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ABSTRACT: The Carboniferous volcanic reservoirs in Junggar Basin contain rich hydrocarbon re-
sources, implying a great exploration potential, so that they have become a key replacement target for 
“three-dimensional exploration”. The study on the Carboniferous volcanic reservoirs and their hy-
drocarbon accumulation elements is significant for clarifying the orientation for exploration. In this 
paper, based on 37 reserves reports and 3 200 reservoir test data, the Carboniferous volcanic reser-
voirs in Junggar Basin were discussed from the prospective of lithology and lithofacies, physical prop-
erties, reservoir types, main controls on hydrocarbon accumulation, and hydrocarbon accumulation 
patterns. It is found that the Carboniferous in the basin is mostly in the multi-island ocean-volcanic 
island arc structural-sedimentary environment, so it is geologically eligible for forming in-situ vol-
canic reservoirs. The volcanic rocks are: (1) mostly distributed along deep and large faults, with the 
lithology and lithofacies controlled by volcanic architectures; (2) dominantly lava, followed by volcan-
iclastic lava and volcaniclastic rock; (3) distributed in the periphery of hydrocarbon-generating sag 
and within the source rocks horizontally, and concentrated in the weathering crust at the top longitu-
dinally, possibly leading to reworked weathering crust reservoir; and (4) liable to form inner reser-
voirs. The volcanic reservoirs can be concluded into four hydrocarbon accumulation patterns, i.e., 
self-generating & self-storing in paleo-uplift and vertical migration, self-generating & self-storing in 
paleo-uplift and lateral migration, young-generating & old-storing in fault zone and vertical migra-
tion, and young-generating & old-storing in paleo-uplift and lateral migration. Future exploration 
will focus on the effective source rock development and hydrocarbon supply zones and the self-   
generating & self-storing and young-generating & old-storing patterns. The exploration prospects are 
determined to be the Ludong-Wucaiwan-Baijiahai slope belt and the southern slope belt of the Shaqi 
uplift (self-generating & self-storing pattern) in eastern Junggar, and the fault and nasal arch zone at 
the northwestern margin and the nasal arch zone (deep and large structure) in the Luxi area (young-
generating & old-storing pattern) in western Junggar. 
KEY WORDS: Carboniferous volcanic reservoir, volcanic rock, reservoir characteristic, hydrocar-
bon accumulation, lithology and lithofacies, Junggar Basin. 

 
0  INTRODUCTION 

The formation and evolution of sedimentary basins are 
closely related to volcanism and volcanic rocks. Volcanic rocks 
are an important part of the filling of various sedimentary basins 
(Mao et al., 2015; Schutter, 2003). Oil and gas exploration shows 
that volcanic rocks are developed in basins such as continental  
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rifts, continental margins, back-arc foreland and trench-arc sys-
tem, and have favorable oil and gas storage conditions (Petford 
and Mccaffrey, 2003; Seemann and Schere, 1984; Powers, 1932). 
At present, volcanic reservoirs or oil-gas shows have been dis-
covered in more than 300 basins in more than 20 countries on 
five continents (Sruoga and Rubinstein, 2007; Bradshaw et al., 
1999; Lewis, 1932; Udden, 1915). Volcanic rock has become a 
new important petroleum exploration area (Wang et al., 2015; 
Jiang et al., 2009; Feng, 2008). However, as an important, com-
plex and special reservoir, volcanic rocks must be effectively 
matched with source rocks to form reservoirs, and the accumu-
lation conditions and main controls of volcanic rocks are more 
complicated, which currently lack in-depth research. The  
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research of the development characteristics and distribution rules 
of volcanic rocks, especially the characteristics of the pore struc-
ture in volcanic structures and their formation mechanisms and 
distribution rules, the types and oil-bearing properties of vol-
canic reservoirs and the conditions of accumulation, are still at 
initial stage (Zou et al., 2008). Accordingly, it is urgent to deepen 
the research of volcanic rock reservoir lithology, lithofacies, 
physical properties, oil and gas reservoir types, as well as main 
controls on hydrocarbon accumulation and hydrocarbon accu-
mulation patterns. 

In China, volcanic reservoirs have been discovered in 
Songliao, Bohai Bay, Hailar, Erlian, Junggar, Santanghu, Tarim, 
Sichuan and other basins, with several hundred million tons cu-
mulative proven oil reserves and several trillion cubic meters of 
natural gas reserves. Two large volcanic oil and gas regions in 
the east and west have initially formed (Chen et al., 2014; Jin et 
al., 2013; Zhao et al., 2009). Especially for the Carboniferous 
volcanic oil and gas reservoirs in the North Xinjiang in western 
China, it has become the most important basement/bedrock res-
ervoirs in Junggar Basin (Cui et al., 2013; Zhang et al., 2007). 
The discovery of the Karamaili volcanic gasfield in the Ludong-
Wucaiwan area confirms that the Carboniferous can form a set 
of self-generating & self-storing reservoirs, and also indicates 
that the Carboniferous volcanic rocks have become a key re-
placement target for oil and gas exploration in the basin (Zou et 
al., 2008). So far, 59 Carboniferous volcanic reservoirs have 
been discovered, with proven oil reserves of 4.2×108 t and 
proven gas reserves of 800×108 m3 approximately. Only less 
than 20% of the strata have been proved, leaving a huge potential 
of resources for exploration. 

