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Overview of the structural features of the Nanpu sag

(a)— X 37 & Kl (Wang Yuheng et al. ,2024) ; (b)— & 2 AL B 4H IS A = 4E M 15 B 5 (o — M2 2 A HIR A
(a)—regional location map (Wang Yuheng et al. , 2024); (b)—3D structural map of the bottom boundary of the shallow Minghuazhen

Formation; (c¢)—comprehensive stratigraphic column
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Fig. 2 Structural deformation framework profile of the Nanpu sag (profile location shown in Fig. 1b)
Ca) — V4 ) 385 457 FiE I T 1 78 1 3t J2 A A R 7 2 A 3 R 35 (o) — P b s AR A LI =X 5 4 R X R 3t A 55 (o) — AR AR A 3 AR AIE
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(a)—western structural features: shovel-shaped fan structure; (b)—central structural features: conjugate X-shaped structure; (c)—eastern

structural features: antiform negative flower structure
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Fig. 4 Deep fault system of the Nanpu sag
() — VAR AW R R G5 (b)) — REAIR AW R RS

(a)—fault system at the bottom of the shahejie formation; (b)—{fault system at the bottom of the dongying formation
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Bl 5 mMEMBERZHARSE
Fig. 5 Shallow fault system of the Nanpu sag
(a)—600 ms AHT B A B (b — BB AR AW 2 R 5 &

(a)—600 ms coherence attribute slice; (b)—fault system at the bottom boundary of the Minghuazhen Formation
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Pl 6 ALy AR DL S B A R i 3
Fig. 6 Design of the structural physical simulation experiment model
(a) MR 1 JLAT 2R AE 5 (b) — LY 2 T 3 LA 32 R 5 (o) — BB S 0T 1 1 5 (D) —BD 2 5l 505 41
(a)—geometric characteristics of Model 1; (b)—geometric characteristics of models 2 and 3; (¢)—detailed plan view of model parameters;

(d)—sand layer deposition sequence
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Fig. 7 Plane results for Model 1
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(a)—Ed 3 deformation results; (b)—Ed: deformation results; (¢)—Ed| deformation results; (d)—Nm deformation results; (e)—Nm

deformation results; (f)—final basin structural outline; (g)—3D model schematic
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Fig. 8 Experiment slices of Model 1 (survey line location shown in Fig. 7¢)
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(a, c, e, g, i)—original slice morphology; (b, d, f, h, j)—geological model diagrams
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Fig. 9 Plane results for Model 2
(a)—Ed;ZEBEER 5 (b)—Ed, BIBEE R (O Ed BB EE R 5 (D Nm o BB E A () N BB AL (D — A F M HE I ; (9
SRR A
(a)—Ed 3 deformation results; (b)—Ed: deformation results; (¢)—Ed; deformation results; (d)—Nm, deformation results; (e)—Nm,

deformation results; (f)—final basin structural outline; (g)—3D model schematic
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Fig. 10 Experiment slices of Model 2 (survey line location shown in Fig. 9e)
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(a, ¢, e, g, i)—original slice morphology; (b, d, f, h, j)—geological model diagrams
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Fig. 11 Plane results for Model 3
(a)—Ed ;IR (b)) —Ed AR (o) —Ed 1 B LR (D—Nm AR () —Nm B R; () — AW ENER; (o) —=
A AR A
(a)—Ed; deformation results; (b)—Ed; deformation results; (¢)—Ed deformation results; (d)—Nm; deformation results; (e)—Nm,

deformation results; (f)—final basin structural outline; (g)—3D model schematic
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Fig. 12 Experiment slices of Model 3 (survey line location shown in Fig. 11e)
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(a, ¢, e, g, i) —original slice morphology; (b, d. f. h, j)—geological model diagrams
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Fig. 13 Comparison of simulation results for the three models
(a~co)— MR 1~3 F A M 5 (d~D— = BALE 7 BOBAE 5 (o) — WT 2 B 07 &L 5 (h)— W2 < BE IR0 G0 A 1B 5 (D — Wi J2 i 4 2
HITHE
(a~c)—final basin structures of models 1~3; (d~{)—rose diagrams of fault trends for the three models; (g)—histogram of fault numbers;

(h)—frequency distribution of fault lengths; (i)—histogram of fault connection types
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Fig. 14 Comparison of the basin structure of Model 3 with the actual Nanpu sag
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(a)—3D structural map of the bottom surface of the Minghuazhen Formation in the Nanpu sag; (b)—basin structure from Model 3

simulation results
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Abstract

The formation process of rift basins is influenced by multiple factors, including pre-existing
structures, sedimentary material properties, rift phases, and directions. Ultimately, this process results in
multiple sets of fault systems with different orientations and scales, leading to the formation of various
structural styles. This undoubtedly makes the structural analysis of basins highly challenging. In this
study, we replicated the evolution process of the Nanpu sag since the Dongying Formation, which
underwent N-S extension under the influence of multiple factors, through the interpretation of 3D seismic
data and comparison with analogue modellings of group structures. The study reveals the following
findings: The Nanpu sag is a result of multiple-phase rifting developed under pre-existing structures.
Eventually, it formed a structural pattern of N-S partition deformation, connected in segments from east
to west, and vertically deformed within the Minghuazhen formation. The pre-existing paleo-uplift in the
southern part of the sag affects the uniformly distributed extensional deformation, while in the northern
part, a segmented interconnected mesh-like fault system is formed. Reactivation of pre-existing structures
in the southern part leads to the formation of E-W curved en echelon inherited fault systems on both sides.
The NE pre-existing fault planes formed during multiple-phase orthogonal rifting processes are important
factors restricting the late-stage oriented arrangement of faults. Ductile detachment layers are key material
factors that enhance the interaction between faults. They facilitate the connection of isolated faults,
forming E-W segmented connected normal fault combinations. The faults accommodate oblique extension

caused by pre-existing structures through their own bending.

Key words: Bohai Bay basin; pre-existing structure; detachment layer; analogue modelling; Nanpu sag



