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The foreland slope in the south marginal Junggar Basin (SMJB) is geologically favorable for
mass lithologic oil and gas reservoir accumulation. Based on outcrops, thin sections,
individual-well facies, and cross-well stratigraphic correlation, the stratigraphic distribution
and features of the Upper Jurassic Kalazha Formation were investigated in the SMJB.
There are two sedimentary sources in the southwest and southeast Kalazha Formation,
which thin out from south to north and vanish in the northern slope. Fan deltas occur in the
southwest, and braided river deltas occur in the southeast. Kalazha reservoir rocks and
sedimentary facies were predicted using joint 2D and 3D seismic impedance inversion.
According to the overall analysis, the Kalazha Formation in the foreland slope is favorable
for hydrocarbon accumulation, considering structural highs as the destination of long-term
hydrocarbon migration and the updip wedge-out zone in the north with potential lithologic
traps. The accumulation model was established with source rocks, reservoir rocks,
caprocks, and migration systems for the lithologic hydrocarbon reservoirs in the
Kalazha Formation in the SMJB. As per the model and regional stratigraphic and
structural features, Kalazha lithologic hydrocarbon reservoirs mainly formed in the
annular updip wedge-out zone in the foreland slope. Our deliverables may provide
useful information for mass lithologic hydrocarbon accumulation in the foreland slope
and deep to ultra-deep hydrocarbon exploration in the SMJB.

Keywords: Kalazha Formation, lithologic hydrocarbon reservoir, foreland slope, south marginal Junggar Basin,
accumulation condition, accumulation model

INTRODUCTION

Lithologic reservoirs, especially large and extremely large lithologic oil and gas fields (provinces), are
important to hydrocarbon exploration and reserves and production increases, the proved reserves of
which account for 80% of the total reserves (Yuan et al., 2003; Jia et al., 2007; Tao et al., 2017). There
are fewer and fewer structural reservoirs, which are less challenging for exploration, and hydrocarbon
exploration is now focusing more on elusive lithologic reservoirs (Fu et al., 2020; Liang and Li, 2020).

The slope zone in a foreland basin is among the primary areas deposited with clastic lithologic
reservoirs. According to the theory of structure-sequence-dominated hydrocarbon accumulations in
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FIGURE 1 | (A) Regional location of the Junggar Basin in northwest China. (B) Tectonic units and the south marginal Junggar Basin (SMJB). (C) Location of the
subunits, typical wells, and cross-sections. (D) Composite stratigraphic column in the MSTB.

Frontiers in Earth Science | www.frontiersin.org February 2022 | Volume 10 | Article 8169602

Liu et al. Lithologic Hydrocarbon Accumulations Kalazha Formation

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


a continental foreland basin, the occurrence of lithologic traps is
dominated by six boundaries, such as lithologic pinch-out
boundary, and four surfaces, such as fault surface. The
distribution of lithologic reservoirs is dominated by three
surfaces (maximum flooding, unconformity, and fault
surfaces). Mass lithologic-stratigraphic hydrocarbon
accumulation is related to the fans in the thrust belt, deltaic
plains, and fronts in the slope zone in a continental foreland basin
(Jia et al., 2008; Tao et al., 2017). Based on a portfolio of proven
techniques for the exploration and evaluation of lithologic-
stratigraphic reservoirs, elusive lithologic reservoir exploration
in the thrust belt could be effectively performed in the slope zone,
in addition to the structural belt. Recent hydrocarbon exploration
has focused more on deep to ultra-deep zones. Moreover, large
deep-seated structures and clastic lithologic reservoirs in the slope
zones in foreland basins will become important targets for large-
scale reserves increases. Most foreland basins in China are
multicyclic superimposed basins with multi-phase tectonic
movements and complicated hydrocarbon accumulation.
Limited by deep to ultra-deep data, it is challenging to
pinpoint lithologic reservoirs in deep to ultra-deep slope zones
in foreland basins.

The south marginal Junggar Basin (SMJB) (Figure 1) is rich in
hydrocarbon resources (Zhen et al., 2019), where large
hydrocarbon reservoirs may occur. Exploration activities in the
SMJB began in 1936 and have targeted shallow zones, including
the Paleogene and Cretaceous Systems before 2008, where some
small gas-rich fields were discovered. Since 2008, exploration has
turned to deep-seated large structural traps in and below the
Cretaceous System. Successes in Well GT1 at the beginning of
2019 (Du et al., 2019) indicated substantial exploration potential
in the SMJB. Given the large area and promising accumulation
conditions, large lithologic reservoirs may continuously occur in
the slope zone in the foreland basin; thus, the slope zone may
become an important reserves successor (Zhang and Liu, 2002).

