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Abstract: Based on drilling, core and seismic data, combined with the regional tectonic sedimentary
evolution background, the sedimentary environment of the Triassic carbonate rocks in the
Mangeshlak Basin was studied. A sedimentary facies model of this set of carbonate rocks was
established. Research has shown that the Mangeshlak Basin underwent a complete large-scale marine
transgression-regression sedimentary evolution process during the Triassic. During the early to
middle Triassic, seawater gradually invaded the northwest region of the basin from northwest to
southeast and gradually regressed in the late Middle Triassic. In the lower part of the Triassic
carbonate rocks, the primary components are developed granular limestone or dolomite with oolitic
structures, interspersed with a small amount of thin mudstone, which is a good reservoir; the upper
part of the Triassic is mainly composed of sedimentary mudstone and mudstone, which can form
good sealings. The hill-shaped reflections of the platform edge facies, along with the high-frequency,
strong-amplitude, and moderately continuous reflections within the restricted platform interior, are
clearly visible on the seismic profile. These features are consistent with the sedimentary environment
and lithofacies characteristics revealed by drilling data along the profile. Drilling and seismic data
revealed that the sedimentary environment of the early and middle Triassic in the basin is mainly
composed of shallow water platform edges and restricted platforms, as well as carbonate rock slopes
and open non-marine shelves in deep water areas. A sedimentary facies model of the Triassic
carbonate rock segment in the basin was established, comprising restricted, platforms,platform
edges, carbonate rock slopes and non-marine shelves. Unlike the modified Wilson marginal
carbonate rock platform model, the carbonate rock platform edge in the Mangeshlak Basin does not
develop reef facies. Instead, it is mainly composed of oolitic beach (dam) sediments, making it the
most favorable sedimentary facies zone for the Triassic reservoir development in the basin.

Keywords: Mangeshlak basin; the Triassic period; carbonate rock; ooid beach (dam); sedimentary
environment; phase pattern

The Mangeshlak Basin is one of the sedimentary basins rich in oil and gas resources in Central
Asia. It has discovered and controlled remaining recoverable reserves of more than 2.5 billion barrels
of oil equivalent and has great exploration potential. At present, the oil and gas discovered in the
basin mainly come from three reservoirs: Triassic, Jurassic and Cretaceous. Most of the reserves come
from the Jurassic reservoir (Hu et al.,2020). Typical discoveries such as the Zhetybay Oilfield, Uzen
Oilfield and Tenge Gas Field are mainly the Jurassic reservoir, which has received much attention
and research. However, there is little discussion and research on the Triassic reservoir with great
potential developed in the basin. The Triassic reservoir in the basin develops not only major source
rocks, but also high-quality carbonate reservoirs. The development and distribution characteristics
of the reservoir are one of the main controlling factors affecting oil and gas accumulation. Therefore,
it is of great significance to understand the sedimentary environment and sedimentary facies model
of Triassic carbonate strata for the potential of Triassic oil and gas exploration. Starting with the
analysis of the basin's geotectonic and sedimentary evolution, this paper analyzes the Triassic
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carbonate sedimentary environment in the basin based on a variety of data such as drilling cores,
rock thin sections, logging and seismic data, and explores the sedimentary facies model of this set of
carbonate rocks to boost Triassic oil and gas exploration in the basin.

1. Regional Geological Background

1.1. Basin Location and Tectonic Unit Division

The Mangeshlak Basin is located along the eastern coast of the Caspian Sea, covering an area of
about 20x104km?. While most of the basin lies within Kazakhstan, it extends eastward and southward
into Uzbekistan and Turkmenistan. Geotectonically, the basin developed within the Tethys tectonic
domain in southern Eurasia. It is a Mesozoic and Cenozoic basin located in the western part of the
new Turan Platform(Gan et al.,2000). The development of the Mesozoic sedimentary cover is like that
of the North Ustyurt Basin, Terek-Caspian Basin and Amu Darya Basin on the same platform. The
basin includes three secondary tectonic units: the Mangeshlak-Central Ustyurt Uplift Zone, the South
Mangeshlak, and the Turkmen Platform Anticline. The Mangeshlak-Central Ustyurt Uplift Zone is
bounded by the Agrahan-Atyrau fault in the west, disappears in the Kyzylkum massif in the east,
and strikes southeast-east-northwest-west, and includes a series of scattered goose-row bulges, such
as the Gornyy Mangeshlak and the Kara Baur Uplift. The Southern Mangeshlak Sub-basin is
connected to the Mangeshlak-Central Ustyurt Uplift Zone in the north and is bounded by the
Turkmenia Anteclise Sub-basin in the south. A series of alternating depressions and local uplifts are
developed in the interior. The southern Turkmenia Anteclise Sub-basin is mainly located in the
Caspian Sea (Figure 1).
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Figure 1. Structural Outline Map of Mangeshlak Basin (Revised according to IHS).

