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Abstract
The Triassic Halahatang Formation in the Tahe
Oilfield, Tarim Basin, records a complex transition
from fluvial to lacustrine depositional systems, yet
its depositional architecture, evolutionary process,
and controlling mechanisms remain insufficiently
constrained. In this study, core observations,
thin-section analysis, well-log interpretation,
seismic attributes, heavy-mineral assemblages,
palynological data, paleotopographic restoration,
and sequence stratigraphic analysis were integrated
to clarify sedimentary facies types, provenance
directions, sandbody stacking patterns, and
depositional evolution. The study area developed
braided river, meandering river, and shore–shallow
lacustrine systems. During deposition of the lower
First Member, abundant sediment supply from the
north, steep paleoslope, low base level, and strong
hydrodynamic conditions promoted thick, vertically
stacked braided-channel sandbodies. In the upper
First Member, rising base level, reduced sediment
supply, decreased paleoslope gradient, and climatic
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fluctuation drove a progressive transition to
meandering rivers, forming thinner channel
sandbodies with improved lateral continuity.
During Second Member deposition, continued
base-level rise and weakened fluvial energy
resulted in widespread shore–shallow lacustrine
deposits dominated by mud-rich sediments
with locally developed sand bars and flats.
The braided-to-meandering transition reflects
tectonic–climatic coupling, controlled primarily
by base-level rise, sediment-supply reduction,
paleoslope decrease, and paleoclimate change. The
proposed depositional evolution model provides
an improved framework for predicting sandbody
distribution and guiding hydrocarbon exploration
in the Triassic clastic succession of the TaheOilfield.

Keywords: halahatang formation, tahe oilfield,
sedimentary evolution, braided river, meandering
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1 Introduction
The Tahe Oilfield is the largest marine carbonate
oilfield in the Tarim Basin to date, and its
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sedimentary evolution and development have
attracted considerable attention [1–3]. During the
lowstand period, the low base level and abundant
sediment supply from northern source areas promoted
the development of braided river delta systems within
the Halahatang Formation. Mutual erosion and
stacking among braided channels formed thick
lowstand sand bodies. The Triassic strata are notably
marked by thick braided river delta front deposits.
During the subsequent lacustrine transgression, lake
water intruded from the southwest. In the highstand
period, the base level rose and provenance supply
weakened, resulting in the widespread development
of semi-deep to deep lacustrine and shore–shallow
lacustrine deposits.

In general, braided and meandering rivers are
distinct fluvial morphologies resulting from different
river patterns, and the transition between them
is controlled by various factors. Wu et al. [4]
documented the tectonic switch from Triassic
contraction to Jurassic–Cretaceous extension in
the western Tarim Basin, demonstrating that
thrust-induced uplift along the basin margin
during the Triassic enhanced sediment supply and
provided the tectonic–sedimentary dynamic basis
for the development of thick lowstand sand bodies
in the Halahatang Formation of Tahe. Jolivet et
al. [5] documented the Mesozoic and Cenozoic
tectonic reactivation history of the central Tian Shan,
demonstrating that compressional episodes along
the northern margin of the Tarim Basin during
the Triassic contributed to differential uplift and
systematically influenced the provenance system
supplying sediments to the Halahatang Formation.
The Triassic paleogeographic reconstruction of the
eastern Tethys domain [6] places the Tarim Block
within a tropical to subtropical latitudinal belt,
providing the paleogeographic context for inferring a
semi-arid climate in the Triassic Tarim Basin, where
strongly seasonal precipitation enhanced the scouring
capacity of braided rivers and, together with base-level
cyclicity, controlled the climatic-sequence stratigraphic
coupling mechanism of the braided-meandering
river transition in the Halahatang Formation. Prior
studies on river pattern superimposition in similar
tectonic settings [7] provide additional context for
the depositional transition described here. Kasse
et al. [8] proposed that the combination of rising
base level, reduced sediment supply, and increased
vegetation cover triggered the transition from braided
to meandering rivers. Sharma et al. [9] argued that a

decrease in sediment discharge and fining of sediment
load are key factors in river pattern transition: during
lowstand periods, high discharge and coarse-grained
sediment favor braided rivers (thick stacked sand
bodies). Based on data analysis from the study area
and synthesis of previous research on sedimentology
and provenance [10–15], this study demonstrates
that the transition from braided to meandering
rivers occurred over a relatively short geological
time interval in the study area, thereby refining the
sedimentary evolution model and identifying the
controlling factors of this transition.

