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Abstract: The Daniudi gas field in the Ordos Basin is a
significant area for developing tight sandstone gas reser-
voirs in China. This study focuses on the Permian Shanxi
and Lower Shihezi formations in the Da 17 well area, ana-
lyzing sedimentary model through petrological characteris-
tics, physical properties, pore characteristics, and lithofacies
characteristics. Findings reveal that the Shanxi Formation
belongs to the deltaic plain sedimentary environment,
which is divided into distributary channel and inter-
channel, and identifies the microfacies of the main distri-
butary channel and the sub-distributary channel. The
Lower Shihezi Formation exhibits braided channel sedi-
ments, dividing them into channel bar sediments and
flood plain sediments, and identifying isolated channel
microfacies and superimposed channel microfacies. Analysis
shows that sedimentation has an impact on reservoir proper-
ties through particle size, lithological characteristics, and sedi-
mentary microfacies. The main distributary channel and
superimposed sandbars are favorable microfacies for the for-
mation of gas reservoirs. The porosity of the main diversion
channel ranges from 8 to 13%, and the permeability ranges
from 0.3 to 0.6 x 10~ m? The porosity of the superimposed
sandbar ranges from 8 to 15%, with a permeability of 0.3-2.2 x
1073 m? This study provides a theoretical foundation advan-
cing tight sandstone gas development in the Daniudi gas field.
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1 Introduction

By the end of 2022, cumulative proven geological oil reserves
in China reached 10.52 billion tones, while natural gas
reserves totaled 6.86 trillion cubic meters [1]. Tight sand-
stone gas is one of the important types of unconventional
oil and gas resources. Numerous successful examples of
commercial tight gas exploration highly have relied on the
discovery of high-quality sandstone reservoirs [1,2]. Sedi-
mentary facies, sequence and architecture of sandstone,
and diagenetic alterations significantly control reservoir
quality. Among these, sedimentary facies are closely linked
to sediment characteristics, including mineral composition,
grain size, and initial water properties [3-10]. Thus, analyzing
the sedimentary model and evolution of tight sandstone, and
discussing the influence of sedimentary conditions and
lithology on reservoirs is essential for a deeper under-
standing of the formation and storage potential of tight
sandstone reservoirs [11-18].

The Ordos Basin, located in the North China Plate
(Figure 1a), is a major oil and gas basin in western China,
with particularly rich oil and gas resources in tight sand-
stones [19-25]. In recent years, multiple gas-bearing series
have been discovered in the Paleozoic strata of the Daniudi
gas field in the northern Ordos Basin, leading to the for-
mation of substantial lithologic reservoirs in river chan-
nels, distributary channels, and sand bars. These oil and
gas reservoirs are characterized by low porosity, low per-
meability, and low abundance [26-32]. The coal-bearing
tight sandstone strata developed in a marine-continental
transition environment and represented by the Permian
Shanxi Formation — Lower Shihezi Formation, have achieved
significant breakthroughs, particularly with the 1HF well. In
the past, scholars have conducted a lot of research on the
formation and distribution of tight sandstones in the Shanxi
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Figure 1: (a) Regional structural map of the Ordos Basin. (b) Structural location of Daniudi gas field. (c) Contour thickness map of the Lower Shihezi
Formation in the Daniudi well area. (d) Comprehensive stratigraphic column chart of Shanxi Formation and Lower Shihezi Formation first member in

the study area.

and Lower Shihezi Formations, but the genetic analysis of sedi-
mentary sand bodies remains insufficiently detailed [33-37]. As
a river type with high sand content [38], braided rivers play a
crucial role in oil and gas enrichment. Scholars have conducted
systematic studies on the depositional processes of braided
rivers using braided river modeling [39-41], flume experiments
[42,43], and computer simulations [44], especially the fine iden-
tification of the mechanism and type of the channel bar sedi-
mentary microfacies [45-47]. However, research on channel
bar sedimentary microfacies in the study area is still insufficient
[45,48-51], especially for the microfacies delineation in braided
river and braided river delta depositional environments is not
precise enough, and there is still a need to further differentiate
the sedimentary microphases of different types of channel bar
and diversion channels. This article takes the Da 17 well area of
the Daniudi gas field as an example, analyzing the sedimentary
processes in the first member of the Lower Shihezi Formation
and the Shanxi Formation, and focuses on the formation of

different types of channel bars and distributary channels, pro-
viding a basis for the understanding of the formation and
distribution of tight sandstone, enriching the theory of tight
sandstone gas accumulation in the Ordos Basin, and contri-
buting a feasible means for the realization of the strategic
goal of “stabilizing oil and increasing gas” in the oilfield.