1.2. Regional Stratigraphic Development Characteristics

The Mangeshlak Basin is a craton depression basin developed on the basis of the Triassic rift.
From bottom to top, the Triassic, Jurassic, Cretaceous, and Tertiary strata are mainly developed. The
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Middle and Lower Triassic is mainly formed in the shallow sea, shallow sea-lagoon, and lagoon
sedimentary environments. In addition to shallow marine facies, the lacustrine facies and alluvial fan
facies are also developed in the Upper Triassic. The Lower Jurassic is a non-marine clastic rock
deposit of fluvial, lacustrine, and floodplain facies. In addition to fluvial facies, deltaic and coastal
sandstones and siltstones are also developed in the Middle Jurassic. The Upper Jurassic is mainly
shallow marine sediments. The early Lower Cretaceous was non-marine sediments, which changed
to shallow marine sandstones, siltstones, and shales in the Aptian period of the Early Cretaceous. In
addition to marine sediments, the Upper Cretaceous also had periodic non-marine sediments (Figure
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Figure 2. Comprehensive stratigraphic column chart of Mangeshlak Basin (Revised according to IHS).

1.3. Regional Tectonic Evolution and Lithofacies Paleo-Geographic Characteristics

The structural and sedimentary development of the Mangeshlak Basin was influenced by the
closure of the Paleo-Tethys Ocean from the Permian to the Late Triassic, the formation of the Neo-
Tethys Ocean from the Jurassic to the Paleogene, and the Indo-Tibetan non-marine collision orogeny
since the Paleogene (Yang et al.,2002). It can be divided into four stages: basement formation, syn-
rift, post-rift depression, and foreland basin:

The basement of the basin was formed in the Late Paleozoic (Hercynian), which was mainly
composed of strongly folded and highly metamorphosed Late Paleozoic (Hercynian) granites,
intermediate-basic volcanic rocks, and clastic rocks.

Late Permian rifting formed a large north-west-trending graben. Sedimentation began in a non-
marine environment, with the predominantly clastic red beds deposited. With the continuation of
subsidence, the early and middle Triassic transgression gradually established shallow sea conditions
and deposited carbonate, clastic and volcanic stratigraphic sequences (Wen Tianhui,2019), and
deposited Permian and Triassic with a thickness of up to 10km.

At the end of the Triassic, the basin was subjected to strong compression from south to north,
which led to the inversion, folding, and erosion of the graben, forming the Mangeshlak-Middle
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Thermal subsidence of the post-rift depression occurred mainly in the Early Jurassic, and
extensive marine transgression occurred in the basin. In the Middle Jurassic, a thick shallow marine
clastic rock sequence was deposited in the basin (Arslan et al.,2021). From the Late Jurassic to the

Early Cretaceous, the clastic rock sediments were replaced by carbonate and salt rock sediments. In

the Late Cretaceous to Early Paleogene, partial marine regression in the area led to the widespread
development of clastic rocks and oolitic limestones, calcareous sandstones, and conglomerates
(Figure 3b).
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Figure 3. Tectonic-lithofacies map of the northern margin of the West Asian section of the Tethys Realm during
critical periods. (Revised according to Wen Tianhui,(2019)).