Over the decades, the studies on Carboniferous have made 
great progress. The Carboniferous is divided into two sets of vol-
canic rocks (upper and lower) intercalated with a set of sedimen-
tary rocks, presenting a “sandwich” structure (Wang X L et al., 
2013; Xiao et al., 2006). The weathering crust of volcanic rocks 
has a total of five layers including soil layer, hydrolysis zone, 
dissolution zone, disintegration zone and parental rock, among 
which, the dissolution zone and disintegration zone have the best 
physical properties and are the primary pore space for weather-
ing crust (Li et al., 2017; Wang et al., 2011). In the west, volcanic 
rocks are young-generating & old-storing pattern, usually form-
ing fault block reservoirs along faults; in the east, volcanic rocks 
are self-generating & self-storing pattern, mostly forming litho-
logical reservoirs along uplift zone (Mao et al., 2015; Wang et 
al., 2008). The main controls for hydrocarbon accumulation in 
volcanic rocks are volcanic architecture, weathering crust reser-
voir, and effective reservoir-caprock assemblage (Hou et al., 
2012; He et al., 2010). As more exploration data, reservoir data 
and analysis/test data are available, some problems are uncov-
ered, such as deviation in original understanding to lithology, 
lithofacies and physical properties of volcanic reservoirs, inade-
quate analysis on main controls over volcanic reservoirs, and un-
reasonable classification of volcanic reservoirs and hydrocarbon 
accumulation patterns. Therefore, it restricts further exploration 
of volcanic oil and gasfields in Junggar Basin. Based on 37 re-
serves reports and 3 200 reservoir test data in Junggar Basin, we 
characterized the Carboniferous reservoirs from the prospective 
of lithology and lithofacies, physical properties, reservoir types, 

main controls on hydrocarbon accumulation, and hydrocarbon 
accumulation patterns. According to the reservoir characteristics 
and hydrocarbon accumulation patterns clarified, we delineate 
two exploration orientations and four prospects, providing refer-
ences for the operation and decision of exploration in the Car-
boniferous volcanic reservoirs in Junggar Basin. 
 
1  GEOLOGICAL SETTING 

The Junggar Basin is located in the south of the Paleo-Asian 
Ocean tectonic domain, which is an important part of the Central 
Asian Orogenic Belt and a part of the eastern extension of the 
Kazakhstan Plate (He et al., 2018; Xiao et al., 2009; Jahn et al., 
2004). It is a large superimposed petroliferous basin with an area 
of 13.4×104 km2 (Fig. 1). The Carboniferous is mostly in the 
multi-island oceanic crust reduction-volcanic island arc tectonic 
environment and volcanic-sedimentary environment, showing a 
general structural framework featured with island arc in the 
south and rift in the north (Zhao et al., 2019; Wang S F et al., 
2013; Li et al., 2012). The Carboniferous in Junggar Basin is 
mainly composed of marine volcanic rocks, marine-continental 
transitional sedimentary rocks, and transitional-continental vol-
canic rocks (Ablimiti et al., 2019; Tang et al., 2015; Zhao et al., 
2009). According to gravity and seismic data, the volcanic rocks 
are predicted to be 7.8×104 km2 in the basin, distributing along 
the inherited east-western Junggar fault zone and the paleo-uplift 
zone of the central depression. Vertically, the Carboniferous 
usually presents a “three-segment” stratigraphic pattern, with 
volcanic rocks in the upper segment, sedimentary rocks in the 
middle segment, and volcanic rocks in the lower segment (Han 
et al., 2019; Wu et al., 2009). In western Junggar Basin, island 
arc-residual ocean deep-water sediments are developed, mainly 
in the Lower Carboniferous. It is composed of source rocks of 
Permian Fengcheng Formation (P1f) and Lower Wuerhe For-
mation (P2w) and Carboniferous volcanic reservoir, forming the 
young-generating & old-storing reservoir (Fig. 2a; Chen et al., 
2016a). In eastern Junggar Basin, post-collision extensional rift 
(fault depression) is developed as a result of the subduction of 
the residual Karamaili ocean. Within the fault depression, there 
is the first set of transitional effective argillaceous source rocks 
of the Lower Carboniferous Dishuiquan Formation (C1d) and 
Upper Songkaersu Formation (C1sb), which form a good source-
reservoir assemblage with the volcanic rocks of the underlying 
Lower Songkaersu Formation (C1sa) and the overlying Batama-
yineishan Formation (C2b) (Fig. 2b; Zhang et al., 2020). Hydro-
carbon accumulation in volcanic rocks is closely related to the 
distribution of volcanic rocks and the geological elements of 
proximate source rocks. 

