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Abstract

Utilizing 2D and 3D seismic data, a large-scale detachment thrust structure within the Lower Paleozoic Ordovician Majiagou
Formation (O;m) has been identified west of Lishi in the eastern Ordos Basin. This study investigates the structural
characteristics, spatial distribution, evolutionary stages, and exploration potential of this structure. The results indicate: (/) The
Lower Paleozoic Lishi West Detachment Thrust Belt (DTB) in the eastern Ordos Basin margin is 5—10km wide, extends nearly
north-south parallel to the Lishi Fault Zone, and has considerable strike length. (2) The main faults of the Lishi West DTB
initiated in the Precambrian and subsequently underwent four major evolutionary stages: stable sedimentation in the Ordovician
epicontinental sea; formation of the detachment thrust belt from the Late Ordovician to Late Carboniferous; stable sedimentation
from the Late Carboniferous to Middle Jurassic; and compressional uplift from the Middle Jurassic to Cretaceous. (3) The Lishi
West DTB originated during the Caledonian period as a deep-seated structural weak zone. During the Yanshanian period, the
eastern basin margin experienced westward compression, leading to regional tilting and uplift. Stress release along this
pre-existing weak zone caused significant variations in formation dip angles and fault characteristics across the belt. This DTB is
interpreted as the boundary separating the Jinxi Warp-Fold Belt and the Yishan Slope. (4) The detachment thrust belt in the
eastern margin plays a critical role in hydrocarbon accumulation and subsequent migration/readjustment. The area west of the
belt is favorable for exploring various coal-measure hydrocarbon resources, including deep coalbed methane (CBM) and
in-source to near-source tight gas. A series of positive structural traps with large aerial extent have developed within the O;m
Formation along the Lishi West DTB, demonstrating high exploration potential.
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1. Introduction

The Ordos Basin, developed upon the North China Cra-
tonic platform, constitutes a large-scale intracratonic super-
imposed basin and ranks as China’s second-largest sedimen-
tary basin. It comprises six first-order tectonic units: the
Yimeng Uplift, Weibei Uplift, Jinxi Warp-Fold Belt, Shanbei
Slope, Tianhuan Depression, and Western Thrust Belt. En-
riched with abundant energy minerals, it currently serves as
China’s largest oil and gas production base. In recent years,
intensified exploration has led to discoveries of tight gas,
deep coalbed methane (CBM), and shale gas reservoirs in the
eastern Ordos Basin, including the Daning-Jixian, Shilouxi,
Linxing-Shenfu, and Yanchuannan fields, underscoring sig-
nificant resource potential in coal-measure gas plays [1-3].

While exploration continues to yield successes in Upper
Paleozoic coal-measure gas, focus has progressively shifted to
the Lower Paleozoic. Lower Paleozoic gas reservoirs in the
Ordos Basin are categorized into two domains: 1. Weathering
crust reservoirs near the Ordovician top unconformity, exem-
plified by the karst platform gas field in the Majiagou For-
mation (Oim) at Jingbian, along with breakthroughs in the
karst slope areas of Oim in regions such as Yulin—Mizhi [4-6].
2. Subsalt and deep exploration within the Ordovician Maji-
agou Formation. Exploration in this domain remains explora-
tory. In 2021, Well MT1, deployed in the Shenmu—Mizhi area,
yielded high industrial gas flow from the M4 Member, further
confirming substantial exploration potential [7, 8].

Recently, integrated analysis of 3D seismic data from the
Shiloubei Block and 2D seismic data from the eastern Ordos
Basin has identified a submeridional-trending detachment
thrust belt within the Lower Paleozoic succession. This study
systematically investigates the structural characteristics, spa-
tial distribution, and evolutionary history of this thrust belt,
evaluates its geological significance and hydrocarbon explo-
ration potential, thereby advancing regional structural under-
standing and providing a scientific foundation for Lower
Paleozoic exploration in the eastern Ordos Basin margin.

2. Geological Setting

The study area is located in the eastern Ordos Basin (Fig-
ure 1), straddling two major tectonic units: the Jinxi
Warp-Fold Belt and the Yishan Slope. Stratigraphic uplift
intensifies progressively eastward, accompanied by increas-
ingly intense structural deformation. Well data confirm the
presence of the Proterozoic Changcheng System, Cambrian
System, Ordovician Yeli, Liangjiashan, and Majiagou for-
mation, Carboniferous Benxi Formation, Permian Taiyuan
Formation, Shihezi Formation, and Shigianfeng Formation,
and Triassic Liujiagou Formation, Heshanggou Formation,
Zhifang Formation, and Yanchang formation.

