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Abstract
On the northwestern margin of Junggar Basin, the complex volcanic oil reservoirs in the Carboniferous basement are highly
concealed, poor physical properties, and difficult to explore or characterize. With the purpose of understanding the distribution of
favorable reservoirs, the geological features, distribution law, and control factors of the reservoirs are fully explored based on
analysis of the data from coring, logging, seismic analysis, and thin section in this paper. And some conclusions can be drawn as
follows: (1) the Carboniferous rocks in the study area mainly include tuff lava, tuff, sedimentary tuff, tuffaceous sandstone, and
tuffaceous glutenite; (3) the reservoirs have low porosity and permeability, the secondary pores and fractures provide the main
storage spaces, the reservoirs fall into fractured reservoir and pored-fractured reservoir; (3) the favorable weathered crust
reservoirs mainly exist in strong and moderately weathered zones in the vertical direction, which are 20–130 m from the top
of the Carboniferous basement; in the planar direction, the reservoirs mostly concentrate around J353-J354-J336-J399-J132-J126
wells and around J12-J329 wells; (4) the reservoirs are mainly controlled by weathering and leaching, and the storage capacity is
greatly improved by tectonic movement. This paper discloses the main controlling factors and distribution features of high-
quality volcanic reservoirs in the Carboniferous basement on the northwestern margin of Junggar Basin, laying a solid basis and
guidance for the exploration and development of similar oil and gas reservoirs.
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Introduction

The successful development of oil and gas reservoir in ancient
buried hill of Renqiu Oilfield provides evidence to the explo-
ration theory of ancient buried-hill reservoirs: the oil and gas
generated in newer formations are stored in relatively older
formations (Zhao et al. 2019; Li et al. 2006). Guided by this
theory, China has managed to discover and develop various

types of buried-hill oil and gas reservoirs in many oilfields,
namely, Liaohe Oilfield, Dagang Oilfield, and Shengli
Oilfield (Fei and Wang 2005).

Based on lithology, the buried-hill oil and gas reservoirs
can be divided into carbonate reservoirs, volcanic reservoirs,
metamorphic reservoirs, and normal sandstone reservoirs.
Many Chinese scholars have explored the reservoir features
and controlling factors of ancient buried hills. However, the
existing studies mainly focus on the paleo karstification and
distribution law of carbonate reservoirs (Wang and Li 2017;
Han et al. 2017). Despite being one of the four types of buried-
hill reservoirs, volcanic reservoirs have not been studied on a
global scale. The uniqueness of this type of reservoirs makes it
difficult to be studied by a unified model or method.

The volcanic oil reservoirs in Junggar Basin are the most
representative volcanic buried-hill reservoirs in China. These
reservoirs are highly concealed, weakly porous, and difficult
to explore or characterize (Wang et al. 2016; Chen et al. 2019;
Tang et al. 2020). This paper mainly investigates the complex
volcanic buried-hill reservoirs in Carboniferous basement of
the basin. These reservoirs face multiple problems since
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discovery: complex structures, strong heterogeneity, and un-
clear spatial distribution. Therefore, the author studied the
volcanic reservoir in the study area from many aspects, in
order to clarify the reservoir type, spatial distribution, and
control factors and provide guidance for the later exploration
and development.

The remainder of this paper is organized as follows:
“Geological overview” summarizes the geology of the
study area; “Basic features of reservoirs” identifies the basic
geological features of Carboniferous volcanic reservoirs;
“Distribution features of reservoirs” explores the distribu-
tion features of the reservoirs; “Influencing factors of reser-
voir distribution” discusses the main factors controlling the
reservoir distribution; “Conclusions” puts forward the
conclusions.

Geological overview

Located on the hanging wall of the Ke-Wu fault, the study
area is next to Hongshanzui Oilfield in the southwest across
the Ke-Wu fault and bordered in the west by the West
Karamay Fault. The Carboniferous bedrock uplifted from
the middle Carboniferous period to the end of the Jurassic

period, pushing away the Permian strata. The bedrock was
weathered and then deposited, ending up in an unconformable
contact with the overlying Triassic strata.