2 Geological Setting
2.1 Regional Geological Setting
The Tarim Basin is the largest petroliferous basin
within the interior of China, covering an area
of approximately 56 × 104 km2. It exhibits a
typical rhomboidal geometry with its long axis
oriented in a nearly east–west direction. The
tectonic boundaries of the basin are constrained
by bidirectional compressional orogenic belts—the
Tianshan and the Kunlun Mountains—with the
Tianshan fold-and-thrust system to the north and the
West Kunlun-Altun sinistral transgression system
to the south [16]. The long-term tectonic and
paleogeographic evolution of the surrounding Central
Asian region has further influenced the Cenozoic basin
configuration of the Tarim and adjacent basins [17].
Four major basement uplift belts are developed
around the basin margin: the Kuruktag Precambrian
metamorphic core complex in the northeasternmargin,
the Kalpin thin-skinned thrust nappe belt in the
northwestern margin, the Tieklik basement thrust belt
in the southwestern margin, and the Altun strike-slip
fault belt in the southeastern margin. These uplift
belts expose metamorphic basement series formed
from the Neoarchean to the Paleoproterozoic, such as
amphibolite-facies gneisses and migmatites. The main
body of the basin is covered by Mesozoic–Cenozoic
continental siliciclastic rocks and marine carbonates.
Its present-day tectonic-sedimentary framework has
resulted from multi-stage plate subduction, collision,
and strike-slip processes since the Neoproterozoic
breakup of the Rodinia supercontinent, including
the Caledonian, Hercynian, and Himalayan orogenic
episodes (Figure 1).
In this study, the Halahatang Formation within the
study area is subdivided into three members: the
First Member of the Halahatang Formation, the
Upper Mudstone Member of the First Member of the
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Figure 1. The location of the Triassic study area in Tahe and the comprehensive bar chart of the strata of the Halahatang
Formation.

Halahatang Formation, and the SecondMember of the
Halahatang Formation. The study area is tectonically
located in the eastern part of the Tahe Oilfield, on the
southeastern slope belt of the Akekule Uplift. The
Akekule Uplift initially formed as a nascent uplift
during the middle to late Caledonian, manifested as
a northwest-trending composite anticlinal belt with
an axial length exceeding 150 km and a closure
height ranging from 200 to 800 m. At the transition
from the Mesozoic to the Cenozoic, regional tectonic
subsidence reversal occurred, and the basin evolved
from the previous fault–depression stage [18–20] into
the Cenozoic retroarc foreland basin stage. During this
period, the Triassic strata in the Tahe area exhibited a
tectonic subsidence pattern that transitioned from an
earlier "high in the north and low in the south" to a
subsequent "high in the south and low in the north"
configuration.

2.2 Stratigraphic Sequence Division
Influenced by the active belts along the northern
and southern margins of the Tarim Plate, the
sequence boundaries in the Tarim Basin do not
coincide with their counterparts in the global
sequence stratigraphic framework [21, 23]. The
multi-stage tectonic history of the Tarim Craton,
extending back to the Neoproterozoic breakup
of Rodinia [22], has fundamentally shaped the
inherited structural framework that continues to

influence Mesozoic accommodation space dynamics
and sequence development. These characteristics
indicate that regional tectonic activity, by controlling
accommodation space dynamics and sediment supply
flux, governs the allogenic evolution of the sequence
stratigraphic framework. Based on the analysis
of lithological assemblage variations, sedimentary
facies transition surfaces, and sedimentary structures
of the Halahatang Formation in the study area,
and taking into full consideration the stratigraphic
development characteristics in different regions, the
Triassic Halahatang Formation is divided, in terms of
the stacking patterns of short-term base-level cycles,
into three intermediate-term cycles (base-level rise,
initial fall followed by rise, and fall) and four overall
short-term cycles (rise, fall, rise, and fall).
In the upper part of the Triassic Halahatang
Formation in the study area, with changes in the
external sedimentary environment, the base level
transitioned from falling to rising. Under the dynamic
background of continuous base-level rise, controlled
by the increasing A/S ratio (accommodation space
/ sediment supply rate) mechanism [24–27], the
hydrodynamic conditions gradually shifted from
being dominated by tractive currents to being
dominated by suspended load. The grain size
of clastic particles exhibits a vertical decreasing
trend. Concurrent with the positive expansion of
accommodation space and an increase in sediment
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Figure 2. Comprehensive columnar diagram of the braided -meandering river conversion sedimentation in the
Halahatang Formation.

accumulation rate, the sand bodies gradually thin
from thick layers in high-energy environments,
ultimately forming a retrogradational parasequence
set (Figure 2).