The Shiloubei Block lies along the eastern Ordos Basin
margin. It adjoins the Liulin Block and Mizhi Gas Field to
the north, borders the Shilouxi Block to the south, abuts the

Lilliang Mountains to the east, and neighbors the Zi-
zhou-Qingjian Block to the west. The block exhibits a
SW-dipping monoclinal structure, with steeper dips and de-
veloped faults in the east, transitioning to gentler dips and
reduced faulting in the southwest. Previous exploration tar-
geting Upper Paleozoic coalbed methane (CBM) and tight
gas relied primarily on 2D seismic data. In 2020, 3D seismic
acquisition significantly enhanced data resolution.
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Figure 1. Structural Outline Map of the Lower Paleozoic in the
Eastern Ordos Basin Margin.

Integrated interpretation of 2D and 3D seismic data from
the eastern  Ordos  Basin  has  identified a
salt-crumpling-related detachment thrust structure within the
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Lower Paleozoic Ordovician Majiagou Formation (Oim).
This structural belt, extending submeridionally parallel to the
Lishi Fault Zone, is formally designated as the Lishi West
Detachment Thrust Belt (DTB). As a regionally extensive
feature exhibiting episodic activity from the Precambrian to
present, this thrust belt holds significant geological implica-
tions and hydrocarbon exploration value.

3. Structural Characteristics and
Evolution

3.1. Structural Geometry and Distribution

3D seismic data from the Shiloubei Block (Figure 2; pro-
file locations in Figures 1 & 3) reveal that the Lishi West
Detachment Thrust Belt (DTB) is dominated by gypsum-salt
crumpling and features three genetically associated fault
types: thrust faults, detachment faults, and salt-crumpling
compression faults. The thrust fault system (F1-F4) com-
prises reverse faults with submeridional strikes, of which F1
and F2 originated during the Meso-Neoproterozoic as
boundary faults for local depressions. Seismic profiles
demonstrate these faults penetrate downward through the
Meso-Neoproterozoic basement with >100 m vertical dis-
placement in the Lower Paleozoic, while exhibiting differen-
tial upward propagation: F2 extends into the Triassic with
significantly reduced displacement (<100 m) in Upper
Paleozoic-Mesozoic strata, whereas F1 terminates within the
Lower Paleozoic succession. Detachment faults (F5-F6),
located at the bases of the Majiagou Formation Members
Om: and Oims, display pronounced ductile flow defor-
mation in overlying gypsum-salt units, generating numerous
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salt anticlines. These faults formed during the Caledonian
period under E-W compression. Salt-crumpling compression
faults strike subparallel to thrust faults but exhibit limited
lateral continuity, presenting an en echelon pattern in plan
view (Figure 3). They root downward into gypsum-salt de-
tachment horizons and represent reverse faults coeval with
detachment faults, likewise originating from Caledonian
E-W compressional stresses.

The presence of the Lishi West Detachment Thrust Belt
(DTB) subdivides the eastern Ordos Basin margin into three
east-west structural domains: the Western Gentle Structural
Zone characterized by low-relief Lower Paleozoic strata,
undeveloped salt tectonics, gentle Upper Paleozoic dips, and
minimal faulting; the Central Salt-Crumpling & Thickening
Zone representing the primary stress-release area of the
thrust system, where overall stratigraphic uplift, intense fault
concentration, significant thickening of the Majiagou For-
mation (Oim), and extreme gypsum-salt deformation create
horst-graben architectures, while maintaining Upper Paleo-
zoic dips comparable to the eastern domain; and the Eastern
Pop-up Zone controlled by thrust faults F1-F2, featuring
compressional uplift of the entire stratigraphic column with
Lower Paleozoic salt flow structures, steeply dipping (>15°)
Upper Paleozoic-Mesozoic sequences, and high fault density.

Regional 2D seismic data, despite limitations in resolving
intra-Ordovician reflections and fault details, confirm the
DTB’s spatial extent extending southward to the Dan-
ing-Jixian Block and northward to the Sanjiaobei Block (Fig-
ure 4; see Figure 1 for locations). North of Sanjiaobei, the belt
transitions markedly: plastic deformation within Ordovician
salt strata diminishes, the thrust system evolves into steeply
dipping (>60<) reverse faults that propagate into shallow sec-
tions, and strata east of the faults undergo rapid uplift..