2 Geological setting

The Ordos Basin covers an area of about 370,000 km?,
located in the western part of the North China Craton, is a
typical multi-rotational superposition basin [52]. According
to the characteristics of stratigraphic development and the
tectonic morphology of the basal top surface, it can be
divided into tectonic units such as the western marginal
thrust belt, the Yishan slope, the Jinxi flexural fold belt,



DE GRUYTER

the Weibei uplift, and the Yimeng uplift [52,53]. The present
Ordos Basin is a tectonic basin composed of a large syncline,
which is deep in the west and shallow in the east, low in the
south and high in the north.

The Daniudi gas field is located in the basin’s north-
eastern region, tectonically part of the Yishan slope (Figure
1b). The whole field is a gentle monocline, dipping to the
southwest at less than 1°, with higher elevations in the
northeast. The average thickness of the formation exposed
by drilling wells is 3,000 m. The Da 17 well area is located in
the southeast of the Daniudi gas field, with an area of
226 km Multiple gas reservoirs are developed in the Carbo-
niferous Taiyuan Formation and the Permian Shanxi For-
mation, exemplifying the “three lows” of tight sandstone gas
reservoirs: low pressure, low permeability, and low abun-
dance [52-54]. Large-scale development of the gas field
began in 2005, and more than 1,700 gas wells have been
put into production, with cumulative output reaching 7.88
billion m?. This study focuses on the Permian Shanxi For-
mation and the first member of the Lower Shihezi Forma-
tion. The Shanxi Formation is a set of coal-bearing strata
[55], mainly deposited in the delta plain. It can be divided
into Shanxi Formation first and second member according
to the lithological combination. The first member of the
Lower Shihezi Formation is mainly braided river deposits,
which is characterized by a large number of conglomerates.
The lower coal seam of the Shanxi Formation and the sand
layer at the bottom of the Lower Shihezi Formation are used
as stratigraphic markers (Figure 1c), which can be well used
for regional stratigraphic division and comparison (Figure
1d). The lower coal seam of the Shanxi Formation is located
in the middle of the first member of the Shanxi Formation,
with a thickness of 3-12 m, often sandwiched with carbonac-
eous mudstone. The corresponding logging curve is charac-
terized by low gamma, low density, high resistance, high
acoustic wave, and high neutron (showing the characteristics
of “two lows and three highs”). The sand layer at the bottom
of the Lower Shihezi Formation is the bottom boundary of the
Shihezi first member, with the lithology of light gray gravelly
coarse sandstone and medium coarse sandstone, with a thick-
ness of 15-32 m [40,55], which is in contact with the under-
lying mudstone mutation. The logging curve is characterized
by low gamma and negative natural potential anomaly, pre-
senting a clear lithologic contrast on the stratigraphic profile.

3 Sampling and methods

This study selected 30 key wells in the Shanxi Formation —
Lower Shihezi Formation of the Da 17 well area of the Daniudi
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gas field, Ordos Basin, for observation, description, and
analysis.

3.1 Lithofacies analysis

Based on the analysis of rock structure, lithological char-
acteristics, sedimentary structure, and sedimentary envir-
onment, nine lithofacies types were identified and their
formation mechanisms analyzed.

3.2 Thin section analysis

A total of 120 rock samples were prepared as 0.03 mm-thick
slices. The pores were filled with red and blue epoxy resin
to facilitate observation of pore characteristics. The
instrument was a Nikon Eclipse LV100N POL polarizing
microscope.

3.3 X-ray diffraction analysis

Twenty-six core samples were analyzed to determine their
mineral composition using a DX-2700 X-ray diffractometer
at the State Key Laboratory of Reservoir Geology and
Development Engineering (Chengdu University of Technology),
following the JY/009-1996 standard.