According to the overall distribution of Carboniferous vol-
canic rocks drilled in the basin, there are six volcanic distribution 
zones (Chen J et al., 2020; Chang et al., 2019; Chen Z H et al., 
2016b): Ke-Bai fault zone, Hong-Che fault zone, Lubei area, 
Shixi-Xiayan area, Ludong-Wucaiwan area, and Fudong-   
Shazhang-Beisantai area, which are roughly classified into three 
volcanic regions, i.e., western Junggar, northern Junggar, and 
eastern Junggar. Since commercial discovery has been made 
only in the east (eastern uplift), north (Luliang uplift), and west 
(fault zone at the northwestern margin) of the basin, and the ge-
ological conditions in northern Junggar are similar to those in the 
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Figure 1. Oil and gas exploration results of Carboniferous volcanic rocks in Junggar Basin (modified after 2019 Exploration and Deployment Map of Xinjiang 

Oilfield). Mt. Mountain. 

 

 

Figure 2. Stratigraphic column of Carboniferous in Junggar Basin. 
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northeastern margin of the basin, the reservoir sequence, accu-
mulation sequence and hydrocarbon accumulation patterns of 
volcanic rocks can be analyzed based on the comparison be-
tween eastern Junggar and western Junggar (Fig. 2). 
 
2  CHARACTERISTICS OF CARBONIFEROUS VOL-
CANIC RESERVOIR 
2.1  Lithology and Lithofacies 

According to the classification of Zhu et al. (2010), we re-
arranged the lithofacies of volcanic rocks in Junggar Basin based 
on rock type, lithology, texture, structure and occurrence. By the 
occurrence and depth of volcanic rocks, the area from the near-
crater zone to the far-crater zone is divided into volcanic conduit 
facies, explosive facies, effusive facies and volcanic sedimentary 
facies (Table 1), so that the occurrence of volcanic rocks is high-
lighted, thereby providing basis for the theory of facies, reservoir, 
and physical properties controlled by volcanic architectures. 
 
2.2  Pore Space and Physical Properties 
2.2.1  Pore space 

With reference to the classification of pore space by Wang 
et al. (2007), and based on the data of 37 reserves reports and the 
3 200 reservoir test data, we divide the pore space of volcanic 
reservoirs in the basin into three types: primary pores, secondary 
pores, and microfractures (Table 2). The primary pores are sub-
divided into primary vesicle, residual vesicle, intergranular (in-
ter-gravel) pore, and intercrystalline/intracrystalline pore, the 
secondary pores are subdivided into phenocryst dissolved pore, 
amygdaloidal dissolved pore, intra-matrix dissolved pore, and 
inter-breccia dissolved pore, and the microfractures are subdi-
vided into primary condensing shrinkage fracture, structural 
fracture, weathering fracture, and dissolved fracture (Fig. 3). 

Existence of primary pores is fundamental for the formation 
of effective volcanic reservoirs, but the primary pores are mostly 
filled or dissolved to different extents during the subsequent bur-
ial evolution. Obviously, the late alteration of the Carboniferous 
volcanic rock is pivotally important to the formation of reservoir 
(Zhang et al., 2014). According to the type of pore space, the 
volcanic rock is a dual-media reservoir with typical dissolved 
pores and microfractures (Li et al., 2010; Lin et al., 2009). The 
Carboniferous reworked weathering crust volcanic reservoirs 
generally demonstrate the pore space in three combinations: 
structural fracture+dissolved fracture+dissolved pore, primary 
vesicle+structural fracture+dissolved fracture+dissolved pore, 
and intercrystalline pore+primary pore+structural fracture+  
dissolved pore. The last combination is mainly observed in vol-
caniclastic rocks. Various types of pore spaces can be found in 
the Lower Carboniferous volcanic reservoirs in east-western 
Junggar. Primary vesicles and dissolved pores exist in the near-
crater explosive facies and explosive facies belts, implying the 
possibility of high-quality reservoirs. Secondary pores are 
mostly developed in far-crater facies belts, where the develop-
ment degree of weathering and structural fractures determines 
the alteration degree and storage capacity of reservoir. The res-
ervoirs are dominantly fracture-pore type (interconnected frac-
tures, microfractures and pores) and fracture type (microfrac-
tures and fractures) (Zhang et al., 2018). 
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Figure 3. Types of pore space in the Carboniferous volcanic reservoirs in Junggar Basin. 