Figure 2. Interpreted Seismic-Geological Profile Along Arbitrary SW-NE Traverse in Shiloubei 3D Survey Area.
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Figure 4. Representative 2D Seismic Profiles from the Eastern Ordos Basin Margin.
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3.2. Formation and Evolution

This study employs the balanced section restoration
method, selecting a representative SW-NE trending seismic

profile from the Shiloubei 3D survey area to analyze tectonic
evolution. The results indicate that the eastern Ordos Basin
margin has undergone four principal tectonic evolutionary
stages since the Early Paleozoic (Figure 5).
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Figure 5. Structural Evolution Profile Along SW-NE Arbitrary Traverse in Shiloubei Block.

3.2.1. Ordovician Epicontinental Sea Stable
Sedimentation

During this period, reduced compressional stress from the
Qin-Qi Ocean diminished uplift magnitudes, triggering ma-
rine transgression that established a "one uplift flanked by
two sags" depositional framework across the Lower Paleo-
zoic Ordos Basin. The Central Paleo-uplift governed the ba-
sin-wide east-west sedimentological differentiation during
the Ordovician, with the study area situated east of this

paleo-high within the North China Sea domain, where an
epicontinental sea to large lagoon system developed. Fre-
quent sea-level oscillations generated cyclic successions of
carbonates alternating with restricted marine evaporites. Well
data confirm alignment with regional depositional patterns in
the Majiagou Formation (Oim): Member Oims is dominated
by interbedded evaporites and carbonates; Members Oima
and Oim: comprise predominantly carbonate sequences;
while Members Oim: and Oims consist primarily of evapo-
ritic units (Figure 6).
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Figure 6. Composite Log Interpretation Column of the Lower Paleozoic Ordovician Majiagou Formation (Oym) from Well X1, Shiloubei

Block.

3.2.2. Late Ordovician - Late Carboniferous DTB
Formation Stage

By the Late Ordovician, the Caledonian orogeny funda-
mentally reconfigured the Ordos Basin's architecture, trans-
forming it from a mosaic of coexisting uplifts and depres-
sions into a unified, regionally extensive uplift. This tectonic
reorganization subjected the entire Ordos Block to prolonged
erosion, resulting in the absence of Silurian to Lower Car-
boniferous strata and establishing a 150-Myr depositional
hiatus. Post-Caledonian paleotopographic reconstruction
reveals that the study area remained topographically lower
than the western Otog Banner-Dingbian and Shenmu—
Jingbian regions. Within the study area, the Ordovician top
unconformity exhibits a parallel unconformable contact with
underlying strata (Figure 2), indicating comparatively limited
erosional removal. Consequently, residual sequences includ-

ing the Majiagou Formation Member M6 and underlying
units are preserved.

The Lishi West Detachment Thrust Belt formed during the
late Caledonian orogeny. While conventional models attrib-
ute this period solely to regional uplift and erosion along the
eastern Ordos Basin margin, transpressional tectonic activity
in this domain had been rarely documented in prior studies.
Crucially, 3D seismic data from the Shiloubei area confirm
that the eastern basin margin experienced E-W directed
compressional stresses during the Caledonian, which reac-
tivated pre-existing thrust faults and initiated detachment
along evaporite layers, ultimately forming the Lishi West
Detachment Thrust Belt. West of this thrust belt, localized
transpressional strike-slip faults developed within Ordovi-
cian strata (Figure 7; profile locations in Figures 1 & 8), ex-
hibiting submeridional orientations (Figure 8).
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3.2.3. Late Carboniferous - Middle Jurassic Stable
Sedimentation Stage

During the Late Carboniferous to Late Permian, northward
subduction of the Paleo-Asian Ocean beneath the northern
margin of the North China Plate drove the progressive uplift
of the Yinshan Paleoland to the north and the ancient Qinling
Orogen to the south. These rising terranes supplied substan-
tial detritus to the Ordos Basin. Along its eastern margin,
depositional systems transitioned from early marine lagoon-
al-tidal flat complexes to continental fluvial-deltaic systems,
with sedimentological differentiation shifting from east-west
to north-south partitioning. From the Triassic onward, the
basin evolved into an intracratonic depression, wherein the
Jinxi Warp-Fold Belt persisted as an integral depocenter,
accumulating predominantly fluvio-lacustrine terrigenous
clastic successions.