We focused on the sedimentation, reservoirs, and
hydrocarbon accumulation in the Jurassic Kalazha Formation
in the SMJB; a model of lithologic hydrocarbon accumulation was
established in the slope zone of the foreland basin and predicted
promising areas rich in lithologic reservoirs. Research findings
may provide useful information for hydrocarbon exploration in
this region.

GEOLOGIC SETTING

The SMJB went through multi-phase tectonic-sedimentary
evolution after the Permian Period, including foreland basin
evolution from the Permian Period to Triassic Period, fault
subsidence and compresso-shear in the Jurassic Period,
intracontinental depression evolution from the Cretaceous
Period to Paleogene Period, and rejuvenated foreland basin
evolution from the Neogene Period to Quaternary Period (Wu
et al., 2002; Wu et al., 2005; Wan et al., 2005; He et al., 2018).
Foreland basin evolution may also occur in the late Jurassic
Period as per the Qigu anticline and intense denudation in the
Middle and Upper Jurassic Series (Kuang and Qi, 2006). Due to

multi-phase tectonic-sedimentary processes in the SMJB, the
slope zone in the thrust belt was geologically favorable for
mass lithologic hydrocarbon accumulation (Zhang and Liu,
2002; Liu et al., 2019).

The SMJB has several packages of Permian-Paleogene source
rocks (Figure 1D) (Tian et al., 2017; Wei et al., 2010) and major
source rocks, including dark mudstones, carbonaceous
mudstones, and coals, occurring in the Jurassic Badaowan
(J1b), San’gonghe (J1s), and Xishanyao (J2x) Formations (Qiu
et al., 2008; Chen et al., 2017; Chen et al., 2019). The source center
extends widely in the Fukang sag, Shawan sag, piedmont thrust
belt, and Sikeshu sag (Wei et al., 2007; Wang et al., 2013; Chen
et al., 2015). Source rocks, 600–800 m thick, are mature to post
mature.

Several packages of effective reservoir rocks are developed in
the deep Cretaceous Qingshuihe Formation and Jurassic Kalazha
and Toutunhe Formations in the SMJB (Lei et al., 2012; Tian
et al., 2017). Stable basal sandy conglomerates in the Qingshuihe
Formation are laterally connected, favorable for lateral
hydrocarbon migration (Liu et al., 2018). Kalazha reservoir
rocks are mainly thick, blocky sandy conglomerates and
sandstones of hundreds of meters thick with the sedimentary
source in the south (Schneider et al., 1992; Shan et al., 2014; Gao
et al., 2020).

The upper, middle, and lower reservoir-seal assemblages are
separated by the regional mudstones in the Taxihe Formation
(N1t), Anjihaihe Formation (E2-3a), and Tugulu Group (K1tg) in
the SMJB (Li et al., 2003; Li et al., 2006). Oil and gas are mainly
concentrated in the middle assemblage (Xiao et al., 2011; Kuang
et al., 2012). The Kalazha Formation, with promising
accumulation conditions for hydrocarbon preservation, is
covered with 500–1,000-m-thick Tugulu mudstones in the
lower assemblage. The overpressure in the Tugulu Group, with
a pressure coefficient above 1.8, will further enhance the sealing
performance of mudstones (Tigert and Al-Shaieb, 1990; Magara,
1993; Darby et al., 1996). In addition to structural reservoirs in the
Qingshuihe Formation, large lithologic reservoirs may be found
in the Kalazha Formation.

STRATIGRAPHIC DISTRIBUTION

Well data are insufficient for the study of stratigraphic
distribution because only a limited number of wells were
drilled into the Kalazha Formation. Thus, we made full use of
piedmont outcrop, well, and 2D and 3D seismic data to
investigate stratigraphic distribution in the Kalazha Formation.
Due to the influence of compressional tectonic movements in the
Middle and Late Jurassic Epochs, the Kalazha Formation has been
intensely denuded and is limited within Hutubi, Fukang, and
some piedmont areas in the middle and eastern parts of the SMJB.