3 Samples and Methods
3.1 Sample and Data Sources
The study was conducted in the central–southern
Akekule Uplift, Tarim Basin, targeting the Triassic
Halahatang Formation. A comprehensive dataset was

collected from 25 exploration and development wells,
among which 8 wells with continuous coring were
selected for detailed core observation and sampling.
A total of over 800 meters of core and 200 thin
sections were systematically examined. Conventional
well logging data, including natural gamma (GR),
spontaneous potential (SP), density (DEN), acoustic
(AC), and compensated neutron (CNL), were
acquired for sequence stratigraphic subdivision and
facies interpretation. Seismic data with a bin size of
25 m × 25 m and a dominant frequency of 25–35 m
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Figure 3. Typical lithofacies types of the Halahatang Formation.

were used for structural restoration and seismic facies
analysis. In addition, spore-pollen and heavy mineral
samples were collected from representative wells to
reconstruct paleoclimate and determine provenance
characteristics.

3.2 Experimental and Analytical Methods
Core observation and thin-section microscopy
were performed to identify lithology, grain size,
sedimentary structures, and lithofacies types.
Provenance analysis was carried out by examining
heavy mineral assemblages, detrital compositions, and
seismic RMS amplitude attributes. Paleotopography
was restored using density-log based compaction

correction and paleothickness calculation, and
paleoslope gradients were quantified from restored
thickness and well spacing. Paleoclimate was
reconstructed through spore-pollen assemblages
and sediment color analysis. Sequence stratigraphic
division and A/S ratio (accommodation/sediment
supply) calculation were performed to analyze
base-level evolution, and well-tie sections and seismic
attribute slicing were integrated to characterize
sandbody architecture and depositional evolution.

4 Results
Based on the integrated analysis of the Triassic
sandstone thickness contour map, sandstone
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percentage content, paleotectonic morphology, and
grain size characteristics in the eastern part of
Block 2 of the Tahe Oilfield, it is concluded that the
provenance of the Triassic Halahatang Formation was
exclusively from the north, including northeastern and
northwestern provenance systems, while no southern
provenance existed. Combined with core observations
and single-well and multi-well correlation facies
interpretations, the Halahatang Formation in the
study area is interpreted to have developed braided
river, meandering river, and shore–shallow lacustrine
deposits.

4.1 Lithofacies Types
Lithofacies is the material expression of sedimentary
environment and conditions. Lithofacies changes
reflect variations in hydrodynamic conditions
during different depositional stages and are key for
analyzing sedimentary processes. Ten lithofacies
types are identified in this study, including two
conglomerate lithofacies, six sandstone lithofacies,
and two mudstone lithofacies (Figure 3).
Massive bedding conglomerate facies (Gm): Affected by
the strong source material from the north, the sorting
is generally poor, indicated by the mixed sizes of
the gravel and significant differences in rounding,
reflecting the lack of hydraulic sorting during rapid
near-source accumulation. The overall grain size
is coarse, with a wide range of gravel sizes, and
intercalated with sand or silt-sized fillers, forming
thick-bedded structures, which are the products of
bottom retention deposits in braided channels or
underwater distributary channels.
Channelized cross-bedded conglomerate facies (Gt):
Coarse clastics are dominant, with medium-sized
gravel, moderate sorting and rounding, indicating
its formation in a rapid near-source accumulation
environment. The coarse clastic accumulation
of the conglomerate facies and the complex
layering structure correspond to the intense
erosion-transportation-deposition process of braided
channels during floods. The continuous scouring
of the main channel flow on the base forms deep
channels, which belong to the scouring deposits of
underwater distributary channels in braided rivers.
Channelized cross-bedded sandstone (St): This
sedimentary facies forms in a medium to strong
hydrodynamic environment, with medium to fine
sandstone as the main lithology, good sorting
and rounding. Its grain sequence is the core

indicator recording the dynamic evolution process of
meandering rivers from vertical erosion dominance
to lateral stable accretion dominance, and it is the
product of meandering river migration.

Parallel bedding sandstone facies (Fl): In braided river
environments, horizontal bedding siltstone usually
develops in the low-energy environment of secondary
channels or floodplains during brief still water periods;
while in meandering river environments, this facies
mainly develops in floodplains, floodplain swamps
or the tops of point bars, which is the result of
lateral and vertical accretion. Due to the stable single
channel and wide floodplain of meandering rivers, the
siltstone is thick and has good lateral continuity, often
interbedded with massive mudstone and calcareous
mudstone.

Planar cross-bedded sandstone (Sp): This facies is
characterized by internally inclined foreset beds of
medium to coarse sandstone. In the meandering
river bend section, the flow is affected by centrifugal
force to produce spiral motion, with the bottom
flow scouring the concave bank and the surface flow
carrying sediments to the convex bank and depositing
them in an inclined manner. Its formation mechanism
is directly related to the lateral accretion ofmeandering
river point bars.

