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Abstract: The Zhangjiatan shale of the Southeastern Or-
dos Basin, which deposits in deep lake facies, has strong
lithologic heterogeneity; it represents as shale, sandy lami-
nae shale and thin sandstone. Shale with mm- to cm-scale
sandy laminae is defined as Sandy Laminae Shale (SLS).
However, the relationship between lithologic heterogene-
ity and hydrocarbon accumulation has never been stud-
ied. This study shows that lithologic heterogeneity, espe-
cially the occurrence of SLS will influence the accumula-
tion of hydrocarbons within the shale system. SLS com-
monly has a larger pore size, higher porosity and better
connectivity than thick and homogeneous shale. SLS com-
monly contains fewer residual hydrocarbons than homo-
geneous thick shale, indicating comparative ease in hydro-
carbon expulsion. SLS commonly generatesmore bedding
fractures. More fractures can be incurredwhen fracture ex-
tending into SLS. The occurrence of SLS can provide more
storage spaces for fluids andgases, includingoil,water, ad-
sorbed gas, dissolved gas and free gas. SLS has been the pi-
lot exploration and development target for shale hydrocar-
bon in the southeastern Ordos Basin. Homogeneous and
thick shales, which have a large content of residual hydro-
carbons, would be the targets for future exploration.
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1 Introduction
Deep lake facies don’t always comprise of pure mudstone
or shale within the quiet water environment, they may de-
velop sandy laminae or thin sandstone which indicates
a more complex geological process [1, 2]. Sandy Laminae
Shale (SLS) (shale with mm- to cm-scale sandy lamina)
has been identified in deep-lacustrine mudstone deposi-
tional facies in many hydrocarbon prosperous basins in
China (e.g., Ordos Basin, QaidamBasin, Junggar Basin and
Bohai Bay Basin) [3]. However, sandy lamina shale has
been largely ignored because it is regarded as a secondar
reservoirs compared with pure sandstone, which has a rel-
atively higher porosity and permeability.

Under the background of the boost of the shale hy-
drocarbon industry, homogeneous and thick shale have
been the sweet spots for shale gas exploration and de-
velopment [4]. Meanwhile, shale with lamina aroused re-
searchers’ attention [3, 5]. Although sedimentary laminae
have beenwidely used for paleogeographic reconstruction
and interpreting the physical, chemical and biological pro-
cesses during sediment deposition, only a few previous
studies focused on sandy lamina shale [6–8].

Sandy lamina shale has higher porosity and perme-
ability than pure shale above and below, and sandy lam-
inae provide a significant reservoir and also act as an im-
portant hydrocarbon migration route [9, 10]. The develop-
ment of sandy laminae increases the rock brittleness and
thus favors the development of fractures [11]. The fractur-
ing capacity correlates positively with the abundance of
sandy laminae in mudstone or shale facies [12, 13]. In the
SoutheasternOrdos Basin, there is a linear relationship be-
tween the layers of sandy laminae and the total thickness
of sandy laminae within the Ordos Basin, and the develop-
ment of sandy laminae helps to improve the physical prop-
erties of shale reservoirs [5, 8]. It has been reported that
in areas where there is an abundance of sandy laminae, it
correlates positively with shale-gas productivity [14]. pre-
vious researches peculated that sandy laminae developed
in Southeastern Ordos Basin belongs to sandy clastic flow
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deposits [15]. However, the influence of sandy laminae on
shale hydrocarbon accumulation has not been studied in
literature.

2 Geological setting
The Ordos Basin, located in the western part of China,
has an area of 37×104 km2 and is the second largest sed-
imentary basin in China. The basin is bounded by the Li-
upanshan Basin on the west, the Qilian-Qinling zone on
the southwest, the Luliang Uplift on the east, the Hetao
Graben on the north, the Fenwei Graben on the south,
and the Alashan Platform on the northwest. The Ordos
Basin develops 5-18 km of sedimentary rocks overlying
the Archaean basement [12, 16] (Figure 1). The intense tec-
tonic movements during its geological history incurred
many faults and foldings in the basin margins, while in-
ternally this basin is structurally stable (the sedimentary
strata is just gently dipping). From Triassic to Cretaceous,
the Ordos Basin deposits a series of fluvial-lacustrine sys-
tems. The Triassic fluvial-lacustrine system includes Yan-
chang Formation, Fuxian Formation, Yanan Formation,
Zhiluo Formation and Anding Formation. The Cretaceous
fluvial-lacustrine system includes Luohe-Yijun Formation,
Huachi Formation, Huanhe Formation and Luohandong-
Jingchuan Formation. From late Cretaceous to Cenozoic,
theOrdosBasinundergoes a series uplifts anda large thick-
ness of sediments are eroded.