In the area of interest, the Kalazha Formation was drilled by
some exploratory wells, i.e., DF-1, JY-1, JY-2, CS-1, andMD-1.Well
DF-1 did not penetrate the Kalazha Formation. As per log data, the
Kalazha Formation consists of gray and brown conglomerates,
sandy conglomerates, and medium-to-fine-grained sandstones
sandwiched with thin siltstones and pelitic siltstones (Figure 2).
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The Kalazha Formation at Well JY-1 is 390 m thick and mainly
composed of medium-to-fine-grained sandstones and some
conglomerates. As per the east-west and north-south cross-well
stratigraphic correlation sections (Figure 2), the Kalazha
Formation pinches out to the east of Well JY-1 and the west of

Well XQ1 in the east, between Wells DF-1 and DS-1 in the west,
and the south of Well FC-1 in the north. According to outcrop
observation, the Kalazha Formation lithologically consists of
conglomerates and sandy conglomerates in the southern
piedmont area and finestones and siltstones toward the north.

FIGURE 2 | Fence diagram showing cross-well stratigraphic correlation of the Kalazha Formation in the SMJB (location in Figure 1).

FIGURE 3 | Outcrop stratigraphic correlation of the Kalazha Formation in the SMJB (location in Figure 1).
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To further investigate the stratigraphic distribution and
reservoir properties in the Kalazha Formation, we made a
stratigraphic column based on the observation, measurement,
and sampling of 22 outcrop sections in the area of interest
(Figure 1) and performed stratigraphic correlation (Figure 3).
The Kalazha Formation in the outcrop area is lithologically
composed of thick, blocky brown, gray, and grayish green
conglomerates; sandy conglomerates; and medium-to-coarse-
grained sandstones (Figure 4A) 80–860 m thick. The largest
thickness occurs in the Toutunhe section across the Kalazha
anticline, where the Kalazha Formation is 860 m thick. Formation
thickness decreases from east to west.

As per outcrop correlation, the Kalazha Formation consists
of brown and gray conglomerates from the Ziniquanzi section
in the west-east direction (no. 1 outcrop section) to the section
across the south flank of the Aketun syncline between the
Changji river and Toutunhe river (no. 16 outcrop section).
Angular pebbles of various diameters occur chaotically with a
low degree of roundness and high shale content (Figures
4B,C), which indicate near-source alluvial fan deposition
(Shan et al., 2014; Guan et al., 2020). On the east of the
section across the north flank of the Kalazha anticline in
Toutunhe (no. 17 section), the Kalazha Formation consists
of grayish green coarse sandstones and medium-to-fine-

FIGURE 4 | (A) The Kalazha Formation in the Honggou section, SMJB (location in Figure 1), (B) crude oil seedlings in the Kalazha Formation, (C) boulders of
conglomerate stone in the Kalazha Formation.
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grained sandstones with increased thickness (Figure 3),
inferred to be braided river delta deposition (Si et al., 2018;
Gao et al., 2020). In general, the Kalazha Formation in the area
of interest is lithologically varied in the lateral direction.
Conglomerates mainly occur in the southwestern piedmont
area, especially west of Changji. Additionally, particle size
decreases toward the north. Sandstones of braided river
delta deposition turn up in the southeast, e.g., in Urumchi
and Fukang, close to the Bogeda Mountain; this lithologically
differs greatly from the sandy conglomerates of alluvial fan
deposition in the southwest.

Using 2D and 3D seismic data and well-tie calibration, we
located the Kalazha Formation in seismic sections and
performed horizon interpretation based on seismic facies
and cross-well stratigraphic correlation. The Kalazha
Formation features weak reflections inside the region and
chaotic reflections in the piedmont area (Figure 5), related
to thick less-layered blocky sandy conglomerates. The lateral
continuity of seismic reflections increases from the piedmont
area to the north. As shown in several framework sections, the
Kalazha Formation mainly extends in Manas, the Qigu faulted
fold belt, Hutubi, and Fukang with topographically high areas
in the north and low areas in the south. The Kalazha
Formation wedges out in the updip direction from the
piedmont area to the north (Figure 5) and was denuded at
the east and west sides.

The Kalazha Formation is thick, laterally stable, and
continuous. With respect to tectonic features, the structurally
high piedmont thrust belt in the south changes into the

structurally low piedmont depressed zone, with a large, buried
depth and slope zone and small, buried depth in the north. The
formations incline in a monoclinal geometry toward the south
with a small, buried depth in the south.