 
2.2.2  Physical properties 

The Carboniferous volcanic reservoirs in the basin are di-
verse and tight in lithology, and the lithology, lithofacies and 
pore space determine their strong heterogeneity, exclusively be-
ing homogeneous reservoirs with medium-low porosity and low-
extra-low permeability (Jin et al., 2018; Song et al., 2016). The 
physical properties are extremely variable for different litholo-
gies and lithofacies in horizontal and vertical directions. As a 
kind of in-situ accumulation, volcanic reservoirs are widespread 
very differently from region to region (Wang et al., 2012). Gen-
erally, the volcanic reservoirs show better physical properties in 
the Upper Carboniferous than in the Lower Carboniferous, in 
volcaniclastic rocks than in lava, and in intermediate acidic lava 
than intermediate basic lava (Zhu et al., 2012). The Lower Car-
boniferous is dominant at the northwestern margin of the basin, 
while the Upper Carboniferous is dominant in eastern Junggar 
(Wu et al., 2011). 

According to 37 reserves reports and 3 200 reservoir test 
data, the lithofacies include explosive facies→effusive facies→ 
near-crater sedimentary facies→volcanic conduit facies→  
sub-volcanic facies→far-crater sedimentary facies, in an ascend-
ing order of distance to the crater (Fig. 4a). By lithologies, the 
volcanic reservoirs with the best physical properties are welded 
(vesicle) basalt, amygdaloidal (vesicle) andesite, volcanic brec-
cia, welded (vesicle) tuff, rhyolitic dacite, amygdaloidal basaltic 
andesite, and vesicle basaltic andesite, followed by agglomerate, 
andesite basalt, basaltic andesite, dolerite, rhyolitic breccia, rhy-
olite, and andesite; the lithofacies with the worst physical prop-
erties are tight basalt, tight andesite, tuff, dolerite, and sandy tuff 

(Fig. 4b). For the Carboniferous volcanic rocks in the Di’nan up-
lift zone in the eastern segment of the Luliang uplift, the rocks of 
explosive facies include agglomerates, volcanic breccia, tuff, 
breccia-bearing tuff, tuffaceous volcanic breccia and rhyolitic 
breccia (with a porosity of 8.91%); the rocks of effusive facies 
include amygdaloidal andesite, rhyolitic dacite, amygdaloidal ba-
saltic andesite, basaltic andesite, and andesite (with a high poros-
ity of 7.12%); the rock of volcanic conduit facies is andesitic tuff 
lava (with a porosity of 6.07%); the rocks of volcanic sedimentary 
facies include crystal debris tuff (with a porosity of 7.33%) and 
sedimentary tuff (with a porosity of 5.45%). 

 
3  TYPES OF VOLCANIC RESERVOIRS 

Scholars have presented three main different division 
schemes of volcanic reservoirs types in Junggar Basin. He et al. 
(2010) divided volcanic reservoirs into two types according to 
Upper and Lower Carboniferous and lithology: Upper and 
Lower Carboniferous volcanic rocks and glutenite, which were 
divided into 9 subtypes by trap types. Zou et al. (2011) divided 
volcanic reservoirs into three types based on the locations of 
reservoirs and source rocks: intra-source, above-source, and 
side-source, which were divided into three subtypes, i.e., strati-
fied volcanic rocks, quasi-stratified volcanic cones, and uncon-
formable comb, according to the volcanic reservoir morphology. 
Tang et al. (2015) divided volcanic reservoirs into two patterns 
according to the oil and gas sources, i.e., self-generating & self-
storing and young-generating & old-storing, and into weathering 
crust and inner reservoirs based on the location of reservoir in 
the volcanic rocks. These three division schemes respectively  
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Figure 4. Histograms of physical properties of Carboniferous volcanic reservoirs with different lithologies in Junggar Basin. 

 
focus on lithology and trap types, source-reservoir relationship, 
and reservoir characteristics. In fact, volcanic reservoirs in Jung-
gar Basin were often formed near source. Effective source rocks 
in different regions controlled the distribution of volcanic reser-
voirs, and together with the characteristics of reservoirs and traps, 
determined the type of volcanic reservoirs. 

Therefore, based on the latest exploration results, compre-
hensively considering the three elements of source rocks, reser-
voir types and trap types, and the above three previous division 
schemes, the Carboniferous volcanic reservoirs in Junggar Basin 
are divided into 10 types. First, according to the distribution 
range of the main source rocks and the relationship between 
source and reservoir, volcanic reservoirs are divided into two 
categories: self-generating & self-storing pattern and young-
generating & old-storing pattern. This classification focuses 
more on source types and reservoir occurrence than conventional 
classification. The former type is characterized by hydrocarbon 
accumulation near the Carboniferous source rocks, which can be 
found in the Ludong-eastern Junggar area. The latter type is 
formed near the Permian source rocks and distributed in the 
Luxi-northwestern margin of the Junggar Basin. Second, on the 
basis of clarifying the main source of oil and gas, the reservoirs 
are subdivided by the types of reservoir and trap. Among them, 
self-generating & self-storing pattern can be subdivided into 6 
types: weathering crust-stratigraphic-lithological type, anticline 
type, anticline-lithological type, fault-stratigraphic type, stratified- 

buried hill type and inner buried-hill type. Young-generating & 
old-storing pattern can be subdivided into 4 types: fault block 
type, fault anticline-buried hill type, fault anticline type and 
weathering crust-buried hill type (Table S1 and Fig. 5). This di-
vision scheme not only comprehensively considers the type and 
matching relationship of source rocks, reservoirs and traps, but 
also conforms to the characteristics of different types of volcanic 
reservoirs formed under the control of different main source rocks 
in different areas of Junggar Basin, and corresponds to the vol-
canic reservoirs discovered in various oilfields in the basin, which 
ensures that it has better applicability in exploration practice. 
 