3.4 Porosity and permeability testing

A total of 246 samples were selected and made into cylin-
ders (2.5 cm in diameter, 5 cm in length), and the porosity
and permeability test characteristics of the cover layer
were tested by physical methods. AutoPore V mercury por-
osimeter was used for mercury porosity determination.

3.5 Scanning electron microscopy (SEM)

Eleven core samples were selected and analyzed by the
Quanta250 FEG SEM to identify the morphology of minerals
and pores, located at the State Key Laboratory of Oil and Gas
Reservoir Geology and Exploitation, Chengdu University of
Technology.
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4 Results

4.1 Petrology characteristics
4.1.1 Macropetrological characteristics

The Shanxi Formation and first member of the Lower
Shihezi Formation in the study area are mainly terrigenous
clastic rock deposits. The Shanxi Formation is mostly dark-
colored mudstone, showing rich organic matter content,
and the sandstone is mainly gray. It reflects that the cli-
mate is humid and the sedimentary environment is a weak
reduction-reductive. In the first member of the Lower Shihezi
Formation, the climatic characteristics show a gradual aridity,
and the sandstone color lithology changes to brown and
yellow. The rock types include conglomerate (Figure 2a),
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conglomerate-grained coarse sandstone (Figure 2b and c),
coarse sandstone (Figure 2d and e), medium-fine sandstone,
mudstone, and coal seam (Figure 2f) . Typical sedimentary
structures include scour surface, grain sequence bedding, par-
allel bedding, plate bedding, sand grain bedding, lenticular
bedding, plant fossils, plant fragments, etc. (Figure 3).

4.1.2 Rock and mineral characteristics

In the study area, 265 samples were selected for whole rock
analysis. The lithology of the first member of the Lower
Shihezi Formation is mainly lithic quartz sandstone and
lithic sandstone, and very few samples are feldspar lithic
sandstone (Figure 4). In contrast, the Shanxi Formation
consists mainly of lithic quartz sandstone, lithic sandstone,

Figure 2: Rock characteristics of the Shanxi Formation and the Lower Shihezi Formation first member in the study area. (a) Conglomerate, Da 85 well,
Lower Shihezi Formation first member, 2543.5 m. (b) Middle conglomerate, Da 70 well, Lower Shihezi Formation first member 1, 2543.5 m. (c) Gravelly
coarse sandstone, Da 64 well, Lower Shihezi Formation first member, 2647.82 m. (d) Coarse sandstone, Da 84 well, Shanxi Formation, 2588.92 m. (e)
Coarse sandstone, Da 20 well, Shanxi Formation, 2709.60 m. (f) Coal, Da 42 well, Shanxi Formation, 2560.30 m.
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Figure 3: Sedimentary structure characteristics of Shanxi Formation and Lower Shihezi Formation first member in the study area. (a) Scouring surface,
Da 49 well, Shanxi Formation, 2-59-05-06. (b) Positive grain sequence, Da 42 well, Shanxi Formation, 3-115-79. (c) Parallel bedding, Da 49 well, Lower
Shihezi Formation first member, 1-94-60-61. (d) Plate oblique bedding, Da 49 well, Lower Shihezi Formation first member, 1-94-06. (e) Sand grain
bedding, Da 26 well, Lower Shihezi Formation first member, 4-92-17. (f) Lenticular bedding, Da 42 well, Shanxi Formation, 4-143-42. (g) Fossil plants, Da
64 well, Shanxi Formation, 2659.27 m. (h) Plant stem fragments, Da 100 well, Shanxi Formation, 2492.83 m.

quartz sandstone, and a small amount of feldspar lithic sand-
stone. Compared to the first member of the Shihezi Formation,
the Shanxi Formation is generally less clastic and richer in
quartz content. The detritus in the Shanxi Formation is domi-
nated by metamorphic quartz, phyllite, and kaolinite (Figure 5).
The sorting of debris is medium deviation, the roundness is
general, and the main shape is sub-angular. The debris particles

are mainly phyllite and metamorphic quartz, with occasional
mica. Due to compaction, the banded mica is generally bent. The
detritus in the Lower Shihezi first member exhibit poor to mod-
erate sorting, with average particle roundness and mostly sub-
angular. The reservoir rock interstitial material content ranges
from 6 to 28%, mainly including kaolinite, illite, chlorite, authi-
genic clay film, calcite, and siliceous.
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Figure 4: Ternary map of clastic rock content in the study area (ternary
diagram based on the studies of Folk [56]).