RESERVOIR PROPERTIES AND
PREDICTION

We measured reservoir porosity and permeability using Kalazha
core and outcrop samples acquired from the area of interest,
including eight sandstone samples fromWell CS-1 andmore than
20 sandy conglomerate and sandstone samples from outcrops. As
per cast thin sections from the Toutunhe section (no. 17 outcrop
section) and Well CS-1, Kalazha sandstones have suitable
reservoir properties with abundant highly interconnected
pores, mainly intergranular pores and adequate particle sorting
and roundness (Figures 6A,B). Kalazha conglomerates are of
relatively poor reservoir properties. Cast thin sections of
conglomerates from the Qingshuihe section (no. four outcrop
section) showed a limited number of intergranular pores
(Figure 6C) with poor connectivity and poor pebble sorting
and roundness. Siltstones and finestones with small particle
sizes turn up toward the lake basin in the north (Figures
6D,E). These deeply buried sandstones are tight in spite of the
high sorting degree. For siltstone and finestone core samples
acquired from Well HS1, the average porosity was tested to be
5.6%, and the average permeability was tested to be 0.028 ×
10–3 μm2. Kalazha sandstones are generally superior to

FIGURE 5 | Seismic section across the Kalazha anticline and Well DF-1 in the SMJB.
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conglomerates in reservoir properties. Kalazha reservoir rocks in
the Toutunhe section and Well CS-1 are mainly thick, medium-
to-coarse-grained sandstones with massive bedding (Figures
6F,G). The porosity ranges from 5.7% to 25.7% with an
average of 17.69%. The samples with the porosity above 15%
account for 72% of the total samples. The permeability ranges
from 0.8 to 260 × 10–3 μm2 with an average of 175 × 10–3 μm2.
The samples with a permeability above 150 × 10–3 μm2 account
for 67% of the total samples (Figure 6H).

As per the correlation between lithology and impedance for
the Kalazha Formation and Middle and Upper Jurassic Series at
Wells JY-1, JY-2, CS-1, and XH-1, impedance generally increases
with buried depth (Li et al., 2002). Within a specific depth range,
the impedance varies with the lithologic association. Sandy
conglomerates exhibit the largest impedance, followed by
mudstones; sandstones exhibit the smallest impedance. Given
the change in buried depth and impedance, the Kalazha
Formation was divided into three intervals (above 2,000 m,
between 2,000 and 4,500 m, and below 4,500 m) for the study
of lithology–impedance relation.

At the interval shallower than 2,000 m, the data of Well CS-1
show sandstone impedance of 6,500–9,000 g/cm3 × m/s,

mudstone impedance of 9,000–11,000 g/cm3 × m/s, and sandy
conglomerate impedance over 11,000 g/cm3 × m/s (Table 1). At
the interval of 2,000–4,500 m, the data of Wells JY-1 and JY-2
show sandstone impedance of 7,500–10,000 g/cm3 × m/s,
mudstone impedance of 10,000–12,000 g/cm3 × m/s, and
sandy conglomerate impedance over 12,000 g/cm3 × m/s. At
the interval deeper than 4,500 m, the Kalazha Formation was
drilled by only one well, i.e., DF-1. No deep-zone well logging was
performed due to engineering issues, and thus, log data are
unavailable. We used the data of Well XH1 drilled in a
neighboring area, showing sandstone impedance of
9,000–12,000 g/cm3 × m/s, mudstone impedance of
12,000–13,000 g/cm3 × m/s, and sandy conglomerate
impedance over 13,000 g/cm3 × m/s.

1) Toutunhe section, Kalazha formation, medium sandstone;
2) Changshan 1,764.16 m, Kalazha formation, medium fine
sandstone; 3) Qingshuihe section, Kalazha formation, glutenite
(Si et al., 2020; internal communication); 4) Hutan 17,365.3 m,
Kalazha formation, silty fine sandstone; 5) Hutan
17,366.45–7,366.5 m, Kalazha formation, siltstone; 6)
Changshan 1,764.5–764.6 m, Kalazha formation, fine
sandstone; 7) Changshan 1,764.6–764.7 m, Kalazha formation,
fine sandstone; and 8) physical property histogram of sandstone
reservoir of Kalazha formation.

According to the impedance variations with lithology and
buried depth in the Kalazha Formation, we used 2D and 3D
seismic data for impedance inversion and reservoir prediction. As
per joint 2D and 3D inversion results, blocky Kalazha reservoirs
are generally over 100 m thick and extend consistently in the
lateral direction with suitable inter-connectivity. Formation
thickness decreases from south to north and finally vanishes.

FIGURE 6 | Photos of cast thin sections (A–C) and cores (D–G) and histograms of petrophysical properties (E), and histogram of porosity and permeability (H), the
Kalazha Formation, and the SMJB.

TABLE 1 | Impedance variation with lithology and buried depth in the SMJB.