Wave ripple bedding medium sandstone (Sr): The
sandstone is transported by a mixture of suspended
and bedload under moderate hydrodynamic
fluctuations and intermittent deposition sequences,
reflecting the sedimentary dynamics of braided
rivers during the alternating periods of brief stability
and frequent flood events in secondary channels
or marginal areas, which is the rapid migration
and multi-stage superimposition of braided river
migration deposits.

Massive bedding siltstone facies (Fm): Massive siltstone
is rapidly deposited during floods or debris flows.
The braided river sediments are rapidly accumulated
in low-energy environments without sorting due
to flood overflow, with some scouring surfaces or
torn mud-gravel at the bottom and fine suspended
mudstone covering the top, forming a coarse-fine
sedimentary cycle.

Sand ripple cross-bedded siltstone (Fr): Sand ripple
cross-bedded siltstone is a typical facies in meandering
river sedimentary systems, with lithology of fine
to medium siltstone, revealing the low to medium
energy hydrodynamic conditions of meandering rivers
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and the forward migration and deposition process of
meandering river beds under the action of flow.

Massive mudstone facies (M): In braided rivers
with multiple channels and high energy, massive
mudstone only develops sporadically in temporarily
abandoned channels or floodplain depressions,
presenting isolated lens-shaped structures; while in
meandering rivers with stable lateral accretion and
wide floodplains, massive mudstone forms in the still
water environment at the end of abandoned channels
or breach fans, presenting sheet-like or thick-bedded
structures, often containing plant root fossils or
bioturbation structures, reflecting the combined
effect of continuous suspended sedimentation and
biological modification.

Carbonaceous streaked mudstone facies (C): The
carbonaceous streaked mudstone facies is
characterized by millimeter-scale alternating bands
of black organic matter layers and gray mudstone,
reflecting the coupling process of organic matter
enrichment and clay sedimentation under periodic
algal blooms, input of terrestrial plant debris or
seasonal anoxic events in a still water reducing
environment.

4.2 Well-tie Section
The strike of the cross-section is consistent with that of
the provenance in the northwest (Figure 4). Tectonic
movements resulted in relatively thick braided river
deposits in the first member of the Ha Formation.

The thickness of braided-channel sandbodies in the
lower part of the first member gradually decreases
from west to east, and interchannel microfacies
occur in the eastern area. The upper part of the
first member consists of a 10–18 m thick mudstone
formation intercalated with thin-bedded sandstone,
within which mouth bars, floodplains, flood lakes and
other microfacies are developed between riverbeds,
along with two major river channels. The second
member of the Ha Formation is dominated by
grayish-black mudstone with local thin-bedded sand
bodies and a high content of charcoal fragments.
A set of carbonaceous mudstone is developed at
the bottom of the second member. The overall
sedimentary setting is a shore-shallow lake subfacies,
including three microfacies: shore-shallow lake mud
bay, shore-shallow lake sand flat, and shore-shallow
lake sand bar.

4.3 Braided River
Macroscopically, controlled by strong sediment
sources in the north, the first member of the
Halahatang Formation is coarse-grained, with
sandbody thickness ranging from 5 to 25 m,
characterized by thick sandbodies intercalated with
thin-bedded fine conglomerates. Sandbodies are
mutually superimposed, forming braided river delta
deposits with mutually incised channels [28, 29].
A small amount of gravel deposits occurs at the
bottom, while the top sediments are dominated by
fine sandstone, showing an overall normal cycle. The
typical lithofacies sequence is (Gm-Gt-Fl-Sr-Fm-M).

Microscopically, the bottom deposits of the first
member were formed in the early braided river stage,
with sedimentary facies including braided river
channels, lateral margins of braided channels, and
interdistributary bays of braided rivers (Figure 5a).
Widespread accumulation of fine conglomerates
reflects proximal rapid denudation and high-energy
transport. During this period, channels frequently
shifted and migrated, well-developed basal scour
surfaces occurred, and mud pebbles as well as
imbricated gravels were common in lag deposits. As
hydrodynamic energy gradually weakened, sediments
gradually transitioned upward to medium-fine
sandstone. Bedding structures evolved from
large-scale planar cross-bedding to small-scale trough
cross-bedding and horizontal bedding, and channel
deposition shifted from active vertical aggradation to
intermittent overbank deposition. The overall normal
grading cycle records the weakening hydrodynamic
process from strong scouring to weak sedimentation.
Its vertical superposition pattern of sandbodies
and laterally discontinuous distribution are typical
responses to multi-channel interweaving and rapid
migration of braided rivers.

