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Polygonal fault in marine sediments and its impact on gas hydrate occurrence
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Abstract: Polygonal faults are non—tectonic small stratabound extensional faults generally developed in the fine—grained sediments
with numerous fault planes and small offset. The fault planes are arranged in irregular polygonal shape in plan view, and occur as
extensional faults with similar or opposite inclinations in profile view. The geometry of the polygonal faults is considered to be

affected by formation mechanisms, such as density inversion, syneresis and shear failure. The prominent indicator of density
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inversion is the wave— like surface between horizons. The prominent indicators of syneresis are listric fault planes and growth
sequences, and the furrows on the seafloor and the micro—fractures in the sediment samples make up the evidence. The occurrence
of polygonal faults improves the permeability of fine— grained sediments, which can provide vertical pathways for gas and fluid
migration. The conductivity of listric faults induced by syneresis is inferred to be better than that of straight faults. As a product of
shallow gas and fluid migration, the occurrence area of gas hydrate is possibly dominated by polygonal faults. Deep polygonal faults

provide pathways of gas and fluid migration for gas hydrate, and shallow polygonal faults provide reservoir spaces for gas hydrate.
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Fig.1 The map of polygonal faults distribution (modified from Cartwright and Dewhurst, 1998; Cartwright et al., 2003)
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Fig.2 3D geometry characteristics of polygonal faults

(modified from Cartwright, 1994a)
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Fig.3 The geometric map of polygonal faults. a—d are seismic time slices, e—h are hand—drawing schematics (modified from
Watterson et al., 2000; Cartwright et al., 2003)
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Fig. 4 The geometric map of polygonal faults influenced by salt

diapir (modified from Dan, 2012)
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Fig. 5 The geometric profile geometry of polygonal faults (modified from c—Schemetic diagram of seismic section a;
d—Schematic diagram of seismic section b Cartwright and Lonergan, 1996; Turrini et al., 2017)
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Fig. 6 The geometric profile of polygonal faults influenced by
gradient(modified from Roberts, 2014)
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Dewhurst, 1998; Cartwright et al., 2003 )
Table 1 The sediment parameters of polygonal fault in the
layers (modified from Cartwright and Dewhurst, 1998;

Cartwright et al., 2003)
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Fig.7 The schematic of density inversion
a—The pore water sealed in the clay layer, the overpressure formation.
b—The overpressure leading to fault formation, the overpressure
releasing
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[l 8 bR H)Z $2 b E (45 Watterson et al., 2000; Berndt et al., 2003; Davies, 2005; Hale and Groshong, 2014 f&14)
a~d—Hu R T & ; e~h— T2 T 2 A
Fig.8 Wave—like layer contact surface
(modified from Watterson et al., 2000; Berndt et al., 2003; Davies, 2005; Hale and Groshong, 2014)

a—d are seismic profiles. e—h are hand—drawing schematics
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Fig.9 Dish—like fault geometry (modified from Watterson et al., 2000)
a—Seismic time slice ; b—Schematic of a;c— Profile schematic of line a'—b'
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Fig.10 Schematic diagram of syneresis mechanism
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THR B, RS E LT TRz BN R W2
M. RIRFUKEWRIRZ R sy
Yy, o3 A SR 1 22 B W )2 Ty HR AU s 4 1
i# (Berndt, 2005; Hustoft et al., 2007), 73 /i 81 1 £
PIEWZ Al o H AR A 4 25 (6] (Gay et al., 2006). {H
K&, 5 2PV WUZEA R AT Sl R
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a— LRI Y R 5 b—181 A (P IRIR B8 IRT o — T4k x—y B R 4]
Fig.11 Stair—stepping fault geometry (modified from Cartwright and Lonergan, 1996)
a—A seismic time slice;b—A schematic diagram of a;c—A profile schematic diagram of line x—y
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12 B YR 2HLH 7~ 2 & (5 Cartwright and Lonergan, 1996 f&14)
F—MR ) Fr—fLBR ) s 0— B K 0T, o—Fe/ N0 )
Fig.12 The schematic diagram of shear rupture mechanism(modified from Cartwright and Lonergan, 1996)
F, —Extensional force; F, —Pore pressure ; o;—Maximum principal stress ; 5;—Minimum principal stress
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