Depth (m) Impedance (g/cm3 × m/s)

Sandstone Mudstone Sandy conglomerate

<2,000 6,500–9,000 9,000–11,000 >11,000
2,000–4,500 7,500–10,000 10,000–12,000 >12,000
>4,500 9,000–12,000 12,000–13,000 >13,000
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Reservoir rocks are overlain and underlain with mudstones
(Figure 7). Sandstone reservoirs mainly occur in the northeast,
e.g., Fukang on the north of the Bogeda Mountain. Sandy
conglomerate reservoirs mainly occur in the southwest
piedmont area, e.g., the Qigu faulted fold belt and Manas
(Figure 8).

The study of Kalazha sedimentation was based on seismic
inversion and reservoir prediction and well drilling and
outcrop data. As per the sedimentation in the outcrop
sections, the Kalazha Formation has different lithologic
associations. On the west of the section across the south
flank of the Aketun syncline between the Changji river and
Toutunhe river (no. 16 outcrop section), the Kalazha
Formation is composed of thick blocky brown or grayish
brown conglomerates and sandy conglomerates of typical
alluvial fan deposition with chaotically arranged pebbles, a
low sorting degree, and high shale content, as mentioned
above. A lake basin system occurs in the north with

enhanced water power and fine-grained sandstones and
siltstones deposited (Figures 6D,E). In the outcrop area on
the east of the section across the north flank of the Kalazha
anticline in Toutunhe (no. 17 section), the Kalazha Formation
is mainly composed of sandstones with basal scouring
structure. Trough cross-bedding and massive bedding
shown in the cores from Well CS-1 (Figures 6F,G) indicate
underwater distributary channel deposition in the braided
river deltaic front (Si et al., 2018). Sand particle size
decreases toward the northwest. It is hard to delineate the
alluvial fan system or the braided river deltaic system in the
lake basin for lack of deep-well data. Thus, we inferred the
intrafacies and their boundary (Figure 8), according to the
depositional model and lithology-varied impedance. Detailed
sedimentary microfacies will be classified using more well data.

As shown on the sedimentary system map, the Kalazha
Formation in the southwest piedmont area is mainly
composed of conglomerates (Figure 8) with large impedance,

FIGURE 7 | Inverted impedance section across Wells DF-1 and FC-1 in the SMJB.

FIGURE 8 | Stratigraphic distribution of the Jurassic Kalazha Formation in the SMJB.
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which change into medium-to-fine-grained sandstones and
siltstones with small impedance in the north and vanish at
last. Conglomerates seldom occur in the southeast. The
formation is mainly composed of thick, layered sandstones of
nearly 400 m thick with suitable reservoir properties, small
impedance, and consistent lateral extension. High-graded
reservoirs exhibit medium to low impedance. Shore-lake to
shallow lacustrine argillaceous sediments were predicted to
occur in the northeast.

ACCUMULATIONMODEL ANDPROMISING
PROSPECTS

The Jurassic Kalazha Formation in the SMJB is among the most
important exploration targets in the lower assemblage due to its
promising hydrocarbon accumulation conditions. Kalazha
reservoirs are underlain with several packages of deeply buried
multi-type Middle and Lower Jurassic source rocks. The Lower
Jurassic Badaowan Formation was deposited with dark
mudstones 200–300 m thick, carbonaceous mudstones, and
coals. Dark mudstones in the San’gonghe Formation are
50–300 m thick. Dark mudstones and carbonaceous
mudstones in the Middle Jurassic Xishanyao Formation are
75–150 and 2–15 m thick, respectively. Crude oil originating
from the Jurassic System in the Qigu and Kayindike oilfields
(Wang et al., 2013; Chen et al., 2015) demonstrated wide

extension and credibility of Jurassic source rocks in the SMJB.
Mature to post-mature source rocks may generate sufficient oil
and gas for overlying reservoirs. Thus, the Kalazha Formation is
rich in oil and gas resources.

Kalazha sandstone and sandy conglomerate reservoirs feature
large thickness and suitable properties, favorable for hydrocarbon
accumulation. The overlying regional capping bed in the
Cretaceous Tugulu Group extends consistently in the lateral
direction, where high to extremely high formation pressure
enhances the sealing performance of mudstone overburden for
the preservation of Kalazha oil and gas reservoirs. As shown in the
Honggou outcrop section (Figure 8), oil seepage with large
viscosity could be observed frequently in the Kalazha
Formation (Figure 4), which evidences the promising
accumulation conditions in the Kalazha Formation in the area
of interest.