4.4 Meandering River
Macroscopically, under the control of the base-level
rising cycle, the upper sand bodies of the First Member
of the Ha Formation exhibit distinct evolutionary
characteristics of a meandering river depositional
system. The vertical stacking pattern of sand bodies
gradually transitions from thick massive sandstones
of early braided rivers to thin-bedded interbedding
of mud and sand. The thickness of single-stage
channel sand bodies decreases to 2–5 m, with
enhanced lateral continuity, showing a "rhythmic
interbedding" feature of fine sandstone and silty
mudstone.In terms of external geometry, channel sand
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Figure 4. Characteristics of the Well-Tie Section of the Triassic Halahatang Formation in the Tahe Area (Top-Flattened)
and Schematic Map of Section Strike.

bodies show a lenticular to wedge-shaped geometry.
Point-bar sand bodies formed by lateral accretion are
interleaved with muddy fills of abandoned channels,
forming a broad “lenticular” complex consistent
with the typological framework of meandering river
deposits [30]. In the vertical succession, stacked sand
bodies formed by multistage bend-channel migration,
under the control of base-level cycles, collectively
constitute a retrogradational assemblage characterized
by upward-increasing mud content and decreasing
sand body connectivity. The succession displays
an overall dual-structural feature, with a lithofacies
sequence of (St-Sp-Fr-M-C).
Microscopically, four normal cycles are identified
in the upper sand bodies of the First Member of
the Ha Formation, with distinct basal scour surfaces
representing typical channel characteristics. In terms
of grading, a typical normal grading structure is
present. The base commonly shows scour surfaces
and lag deposits of pebbly medium-grained sandstone,
which grades upward into fine-grained sandstone
and siltstone, and is capped by dark mudstone or
calcareous mudstone at the top.Locally developed
low-angle cross-bedding shows multi-directional
intersecting foresets, intercalated with a small amount
of grayish-black carbonaceous streaks (carbonaceous
particle size 0.5-2 mm). Local intervals contain gravels
with extremely low roundness, showing angular to
subangular shapes (Figure 5b).

4.5 Shore-shallow Lacustrine
In the Second Member of the Halahatang Formation,
the sedimentary facies in the study area are primarily

shore-shallow lacustrine deposits, dominated by
shore–shallow lacustrine mudflats. The sedimentary
environment mainly consists of littoral or shallow
lacustrine settings. The study area is generally
characterized by abundant mud and sparse sand,
reflecting a large-scale lacustrine transgression event.

Although the transgression was extensive in area,
its depth was limited, resulting in the overall
development of shore-shallow lacustrine deposits. In
the western and central regions, however, numerous
shore–shallow lacustrine sand beaches are developed,
while a few discontinuous sand beaches occur in
the northeastern and southern parts. A substantial
amount of provenance material was transported into
these areas to form deposits. The overall lateral
continuity of sand bodies is relatively good. The
following microfacies are developed: shore–shallow
lacustrine mudflats, shore–shallow lacustrine sand
beaches, and shore–shallow lacustrine sand bars
(Figure 5c).

5 Discussion
5.1 Controlling Factors on Sedimentary Evolution
The upper interval of the first member of the
Halahatang Formation exhibits obvious sedimentary
transition characteristics of fluvial facies. Combined
with analyses of sedimentary structures and
sedimentary microfacies, the provenance supply, slope
gradient, paleoclimate, and base-level cycle-four major
influencing factors-were investigated to analyze the
genetic mechanism and sedimentary characteristics
of the braided river to meandering river transition in
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Figure 5. The sedimentary facies plan of the Halahatang
Formation in the study area (sedimentary facies plan of the

braided river in the first section of Halahatang (a),
sedimentary facies plan of the upper curved river in the
first section of Halahatang (b), sedimentary facies plan of

the coastal shallow lake in the second section of
Halahatang (c)).

the upper part of the first member of the Halahatang
Formation. Among these, base-level change and
sediment supply are considered primary drivers,
whereas paleotopographic slope and paleoclimate
serve as modulating factors.

5.1.1 Provenance supply and sediment input
The root-mean-square (RMS) amplitude attributes
of the Halahatang Formation in the study area
(Figure 6) indicate the presence of northern and
northwestern provenance systems. Provenance supply
gradually weakened from the upper part of the

Akekule Formation to the second member of the
Halahatang Formation. During the depositional
period of the first member of the Halahatang
Formation, provenance supply was abundant and
transport distances were short, resulting in sediments
dominated by coarse-grained conglomerates. The
rock detrital components were complex, with low
roundness and poor sorting, and braided river
deposits were well developed.As the provenance
supply intensity decreased to a moderate level, the
sedimentary response of the first member changed
significantly: braided river channel sandbodies and
meandering river point-bar sandbodies were vertically
superimposed, planar cross-bedding developed,
sandbody thickness decreased but lateral continuity
increased.By the second member of the Halahatang
Formation, regional provenance supply further
diminished. Sediments consisted of interbedding
of siltstone, argillaceous siltstone and thin-bedded
mudstone, and the depositional system fully evolved
into a shore-shallow lake environment.