As shown in Fig. 1, the top of the Carboniferous basement
appears as a monocline from the east to west. The dip angle of
the monocline falls between 6° and 8° and increases to 25°
near the Ke-Wu fault. The inside of the basement is extremely
fractured. In the planar direction, the faults mostly spread in
the south-north direction, and partly in the east-west direction;
the planar distributions of the faults could be categorized into
three patterns: parallel lines, oblique intersections, and broom
shape. In the vertical direction, the faults exist in imbricated
structure or as back-thrusts.

The major oil source of the study area is Mahu Sag. The oil
and gas mostly migrate through the Ke-Wu fault, which is
controlled by the overall tectonic setting of the northwestern
margin of the Junggar Basin. The fault system in the study
area at once blocks and facilitates the migration and accumu-
lation of oil and gas. In the planar direction, the accumulation
and reservoir-forming are controlled by fault blocks and frac-
tures. In the vertical direction, the oil and gas reservoirs con-
centrate along the erosion surface of the Carboniferous base-
ment, without any unified oil-bearing interface; the reservoirs
vary greatly in height.

Fig. 1 The structure of the top of the Carboniferous basement
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Basic features of reservoirs

Petrological features

In the study area, the Carboniferous basement of the volcanic
buried-hill reservoirs mainly consists of volcaniclastic rocks.
Based on their formation mechanism, volcaniclastic rocks can
be divided into volcaniclastic rocks in transition to lava rocks,
normal volcaniclastic rocks, and volcaniclastic rocks in tran-
sition to sedimentary rocks (Chukwua and Obiora 2018;
Umazano and Melchor 2020).

According to the data of coring, logging, and thin-section
microscopy, the volcaniclastic rocks in the Carboniferous
basement in the study area belong to volcaniclastic rock in
transition to lava rocks (Fig. 2a), most of which are normal
volcaniclastic rocks and volcaniclastic rocks in transition to
sedimentary rocks (Table 1).

The normal volcaniclastic rocks include welded
volcaniclastic rocks and tuff rocks (Shcherbakov et al.
2018). The volcaniclastic rocks, which mainly contain tuff,
are more common in the study area than the welded
volcaniclastic rocks. Structurally speaking, the welded
volcaniclastic rocks can be subdivided into vitric tuff, lithic
tuff, and crystalline tuff. The vitric tuffs are distributed un-
evenly in varied shapes; most of them have been devitrified
into chlorites (Fig. 2b). The lithic tuffs are mainly composed
of andesite, basalt, and rhyolite (Fig. 2c). The crystalline tuffs
mostly contain feldspar, with a small amount of amphibole,
pyroxene (Fig. 2d)

There are three types of volcaniclastic rocks in transition to
sedimentary rocks: sedimentary tuff, tuffaceous sandstone,
and tuffaceous glutenite. Sedimentary tuff, as a type of sedi-
mentary volcaniclastic rock, is mostly (> 65%) made up of
volcaniclastic materials (Fig. 2e). Meanwhile, tuffaceous
sandstone and tuffaceous glutenite are both volcaniclastic sed-
imentary rocks, containing fewer (< 40%) volcaniclastic ma-
terials (Fig. 2f). The volcaniclastic materials include andesite,
tuff, rhyolite, felsite, feldspar, and quartz. Among them, the
feldspar is mainly albite and plagioclase.

To sum up, the volcanic rocks in the study area mainly
include tuff, sedimentary tuff, tuffaceous sandstone, and tuff-
aceous glutenite. Overall, tuff is the most widely developed
type of rock in the study area. This type of rock dominates the
top of the Carboniferous basement, supplemented by sedi-
mentary tuff and tuffaceous sandstone. Tuff is mostly devel-
oped at the center of the study area, while volcaniclastic sed-
imentary rocks (i.e., sedimentary tuff and tuffaceous sand-
stone) are generally developed on the two wings of the study
area.