We established an accumulation model for Jurassic Kalazha
lithologic reservoirs in the SMJB, according to the source
rocks, reservoir rocks, caprocks, and migration system
(Figure 9). Source conditions are promising in view of
mature to highly mature coal-measure source rocks in the
Middle and Lower Jurassic System. Downward detachment
faults and associated secondary faults inside Lower Jurassic
coal measures strata and unconformable surfaces constitute
an effective migration system. Due to a high degree of
plasticity in coal measures strata, detachment and
deformation tend to occur in the process of compressional

FIGURE 9 | A model showing hydrocarbon accumulation in Jurassic Kalazha lithologic reservoirs, the SMJB.
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overthrusting to form fractures. Detachment faults and
associated faults constitute a vertical migration system in
the Kalazha Formation (Figures 5, 9). The Jurrasic Kalazha
Formation lies unconformably below the Cretaceous
Qingshuihe Formation. Thick sandy conglomerates at the
bottom of the Qingshuihe Formation extend consistently in
the lateral direction and could function as the lateral carrier
bed (Kuang and Jia, 2005; Li et al., 2006).

Sediments from the south sedimentary source in the Kalazha
Formation were unloaded and accumulated in the fore-deep sags
in the thrust belt to form thick sands, which wedge out in the
updip direction toward the north. Thus, the slope zone in the
thrust belt is geologically favorable for lithologic traps.

In conclusion, the Kalazha Formation has favorable
hydrocarbon accumulation conditions. Mass oil and gas
generated by Middle and Lower Jurassic source rocks may
migrate into reservoir rocks along microcracks in the source
rocks and into shallow zones and structural highs along the
system composed of detachment faults. Oil and gas may
migrate laterally along continuous inter-connected sands in
the Kalazha Formation. Owing to the effect of buoyancy force,
oil and gas will flow toward the shallow zones in the north along
laterally connected sands in the Kalazha Formation and
accumulate in those lithologic traps with top mudstone
overburden to form lithologic hydrocarbon reservoirs.

According to the accumulation model and stratigraphic and
structural features of the Kalazha Formation, the promising
prospects were anticipated to be lithologic traps in the annular
zone, wedging out in the updip direction of the north slope, which
has been the destination of hydrocarbon migration in a long
period and is covered with thick mudstones in the updip
direction. Lithologic reservoirs may concentrate in this zone.
The area with the Kalazha Formation is also important for gas
exploration in view of highly to post-mature Jurassic source rocks
for gas generation in deep zones. We should make full use of 2D
and 3D seismic data to perform lithologic trap identification and
prediction and offer support to gas exploration.

CONCLUSION

The following conclusions can be drawn:
1) The stratigraphic distribution and features of the Jurassic

Kalazha Formation were revealed in the SMJB based on
individual-well analysis, cross-well stratigraphic correlation,
well-tie calibration, and seismic reflections. Due to intense
denudation, the Kalazha Formation is limited withinManas,
Hutubi, Fukang, and Qigu faulted fold belt in the SMJB. It
pinches out from the piedmont area to the north in the
updip direction and was denuded in the east and west. The
formation exhibits a monoclinal geometry with structurally
high areas in the north and structurally low areas in
the south.

2) The relations were established between impedance and
different lithologies, i.e., sandstone, mudstone, and sandy
conglomerate, at different depths in the Kalazha Formation

based on individual-well lithology–impedance correlation.
Reservoir distribution in the Kalazha Formation was
predicted using joint 2D and 3D seismic impedance
inversion, showing major Kalazha reservoir rocks,
i.e., sandy conglomerates and sandstones, 100–400 m
thick. According to seismic inversion and outcrop
sections, the Kalazha Formation in the southwest was
diagnosed as a fan deltaic deposition with sandy
conglomerate reservoirs close to the piedmont source
area and fine-grained reservoir rocks in the north. The
Kalazha Formation in the southeast was diagnosed as a
braided river deltaic deposition with sandstone reservoirs of
suitable petrophysical properties.

3) According to the study of source rocks, reservoir rocks,
caprocks, and migration system, the Kalazha Formation in
the SMJB was geologically favorable for large-scale
hydrocarbon accumulation in lithologic reservoirs,
establishing an accumulation model for lithologic reservoirs.
Based on the accumulation model, the promising prospects
were predicted to be lithologic traps in the annular wedge-out
zone in the north foreland slope. Efforts should focus on
lithologic trap identification and prediction in this region.
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