Figure 6. Root mean square amplitude attribute map of the
Triassic system in the Tarim Basin of the study area

(Halahatang Group (a), Akkule Group (b)).
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5.1.2 Paleotopographic Slope and Accommodation
Variation

Paleostructure restoration research can reconstruct
the paleo-slope of strata, and many mature methods
have been established by previous studies for
sandstone intervals. Drawing on the depth-dependent
compaction regularity documented in subsurface
porous media studies [31], a porosity–depth function
applicable to sandstone intervals is expressed as
follows:

Φ(z) = Φr + (Φ0/Φr)·(1+Φr)
(Φ0−Φr)+(1+2Φ0−Φr)·exp[γgα·(1+Φr)z]

(1)
where Φ(z) — porosity at an arbitrary depth; Φ0 —
surface porosity; Φr — residual porosity; z — depth;
α — a constant; γg = (1 + 2M), M — the ratio of
horizontal stress to vertical stress; g — acceleration
due to gravity.
Since the porosity calculation formula is only
applicable to reservoir formations with high porosity
such as sandstone, when the same formation is
buried at different depths, the internal porosity
gradually decreases due to the increasing pressure
from overlying strata, resulting in thinning of the
formation thickness. Accordingly, the formation
density also increases gradually.
The density of the target interval obtained fromdensity
logging data is used to restore formation compaction
based on the law of conservation ofmass. Its core relies
on density logging data and sandstone percentage
(Figure 7), making it suitable for mixed rock sequences
and transitional lithologic formations. Based on this,
Mou [32] proposed a correction formula for mixed
rock formations:

H0 = H×
[
Vs ·

ρms − ρb
ρms − ρw

+ (1 − Vs) ·
ρmn − ρb
ρmn − ρw

]
(2)

whereH0 —the restored formation thickness,H—the
present-day formation thickness, ρm — the theoretical
density of sandstone and mudstone, ρb — the bulk
formation density from logging, ρw — the density of
pore water, ρms — the sandstone matrix density, ρmn
— the mudstone matrix density, Vs — the sandstone
percentage.
The calculated density (DEN) of mudstone formations
at a given depth can be obtained using the above

Figure 7. Compaction correction illustration.

formula, and the restored formation thickness can
be further calculated. In this study, the paleoslope
of the Halahatang Formation in the Tarim Basin was
reconstructed by calculating paleoformation thickness
combined with well spacing to determine the slope
gradient (Table 1).

tanα =
Hj −Hg

L
(3)

where tanα — paleoslope; Hj — present formation
thickness; Hg — paleo-thickness; L—well spacing.
The paleogeomorphic slope in the lower part of
the First Member of the Halahatang Formation
reaches up to 0.93°–1.85°. The paleodrainage network
revealed by high-precision spectral decomposition
technology is characterized by dense dendritic
branching, indicating the development of a typical
braided river sedimentary system under strong
hydrodynamic conditions. Seismic facies show
progradational reflection configurations with high
amplitude and low continuity, and the paleocurrent
energy index ranges from 6.8 to 7.5, representing
a sedimentary model of braided rivers with “wide
channels and multiple sand bars” under strong
hydrodynamics.
As tectonic activity declined episodically, the
paleotectonic subsidence rate in the upper part of
the First Member decreased to 0.12 mm/a, and the
paleogeomorphic slope decreased to 0.42°–0.83°. The
channel sinuosity ranges from 1.5 to 2.3, indicating
relatively stable channels with a low width-to-depth
ratio (< 40), and the paleocurrent energy index
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Table 1. The paleoslope of the Halahatang Formation.

Interval Well No. Thickness (m) Paleo-thickness
(m)

Well
Spacing (km)

Paleoslope
(°)Total Sandstone Mudstone

The 2nd Member
of the Ha Formation

TK216 52.37 5.32 47.05 67.83 1.76 0.51
S79 46.83 6.82 40.01 63.25 2.41 0.39
T208 47.24 4.25 42.99 72.18 1.82 0.78
T204 42.12 3.24 38.88 58.21 1.46 0.63
S72 41.32 4.72 36.60 56.91 1.24 0.72

Upper part of the
1st Member of the
Ha Formation

TK216 18.12 3.20 14.92 35.21 1.76 0.55
S79 19.86 2.19 17.67 37.65 2.41 0.42
T208 21.18 2.08 19.10 39.02 1.82 0.56
T204 17.62 4.95 12.67 34.12 1.46 0.64
S72 16.52 5.32 11.20 34.58 1.24 0.83