Space features of reservoirs

Reservoir spaces are either primary or secondary (Kassab
et al. 2016; Temraz and Dypvik 2018). Due to the influence
of diagenetic compaction, most reservoir spaces are secondary
in the volcanic buried-hill reservoirs (Ge et al. 2020; Li et al.
2019). According to the data of coring, fluorescence, and cast-
ing thin-section microscopy, pores and fractures coexist in the

Table 1 The classification and features of Carboniferous rocks in the study area

Classification Subclass Rock type Feature

Volcaniclastic rocks in
transition to lava rocks

Volcanic clastic
lavas

Tuff lava It is less distributed in the work area and only observed on a few drilling cores (for
example, Andesite tuff lava in well 42937), which is mainly a kind of
volcaniclastic lava formed by the volcaniclastic material falling into the molten
slurry. The content of volcaniclastic material is between 30 and 50%

Normal volcaniclastic rocks Welded
volcaniclastic
rocks

Lithic tuff The detritus is mainly composed of andesite, basalt, and rhyolite, with a small
amount of amphibole

Crystalline
tuff

It is less distributed in the work area, only in a small number of wells in the study
area, with different crystal chip shapes

Vitric tuff The pyroclastic materials are mainly glassy debris with different shapes and uneven
distribution, most of which have been devitrified and chloritized

Volcaniclastic
rocks

Tuff One of the main rock types in the study area, mainly composed of various rock
cuttings, glass cuttings, crystal cuttings and volcanic ash, distributed in most of
the wells in the study area

Volcaniclastic rocks in
transition to sedimentary
rocks

Sedimentary
volcaniclastic
rocks

Sedimentary
tuff

The pyroclastic material accounts for more than 65%, and the particle size of the
pyroclastic material is less than 2 mm. The clastic composition is andesite, tuff,
rhyolite and felsite, feldspar, and quartz; feldspar is mainly albite and plagioclase

Volcaniclastic
sedimentary
rocks

Tuffaceous
sandstone

The pyroclastic material is less than 40%, it is only distributed in some wells in the
work area

Tuffaceous
glutenite

The pyroclastic material is less than 40%, less proportion in the study area.
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reservoir spaces of the Carboniferous volcanic reservoirs in
the study area (Table 2). The pores include primary pores and
secondary pores. The secondary pores and fractures of the
Carboniferous reservoirs in the study area provide the main
migration channels and storage spaces of oil and gas.

The primary pores mainly include inter-crystal pores (Fig.
3a), primary gas pores, intra-granular pores, intergranular
pores, and residual pores. The secondary pores cover various
dissolved pores, such as inter-crystal dissolved pores, dis-
solved holes and caves, etc. Specifically, inter-crystal dis-
solved pores are expanded from inter-crystal pores and inter-
crystal micro-pores through dissolution. These pores are irreg-
ular in shape, with dissolved harbor-like edges. The pore size

and surface porosity of inter-crystal dissolved pores are 0.1–
0.6 mm and 2–8%, respectively (Fig. 3b).

The dissolved holes and caves refer to the pores formed
through the dissolution of gypsum clasts, gypsum particles, salt
crystals, gravel-sized grains, sand-sized grains, and oolitic parti-
cle. The dissolved holes are 8 mm in size, while the dissolved
caves are > 2 mm in size. The dissolved holes and caves are
circular, ellipse, or irregular in shape and distributed in layers,
beads, spots, or isolated islands. The pore size and surface poros-
ity of the dissolved holes and caves are 0.03–2 mm and 1–8%,
respectively. In some areas, the surface porosity is as high as 20–
30% (Fig. 3c and d). The secondary pores are the combined
results of epidiagenesis and the leaching of atmospheric water.