3.1  Self-Generating & Self-Storing Pattern 

Self-generating & self-storing pattern of conventional reser-
voirs is an intra-source pattern, namely, source rocks and reser-
voir rocks are in the same interval. Unlikely, the self-generating 
& self-storing pattern of volcanic reservoirs does not refer to the 
volcanic rock itself, which can’t act as source rock but only as 
in-situ accumulation. For purpose of differentiation, the self-
generating & self-storing pattern of volcanic reservoirs is scaled 
to the entire strata, thereby distinguishing it from the concept of 
“young-generating & old-storing” which crosses strata. 

 
3.1.1  Weathering crust-stratigraphic-lithological type 

In this type of oil and gas reservoirs, volcanic rocks are ex-
posed as buried hills and are weathered and denudated to form 
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weathering crust reservoirs. Stratigraphic boundaries, lithologi-
cal bodies and faults jointly constitute traps. For example, the 
volcanic reservoirs in the Well Dixi 18 area of the Di’nan uplift 
zone in the Ludong area are granite bedrock accumulations of 
the Carboniferous Batamayineishan Formation intrusions, and 
they were formed under the control of lithology and stratigraphic 
pinchout, as well as the control of faults (Fig. 5a). 
 
3.1.2  Anticline type 

The top and periphery of this type of reservoirs are covered 
by caprocks, showing the morphology of an intact anticline. For 
example, the oil reservoir in the Xidi No. 1 anticline in the Bei-
santai uplift is a drape anticline structure developed on the set-
ting of Carboniferous bedrock uplift without the development of 
faults. It is the eruption from a single crater, with its lithology 
controlled by volcanic texture (Fig. 5b). 
 
3.1.3  Anticline-lithological type 

Anticline-lithological reservoirs are based on lithological 
traps (e.g., volcanic rock bodies and volcaniclastic sandstone 
bodies), and developed in an anticline shape under the setting of 
uplift structure. Horizontally, the oil- and gas-bearing bounda-
ries are lithological boundaries. For example, the Carboniferous 
volcanic gas reservoirs in the Well Dixi 10 area of the Di’nan 
uplift are controlled jointly by anticlinal traps and volcanic ac-
cumulations (Fig. 5c). 
 
3.1.4  Fault-stratigraphic type 

Strata and stratified volcanic lithologic bodies jointly con-
stitute a trap, forming a fault-stratigraphic oil and gas reservoir. 
For example, in the southern belt of the second-step uplift in the 
Di’nan uplift, the Carboniferous volcanic reservoirs in the Well 
Mei 6–Mei 8 area are distributed in layers; the gas reservoirs are 
not only controlled by faults, but also influenced by stratigraphic 
truncation and pinching-out and lithology in the east-west direc-
tion (Fig. 5d). 
 
3.1.5  Stratified-buried hill type 

The type is mostly developed on inherited paleo-uplift or 
paleo-structure. The Carboniferous volcanic reservoirs are dis-
tributed in stratified manner along the top of buried hill, with 
overlying mudstone as seal at the top and possibly lithological 
boundary in lateral direction. For example, the Carboniferous vol-
canic reservoirs in the Well Xiquan 1–Xiquan 10 area of the Bei-
santai uplift are stratified under the setting of buried hill (Fig. 5e). 
 
3.1.6  Inner buried-hill type 

Under the setting of the ancient anticline and monocline 
structures, hydrocarbons accumulate effectively again inside the 
buried-hill reservoir formed beneath the weathering crust at the top 
of volcanic reservoirs. This type of reservoir is often complemen-
tary to the weathering crust type and controlled by faults and un-
conformity, with overlying mudstone as seal at the top and possi-
bly stratigraphic-lithological boundary in lateral direction (Fig. 5f). 
 
3.2  Young-Generating & Old-Storing Pattern 
3.2.1  Fault block type 

This type is mainly found in fault zones, especially in the 

vicinity of fault zone or inherited uplift zone. The reservoir is 
surrounded by fault which is the basic element for sealing oil and 
gas. For example, the Carboniferous volcanic oil reservoir in the 
Well Jinlong 10 area of the Zhongguai uplift at the northwestern 
margin of the basin is sealed by fault, generally representing as 
a fault block reservoir (Fig. 5g). 
 