Lower part of the
1st Member of the
Ha Formation

TK216 51.25 46.32 4.93 92.83 1.76 1.31
S79 50.16 48.65 1.51 89.21 2.41 0.93
T208 52.37 45.24 7.13 90.14 1.82 1.23
T204 42.73 40.82 1.91 82.17 1.46 1.55
S72 46.82 42.21 4.61 86.93 1.24 1.85

dropped to 4.2–5.1. The vertical cycles of sand-mud
ratio show periodic variations of 5–8 m. Seismic
attributes display a composite architecture of “vertical
aggradation and lateral migration” between braided
river mid-channel bars and meandering river point
bars [33], a pattern interpretable within the sequence
stratigraphic framework of base-level-controlled
sandbody stacking [34] (Figure 8). The channel belt
width narrowed to 1.2–2 km, reflecting the transitional
nature of river types under weakened hydrodynamic
conditions.
By the depositional period of the 2nd Member of the
Halahatang Formation, regional tectonism entered
a stage of peneplanation, and the paleotopographic
slope decreased to 0.39°–0.78°. Large-scale lobes
prograded toward the center of the lake basin,
the sand-to-strata ratio was further reduced, and
sedimentary microfacies evolved into a shore-shallow
lacustrine system characterized by alternating
wave-controlled beach bars and sheet sands.

5.1.3 Paleoclimate evolution and hydrodynamic conditions
Spores and pollen are reproductive cells of plants
with relatively stable genetic characteristics. Plants
of certain genera and species produce spores and
pollen of specific morphological types, so it is
generally feasible to reconstruct paleovegetation and
paleoclimate based on palynological data [35, 36].
Palynological study of the Halahatang Formation

Figure 8. Sedimentary model of the meandering river
channel.

shows that gymnosperms are most abundant in
the lower part of the First Member, dominated
by Pinaceae with minor Cupressaceae, indicating a
semiarid paleoclimate. Ferns reach their maximum
content in the Second Member, mainly consisting
of Pteris and sculptured trilete spores, suggesting
that the shore-shallow lacustrine deposits of the
Second Member formed under a warm and humid
paleoclimate [37] (Figure 9).
In addition, plant debris alternates with purplish-red
and brownish-redmudstone drapes in the sedimentary
succession of the upper First Member, reflecting a
paleoclimatic transition from subhumid to semiarid
conditions. By the depositional period of the
Second Member, mudstones are grayish-black and
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Figure 9. Spore-pollen assemblages of the Halahatang
Formation.

gray, indicating a shift back to humid paleoclimatic
conditions.

5.1.4 Base-level Change and A/S Ratio Control
Paleoclimatic changes have shaped the development
pattern and sedimentary characteristics of fluvial
systems in a stepwise manner. During the early
depositional stage of the First Member of the
Halahatang Formation, the regional climate was
dominated by persistently humid conditions.
Abundant precipitation and stable runoff provided
the hydrodynamic foundation for the development
of a braided river system. Under a humid climate
background, vegetation cover in the region was
high. Seasonal floods carried large volumes of
clastic material, leading to rapid accumulation,
frequent channel avulsion, and anabranching, forming
broad and shallow braided channels. By the upper
part of the First Member, seasonal precipitation
intensified and evaporation increased, resulting
in reduced vegetation cover within the drainage
basin. Nevertheless, intermittent rainfall still
maintained periodic surface runoff. At this stage,
river transport capacity weakened, the proportion of
fine-grained sediments increased, and bank resistance
to erosion was enhanced by the consolidation
of local vegetational debris. Consequently, the
lateral migration rate of channels decreased, and
meandering rivers began to develop, superimposed
upon the earlier braided channels. In this transitional
environment, alternating plant debris and purple-red
to reddish-brown mudstone drape layers appear in
the upper sedimentary succession of the First Member,
reflecting a paleoclimatic transition from humid to
semi-humid conditions.

By the depositional stage of the Second Member of
the Halahatang Formation, the mudstone colors are

grayish-black and gray, indicating a shift back to
a humid paleoclimate. At this time, fine-grained
sediments, together with rising base level, expanded
the accommodation space, leading to channel flooding
and the accumulation of water in depressions. This
ultimately resulted in a coastal-shallow lacustrine
environment dominated by fine-grained mudstones
and biochemical deposits. This climate-driven shift in
sedimentary regime essentially represents a response
of paleohydrological conditions to base-level changes:
as the climate shifted toward a semi-arid to humid
type, the rising base level promoted the transition
from braided to meandering rivers. Subsequently,
as the climate became humid again and base level
continued to rise, the fluvial system disintegrated
and was replaced by shallow lake environments,
thus effecting the transition from meandering river
to shore–shallow lacustrine deposits. The resulting
depositional transition from braided to meandering
rivers is schematically illustrated in Figure 10.