a b c

d e f

Fig. 2 The petrological features of Carboniferous volcanic rocks in the study area. a Tuff lava, well 42793; bwelded volcaniclastic rocks, well 42793; c
tuff rocks, well 43119; d tuff rocks well 43119; e tuffaceous conglomerate well K114; f tuffaceous sandstone, well 153

Table 2 The core fractures of Carboniferous volcanic rocks in the study area

Well Core
lengths (m)

Core
number

Number of
fractured cores

Fracture fillings Remarks

42793 49.94 1 1 Calcite, small amount of pyrite Development of mesh fracture, diagonal fracture, straight split
fracture, horizontal fracture

42114 31.3 4 2 Calcite Development of mesh fracture pyrite seen in rocks

42136 10.35 1 1 Calcite Development of mesh fracture diagonal fracture

42785 49 3 3 Calcite, small amount of quartz
and pyrite

Development of diagonal fracture straight split fracture

J354 77.1 5 2 Calcite, talc, chlorite The top of the core are rich in pyrite without fracture

42757 20.26 7 7 Calcite, small amount of
feldspar and pyrite

Development of straight split fracture microfracture

43119 47.66 1 1 Calcite, oil Development of microfracture, diagonal fracture, straight split
fracture

43110 47.54 1 1 Calcite, oil Development of microfracture, mesh fracture, diagonal fracture,
straight split fracture
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Fractures serve as important storage spaces and seepage
channels for oil and gas in volcanic reservoirs (Gilmer et al.
2017). Through the comprehensive analysis of outcrop sur-
vey, core observation description, and logging interpretation,
it is found that the fractures in the study area include
weathering fractures, tectonic fractures, tectonic dissolution
fractures, and shrinkage fractures (Table 2).

Weathering fractures are formed through the weathering
and leaching of rocks. These fractures spread in random
directions. Each fracture is small yet wide and 5–20 cm
in length. The weathering fractures are often filed with
calcite and columnar anhydrite vertically to the fracture
wall (Fig. 3e).

Tectonic fractures are distributed in various types of rocks.
These fractures often run in parallel groups, pointing to the
same direction. Different groups crisscross each other.
Tectonic fractures cut through crystals or volcaniclastic parti-
cles, connecting pores along the path (Fig. 3f).

Tectonic dissolution fractures are generated under the com-
bined effects of tectonic movement and weathering. In other
words, tectonic dissolution fractures are essentially weathered

tectonic fractures. With irregular walls and large widths, these
fractures are usually filled with freshwater calcite (Fig. 3g).

Shrinkage fractures are produced as magma is ejected to the
surface and the magmatic rocks shrink due to the sharp temper-
ature drop. These fractures are rarely seen on the cores, because
the shrinkage fractures in volcanic rocks are weathered (Fig. 3h).

A large number of micro-fractures are observable in the
cast thin sections. These micro-fractures differ in formation
mechanism and extend across a small distance (Fig. 3i).

In general, most of the Carboniferous cores in the study
area are fractured. The coring data show that the fractures have
good oil-bearing properties and various filling materials:
crude oil calcite, talc, chlorite, pyrite, and quartz. The diversity
of filling materials indicates that the fractures in the
Carboniferous basement are formed in different periods.

In terms of shape, the fractures can be divided into straight
split fractures, micro-fractures, diagonal fractures, horizontal
fractures, and mesh fractures. Mesh fractures are common
across the Carboniferous basement. In the study area, the
Carboniferous cracks are featured by small extension, high
density, and obvious width change.

a b c

d e f

g h i

Fig. 3 The types of reservoir spaces in Carboniferous volcanic rocks of
the study area. a Intergranular pore, well 43119; b almond dissolved pore,
zeolite filling, well J15; c intragranular and intercrystalline dissolved
pore, well J15; d dissolution fracture, well 42793; e weathering

fracture, well K114; f structural fracture, well 42793; g structural
weathering fracture, well K114; h diagenetic fracture, well 45193; i
micro fracture, well 43119
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Physical features of reservoirs

In the study area, the Carboniferous volcanic rocks are ex-
tremely dense and hard, and the matrix is only slightly porous
and permeable. Through the statistical analysis of the physical
property test data of more than 260 samples, the porosity falls
in 0.1–8%, averaging at 1.3%; the permeability falls in
(0.001–27) × 10−3 μm2, averaging at 0.035 × 10−3 μm2.