The foreland stage can be further divided into the compressional tectonic stage and the
depression stage. In the late Eocene, the basin was affected by the collision between the Arabian Plate
and the Eurasian continent, and local uplift and early fault revival occurred (Zonenshain et al.,1990).
The western part of the basin was uplifted and eroded, forming an unconformity above the Lower
Cretaceous. In the northeast of the basin, the basin edge was uplifted by compression to form the
Turkmentai anticline. In the early Miocene and middle Pliocene, continuous compression led to
another tectonic uplift and deformation, forming the southern plateau of the Mangeshlak Basin, and
the strata were eroded and karstified (Pleshcheyev et al.,1959). After the Pliocene, the offshore area
of the basin continued to sink gently, causing the basin to collapse and tilt toward the sea to the west
(Ulmishek G,2001).Under this tilting action, the land part of the southeastern basin gradually rose to
the highland, forming strata dominated by non-marine sediments (Figure 3c).

2. Oil and Gas Geological Characteristics of the Basin

An oil and gas system has mainly developed in the Mangeshlak Basin, namely the Triassic-
Jurassic oil and gas system. The basin mainly develops two sets of Triassic and Jurassic source rocks,
among which the Triassic source rocks are the most important. The development includes a
weathered Paleozoic basement, Triassic, Jurassic and Cretaceous reservoirs. The regional caprocks
are Middle and Upper Jurassic and Upper Cretaceous shales, and interlayer, localized, and semi-
regional caprocks also develop in the Triassic-Lower Cretaceous strata (Figure 2).

2.1. Source Rock

Two sets of source rocks are developed in the Lower and Middle Triassic and Lower and Middle
Jurassic in the Mangeshlak Basin, among which the Lower and Middle Triassic developed
sedimentary shales and calcareous mudstones in the reducing environments of lagoons, lagoons-
shallow seas, and shallow seas (represented by the oil shale of the Lower Triassic Karagatik
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Formation). They are mainly distributed in the southern belt of the Zhetybay-Uzen step and the
Karaodan graben, with a sedimentary thickness of 200 to 300m, and the maximum thickness in the
southern part of the Zhetybay-Uzen step can reach 750m. The shale organic matter type is mainly
Type II (mixed) kerogen, and the total organic carbon content (TOC) is between 0.08~2.24 %.

The Jurassic deposits in the basin can be divided into two sections: siltstones and mudstones of
the Toarcian-Lower Bajocian, representing lake, river, floodplain, and lake-swamp phases, and
siltstones and mudstones of the Bathonian—Callovian, representing shallow marine and coastal
phases. The thickness is relatively large in the central part of the South Mangeshlak sub-basin. In the
non-marine deposits of the Lower Jurassic, the organic matter type is mainly Type III (humic type),
which gradually changes to Type II (mixed type) and Type I (sapropelic type) in the Middle Jurassic.
The total organic carbon content (TOC) is between 0.6~6.0%, and the organic carbon content in the
Bajoran stage can reach 15.7% in some places.

2.2. Reservoir

The discovered oil and gas reservoirs in the basin mainly include weathered Paleozoic basement,
Triassic, Jurassic and Cretaceous, among which the Middle Jurassic is the most important reservoir.
The Paleozoic reservoir is the weathered rock layer of the Lower Middle Paleozoic crystalline
basement and granite intrusion. Taking the Oymasha Oilfield as an example, the granite oil-
producing layer extends up to 300m below the basement surfaceand the tested production capacity
more than 2,000 barrels/day(Ulmishek G.,2001) .

Lower Triassic reservoirs comprise coastal marine and lagoonal carbonates and clastics of the
Olenekian stage and the Normaul Formation. The best reservoir properties are found in the
sandstones of Unit A of the Normaul Formation, where open porosity values range from 8 to 18%
and permeabilities can reportedly reach 1,000 mD. Olenekian limestones and dolomites have
porosities averaging 10% and low permeabilities (max 12 mD).

Middle Triassic reservoirs are the most important in the Triassic section, with a burial depth
range mainly between 3500~5000m.They are represented by carbonates of the Aktas and Tenge
formations, which were deposited in lagoonal-marine conditions. The Aktas Formation (Unit V)
consists of oolitic and reef limestones although in the south they are interbedded with dolomites and
tuffs. Unit V has high hydrocarbon flow rates and the lower parts of the unit have the best reservoir
properties in the area(Cherbyanova et al., 1984), the vuggy-porous nature of the limestones giving
average porosities of 12~13% and permeabilities between 49~58 mD. Reservoir quality deteriorates
In the upper part of the unit and fracturing becomes more common, with open porosities of less than
16% and permeabilities less than 9 mD.