4.2 Reservoir physical properties
4.2.1 Pore space characterization

The primary pore types in the study area are intergranular
dissolved pores, intragranular dissolved pores, and micro-
cracks (Figure 6). Intergranular dissolved pores are the
most important pore type in the study area. Chlorite,
quartz secondary enlargement and clay minerals can fill
primary pores. Generally, the pores formed by chlorite and
quartz secondary enlargement usually exceed 0.01 mm,
and the pores filled by clay minerals are under 0.01 mm.
The pores formed by dissolution of the interstitial material
during diagenetic evolution are called secondary intergra-
nular pores. Secondary intergranular pores formed by disso-
Iution of iron - argillaceous matrix and argillaceous matrix
can be seen in the study area. Intragranular dissolved pores
develop within the grains (containing heavy minerals) after
being dissolved to varying degrees and are called intragra-
nular dissolution pores. These can be classified as follows: (i)
dissolved pores in feldspar grains; (ii)intragranular dissolved
pores of rock debris; (iii) flaky intragranular pores: refers to
the mica fragments or mica flakes and the mica flakes is
formed by dissolution, the pore morphology is often leaf-
like, parallel to the mica cleavage seams; and (iv) intragra-
nular micropores: micropores between clay minerals formed
within particles after the aluminosilicate rock fragments in
sandstone are altered into kaolinite and montmorillonite.

4.2.2 Porosity and permeability

4.2.2.1 Physical characteristics of Shanxi Formation

The analysis of porosity and permeability of the Shanxi
Formation in the study area (Figure 7) shows that the por-
osity distribution ranges from 0.1 to 13.9%, the average
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porosity is 6%, and the peak value is 5-7%. The samples
with porosity greater than 7% account for 54% of the total
samples. The permeability distribution range is 0.001-10.1 x
107 um? the average permeability is 0.262 x 10~ um? showing
an obvious unimodal distribution with a peak value of 0.1-1 x
1073 um? accounting for 61% of the total sample.

4.2.2.2 Physical characteristics of section first of Lower
Shihezi Formation

The analysis of porosity and permeability of first member
of Lower Shihezi Formation in the study area shows that
the porosity distribution range from 0.2 to 15.4%, the
average porosity is 7.28%, and the peak value is 7-9%, of
which the samples with a porosity greater than 7% account
for 53% of the total number of samples (Figure 8). The perme-
ability ranged from 0.001 to 9.21 x 10~ um? and the average
permeability was 0.86 x 103 ym? showing an obvious single-
peak distribution, with peaks in the range of 0.1-1 x 10~ pm?,
accounting for 68% of the total number of samples.

4.3 Sedimentary systems
4.3.1 Types and characteristics of lithofacies

Based on core observation, ten lithofacies types were iden-
tified by lithology, sedimentary structure, and environment
(Figure 9 and Table 1).

1. Massive bedding conglomerate facies: thick and massive,
the gravel content is greater than 30%, the gravel is well
rounded, and the gravel diameter is 3-6 cm, which belongs
to the retention deposit at the bottom of the river.

2. Gravel-bearing coarse sandstone facies: the rock strata
are middle-thick layers, mainly coarse sandstone, con-
taining a small amount of gravel, with a content of less
than 10%. It is a delta distributary channel deposit with
strong hydrodynamic conditions, usually developed in
the middle and lower parts of the channel.

3. Trough cross-bedding sandstone facies: the rock strata
are dominated by medium-layered medium sandstone
and a small amount of coarse sandstone. It is a typical
channel filling deposit and developed in the middle
and lower parts of the channel.