3.2.4. Middle Jurassic - Cretaceous Compressional
Uplift Stage

Since the Late Jurassic, the combined effects of northward
compression from the Paleo-Tethyan tectonic domain and
NW-directed subduction of the Pacific Plate initiated uplift
of the Liiliang Mountains, imposing intense multidirectional
intracontinental compression upon the eastern Ordos Basin.
This tectonic regime triggered basin-wide uplift that estab-
lished the present east-high-west-low structural configuration
and concurrently formed the Jinxi Warp-Fold Belt. Within
the Shiloubei area, Yanshanian deformation induced east-
ward tilting and uplift, reactivating the pre-existing thrust
fault F2. Post-tectonic characteristics across the Shiloubei
Detachment Thrust Belt reveal pronounced contrasts: east of
the belt, steeper formation dips (>25°) coincide with
NE-NNE trending faults and concentrated compressional
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structures; west of the belt, gentle structural relief features
reduced dips (<10°) with diminished faulting and compres-
sional deformation.

4. Geological Significance and
Exploration Potential

Previous studies on the structural characteristics and evo-
lution of the Jinxi Warp-Fold Belt in the eastern Ordos Basin
[9, 10] established that this belt remained part of a major
depositional basin prior to the Late Jurassic. Since then,
Liiliang Mountain uplift subjected the basin’s eastern margin
to intense multidirectional intracontinental compression,
driving regional uplift that formed the current
east-high-west-low configuration and ultimately shaped the
Jinxi Warp-Fold Belt [11, 12]. Compared to the Yishan Slope,
the Jinxi Belt exhibits steeper formation dips and hosts
NE-NNE trending compressional structures that diminish
westward. While its eastern boundary is clearly defined by
the Lishi Fault, its western boundary with the Yishan Slope
has remained ambiguous and contentious [13, 14].

Integrated interpretation of 3D seismic data (Shiloubei
Block) and 2D profiles (Sanjiao/Daji areas) identifies the
Lishi West Detachment Thrust Belt (DTB) as a region-
al-scale (>150km long), submeridionally striking thrust sys-
tem. Originating as Precambrian basin-bounding faults and
consolidating during the Caledonian as a deep-seated struc-
tural weak zone, this belt localized stress release during
Yanshanian westward compression—triggering regional tilt-
ing that generated abrupt contrasts in formation dips and
fault densities across the belt, thereby defining the Jinxi
Belt-Yishan Slope boundary.

The DTB exerts critical control on hydrocarbon systems:

West of DTB: Low deformation intensity, limited faulting,
gentle dips (2-5°), favorable preservation, and deeper burial
(>2,000 m) create premier exploration targets for deep coal-
bed methane (CBM) and in-source/near-source tight gas,
evidenced by discoveries like Linxing-Shenfu and Dan-
ing-Jixian fields.

East of DTB: Rapid Neogene uplift, shallow Permian coal
seams (<1,500 m), extensive Mesozoic erosion (>70%), and
intense faulting facilitate hydrocarbon escape, preserving
only adsorption-dominated CBM with subcommercial tight
gas potential.

For Lower Paleozoic plays:

Post-Caledonian low-topography positioning restricted
karst development, yielding poorly developed weathering
crust reservoirs with marginal exploration potential.

Within the Oim Formation, the DTB hosts large-scale
(>50km?) anticlinal/fault-anticlinal traps. Their viability
hinges on source-reservoir configurations, though the un-
derexplored subsalt/deep domain (penetrated by <10 wells)
demands systematic investigation.

5. Conclusions

The Lishi West Detachment Thrust Belt (DTB) constitutes
a regionally extensive, submeridionally striking thrust sys-
tem with a strike length exceeding 150km.

This DTB evolved through four principal stages: Ordovi-
cian epicontinental sea sedimentation; Late Ordovician—Late
Carboniferous DTB formation; Late Carboniferous—Middle
Jurassic stable sedimentation; and Middle Jurassic—
Cretaceous compressional uplift.

Originating as a deep-seated structural weak zone during
the Caledonian period, the DTB localized stress release dur-
ing Yanshanian westward compression, which induced re-
gional tilting and generated abrupt contrasts in formation
dips and fault densities across the belt. Consequently, it de-
marcates the boundary between the Jinxi Warp-Fold Belt and
Yishan Slope.

The DTB critically controls hydrocarbon accumulation
and migration: Areas west of the belt represent premier ex-
ploration targets for deep coalbed methane (CBM) and
in-source/near-source tight gas due to favorable preservation
conditions; A series of large-scale positive structural traps
within the Ordovician Majiagou Formation (Oim) along the
belt exhibit significant exploration potential.
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DTB  Detachment Thrust Belt
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