Upper Triassic reservoirs consist of a unit of coarse grain sandstones and conglomerates situated
at the base of a sequence of variegated sandstones and siltstones of alluvial and lacustrine origin. The
pay zone is relatively thin, with net thicknesses of 3 to 7 m. Porosities range from 9 to 16%, averaging
12% and permeabilities are generally less than 50 mD.

Middle Jurassic reservoir is the most important reservoir in the basin, including sandstones and
siltstones from the Alinian-Callovian fluvial-deltaic to coastal phases, mainly fine to medium-grained
composite sandstones, with poor roundness and sorting of particles, and containing mud and
calcareous cements. This set of reservoirs is a series of accretive and sub-accretic quasi-sequences,
corresponding to sedimentary environments including river channels and channel fills, swamps,
diversion mouth bars, delta lobes and coastal phases. The reservoirs show heterogeneity both
laterally and vertically, and a total of 24 producing layers have been identified, with an average net
thickness of 10 to 30m per producing layer.

The sandstone and silty sandstone of the Hauterivian-Albian stage of the Lower Cretaceous are
the products of shallow marine shelf sedimentation and can be divided into 7 reservoir units with an
average porosity of 22% and a permeability of 90~970mD. In addition, shallow marine sandstone
reservoirs were developed in the Cenotremantian stage of the Upper Cretaceous, with an average
porosity of 25% and an average permeability of 310 mD.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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2.3. Cap Rocks

The Middle and Upper Jurassic (Callovian-Khinmoliian) are the most important regional cap
rocks in the basin. In the deep part of the South Mangeshlak sub-basin, the thickness of this set of
regional cap rocks can reach 500m. However, it is as thin as 100~300m in the Zhetybay-Uzen step
area, which can effectively seal the oil and gas. In the Uzen Oilfield, the thickness of this set of cap
rocks is less than 100m, but it seals the giant oil reservoir with an underlying oil column height of
300m. The Upper Cretaceous (Cenomanian-Turonian) limestone and marl are another important set
of regional cap rocks in the basin, providing an effective seal for the underlying Cretaceous reservoirs.
In addition, multiple sets of local cap rocks and interlayer cap shales are developed in the Triassic-
Lower Cretaceous strata.

2.4. Traps

In the Lower Middle Jurassic, the main producing layer on the Zhetybay step of the basin, are
structural traps. These traps constitute three groups of long-axis anticline belts roughly parallel to the
Mangeshlak fold belt. The length of a single anticline trap ranges from several kilometers to 45
kilometers (Uzen Oilfield), and the closure height ranges from tens of meters to more than 300 meters.
The formation dip angle of the south wing of the anticline is significantly greater than that of the
north wing, and the south wing is often cut by faults.

2.5. Oil and Gas Distribution Characteristics

As of October 2024, a total of 72 oil and gas fields have been discovered in the Mangeshlak Basin,
including 44 oil fields and 28 gas fields. The total proven recoverable reserves of oil and gas are 1.19
billion tons (8.7 billion barrels) of oil equivalent, of which oil is the main source, accounting for 60.3%.
From the perspective of planar distribution, the main oil and gas fields discovered in the basin and
most of the reserves are distributed on the Zhetybay step, which is a gentle south-dipping structural
terrace located between the Bekbashkuduk anticline and the deep depression in the south of the
Mangeshlak fold belt. Oil and gas have been discovered in the basin from the Upper Paleozoic to the
Upper Cretaceous. Nine reservoirs can be identified, namely the Upper Paleozoic, Lower Triassic,
Middle Triassic, Upper Triassic, Lower Jurassic, Middle Jurassic, Upper Jurassic, Lower Cretaceous
and Upper Cretaceous, which are divided into three sets of reservoir combinations: Triassic, Jurassic
and Cretaceous. The discovered oil and gas reserves of the Jurassic reservoir assemblage account for
92.2% of the entire basin, mainly distributed in the southern part of the Zhetybay-Uzen terrace. 28 oil
and gas fields have been discovered in the Middle Jurassic reservoirs, accounting for 89.8% of the
discovered oil reserves in the entire basin, and the discovered natural gas reserves account for 34.7%
of the entire basin (Figure 4). Although the Triassic reservoir assemblage has relatively few
discovered reserves, it has a wide distribution, mainly located in the Karaki saddle in the northwest
of the Zhetybay-Uzen terrace and the eastern part of the Shegendek sag. No large-scale oil and gas
discoveries have been made, and the exploration prospects are good (Figure 5). Strengthening the
understanding of the Triassic sedimentary development characteristics is of great significance for
guiding oil and gas exploration.
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Figure 4. Distribution map of discovered reserves in different layers of the Mangeshlak Basin (according to IHS,