The Upper Triassic Yanchang Formation contains ten
lacustrine successions i.e. Chang 1 Member, Chang 2 Mem-
ber, Chang 3 Member, Chang 4 Member, Chang 5 Mem-
ber, Chang 6 Member, Chang 7 Member, Chang 8 Member,
Chang 9 Member, and Chang 10 Member in descending or-
der).

In the southeastern part of the basin, the Zhangjiatan
shale (it is the bottom part of Chang 7 Member of the Tri-
assic Yanchang Formation) consists of organic-rich dark-
grey and black shale [14] (Figure 2). Zhangjiatan shale is
characterized by a large thickness (larger than 20m and
the largest thickness is almost 60 m within the southeast-
ern part of the basin) and high total organic carbon con-
tent (3.5% in average). After going through multiple tec-
tonic events, they were buried in a shallow depth of 800-
1500 m and are rich in strawberry-shaped pyrites [14]. The
Zhangjiatan shale is interpreted to have been deposited
in a deep-lake environment and is laterally extensive and
continuous, however, Zhangjiatan shale in the Southeast-
ern Ordos Basin has strong lithologic heterogeneity, it

represents deep-lacustrine deposits with abundant sandy
laminae [14, 17].

Shale-gas exploration in the Triassic, Ordos Basin
went through a major breakthrough in 2009 and great
progress has been made since then. It has been gradually
recognized that the organic-rich shale also contains sandy
laminae of varying abundance [18].

3 Sampling and Analytical
Techniques

More than 130 samples are used for this study, andmost of
them are collected from five wells i.e. YCYV1112, YCYV1120,
YCYV1133, YCYV1113, YCCY1245. Multiple methods and
techniques including core observation, logging judging,
thin section observation, scanning electronmicroscope, X-
ray powder diffraction analysis, and geochemical analysis
(Rock-Eval) are used in this study.

Thin section observation was conducted using a Po-
larizing microscope (*_BK-POL); X-ray powder diffraction
was conducted using XRD-BTX (Innov-X System); Rock-
Evaluation was conducted using Rock-Eval-OG2000V. All
the methods and techniques mentioned above are com-
mon and usual procedures without special treatment in
this study.

4 Characteristics of lithologic
heterogeneity

As the lithologic heterogeneity is mainly caused by the de-
velopment of sandy laminae in the southeasternpart of the
Ordos Basin, this study is focused on the sandy laminae
of the Zhangjiatan shale deposited in the deep-lake envi-
ronment (Figure 3). They are mostly very thin (mm- to cm-
scale, rarely in m-scale) and are dispersed in the shale fa-
cies. In this study, the lithologic heterogeneity of Zhangji-
atan shale represents the combination of shale, SLS and a
few sandstone (most of them are decimeter scale).

4.1 Lithologic difference

The shale defined here is homogeneous pure shale, while
shale with sandy laminae is defined as SLS. The lithologic
characteristics of shale is as follows: (1) smoothbroken sur-
face (Figures 3A, B); (2) black color (Figures 3A, 3B, 3C);
(3) relatively thick; (4) containing abundant small fossils
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Figure 1:Map showing the tectonic units of the Ordos Basin and the location of the study area.
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Figure 2:Map showing the thickness of Zhangjiatan shale and lithology of Yanchang FM.

(Figure 3K); and (5) containing nano tomicron-meter scale
pores (Figure 3I). SLSmainly consists of shale and siltstone
(Figures 3D, 3E, 3F). It is commonly developed in the form
of thin laminae and thin strips as observed under core ob-
servation and electron microscope (Figures 3D, 3E, 3F, 3G,
3H). The lithologic characteristics of SLS is as follows: (1)
both shale and sandy laminae are extremely thin, most
of them are millimeter scale (Figures 3D, 3E, 3F, 3G, 3H);
(2) shale and sandy laminae interbedded each other like a
“sandwich” framework (Figures 3D, 3E, 3F, 3G); (3) sandy
laminae has light color; (4) the presence of more lamina-
tion fractures and large pores (e.g., large intergranular and
intragranular pores) and (Figures 3J, 3L).