3.2.2  Fault anticline-buried hill type 

In this type of reservoirs, the volcanic body constitutes a 
buried hill, which is in the form of a fault anticline, covered by 
mudstones of the Permian, Triassic, and Jurassic. For example, 
in the Carboniferous volcanic oil reservoir in Shixi, the fault an-
ticline is denudated into residual buried hill, with the upper part 
sealed by the Middle–Upper Triassic mudstones. The present-
day oil reservoir contains bitumen left after the destruction of 
early reservoir, indicating that it was formed by the charging of 
mature and high-mature hydrocarbons in late stage (Fig. 5h). 
 
3.2.3  Fault anticline type 

This type generally represents as an anticlinal structure, 
with one wing mostly cut, forming a fault anticline. Fault is an 
element for sealing oil and gas. This type of reservoir is common 
in zones #4, #6, #7 and #9 of the hanging wall of the Ke-Bai fault 
zone at the northwestern margin and in the hanging wall of the 
Hong-Che fault zone. For example, in the Well Che 210 area of 
the Chepaizi fault zone, multiple fault anticline reservoirs exist 
as a result of the intersection of volcanic rock bodies at the front 
of the nappe zone (Fig. 5i). 
 
3.2.4  Weathering crust-buried hill type 

This type is mainly developed in the hanging wall of fault 
zone. The nappe fault pushes the volcanic bodes up as a whole, 
forming the palaeomorphology of buried hill. The weathering 
crust reservoir is formed due to strong weathering and leaching 
along the unconformity. Oil and gas supplied by the footwall mi-
grate vertically along faults and then along the unconformity sur-
face to accumulate finally. The oil reservoir is mainly controlled 
by fault, unconformity and lithology (Fig. 5j). 
 
4  HYDROCARBON ACCUMULATION IN VOLCANIC 
ROCKS: MAIN CONTROLS AND PATTERNS 
4.1  Main Controls on Hydrocarbon Accumulation 

In the Carboniferous volcanic rocks, hydrocarbons accumu-
late near the effective source rocks. Also, the thermal evolution 
degree of the source rocks determines the accumulation pattern: 
self-generating & self-storing, or young-generating & old-  
storing. So, hydrocarbon accumulation occurs in different struc-
tures in different regions (Kuang et al., 2007). In western Jung-
gar, hydrocarbons mainly accumulated along fault zones; in east-
ern Junggar, hydrocarbons mainly accumulated along inherited 
uplift zones. Structural patterns determine the hydrocarbon ac-
cumulation style and pattern. 

In western Junggar, there are mainly young-generating & 
old-storing reservoirs around the effective source rocks in the 
Middle–Lower Permian of the footwall of the fault zone at the 
northwestern margin. In eastern Junggar, there are mainly self-
generating & self-storing reservoirs around the effective source 
rocks in the Carboniferous (Fig. 6). Hydrocarbon accumulation 
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is mainly controlled by oil/gas-source fault+lithology (lithofa-
cies)+ unconformity in the tectonic setting. 

 

4.2  Patterns of Hydrocarbon Accumulation 
According to the hydrocarbon source, thermal evolution of  

 

Figure 5. Classification of Carboniferous volcanic reservoirs in Junggar Basin. 
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Figure 6. Distribution of source rocks closely related to hydrocarbon accumulation in the Carboniferous volcanic rocks in Junggar Basin (the base map is modified 

after the internal data of Xinjiang Oilfield). 

 

 

Figure 7. Hydrocarbon accumulation patterns of the Carboniferous volcanic reservoirs in Junggar Basin. 

 
effective source rocks, accumulation structural zone, and distribu-
tion of source-reservoir-caprock assemblage, the Carboniferous 
volcanic reservoirs in Junggar Basin are believed to derive from 
four hydrocarbon accumulation patterns, i.e., self-generating & 
self-storing in paleo-uplift and vertical migration, self-generating 

& self-storing in paleo-uplift and lateral migration, young-  
generating & old-storing in fault zone and vertical migration, 
and young-generating & old-storing in paleo-uplift and lateral 
migration (Fig. 7). 
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4.2.1  Self-generating & self-storing in paleo-uplift and ver-
tical migration 

This pattern is mainly found in the Carboniferous volcanic 
rocks in the Ludong (Di’nan and Dibei uplifts)-Wucaiwan sag-
Shishugou sag-Baijiahai uplift area, where volcanic gas reser-
voirs are developed in inherited paleo-uplift, nasal arch zone, 
and structural highs of the slope zone. Hydrocarbons are accu-
mulated near the source rocks, mainly around the argillaceous 
source rocks of the Dishuiquan Formation and the Upper 
Songkaersu Formation. The gas generation intensity of source 
rocks determines the range of accumulation. Mostly, under the 
structural setting of uplift zone, the weathering crust reworked 
volcanic reservoirs formed along the unconformity evolve to the 
pattern of self-generating & self-storing and near-source vertical 
migration, including weathering crust-stratigraphic-lithological 
type (Well Dixi 18 area), anticline-lithological type (Well Dixi 
10 area), fault-stratigraphic type (wells Mei 6–Mei 8 area), and 
inner buried-hill type (Fig. 7a). This pattern is characterized by 
near-source, inherited paleo-uplift, weathering crust reservoir, 
Upper Permian mudstone as the seal, and self-generating & self-
storing in the Carboniferous strata. Main controls on hydrocar-
bon accumulation are paleo-uplift+lithofacies+weathering 
crust+mudstone caprock. 
 