In terms of capillary pressure, the pores in the matrix are
relatively poor, with small mercury saturation and mean size
of 13.5φ–13.7φ. Under the capillary radius, the pores are
basically disconnected, making little contribution to oil and
gas migration and storage.

The reservoir spaces are highly fractured, which greatly
improves the seepage conditions of Carboniferous reservoirs.
The Carboniferous reservoirs fall into two models: fractured
reservoir and pored-fractured reservoir, the former is the main
reservoir type. In fractured reservoirs (Fig. 4a), the fractures,
mostly mesh fractures, are interconnected; slight dissolution
takes place along the fractures; the matrix has an extremely
low porosity. In pored-fractured reservoirs (Fig. 4b), the frac-
tures are indirectly connected; strong dissolution takes place
along the fractures; the matrix pores are connected with the
fractures. Relatively speaking, the physical properties of frac-
tured porous reservoir are better than that of fractured
reservoir

Distribution features of reservoirs

Vertical development law of reservoirs

In the study area, fractures serve as the main storage space of
Carboniferous reservoirs. The vertical distribution of fractures
reflects the distribution law of reservoirs in the vertical direc-
tion. The presence of fractures may induce changes to the
physical properties of rocks, which could be seen on logging

curves. Hence, the fractures could be identified based on the
features of logging curves (Jeanne et al. 2016).

Sorting out the data of 25 wells in the study area, the au-
thors set up a fracture identification template, after the imag-
ing logging of some wells. Then, a continuous well profile
was established based on single-well interpretations. It can
be seen that the fractures are poorly developed within 20 m
from the top of the Carboniferous basement. Most fractures
are developed between 20 and 130 m from the top of the
basement. And the depth of fracture development in each well
is different, indicating that the fractures are developed in a
heterogeneous manner.

Due to the compaction and filling of the sediments, the
pores and fissures are filled up within 20 m from the top of
the Carboniferous basement, reducing the storage capacity of
the rocks. As the depth increases, the early pores and fissures
are less compacted or filled outside 20 m from the top of the
basement. Thus, the rocks at this depth have a good storage
capacity, forming a favorable reservoir zone. Dissolved pores
are not formed at more than 130 m from the top of the base-
ment: the rocks at this depth are beyond the ancient
weathering crust, and thus not greatly affected by early
weathering and leaching. Tectonic fractures are the only type
of primary reservoir space at this depth.

According to the features, formation mechanism, and dis-
tribution law of reservoirs in the ancient weathering crust, the
strata beneath the Carboniferous weathered crust in the study
area were classified from the top to bottom into five weathered
zones: completely weathered zone, strongly weathered zone,
moderately weathered zone, weakly weathered zone, and non-
weathered zone (Fig. 5).

The fully weathered zone lies within 20–30 m from the top
of the Carboniferous basement. Under strong compaction and
cementation, the weathering fractures are filled up by the over-
lying sediments. Thus, the fully weathered zone has basically
no storage capacity.

The strongly and moderately weathered zones are between
20 and 150m from the top of the Carboniferous basement. The

Fig. 4 The models of Carboniferous volcanic reservoirs in the study area. a Fractured reservoir. b Pored-fractured reservoir
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strongly weathered zone has a pored-fractured reservoir space.
This zone is severely fractured under weathering effect. There
are numerous irregular mesh micro-fractures in this zone. The
small fractures are mostly filled up. The storage capacity of
this zone is modified by weathering, dissolution, and tectonic
movement and damaged by compaction and cementation. The
moderately weathered zone has a pored-fractured reservoir
space. The rocks in this zone are fractured. The numerous
large fractures link up pores.