4.2 Logging response

According to the logging curves including SP, GR, AC and
ILD in the study area, combinedwith core andmicroscopic
characteristics, the lithologic combination of Zhangjiatan
Shale can be divided into four sections, I, II, III, V and IV in

the YCCV1245well. As only a thickness of near 30m (Chang
7member) of theYCCV1245wellswere cored,we judged the
lithology from both cores and drilling cuts as well as the
logging parameters. For this well, the cores were covered
with sealing fluid and is very dirty, thus we had to split the
core to get a view of shale and SLS (Figure 4). The five sec-
tions of lithologic combination represent five kinds of log-
ging combination, respectively. SP and GR have a good re-
sponse to the lithologic changes in the study area. In sandy
layers, SPandGRshownegative anomalies. In shale layers,
SP andGR showpositive anomalies. In sandy layered shale
(most of them are SLS), SP and GR show “zigzag” charac-
teristics (Figure 4). The changing characteristics of AC and
ILD curves are more complex. As a whole, the AC value of
shale is higher, and the AC value of SLS is lower. For ex-
ample, B section is the combination of shale and SLS, and
this section shows lowAC values; C section, which has low
AC values, is mainly shale, this may be caused by its high
compaction during the geological time for this section is
very tight.
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Figure 3: Characteristics of sandy laminae observed from core and thin sections:
(A) core sample of shale (well YCYV1112, 1322.1 m); (B) core sample of shale (well YCYV1112, 1348.4m); (C) core sample of shale filled by
bitumen (well YCCY1245, 1525.7m); (D) core photo showing SLS (YCCV1245 well, 1554.4 m); (E) core photo showing SLS (YCCV1252 well,
1388.4 m); (F) core photo showing SLS (YCCV1245 well, 1561.6 m); (G) sandy laminae in a shale core section (well YCYV1112, the upper part
is near 1390.5 m and the lower part is near 1397.3 m); (H) a thin section showing sandy laminae(well YCYV1120, 1497.8 m, single polarized
light, 5×); (I) intragranular dissolution pores in shale (well YCYV1133, 1306 m, SEM image, 20000×); (J) a thin section showing fractures
developed in sandy laminae (well YCYV1113, 2513.3 m, single polarized light, 5×); (K) cast thin section, single polarization (10X) showing a
black shale with sporophyte (YCCV1245 well 1555.6 m); (L) a thin section showing intergranular dissolution pores in sandy laminae (well
YCCY1245, 1562.6m, single polarized light, 10×).
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Figure 4: Logging characteristics of sandy laminae within Zhangji-
atan Shale developed in the YCCV1245 well.

The ILD values of I section, II section and III section
are lower, and the ILD values of IV and V sections are
higher,whichmaybe related to the content of the liquidhy-
drocarbon. IV and V sections commonly have higher con-
tent of liquid hydrocarbon (the oil smell can be smelled
easily), and the content of liquid hydrocarbon in I, II and
III sections is low (no oil smell can be smelled).

4.3 Mineral compositions

Sandy laminae within the SLS are characterized by a wide
thickness ranges under microscope. X-ray powder diffrac-
tion analysis (XRD) indicates that the compositions of
shale, SLS and sandstone are greatly different from each
other. 12 SLS samples and 9 shale samples from the well
YCCY1252 are analyzed in this study. For shale, quartz ac-
counts for 22.5%-36.7% (28.6% in average), feldspar ac-
counts for 16.9%-35.5% (22.7% in average) and clay min-
erals account for 33.7%-51.2% (44.2% in average). For
SLS, quartz accounts for 24.2%-43.6% (31.5% in average),
feldspar accounts for 26.1%-55.3% (38.6% in average) and
clay minerals account for 19.6%-41.4% (26.8% in average).

In SLS, the matrix in between clastic grains can be di-
vided into two groups: cement and clay minerals which
can be syn-depositional or post-depositional. Due to in-
tense compaction, syn-depositional clayminerals are com-
monly enclosed by irregular-shaped clastic grains. Ce-
ments are commonly characterized by quartz overgrowths.
Samples of the sandy lamina shale in the study area con-
sist mostly of irregular-shaped clastic grains, indicating
syn-depositional origin. The SLS are locally fractured (Fig-
ures 3G, 3J).