4.2.2  Self-generating & self-storing in paleo-uplift and lat-
eral migration 

This pattern is mainly found in the Carboniferous volcanic 
rocks in the Fudong slope-Sha’nan nasal arch-Beisantai uplift-
Jimusaer sag-Gucheng sag area, where volcanic gas reservoirs 
are developed in inherited paleo-uplift, nasal arch zone and the 
structural highs of the slope zone. In the Late Triassic–Early Ju-
rassic, the source rocks entered the oil generation peak and the 
oil and gas was accumulated in the paleo-uplift zone and nasal 
arch zone by lateral migration along unconformity. In the later 
period, they were further reworked with structural alterations 
and fault damage, and the scale of the reservoir was shrunk by 
dissipation, representing as the anticline type (Well Bei 32 area), 
fault-lithological type (Well Ji 15 area), stratified-buried hill 
type (Well Xiquan 1), and inner buried-hill type (Well Fu 26 
area), under the setting of paleo-structure, paleo-nasal arch and 
paleo-slope (Fig. 7b). This pattern is characterized by near-
source, unconformity, paleo-uplift, stratified lithology, overly-
ing mudstone as the seal, and self-generating & self-storing in 
the Carboniferous strata. Main controls on hydrocarbon accumu-
lation are unconformity+paleo-uplift+lithofacies+mudstone 
caprock. 
 
4.2.3  Young-generating & old-storing in fault zone and 
vertical migration 

This pattern is mainly found in the Carboniferous volcanic 
rocks in the fault zone at the northwestern margin, where the 
volcanic oil reservoirs are developed on the hanging wall of the 
major fault and structural highs of the Zhongguai uplift. In the 
Ke-Bai fault zone at the northwestern margin, the fault block, 
fault block-lithological, and fault-sealing traps are frequently de-
veloped, forming the pattern of young-generating & old-storing 
in fault zone and vertical migration. At the end of Triassic, oil 
generated from the Fengcheng Formation source rocks migrated 

vertically along the fault zone and then along the paleo-uplift and 
the unconformities at the bottoms of Triassic, Jurassic and Cre-
taceous in the northwestward direction, in an ascending “fault 
step” manner, and finally accumulated in the Carboniferous vol-
canic rocks to form volcanic reservoirs in zones #1–2, zones #6–
7–9 and the Jinlong area. In the Hong-Che fault zone, in Late 
Cretaceous, oil generated from the Lower Wuerhe Formation 
source rocks migrated vertically along the fault zone, and then 
along the unconformities at the bottoms of Triassic and Jurassic 
in the westward direction, in an ascending zigzag manner, and 
finally accumulated in the Carboniferous volcanic rocks to form 
the Carboniferous volcanic reservoirs in Hongshanzui, Che 21, 
and Chefeng 3 (Fig. 7c). This pattern is characterized by fault 
zone, oil source fault, unconformity, lithology, and young-  
generating & old-storing in the Carboniferous crossing strata. 
Main controls on hydrocarbon accumulation are fault sealing+ 
unconformity+lithology. 
 
4.2.4  Young-generating & old-storing in paleo-uplift and 
lateral migration 

This pattern is mainly found in the Carboniferous volcanic 
rocks in the Luxi (Shixi uplift, Sannan sag, Xiayan uplift, 
Sangequan uplift, and Yingxi sag in the western section of the 
Luliang uplift)-Dabasong uplift-Mobei uplift-Mosuowan uplift 
area, where the Carboniferous volcanic oil reservoirs are devel-
oped in the uplift zone and the structural highs of the nasal arch 
zone. Hydrocarbons accumulated after lateral migration from the 
argillaceous source rocks in the Lower Permian Fengcheng For-
mation and the Middle Permian Lower Wuerhe Formation in the 
adjacent sag-the West Well Pen 1 sag. In the Late Yanshanian, 
the Lower Wuerhe Formation source rocks entered the oil win-
dow, forming a huge supplement to oil source. Oil and gas mi-
grated along the dominant pathways to the paleo-uplift, paleo-
nasal arch and structural highs of the slope zone, giving rise to 
the anticline, stratigraphic-lithological, fault anticline, and  
buried-hill type volcanic reservoirs (Fig. 7d). This pattern is 
characterized by inherited paleo-uplift, unconformity, favorable 
lithofacies, overlying mudstones, and young-generating & old-
storing in the Carboniferous crossing strata. Main controls on 
hydrocarbon accumulation are paleo-uplift+unconformity+ 
lithofacies+mudstone caprock. 
 