2024).
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Figure 5. Distribution map of oil and gas fields and reservoir formation combinations in the Mangeshlak Basin.

3. Triassic Sedimentary Characteristics

3.1. Lower Triassic

The Lower Triassic strata are widely distributed in the southern part of the Mangeshlak Basin,

and their thickness increases from south to north. The strata at the bottom are represented by
lacustrine-fluvial facies sediments and are composed of sandstone and mudstone of different grain
sizes in brick red, tan, and chocolate colors. The mineral composition is mainly mica, quartz and
feldspar, containing poorly sorted and rounded gravels, interspersed with tuffaceous materials. The
mudstone is finely dispersed, broken and crushed, containing a small amount of carbonate
components (3% to 20%), and is easy to break. The middle and upper parts are mainly mudstone,
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interbedded with calcareous shale, tuffaceous siltstone, muddy dolomite and marl from bottom to
top, with occasional thin-layered siltstone.

3.2. Middle Triassic

The Middle Triassic strata are composed of shallow marine and coastal deposits, with two main
lithological sections: the upper part is represented by sandy and muddy clastic rocks, and the lower
part is represented by limestone and dolomite. The reservoirs are well developed, with a porosity of
8.5~13.8% and a permeability of 0.02~8.0mD. They are the main oil and gas producing layers of the
Triassic in the basin.

The upper strata are mainly composed of tuffaceous siltstone , sandstone and mudstone. At the
bottom of this section of strata, there is a layer of dense dark gray tuff. At the top, there is a layer of
gray dense siltstone mudstone with a thickness of 70-90 meters.

The lower strata are composed of thick limestone, gray dolomite and thin tuff or mudstone
interlayers. The limestone is white, brown-gray fine-crystalline limestone, interlayered with a small
amount of tuff, glassy tuff and tuff rich in organic matter. The particle components are mainly oolites,
which are spherical and ellipsoidal in shape, with a diameter of 0.1 to 0.5 mm. Some oolites are
dissolved or filled with calcite. The cement between particles is fine-crystalline calcite (Figure 6a).
The gray dolomite is a brown fine-crystalline blocky structure, and the structural components are
also mainly composed of spherical or ellipsoidal oolites, with a diameter of 0.1 to 0.3 mm. Some
oolites are filled with calcite in the middle, and the cement is mainly fine-crystalline dolomite (Figure
6b).

a. Oolitic-rich limestone b. Oolite-rich dolomite

(Well D2 depth: 3578.12m, magnification: 5x) (Well A3, depth: 4231.69m, magnification: 5x)

Figure 6. Microscopic characteristics of thin sections of oolitic limestone and oolitic dolomite in the middle and

lower parts of the Middle Triassic.

3.3. Upper Triassic

The Upper Triassic strata are mainly represented by mudstone, siltstone and sandstone. There
are gravel interlayers in some areas, which are volcanic non-marine strata. The rocks are gray, dark
gray and black as the basic colors. Volcanic sediments are green-blue-gray. Mudstone is a thin layer,
interbedded with sandstone and siltstone, and contains a large number of organic debris.

At the bottom of the Upper Triassic is a set of strata composed of sandstone and tuffaceous
sandstone of different grain sizes. Affected by the tectonic uplift and erosion at the end of the Late
Triassic, the thickness of the Upper Triassic strata in the Mangeshlak Basin varies greatly. It is almost
completely eroded near the structural height in the northwest of the basin. The thickness in the
middle of the basin to the southwest can exceed 1,000 m.

4. Triassic Sedimentary Evolution
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From the perspective of the overall sedimentary evolution of the basin, the changes in the
sedimentary environment in the basin are consistent with the sedimentary evolution background of
the Tethys domain (You et al.,2010).Overall, the northwest direction of the basin is the sea, while the
southwest and east directions are land (Tusken et al.,2014). In the Triassic period, it experienced a
complete cycle of transgression and regression.