4. Tabular cross-bedding sandstone facies: the rock strata
are mainly thin-bedded fine sandstone, with a small
amount of medium sandstone, which is a typical under-
water-classified river channel deposit.

5. Parallel bedding sandstone facies: the rock stratum is
dominated by thin-layered fine sandstone, with a small
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Figure 5: Microscopic characteristics of clastic rock content reservoir in the study area. (a) Quartz sandstone, Da 70 well, Shanxi Formation, 2433.19 m.
(b) Lithic quartz sandstone, calcareous cementation development, Da 70 well, Shanxi formation, 2433.19 m. (c) Filamentous and hairy illites filled in
intergranular pores, Da 77 well, Lower Shihezi Formation first member, 2526.97 m. (d) The rock structure is loose, and the kaolinite aggregate and
filamentous illite are filled in the intergranular pores and between grains Da 70 well, Lower Shihezi Formation first member, 2374.53 m. (e) Sheet mica
dissolution, alteration Da 83 well, Shanxi Formation, 2506.42 m. (f) Booklet-like kaolinite aggregates filled in intergranular pores, intergranular pores
developed, Da 70 well, Lower Shihezi Formation first member, 2374.53 m.

amount of medium sandstone, which is a river sedimen- 9. Horizontal bedding siltstone facies: the rock layers are

tary product under strong hydrodynamic conditions.

. Deformed stratified sandstone facies: the rock layer is
dominated by thin-bedded fine sandstone, siltstone,
and a small amount of mudstone, which is the product
of rapid sedimentation.

. Wave bedding sandstone facies: the strata are mainly
thin-bedded fine sandstone, siltstone, and a small
amount of mudstone.

. Sand grained bedding siltstone facies: the rock stratum
is dominated by thin-bedded fine sandstone, siltstone,
and a small amount of mudstone.

10.

composed of thin siltstone and mudstone, formed in a
weak hydrodynamic environment, and is the main
sedimentary product in the inter-distributary depres-
sion and inter-classified bays.

Dark mudstone facies: mainly former delta mud deposits,
rich in organic matter.

4.3.2 Types of sedimentary facies

In the study area, the sedimentary facies of the first
member of the Lower Shihezi Formation primarily consist
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Figure 6: Characteristics of pore development in clastic rocks in the study area. (a) Intergranular dissolved pore and intergranular dissolved pore
development, coarse lithic quartz sandstone, Da 70 well, 2490.18 m, Shanxi Formation, 4 x 10 (-). (b) Intergranular dissolved pore and intergranular
dissolved pore development, coarse lithic quartz sandstone, Da 71 well, Shanxi formation 2480.18 m, 4 x 10 (-). (c) Intragranular dissolved pores and a
small amount of intergranular dissolved pores are developed, and lithic quartz sandstone, Da 107 well, 2357.17 m, Lower Shihezi Formation first
member, 10 x 4 (-) (d). Development characteristics of dissolution fractures, intragranular and intergranular dissolution pores, fine-grained lithic
sandstone, Da 56 well, Shanxi Formation, 2679.91 m, 10 x 10 (-). Intra-P: intragranular dissolved pore; Inter- P: intergranular pore.

of braided channel deposits, with further subdivision into 4.3.2.1 Braided channel

channel bars and flood plains. In contrast, the Shanxi 4.3.2.1.1 Channel bar

Formation is composed mainly of braided channel deltaic Channel bars represent the most typical sedimentary fea-
plain deposits, with distinct diverging channels and inter- ture in braided river channels, formed under strong hydro-

channel deposits identified within these environments. dynamic conditions. In addition, under the influence of
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Figure 7: Distribution of porosity and permeability of Shanxi Formation in the study area.
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flood plain (D68)

Superimposed
channel bar (D27)

2730

2740

FYO! FYOPY YV PP

Isolated distributary channel (D79)
2720 f—‘ﬂﬁ .i,c

mpofF— N

B¢ WK

i : — Wave scour

l:] Denuded Zone D flood plain °. .| conglomerate siltstone == o) \i‘_c:oss |W| surface
X Delta plain m : . m Platy oblique - cross