5  EXPLORATION PROSPECTS 

Hydrocarbon accumulation in the Carboniferous volcanic 
rocks is controlled by the factors such as effective source rock 
distribution, favorable reservoirs, faults and lateral migration 
systems, effective reservoir-caprock assemblage, and effective 
preservation conditions. The reservoirs are distributed near the 
center of source rocks, with the oil and gas productivity con-
trolled by the distribution of high-quality reservoir, and the oil 
and gas enrichment controlled by faults. Lithology of strata in-
side the Carboniferous and overlying strata and fault sealing are 
critical for oil and gas preservation. Considering the distribution 
and structural features of Carboniferous volcanic rocks, effective 
source rock distribution, reservoir-caprock assemblage, main 
controls on hydrocarbon accumulation, hydrocarbon accumula-
tion patterns, and recent progress in oil and gas exploration, it is 
clarified that the exploration of the Carboniferous volcanic rocks 
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in the basin must be based upon the characteristics of near-source 
accumulation. 

The exploration targets: (1) the self-generating & self-storing 
type reservoirs in the fault depressions of the southern belt and 
northern belt of the Carboniferous effective source rocks in east-
ern Junggar (exploration operations have achieved favorable 
progress in the structural highs of the structural highs of the up-
lift zone in the early stage, and will extend to the nasal arch zone, 
slope zone, and inner rock bodies); and (2) the fault zone and 
uplift zone at the northwestern margin, with hydrocarbons sup-
plied by the Permian source rocks in the Mahu-Shawan-West 
Well Pen 1 sag area (exploration operations have achieved    
favorable progress in the structural highs in the front fault block, 
nappe and uplift of the fault zone, and will be carried out further 
in the fault zone and extend to the structural highs in the over-
lapping zone, uplift zone, and nasal arch zone in the fault zone. 

The exploration prospects include (Fig. 8): (1) the Ludong-
Wucaiwan-Baijiahai slope belt (self-generating & self-storing 
pattern); (2) the southern slope belt of the Shaqi uplift (self-  
generating & self-storing pattern); (3) the fault and nasal arch 
zone at the northwestern margin (young-generating & old-  
storing pattern); and (4) the nasal arch zone in the Luxi area 
(young-generating & old-storing pattern). 

 
6  CONCLUSIONS 

(1) According to rock type, lithology, texture, structure and 
occurrence, the area from the near-crater zone to the far-crater 
zone is divided into volcanic conduit facies, explosive facies, ef-
fusive facies and volcanic sedimentary facies, so that the occur-
rence of volcanic rocks is highlighted, thereby providing basis 
for the theory of facies, reservoir, and physical properties con-
trolled by volcanic architectures. The pore space of volcanic res-
ervoirs in Junggar Basin are divided into three types: primary 

pores, secondary pores and microfractures, and can be further 
subdivided into 16 subtypes. By lithologies, the volcanic reser-
voirs with the best physical properties are welded (vesicle) basalt, 
amygdaloidal (vesicle) andesite, volcanic breccia, welded (vesi-
cle) tuff, rhyolitic dacite, amygdaloidal basaltic andesite and 
vesicle basaltic andesite. 

(2) Comprehensively considering the three elements of 
source rocks, reservoir types and trap types, volcanic reservoirs 
in Junggar Basin are divided into two categories: self-generating 
& self-storing pattern and young-generating & old-storing pat-
tern, and further divided into 10 types. In western Junggar, hy-
drocarbons mainly accumulated along fault zones; in eastern 
Junggar, hydrocarbons mainly accumulated along inherited up-
lift zones. Different tectonic patterns determine that there are four 
hydrocarbon accumulation patterns of the Carboniferous volcanic 
reservoirs in Junggar Basin: self-generating & self-storing in 
paleo-uplift and vertical migration, self-generating & self-storing 
in paleo-uplift and lateral migration, young-generating & old-  
storing in fault zone and vertical migration, and young-generating 
& old-storing in paleo-uplift and lateral migration. Hydrocarbon 
accumulation is mainly controlled by oil/gas-source fault+lithol-
ogy (lithofacies)+unconformity in the tectonic setting. 

(3) Future exploration of the Carboniferous volcanic rocks 
in Junggar Basin will focus on the effective source rocks devel-
opment and hydrocarbon supply zones and the self-generating & 
self-storing and young-generating & old-storing patterns. The ex-
ploration prospects are determined to be the Ludong-Wucaiwan- 
Baijiahai slope belt and the southern slope belt of the Shaqi uplift 
(self-generating & self-storing pattern) in eastern Junggar, and 
the fault and nasal arch zone at the northwestern margin and the 
nasal arch zone (deep and large structure, such as Mahu anticline 
and Mosuowan anticline) in the Luxi area (young-generating & 
old-storing pattern) in western Junggar. 

 

 

Figure 8. Distribution of exploration prospects in the Carboniferous volcanic rocks in Junggar Basin (the base map is modified after the internal data of Xinjiang 

Oilfield). 
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