In the Early Triassic, seawater gradually invaded southeastward along the rift. During this
period, the western part of the Mangeshlak Basin was dominated by coastal floodplains with non-
marine deposits, while the rift was occupied by seawater and dominated by marine deposits (Figure
7a). In the Middle Triassic, seawater invaded southeastward on a large scale, causing most areas of
the basin to be covered by seawater. Due to the flat terrain and shallow seawater, this period was
dominated by coastal shallow marine deposits, and non-marine deposits were dominant in the
southern and western parts of the basin (Figure 7b). In the Late Triassic, seawater gradually retreated
northwestward, and a small part of the northwest part of the basin was covered by seawater, which
was a coastal shallow marine sedimentary environment. The central and southeast parts were non-
marine deposits, dominated by floodplains (Figure 7c).
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Figure 7. Sedimentary facies map of the Early, Middle, and Late Triassic Mangeshlak Basin.

5. Sedimentary Facies Characteristics and Facies Patterns of Carbonate Rock
Section
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5.1. Sedimentary Facies Characterization of Carbonate Rocks

5.1.1. Single Well Phase Characteristics

At the turn of the Permian and Triassic periods, especially after the biological extinction event,
the development of oolite limestone reached its peak worldwide. Oolite carbonate rocks appeared in
the Eastern Tethys Ocean, Western Tethys Ocean, Cimmerian Block, Neo-Tethys Ocean, the Arabian
Platform near the east side of Gondwana, the seamounts in the middle of the Panthalassa Ocean, and
the shallow water areas near the ancient land on the east side (Li Fei,2016).

From the perspective of oolite development areas around the world, the Mangeshlak Basin was
also the distribution area of oolite carbonate rocks during the Permian-Triassic period. From the
drilling core data of D2 well located in the northern part of the basin, it can be seen that a large
number of oolitic deposits were found in the middle and lower part of the Middle Triassic, including
not only oolitic limestone but also oolitic dolomite. As the main structural component of carbonate
rocks, oolitic has important referential significance. According to previous studies on the genesis of
oolites, the environment in which oolites are formed requires the following main factors: (Dweak
hydrodynamics; (2)clear water with few impurities; (3high seawater supersaturation (Zhang
Han,2016). The turbulent high-energy environment mostly forms bright-crystalline oolitic limestone
with large average particle sizes and poor sorting. In a low-energy and stable environment, more
well-sorted limestone with a small average particle size is formed (Guo Qiheng and Jin
Zhenkui,2020). The environment in which oolites develop is a high-energy environment near the
wave base behind islands, reefs, or barrier sandbars (Hou et al.,2014).

From the thin core slices of the well, the carbonate rocks of the Middle Triassic are mainly
granular carbonate rocks such as oolitic limestone and oolitic dolomite with oolitic structure. Marl,
muddy limestone, gray dolomite, etc. are also developed. From bottom to top, in terms of the rock
types of the formations, the lower part is more dolomite or dolomite limestone, and the upper part is
more marl, limestone, and dolomite limestone. In terms of structural components, the middle and
lower strata have oolitic structures. In general, the particle size of oolitic particles tends to decrease
from bottom to top. In the lower energy muddy sedimentary sections, there are also bioclasts, which
are often replaced by calcite (Li Kai and Xie Shuyun,2018). In the microscopic thin sections, although
the bioclasts are replaced by calcite, their basic outlines are retained .

From the logging curve, the middle and lower part of the carbonate rock member is a stratum
with low gamma and high gamma interlayer, which is dominated by granular carbonate rock
sedimentation. The curve is dominated by "box shape", reflecting the predominance of high-energy
granular sedimentation on the platform (Lin et al.,2023). The upper part is dominated by a set of high-
gamma gray marls, and the curves are dominated by high-frequency jagged, reflecting the
predominance of low-energy fine-grained sediments (Liu et al.,2019)(Figure 8).
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Figure 8. Comprehensive bar chart of sedimentary facies in the Triassic carbonate rock section of Well D2.