5.2 Depositional Evolution Model and Geological
Implications

Combined with sedimentary facies identification,
sandbody distribution analysis and fluvial
development investigation, the evolution law of
sedimentary systems in the study area was discussed
in depth, and the sedimentary evolution model of
the Triassic Halahatang Formation was established
(Figure 11).
Typical braided river deposits developed in the
lower part of the First Member of the Halahatang
Formation in the study area. During the early
depositional stage, the base level was relatively low,
sediment supply was abundant, the topographic
slope was steep, and the climate was warm and
semi-arid, with seasonal precipitation providing
sufficient runoff for braided channel development.
The sedimentary facies mainly include underwater
distributary channels, interdistributary areas, and
underwater interdistributary bays of the braided river
delta front.
In the upper part of the First Member, as the base level
rose, sediment supply decreased, the topographic
slope became gentler, and the climate gradually turned
arid, thin-bedded sandbodies exhibit characteristics of
few layers (1-2 layers) and small thickness, forming
a retrogradational sequence under a relatively high
A/S ratio. The braided river channels gradually
narrowed and aggraded laterally, forming staggered
and laterally composite superposed deposits in a short
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Figure 10. Schematic diagram of the transformation characteristics of braided rivers to meandering rivers in the
Halahatang Formation.

Figure 11. Diagram of sand body slicing and stacking
patterns under different A/S controls.

period of time [38]. Such morphological adjustments
are consistent with experimental observations
demonstrating that reduced sediment supply induces

channel narrowing and lateral accretion in sinuous
gravel-bed systems [39], with two south-north
oriented meandering river channel belts developed.

In the Second Member of the Halahatang Formation,
with continuous changes in base level, sediment
supply, paleoslope and paleoclimate, the channels
gradually transitioned from highly sinuous, laterally
migrating meander belts to low-energy, stable
distributary networks. Accompanied by weakened
fluvial dynamics and periodic flooding of lake
water, sedimentation shifted from lateral accretion to
vertical accretion-dominated, and the sedimentary
environment finally evolved from meandering rivers
to shore-shallow lacustrine facies (Figure 12).

6 Conclusions
Integrated analysis of cores, thin sections, well logs,
seismic attributes, and well-tie sections indicates
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Figure 12. Sedimentary evolution model of the Halahatang
Formation.

that the Triassic Halahatang Formation in the Tahe
Oilfield comprises ten lithofacies types, including two
conglomerate lithofacies, six sandstone lithofacies,
and two mudstone lithofacies. These lithofacies
are grouped into three major depositional systems:
braided river deposits in the lower First Member,
meandering river deposits in the upper First Member,
and shore–shallow lacustrine deposits in the Second
Member.
The lower First Member was deposited under

conditions of relatively low base level, abundant
northern sediment supply, steep paleotopographic
slope, and strong hydrodynamic energy. These
conditions favored the formation of thick,
coarse-grained, vertically stacked braided-channel
sandbodies with frequent channel avulsion,
amalgamated sandbody stacking, and episodic
scour-fill cycles.
The upper First Member records a clear transition from
braided river to meandering river deposition. During
this stage, base level rose, sediment supply weakened,
paleoslope gradient decreased, and the fluvial energy
system became progressively more stable. As a result,
channel sandbodies became thinner, mud content
increased upward, and sandbody stacking changed
from vertically incised amalgamation to staggered
and laterally composite superposition. Two main
meandering channel belts were identified in this
interval.
The SecondMember represents the final stage of fluvial
weakening and lacustrine expansion. Continued
base-level rise and reduced sediment input promoted
the development of shore–shallow lacustrine facies,
characterized by mud-rich deposits, locally developed
sand bars and sand flats, and relatively continuous thin
sandbodies. This stage reflects the transformation from
channel-dominated fluvial sedimentation towave- and
lake-controlled shallow lacustrine deposition.
The sedimentary evolution of the Halahatang
Formation was jointly controlled by base-level
change, sediment supply, paleotopographic slope,
and paleoclimate. Among these factors, rising base
level and decreasing sediment supply played direct
roles in reducing channel energy and sandbody
amalgamation, whereas paleoslope reduction and
climatic fluctuation further promoted the transition
from braided to meandering river systems. The
established fluvial–lacustrine depositional evolution
model provides a practical basis for predicting
favorable reservoir sandbodies in the Triassic clastic
succession of the Tahe Oilfield.
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