The weakly weathered zone is not greatly affected by
weathering and dissolution. With weakly fractured rocks, this
zone has a certain storage capacity, thanks to the late tectonic
movement. Tectonic fractures constitute the main reservoir
space in this zone.

The non-weathered zone is over 300 m from the top of the
Carboniferous basement. The storage capacity is extremely
poor in this zone.

In the vertical direction, the volcanic reservoirs in the
Carboniferous basement of the study area have poor storage
capacity in the upper completely weathered zone and the bot-
tom non-weathered zone. The favorable reservoirs mainly ex-
ist in strong and moderately weathered zones, which are 20–
130 m from the top of the Carboniferous basement.

Planar distribution of reservoirs

According to coring, logging, and seismic data from the study
area, the volcanic buried-hill reservoirs in the Carboniferous

Fig. 5 The vertical development of Carboniferous reservoirs in the study area
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basement were predicted to have two concentrated develop-
ment zones in the planar direction (Fig. 6). The first zone is
around J353-J354-J336-J399-J132-J126 wells. In this large
zone, the reservoir thickness varies greatly. The blocks with
reservoirs thicker than 100 m are sporadically distributed. The
thickest reservoir appears near J125 well (> 150 m). The sec-
ond zone is around J12-J329wells in the northeast of the study
area. The reservoirs in this zone are relatively thin, and similar
in thickness.

In the planar direction, the Carboniferous volcanic reser-
voirs in the study area, controlled by the Ke-Wu fault, extend
from southeast to the northwest and fall into several zones.
The reservoirs are better developed at the center of the study
area than in the peripherals.

Influencing factors of reservoir distribution

There are many factors that control the planar and vertical
distributions of volcanic buried-hill reservoirs in the
Carboniferous basement of the study area. In the planar direc-
tion, the reservoir distribution depends on the ancient weath-
ered landform; in the vertical direction, the reservoirs are con-
trolled by weathering and tectonic movement; in the mean-
time, the storage capacity of volcanic rocks is closely related

to the type of reservoir rocks (Lamur et al. 2017; Blusztajn
et al. 2017).

Influence of the lithology and lithofacies of volcanic
rocks

The quality of weathered crust reservoirs hinges on the type of
volcanic rocks (Taheri et al. 2017). In the study area, the
volcanic rocks are mainly tuffs, which are highly resistant to
weathering. Despite the high intensity and long duration of
weathering, the volcanic rocks are not severely weathered.
The main weathering products are weathering fractures. The
matrix pores are relatively undeveloped.

According to coring, logging, and seismic data from the
study area, the Carboniferous strata belong to mid-basic cen-
tral eruptive facies and crater facies. The lithofacies can be
subdivided into near crater facies, hot debris flow subfacies,
and heated base wave subfacies. The hot debris flow
subfacies, under the eruptive facies, are widely distributed
on the wing of the volcanic cone. The hot debris is condensed
and deposited. Meanwhile, various reservoir spaces are devel-
oped, namely, inter-crystal pores, intergranular pores, and gas
pores, resulting in good connectivity and physical properties.
The reservoir spaces are later weathered, buried, and
compacted, suppressing the storage capacity in a certain depth

Fig. 6 The planar distribution of volcanic buried-hill reservoirs in the Carboniferous basement of the study area
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below the top of the Carboniferous basement. But the belt of
hot debris flow subfacies is generally a development zone of
reservoir lithofacies.

Influence of weathering and leaching

For buried-hill reservoirs in Carboniferous basement, the res-
ervoirs are directly controlled by the thickness of the weath-
ered crust (Nakano et al. 2017; Wang andWang 2016), which
depends on the intensity of weathering and leaching. In the
vertical direction, the weathering and leaching effects gradu-
ally weaken from the top to the bottom of the ancient
weathering crust, causing a gradual decline in the quality of
secondary reservoir spaces.