The Early Triassic continued the sedimentary characteristics of the region in the Permian, and
the seawater began to gradually expand into the basin. Therefore, in the early Triassic, the
sedimentary clastic rocks near the source gradually transitioned to marl, quartz limestone, and
limestone. Entering the Middle Triassic, the seawater covered most of the basin, and the western half
of the basin was submerged by the seawater. However, due to the early "filling" sedimentation, the
area showed a vast and flat terrain. Throughout the Middle Triassic, the western half of the basin was
a platform-slope-shelf sedimentary environment with shallow water and weak wave action. Entering
the late Middle Triassic, the seawater continued to invade the southwest, resulting in the deposition
of a set of slope zone mixed with bioclastic or a small amount of granular marl. In the Late Triassic,
the seawater retreated to the northwest, depositing a set of interbedded sandstone and mudstone
strata of the coastal phase.

5.1.2. Seismic Phase Characteristics

In the three-dimensional seismic data, seismic emission characteristics that can reflect
sedimentary units such as open platforms, platform margins, and slopes can also be seen. On the
cross-section of the convex part of the platform margin phase belt, a relatively obvious flat-bottomed
convex hillock reflection shape can be seen. Above the hillock reflection shape, the strata on both
sides overlap the convex part (Zhang et al.,2022)(Figure 7). The inside of the hillock reflector shows
the characteristics of high frequency, strong amplitude, and high continuity. The phase axis is sub-
flat, reflecting that the hydrodynamics in this area is strong, and the sediments are obviously multi-
layered. These features are consistent with the hydrodynamic characteristics of the sedimentary
environment of the platform margin (Guo et al.,2023) The frequency and amplitude on both sides are
significantly reduced, and the thickness is thinned, reflecting that the water body energy is weak and
the sedimentary layering is poor. These features are consistent with the sedimentary environment
characteristics of the carbonate slope phase transitioning from the platform margin to the shelf
(Zheng et al.,2022) . In addition, the drilling of Well D2 also confirmed that multiple sets of thick
layers of oolitic limestone and oolitic dolomite were developed at the drilling location. The seismic
reflection characteristics of this mound-like reflector are significantly different from those of
bioherms (Zhao et al.,2024) (Figure 9).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202506.0325.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2025 d0i:10.20944/preprints202506.0325.v1

14 of 18

Southwest D2

= - A i | 2l
| _carbonate zone | - - Bottom of the
e . s _carbonate zone
e A PRSI e s SIS
— e “>fr — — N plgs TR
_— ST AT e & A

Figure 9. Seismic reflection characteristics profile of the slope facies at the edge of the transverse platform

(flattened bottom of carbonate strata).

In the seismic profile perpendicular to the platform edge phase belt, after flattening the base of
the carbonate layer, the seismic reflection characteristics of at least four facies belts are observed
(Figure 10). From the appearance, the platform is higher from the D2 well to the southeast. It becomes
thinner and extends into a wedge or sheet shape toward the northwest. From the internal reflection
structure, the D2 well and its southeast direction show high-frequency, strong-amplitude, and high-
continuity sub-parallel layered reflections. There is an obvious bulge near the D2 well, reflecting the
sedimentary characteristics of the platform edge to the restricted platform (subtidal zone) in this area
(Zuo et al.,2021;Wang et al.,2020); while to the west of the D2 well and near the DA1 well, the
frequency is relatively weakened, the amplitude also becomes medium, but the lateral continuity of
the reflection axis is good. The overall shape is wedge-shaped or nearly sheet-shaped, with parallel
reflections mainly inside, reflecting the environmental characteristics of the carbonate slope (Ni et
al.,2020); at the DA1 well position, the reflection frequency and amplitude are further reduced, the
phase axis is reduced but the continuity is enhanced, showing a sheet-like reflection shape and
reflecting the sedimentary environment characteristics of this area close to the open non-marine shelf
(Jiang et al.,2019)(Figure 10).
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Figure 10. Seismic reflection characteristics profile of vertical platform edge facies (Flattened bottom of carbonate

strata).