5 Discussions

5.1 Impact of lithologic heterogeneity on
hydrocarbon conditions

(a) Liquid hydrocarbon distribution

Different combination and contact patterns of rock lithol-
ogy show different capabilities of hydrocarbon expul-
sion [19]. Some thick source rocks that are characterized
by good hydrocarbon generation geochemical indicators
(e.g., high TOC) show low efficiency in hydrocarbon expul-
sion [20]. Zhangjiatan Shale consists of high-quality shale,
which has generated a large amount of hydrocarbon dur-
ing its geological history [13]. Therefore, Rock-eval Pyroly-
sis Apparatus was used to analyze the content of free hy-
drocarbons in the rock (the content of liquid hydrocarbon
in one unit mass rock under 300∘C). The shale mainly oc-
curs between 1350-1470m in the YCYV1112 well. Core logs
show that it consists primarily of a thick shale unit above
1426 m and abundant SLS and thin sandstone (maximum
thickness <3 m) below 1426m (Figure 5) (the interval near
2570m is another thick unit with few samples available for
experiments due to samples missing). In general, free hy-
drocarbon content is higher in the thick shale unit than
in the SLS and thin sandstone (Figure 5). It also increases
with depth in the thick shale unit and then decreases get-
ting close to the SLS unit (Figure 5). The reason for the vari-
ation and change is probably that hydrocarbon generated
in the middle part of the thick shale unit is difficult to be
expelled and transported away. SLS is interpreted to have
made it more effective for hydrocarbon to be expelled and
transported.

Free hydrocarbon content is relatively stable in the sec-
tion below 1426 m. Free hydrocarbon contents measured
in the sandy laminate or thinly bedded sandstone and the
shale layers are approximately the same (Figure 5). Since
siltstone and sandstone are unable to generate hydrocar-
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Figure 5: Cross plot showing the variation of free hydrocarbon
content with burial depth change from 2480 - 2596 m in YCYV1112
well.

bons, they were probably migrated from overlying shale
and underlying shale, which indicates that it is easier for
hydrocarbons to migrate from SLS.

(b) Hydrocarbon passages

For Zhangjiatan shale, Both shale and SLS contain inter-
granular, intragranular and organic pores as observed un-
der a microscope [18]. However, the abundance of pores
and their connectivity are different. A higher percentage
of intergranular and intragranular pores develop in SLS
than in shale due to the higher content and larger grain
size of quartz and feldspar (Figure 6). Compared to pores
in shale, pore sizes are in average larger and connectivity is
higher in SLS and thin sandstone. Shale, in contrast, con-
sists of a higher content of organic matter and a higher
percentage of organic pores [17]. Organic pores are more
connected and laterally continuous in shale, but tend to
be more isolated and limited in SLS and sandstone (Fig-
ure 6). However, the abundance of organic pores in shale
varies significantly throughout the study area, which is
interpreted to be closely related to the thermal maturity
of the organic matter. Many studies have shown that or-
ganicmatters with low thermal maturity are characterized

by poor development of organic pores [21]. Other studies
have also indicated that the occurrence and abundance
of organic pores are affected by the type of organic mat-
ters. Terrestrial depositional systems (e.g., lacustrine) are
characterized by a strong heterogeneity and quick lateral
facies changes, which result in quick changes in organic
pore types and thus the occurrence and abundance of or-
ganic pores [22].

Rock specific surface area and bulk porosity can be
measured through N2 adsorption isotherm. The size distri-
bution of micropores (0.35-300 nm) can be acquired by a
combination of DFT (Density Functional Theory) and BJH
(Barrett-Joyner-Halenda) methods [23–25]. Experimental
results from the YCYV1112 well show that pore sizes pre-
dominantly range between 10-50 nm in SLS and 5-20 nm in
shale (Figure 7) [25]. The predominant micropore sizes are
obviously higher in SLS than in Homogenous Thick Shale
(HTS). The reason for that is probably that SLS consists of
a higher content of quartz and feldspar, which are charac-
terized by high brittleness, favoring pore preservation [26].
The dissolution of quartz, feldspar and carbonate miner-
als also favors the development of pores and increase in
porosity.

Using the nonsteady steady pulse decay method with
a carrier gas of helium, The porosity and permeability of
shale as well as SLS were tested. In the testing process,
45 shale samples and 51 SLS samples were used. The ex-
perimental results show that, the proportion of porosity
ranging from 0.0% to 4.0% is 55.6% of the total samples
for shale, the proportion of porosity ranging from 4.0% to
10.0% is 44.4% of the total samples for shale; the propor-
tion of porosity ranging from 0.0% to 4.0% is 41.2% of the
total samples for SLS, the proportion of porosity ranging
from 4.0% to 10.0% is 58.8% of the total samples for SLS
(Figure 8). This phenomenon indicates that, the porosity
of SLS is higher than that of shale. The permeability also
shows the same distribution trend as that of porosity, indi-
cating the higher permeability of SLS (Figure 8).