I: alluvial fan depression - Siepeade ety adetons - bedding L]  bedding

| Braided river distributary + « + | Medium coarse |- = 'l mudstone |.A‘_,4~| Sandstone parallel
h 1 ' 1 e A - hoddi g — beddlng
[:l channel bar Mud carbon finestone E Coal seam % horizontal
swamp bedding

Figure 9: Sedimentary model of Shanxi Formation and Lower Shihezi Formation in the study area.
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Table 1: Lithofacies division and genetic interpretation of Shanxi Formation-Lower Shihezi Formation in the study area
Lithofacies Main Sedimentary tectonics Genetic Lithofacies Main Sedimentary Genetic
types lithologic interpretation types lithologic tectonics interpret
type type
Massive Conglomerate River bed Gravel- Gravel coarse o Distributary
bedding detention bearing sandstone oo channel
conglomerate coarse
facies sandstone
facies
Barrier
sand dam
Trough cross-  Medium- Channel filling  Tabular cross- Medium-fine Underwater
bedding coarse bedding sandstone classified
sandstone sandstone sandstone river
facies facies channel
Parallel Fine High flow Deformed Powder-fine Estuary dam
bedding sandstone water, shallow  stratified sandstone
sandstone rapids sandstone
facies facies
Wave bedding Fine-siltstone Flow operation Sand grained  Fine 7 Tidal flat
sandstone bedding sandstone -\ deposit
facies siltstone facies N
Horizontal Siltstone Floodplains, Dark Dark Former
bedding natural levees  mudstone mudstone delta mud
siltstone facies facies
Light-colored  Light colored Swamp
mudstone mudstone sediment
facies
Coal and Coal, Swamp
carbonaceous  carbonaceous sediment
mudstone mudstone
phases

strong hydrodynamic conditions, the channel bar sand
body usually has the characteristics of coarser grain size.
In the field profile observation, it can be found that the
fine-grained sediments at the top of the braided river
channel bar are often eroded by the later developed
channel bar, forming a phenomenon of multiple channel
bar superposition, which is closely related to the frequent
diversion of the braided channel [57,58]. At the bottom of
the channel bar, large trough cross-bedding and a small
amount of ripple cross-bedding are developed. At the same
time, the close distance to the source area and the short
transportation distance result in a lower maturity of sand
body composition and structure.

4.3.2.1.2 Flood plain

The flood plain is mainly formed outside the braided river
channels. The lithology is mudstone, siltstone, and a small
amount of fine sandstone, and a large number of plants
grow in the low-lying terrain, which is a powerful sedimen-
tary environment for the formation of coal seams.

4.3.2.2 Braided river delta

4.3.2.2.1 Delta plain distributary channel

In the delta plain, distributary channels form the primary
depositional environment, characterized by coarse-
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grained sedimentation. After long-distance transportation,
the sediments are well sorted and rounded, and the bottom of
the sediment develops a scour filling structure. Distributary
channel deposits have channel sedimentary characteristics,
usually developed at the bottom of the large trough-shaped
cross-bedding, and the channel sedimentary sequence is
obvious.

4.3.2.2.2 Interchannel deposition

Depression is the main sedimentary type of interchannel
deposition, in a relatively low-lying area, developed between
distributary channels. The sediments are mainly mudstone,
in which horizontal bedding is occasionally seen. When a
river channel breaks, a small amount of siltstone and fine
sandstone are deposited in the depression. Swamps can be
formed in depressions. The swamps are heavily vegetated,
poorly drained, stagnant reductive environments, and are
characterized by well-preserved plant fragments and abun-
dant authigenic minerals such as pyrite.

5 Discussion

5.1 Sedimentation model
5.1.1 Distributary channel development model

Based on the scale, lithological characteristics, and devel-
opment location of the distributary channel, the main dis-
tributary channel and the secondary distributary channel
are divided. The main distributary channel is character-
ized by multiple sets of gravelly coarse sandstone and
coarse sandstone combinations on the profile. The sand
bodies are coarse-grained and well connected in the lateral
and vertical directions, and the lithofacies is mainly (grav-
elly) coarse sandstone. The sub-distributary river section
shows a complete channel sedimentary sequence, and
there is a mudstone interval between the upper and lower
channel sand bodies.