Note that the middle part of the ancient weathering crust
has better storage capacity than the upper and lower parts, due
to the later compaction and filling. Specifically, the secondary
reservoir spaces are mostly compacted and filled up by the
later sediments, within a certain distance from the top of the
weathered crust; thus, the upper part has a limited storage
capacity. The compaction and filling weaken outside that dis-
tance, such that most secondary fractures and pores can serve
as effective reservoir spaces. The rocks have poor storage
capacity at deeper levels, as the effects of weathering and
leaching dwindle (Spotl et al. 1993).

Then, the distances from the top of the Carboniferous base-
ment and physical properties of reservoirs were summarized and
analyzed (Fig. 7). The results show that the physical properties of
the reservoirs cyclically decrease with the distance from the top
of the Carboniferous basement. The reservoir rocks have the best
storage capacity within 200 m from the top of the Carboniferous
weathered crust. Once the distance surpassed 300 m, the
weathering and leaching effects become weak, leading to unde-
veloped fractures and dense rocks; the storage capacity is thus
decreased. The reservoirs are basically undeveloped, at 400 m or
more beneath the top of the weathered crust.

Combined with the previous analysis on reservoir distribu-
tion, the Carboniferous reservoirs in the study area are mainly
controlled by weathering and leaching, followed by tectonic
movement, in the vertical direction. The majority of reservoirs
are distributed in 30–130 m below the top of the
Carboniferous basement.

Influence of tectonic movement

The effect of tectonic movement on volcanic reservoirs is
mainly reflected in fracture reconstruction (Bars et al. 2018;
Garibaldi et al. 2020). After the nappe structure is formed in
the northwestern margin, the rocks are reconstructed by tec-
tonic movement. On the top of the Carboniferous basement,
the rocks become highly plastic through the early weathering,
leaching, filling, and compaction. The later tectonic move-
ment only gives birth to a few amounts of fractures, which
mainly connects the originally isolated pores. The fractures
extend in random directions as a mesh. By contrast, tectonic
movement can induce tectonic fractures in the lower rocks of
the Carboniferous basement, which are less plastic due to the
limited effects of weathering and leaching.

The segmented statistics on core fractures (Fig. 8) show
that most fractures within 150 m from the top of the
Carboniferous basement are weathering fractures (tectonic
dissolution fractures are also counted as weathering fractures),
which proportion are more than 50%. The proportion of tec-
tonic fractures range from 20 to 40%, and shrinkage fractures
are generally less than 10%. However, when the distance sur-
passes 150 m, there are more tectonic fractures than
weathering fractures, indicating that the reservoirs deeper than
150 m are mainly controlled by tectonic movement. In sum-
mary, the fractures induced by tectonic movement exert two
impacts on reservoirs: connecting the isolated pores and in-
creasing the thickness of effective reservoirs in the vertical
direction.

Fig. 7 The relationship between
physical properties and distance
from the top of Carboniferous
basement of reservoirs
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Conclusions

(1) In the study area, most of the Carboniferous rocks are
normal volcaniclastic rocks and volcaniclastic rocks in
transition to sedimentary rocks, with a few amounts of
volcaniclastic rocks in transition to lava rocks.

(2) The matrix of Carboniferous reservoirs has extremely
low porosity and permeability, and the secondary pores
and fractures of the Carboniferous reservoirs in the study
area provide the main migration channels and storage
spaces of oil and gas.

(3) In the vertical direction, the favorable reservoirs mainly
exist in strong and moderately weathered zones, which
are 20–130 m from the top of the Carboniferous base-
ment. In the planar direction, the Carboniferous reser-
voirs in the study area mostly concentrate around J353-
J354-J336-J399-J132-J126 wells and around J12-J329
wells.

(4) The storage capacity of Carboniferous reservoirs is con-
trolled by lithology and lithofacies, weathering and
leaching, and tectonic movement.
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