(c) Fracture development

Rocks of different lithology are characterized by differ-
ent mechanic properties. The occurrence of sandy lami-
nae in shale changed the mechanic properties locally and
affected the degree of the development of fractures. The
study area has been through multi-phase tectonic move-
ments including Yanshan and Himalaya Movements [27],
which have resulted in abundant extensional fractures.
Distinctive differences are identified between SLS and
shale in their fracture characteristics. Fractures developed
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Figure 6: SEM images showing pore development of shale & SLS
(A) organic pores developed within clay minerals, SLS (YCYV1133 well, 1340 m, 5000X); (B) intragranular pores filled with autogenic quartz,
SLS (YCYV1112 well, 1397.66 m, 9000X); (C) organic pores and intergranular pores developed within organic matter, SLS (YCYV1122 well,
1163 m, 20000X); (D) organic pores developed within clay minerals, shale (YCYV1112 well, 1414 m, 50000X); (E) intragranular pores devel-
oped within clay minerals, shale (YCYV1112 well, 1414 m, 40000X); (F) organic pores developed within organic matter, shale (YCYV1112 well,
1504.98 m, 40000X).

Figure 7: Scatter plot showing the distribution of SLS (left) and shale (right) in the YCYV1112 well.
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Figure 8: Histogram showing porosity and permeability of shale & SLS.

Figure 9: Outcrop images showing fractures in Zhangjiatan Shale (A, B fractures in plan-view, outcrops located 11 km southeast of the
Yanchang County; C fractures in cross section view, outcrops located 11 km southeast of the Yanchang County; D fractures in cross section
view, outcrop located 75 km east of the Fuxian County).

in SLS disperse or refract when they extend into homoge-
neous thick shale, increasing their fracture density. In con-
trast, fracture density decreases when they cut through
shale and extend into rocks of different lithology (Fig-
ure 9).

SLS developed under a stronger hydrodynamic depo-
sitional background than shale. The contact surface be-
tween sandy laminae and shale is mechanically weak
and susceptible to fracturing [28]. Consequently, the oc-
currence of sandy laminae leads to the development of
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interlayer fractures. Most fractures in sandy laminated
shale develop along laminations. Some of the fractures are
filled with bitumen and thus show fluorescence, indicat-
ing the occurrence of hydrocarbon primary migration in
the SLS. In addition, the fractures in SLS are character-
ized by longer lengths than in HTS and thus are more ef-
fective in enhancing reservoir permeability. Locally, frac-
tures form grid networks (Figures 9), which is interpreted
to have been caused by the strong heterogeneity resulted
from the development of sandy laminae. Fractures can be
routes for hydrocarbon migration and provide spaces for
hydrocarbon storage. The development of fractures as fa-
vored by the occurrence of sandy laminae have changed
the hydrocarbon migration route and special distribution
in a positive way.

5.2 Hydrocarbon hosting states

For the low maturity Zhangjiatan Shale, there are oil, gas
and water co-existing within the shale system, and the hy-
drocarbon gases occur in three states: adsorbed gas, free
gas and dissolved gas (in oil and water) (Figure 10). Ad-
sorbed gases are attached to the surface of organic mat-
ter, kerogen and clay minerals by van der Waals’ force.
Free gases occur and move freely in pores and fractures.
Dissolved gases exist in liquid oil and water. Zhangjiatan
shale, which contains predominantly Type II kerogen and
has an average TOC of 3.3% and clay mineral up to 44.2%,

Figure 10: Conception model showing oil, gas and water co-existing
within the shale system.

is characterized by strong adsorption capacity and capa-
bility. Isothermal adsorption experiments of four samples
containing SLS under formation pressure (5.2 MPa) indi-
cate an average adsorption capacity of 2.8m3/t (Figure 11).
Due to the layered adsorption of hydrocarbon gases in
organic-rich shale,micro-scale pores and fractures are eas-
ily filled with adsorbed gases. Adsorbed gases account for
a high percentage of the total volume of shale gas.

Figure 11: Plot showing the result of isothermal adsorption experi-
ments (four samples from the YCCY1245 Well, SLS).