The main distributary channel usually develops in
the center of the river channel or at the intersection of
distributary channels. Its development is affected by the
accommodation space of the lake basin. When the level of
the lake basin decreases, the accommodation space in the
basin increases, and the sand body expands to the lake
basin on a large scale, which promotes the extensive devel-
opment of the distributary channels. In the area of inten-
sive development of distributary channels, overlap phe-
nomenon usually occurs between distributary channels,
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forming main distributary channels. In the area with less
distributary channel development, the developed mudstone
deposits between distributary channels to form sub-distri-
butary channel deposits.

5.1.2 Channel bar development model

The channel bar is divided into high-energy channel bar
sand body and low-energy channel bar. The high-energy
channel bar is mainly composed of (gravelly) coarse sand-
stone lithofacies. The lithofacies of low energy channel bar
is medium-coarse sandstone or medium-fine sandstone. Due
to the short transportation distance, the particle sorting and
roundness of these sand bodies are usually poor. The high-
energy channel bar is characterized by multiple sets of sand
bodies superimposed, the sedimentary sequence is incom-
plete, and the top fine-grained sediment is often replaced
by coarse gravel sandstone at the bottom, and the sand body
granularity is coarser. The low-energy channel bar is composed
of a single sand body, its sedimentary sequence is complete, and
the grain size gradually becomes finer upward. The high-energy
channel bar is usually developed near the central axis of the
channel sand body belt and in the local height difference area,
and is distributed lenticular or banded.

5.2 Impacts on the reservoir

The influence of sedimentation on the reservoir can be
observed in three aspects: clastic particle composition,
lithology change, and sedimentary microfacies.

5.2.1 Influence of clastic particle composition on the
reservoir

The clastic particles are composed of quartz, feldspar, and
debris. By analyzing the particle content and porosity data
of typical wells in the study area, we found a negative cor-
relation between quartz content and porosity of the reser-
voir (Figure 10a). Quartz particles are relatively stable, and a
small amount of quartz particles is conducive to reducing
compaction, which is beneficial to the reservoir [59]. How-
ever, when the quartz content is too high, it leads to a
decrease in the content of feldspar and debris, which is not
conducive to the dissolution of these particles in the later
stage. Feldspar content is also negatively correlated with por-
osity (Figure 10b). The dissolution of feldspar particles can
form intragranular and intergranular pores, which is bene-
ficial to the reservoir. Thin section observation shows that the
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samples with more feldspar particles dissolved usually have
higher porosity, while the large number of intact feldspar
particles without corrosion indicates insufficient corrosion.
There is a positive correlation between debris content and
porosity (Figure 10c). The debris particles are of different sizes
and complex in composition, and can form large number of
intergranular dissolved pores, which have a positive impact
on the reservoir.

5.2.2 Influence of lithology on reservoir

By comparing the porosity of different rock types in the
study area (Figure 11), we found that changes in gravel
content have no significant effect on porosity of the reser-
voir. Whether it is gravelly coarse sandstone, coarse sand-
stone, gravelly medium sandstone, and medium sandstone,
the porosity does not change much. The average porosity of
pebbly fine sandstone (6.8%) is lower than that of fine
sandstone (8.2%). According to the location of the well sec-
tion selected for the sample, although the gravel-bearing
part developed at the bottom of the river channel has a
coarser grain size, due to insufficient thickness and large
changes in lithology, the porosity of the reservoir changes
greatly and the average porosity is not high. It is worth
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noting that the fine sandstone and a small amount of
medium sandstone developed in the middle of the river
channel, although the plate bedding, trough bedding, and par-
allel bedding were developed and the thickness was large, the
average porosity did not increase significantly. In general, the
lithology of the reservoir in the study area changes frequently,
and the impact on porosity is not significant.