From the comparison profile of the connected wells in the region, granular carbonate rocks are
mainly developed in the middle and lower parts of the Middle Triassic (T2B and T-C sections), mainly
in the sedimentary environment of carbonate oolitic beach. They show low gamma values and high
resistivity values on the logging curve, with high gamma mudstone interlayers between the two
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sections. The sedimentary thickness of the Middle Triassic carbonate rocks is relatively stable,
ranging from 90-160m (T2B section thickness is 20~60m, T2C section thickness is 70~100m), and the
sedimentary thickness gradually increases from west to east, reaching its maximum thickness in Well
D2. The upper part of the Middle Triassic (T2A) is mainly composed of a set of high gamma gray
mudstone, which is mainly developed in the sedimentary environment of carbonate slope. The
thickness changes little, mainly between 60~85m. Only in the K5 well area in the southeast, a set of
high-energy environment low gamma grain limestone with oolitic structure appeared in this section,
reflecting that the seawater in this area began to retreat northwestward in the late stage of carbonate
rock sedimentation(Figure 11).
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Figure 11. Sedimentary facies profile map of connected wells (Bottom Flattening of Carbonate Section).

5.2. Carbonate Sedimentary Facies Model

Drilling and seismic data revealed and verified the presence of various sedimentary facies belts,
indicating that the sedimentary environment in the basin during the Early and Middle Triassic
primarily consisted of platform margins and restricted platforms in shallow water areas. They also
show carbonate slopes and open non-marine shelves in deep water areas (Yang et al.,2013) and
favorable sedimentary facies belts such as oolite beaches (bars) developed on the platform margins.
Referring to the revised Wilson standard facies model, the Triassic carbonate interval of the
Mangeshlak Basin was established as a restricted platform - platform margin - carbonate slope - non-
marine shelf sedimentary facies model (Jin et al.,2013;Zhang et al.,2021)(Figure 12). At present,
drilling and seismic data have basically revealed the development of the above-mentioned facies
belts, but no bioherm development has been found. Therefore, unlike the revised Wilson rimmed
carbonate platform model, the platform margin of the Triassic carbonate deposition period in the
Mangeshlak Basin did not develop bioherm facies but was dominated by oolite beach (bar)
deposition, which is the most favorable reservoir development sedimentary facies belt in the Triassic
in the basin.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0325.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 June 2025 d0i:10.20944/preprints202506.0325.v1

16 of 18

A NorthWest «—— A

Sea level

Normal wave base

\ A ~
M
% = = [ — I { N A
I:TEEH E — [ ] |\

shale marl  oolitic limestone limestone dolomite

Figure 12. Sedimentary facies model of Triassic carbonate rocks Mangeshlak Basin.

6. Conclusion

Combined with the tectonic sedimentary background, through comprehensive analysis of
drilling and seismic data, the following insights have been gained regarding the Triassic carbonate
sedimentary environment and its sedimentary facies model in the Mangeshlak Basin:

(1) The Mangeshlak Basin experienced a complete large-scale transgressive-regressive sedimentary
evolution process in the Triassic. In the Early and Middle Triassic, seawater gradually invaded
the northwestern part of the basin from northwest to southeast. In the late Middle Triassic, the
seawater gradually retreated.

(2) The lower and middle parts of the Triassic carbonate rocks in the basin are mainly composed of
granular limestone or dolomite with oolite structure, intercalated with a small amount of thin-
layer marl, which is a good reservoir; the upper part of the Triassic is mainly composed of
sedimentary mudstone and marl, which can form a good sealing condition.

(3) The seismic profile clearly shows the hillock reflection characteristics of the platform margin
phase belt, as well as the high-frequency, strong-amplitude, and medium-continuous reflection
characteristics of the platform margin and the interior of the restricted platform, which are
consistent with the sedimentary environment and lithofacies characteristics revealed by drilling.

(4) Dirilling and seismic data reveal that the sedimentary environment in the basin during the Early
and Middle Triassic was mainly platform margins and restricted platforms in shallow water
areas, and carbonate slopes and open non-marine shelves in deep water areas. A Triassic
restricted platform - platform margin - carbonate slope - shelf carbonate sedimentary facies
model was established for the basin. Unlike the revised Wilson rimmed carbonate platform
model, the carbonate platform margin facies in the Mangeshlak Basin do not develop bioherm
facies but are dominated by oolite beach (bar) deposits, which is the most favorable Triassic
reservoir development sedimentary facies belt in the basin.
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