SLS is characterized by very low adsorption capability
comparedwith shale, becauseof thehigh content of quartz
and feldspars and low content of organic matter and clay
mineral. Its higher porosity andnatural fractures, however
provide more storage space for hydrocarbons. Six shale
samples containing SLS from the YCCY1245 Well have an
average oil saturation of 39%, an average water saturation
of 34%andanaverage gas saturationof 27% (free gas). The
amount of dissolved gas can be calculated based on equa-
tions as follows:

Gd = Go + Gw (1)

Go =
C0

1000 × ρo
× Rog (2)

Gw = Cw
1000 × ρw

× Rwg (3)

Gd: content of dissolved gas, m3/t; Go: content of dis-
solved gas in oil, m3/t; Gw: content of dissolved gas in wa-
ter, m3/t; Rog: Solubility of gas in oil, m3/m3; Rwg: Solubil-
ity of gas inwater,m3/m3; ρo: oil density, g/cm3; ρw: water
density, g/cm3; C0: oil content of samples, mg/g; Cw: wa-
ter content of samples, mg/g.

The content of free gas within Zhangjiatan shale can
be calculated using a PVT equation (P represents pressure,
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V represents volume, and T represents temperature). The
equations are as follows:

Gf = Bg
ϕ × Sg
ρT

(4)

Sg = 1 − Sw − So (5)

Gf : content of free gas, m3/t; Φ: total porosity, %; Sg: gas
saturation, %; ρr: density of rock sample, t/m3; Bg: vol-
ume coefficient; Sw: water saturation, %; So: oil satura-
tion.

Using the equations above, the calculation result of
the six shale samples contaning SLS shows that dissolved
gas content ranges 0.28-1.25 m3/t (average 0.44 m3/t) and
free gas range contents ranges 0.42-1.36 m3/t (average 0.95
m3/t). This indicates that a higher amount of free and dis-
solved gas occurs in shale containing sandy laminae.

5.3 Implications for shale gas exploration

From the perspective of shale hydrocarbon exploration,
deep-lake thick shale would make the favorable prospect.
However, exploration results in the study area indicate
that exploration wells drilled in SLS show better perfor-
mance than wells targeting HTS. The fact that deep-lake
homogenous shale is not as productive as sandy laminated
shale could be explained from three aspects by looking at
the regional geological background in the study area. (1)
The Zhangjiatan Shale is characterized by extremely low
permeability and abnormally low formation pressure (for-
mation pressure to hydrostatic pressure ratio of 0.5-0.7)
[13, 18], which results in a slow return of the fracturing
fluid, a higher possibility of formation damage and the
closing of hydraulic fractures during and after fracturing.
(2) Comparatively low thermal maturity in the study area
(still in the oil window) [13, 18]. A large quantity of water
as well as gas exists in the shale reservoir, which make it
difficult to drain all the fracturingfluids and impede thehy-
drocarbon flow in the shale reservoir and thus production
performance (Figure 12). (3) The Formation temperature is
very low, with an averrage of 50-60∘C) [13, 16, 18]. Shale-
gas desorption is difficult and not effective under the reser-
voir’s temperature condition, resulting in low gas produc-
tivity. In addition, the hydrocarbon development in thick
shale formations also faces other challenges including low
wellbore stability due to high clay-mineral content and dif-
ficulty in controlling well tracks during drilling.

Consequently, themost promising hydrocarbon explo-
ration and development prospects in deep lacustrine envi-
ronments in Zhangjiatan Shale are those containing sandy

Figure 12: Hosting model of oil, gas and water within the shale pore
system.

laminated shale. Even though there are great hydrocarbon
potentials in HTS, effective development will require tech-
niques and breakthroughs in developing low permeability,
low temperature and pressure and low thermal maturity
reservoirs.

6 Conclusions
The Zhangjiatan shale of Southeastern Ordos Basin has
strong lithologic heterogeneity, it represents as shale, SLS
and thin sandstone. SLS commonly has a larger pore size,
higher porosity and better connectivity than thick and ho-
mogeneous shale.

SLS commonly contains fewer residual hydrocarbons
than homogeneous thick shale, indicating comparative
ease in hydrocarbon expulsion. SLS commonly generates
more bedding fractures. More fractures can be incurred
when fracture extending into SLS.

SLS in the southeastern part of the Ordos Basin is
the main exploration targets for shale hydrocarbons at
present. Thick deep-lacustrine shale, which contains huge
hydrocarbon potential, however would be a future target
due to limitations in development techniques.
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