5.2.3 Influence of sedimentary microfacies on reservoirs

In the braided river sedimentary environment, we compared
the isolated and superimposed channel bars (Figure 12). It is
found that the porosity and permeability of the superimposed
channel bar are significantly higher than that of the isolated
channel bar, with the porosity range of superimposed channel
bar being 8-15% and the permeability being 0.3-2.2 x 10> m%
The porosity of the isolated channel bar is 7-9%, and the
permeability is 0.4-1.2 x 10~ m? In the delta plain, we com-
pared the main distributary channel with the secondary dis-
tributary channel and found that the porosity of the main
distributary channel is 8-13%, and the permeability is 0.3—
0.6 x 10> m?% while the porosity of the secondary distributary
channel is 7-11%, and the permeability is 0.2-0.5 x 10 m? In
summary, we believe that the porosity and permeability of the
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channel bar microfacies are generally better than those of the
distributary channel microfacies, which may be closely related to
the hydrodynamic conditions in the sedimentary environment.
In addition, in the braided river environment, the
channel bar usually has an inconspicuous “binary struc-
ture” of sandstone and mudstone due to its overall coarse
grain size, the development of conglomerate deposits at the
bottom, and the inconspicuous fine-grained deposits at the
top. The distributary channel deposits usually have a com-
plete sedimentary sequence, and the grain size in the
upper part gradually becomes finer, transitioning to the
natural levee and floodplain sedimentary environment
dominated by mudstone. It is worth noting that although
the sedimentary sequence of the reconstructed overlapped
channel bar and channel is incomplete, they lack fine sedi-
ment at the top, but possess good porosity and perme-
ability, and large-scale sand bodies are conducive to the
formation of high-quality reservoirs in the study area.

5.3 Sedimentary models favorable for oil
and gas enrichment

Based on our comprehensive analysis, the main distribu-
tary channel in the delta sedimentary environment and the

high-energy channel bar in the braided river are two sedi-
mentary models that are conducive to oil and gas enrich-
ment, both formed under relatively high hydrodynamic
conditions. The main distributary channel is usually devel-
oped in the center of the river or at the confluence of the
diversion channels, and is mostly superposed, with
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Figure 12: The physical characteristics of different sedimentary facies in
Shanxi Formation-Lower Shihezi Formation first member in the
study area.
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porosity of 8-13% and permeability of 0.3-0.6 md. The
high-energy channel bar is characterized by the superposi-
tion of multiple sets of sand bodies. The sedimentary
sequence is not complete, with fine-grained sediments at
the top usually replaced by pebbly coarse sandstone. The
sand body has a coarse particle size, with porosity of 8-15%
and permeability of 0.3-2.2md. Therefore, we speculate
that these two sedimentary models may be the focus of
future oil and gas exploration and provide significant
reference value for similar areas.

6 Conclusion

(1) The first member of the Lower Shihezi Formation in
the study area is mainly composed of lithic quartz
sandstone and lithic sandstone, and only a few samples
are classified as feldspar lithic sandstone. The Shanxi
Formation is mainly composed of lithic quartz sand-
stone, lithic sandstone, quartz sandstone, and a small
amount of feldspar lithic sandstone.

(2) The pore types of clastic rocks in the study area mainly
include intergranular dissolved pores, intragranular
dissolved pores, and microfractures. The average por-
osity of the first member of Lower Shihezi Formation is
7.28%, and the average permeability is 0.86 x 107> m?
The average porosity of Shanxi Formation is 6%, and
the average permeability is 0.262 x 107> m%

(3) The Shanxi Formation belongs to delta plain sediments,
including distributary channel and interchannel deposits,
which are divided into main distributary channel and
secondary distributary channel microfacies. The first
member of the Lower Shihezi Formation is a braided
river deposit, including channel bar deposits and flood
plain deposits, and isolated channel bar and superim-
posed channel bar microfacies are identified.

(4) Sample analysis shows that sedimentation significantly
affects reservoir physical properties through particle,
lithology, and sedimentary microfacies characteristics.
The main distributary channel and superimposed channel
bar are favorable sedimentary microfacies for the formation
of gas reservoirs. The porosity of the main distributary
channel is 8-13%, and the permeability is 0.3-0.6 x 10~ m?%
the porosity of the superimposed channel bar is 8-15%, and
the permeability is 0.3-22 x 10 m? This study provides a
theoretical basis for the development of tight sandstone gas
reservoirs in Daniudi gas field.
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