clear, because the commonly
used equation from Jarvie et al. [35] was based exclusively on Barnett shale samples.

5.3. Maceral Control on Organic Pore Development

Organic pores are important contributors to the pore network in black shales [8,31,57–62].
The development of organic pores in black shales is controlled by thermal maturity, maceral
type, and mineralogy [7,8,59,63–68]. Organic pores were not observed in the KQ section due
to low thermal maturity (Ro 0.70%). Teng et al. [19] reported that the lowest maturity when
organic pores develop in the Chang 7 Member shales is Ro 0.77%, although they admit that
organic pores could have developed between Ro 0.55% and 0.77%. Ko et al. [62] reported an
abundance of organic pores in the Chang 7 Member shales with higher thermal maturities
(BRo 0.79–0.95%; Ro should be higher than BRo in the oil window). Their samples are
within the peak oil window and OM generates large amounts of bitumen, hydrocarbons,
and organic pores as a result. In the studied oil-window-maturity shales (Ro ~ 0.70%),
secondary organic pores could have developed in solid bitumen in the KQ section, but they
were not observed, probably because of their scarcity.

No secondary organic pores were observed in the DZ section because of maceral type.
The OM in samples from the DZ section is dominated by vitrinite and inertinite (Table 1),
and both macerals have been reported not to develop secondary organic pores during
thermal maturation [8,63]. Pores in inertinite make a limited contribution to total porosity
because they are commonly filled with diagenetic minerals such as quartz and pyrite [8,63].

Pores here refer to those that are larger than 5 nm and can be detected under SEM.
Previous studies have demonstrated that the OM in black shales possesses abundant
micropores (<2 nm) and small mesopores (2–5 nm) characterized by low-pressure N2 and
CO2 adsorption, even if no pores were observed under SEM [8,69].

6. Conclusions

Detailed organic petrographic and SEM analysis and Rock-Eval pyrolysis of OM in
the Chang 7 Member shales of the Yanchang Formation, Ordos Basin, revealed maceral
compositions and their control on hydrocarbon generation potential and organic pore
development. The Chang 7 Member shales are OM rich, with an average TOC content of
9.63 wt.%. The HI can be as high as 639 mg HC/g TOC. The OM in the Chang 7 Member
shales belongs to Type I and Type III kerogen. Macerals in the Chang 7 Member shales in-
clude AOM, alginite, sporinite, liptodetrinite, vitrinite, inertinite, and solid bitumen. AOM
and alginite are major hydrocarbon-generating macerals, and their content determines the
hydrocarbon generation potential of shales. Secondary organic pores did not develop due
to either a low thermal maturity or a dominance of terrigenous OM.
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