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Fig. 1 Tectonic setting and stratigraphic sequence of Lingshan Island
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(a) Geological map of eastern Shandong (modified after references [39-41]); (b) Geological map of Lingshan Island (modified after reference

[37]); (c) Stratigraphic sequence of the Laiyang Group on Lingshan Island (modified after reference [35])
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Fig.2 Dengta outcrop, Lingshan Island (a) and preserved soft-sediment deformation structures (b)
() a2 30k (45 B0 (0) 1 (b1)~(b4) X1 (a) SRR I IR AL TE A 15 )2 (b1)~(b4) B 43
Modified after reference [45]; The (b1)~(b4) in Fig. (b) correspond to the (b1)~(b4) parts of the soft-sediment deformation at the bottom of Fig. (a)
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Fig.3 Typical background deposits (laminae) preserved in the Dengta outcrop, Lingshan Island
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(a)~(e) Photographs showing the laminae; (f) Microscopic characteristics of the laminae (single polarized light)
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Fig. 4 Typical turbidites preserved in the Dengta outcrop, Lingshan Island

5 W
51 TFRINME

Gy T S UURUE U A TR ERBE , X T 1E 4 4]
ol AR Y flh e PR 2R AT AR o AR AR R OCHE . KT
PRI )2 R B 802 (RIS 00y, 18 3) 46 AT
B BT 24 1 A TN R E S 2 I TR K AR - i
WG R TR R A GBI UZ R 3 — B E
AIZKESUZ  IF e i MR A ok
52 HRARTEEAZHANE

A BIEFEIN S KT B ) TS 092 5 T2 BT RR ) 78
e 2T S B AR TR AR, KA 8 A
AR GTAR AR TE — it LA 0 A %) v 2R i, A 1) 4
A BR 5 53 Ah, an SR B 1A Y AR TRV TE )2
W) b 28 AR T 22 A5 94 THU S ARV 350 308 5 25 DR A 5 ZHE
T 2 52 A Sy 8 B A 1) — R 27 . AR SCR I
BRUTRVAS I 20 1) J5 BE A E , #9365 S 0L 5 12 AL T
SRS 0 G TG iR B 4 () AR, s TG ) I A A ke
FRLE7(a) B 7(c)FIEI 7(e) o X LLTTARAFAEA
SO $ 2 AR DR KT ) IR DT AR
AR S R 3R

OISR JZ i e o SUZ PR AF R4, RIS
SEAE RO T A8 M ) 5 i (2808 72 B de i )
IFRBERELE 7(b) (& 7()FIE 7() ] X RIZIE
JEFROURR Y LI A 1 2 B S R AR I &
T3 2 iz, A5 UG 55 1% 802 4 25 Bl 284 s
P XA s TR AR LA 5(F) ] 5 b 2R 1 DX B8 1
JEDRAF 0 i B AL T AL 35 HE 5 AR AL, UK O
] BRI LB 5 (a) | i 28 R AE . BT
ARTE AL I , K A A 22 AR08 T AR 7 b 7 fioh
) FF IR SC— 2 W8 31 2% A F2 € 7% (Kelvin-Helmholtz
Instability ) AL A BK 3 T, 5 & b 5= 5 A% i 0 75 )

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

DI [R] i 2 BE iz 3y, 7E DR
155

KT B E T AR TR AR T A 1 )22 rh I 3 B 1) 1Y)
Y F BTGB 5(g) | BN ARIEALE A
B Fl—#2 i A PE (Rayleigh-Taylor Instability ) , Bl
P B2 ) % R S A T R AR . MR AR ST AR
R R b 2 s B —ZE R R E M R AL KT
P& ST DT ) A8 T A8 1 R VR K 5
] A8 JE AR AIE  FR R TR iR R R S PRI T, FFIR 3
— Z AR 25 AN R P ML RN B ) — 28 AN RS Pk
ML L[ 25 T30 Y AR TR 15 TR 8
53 EHRASRERE

Lu %5 fE X AL 1R ICDP K 73 0 B S R TR
SEREFE R B AE A A T R A R R R e
HAFTUR AR SN . B e b, — s R T DL
M A S A HE I DAL R A R O AR e 1 (A i 7 5k
DURRAS JE N IR G0FR R T 2 ), o mT LB 375 & i Bk
Z PN S b A Az Y O AR 57 CAn e g ORI B TUE
FRRURE B I DURRAE ) |, 3 ] DL ] B 475 &k v 5 5 b
Wiz UL AR A R 2 AN SR — YR R AR A S & TR
7 5 5 Mz o BORR e 17, IR 43X 2 AN UTRR I R el
SEE RN & AR ) AR 1 2 SR 2 A s ik = 15
ST B % &N . FEiE ICDP 2.0 A 7E K i
F XA AR S (E ), Riph i i U2 B T
SER R i 2 1 D o BRI RR AR TR S22 LRI 8 (d) FET 8 (e ) |

AR SR N 3K AN J7 ok BR R L By KT 8 )
TR ) A2 T A8 15 0 fl 2 TR 22 . YR B WF o kB0
KT 36 300 T VS 358 1 RO AR W) A2 T8 A8 16 2 IR AR 1 5
PRAEI, IR DR 2 B3, H =38 Z M 61 5
TR 8(a)~K 8(c) | M TR AITAVEIE )2
(1) 32 A7 FE SR TR A2 AR, 320 9] 4 e e 1 RRU e JFE I
SEFRGTRRAR TR S22 3R THT AR AL , S B RS 2

O3 JZ B ST Ak AR

http://www.cnki.net



551 RGE AR A FF IR LA R R B PR IE 1 b R P ——TE 75 8 R 1L & i 1 101

5 RUBITHEEHERITRYTRAGIE R
Fig. 5 Features of soft-sediment deformations in the Dengta outcrop, Lingshan Island
(@) F1 (b) K7 1) 228 KR s s (o) A (R 1) A8 A0 B e 4oy 5 (e ) 0 COMBUARL 7 16 229 B HC PN B B AR FL 35 B i IR AZ FE A 3 5
(g) R (h) T B 7 1) 22 I B e i
(a) and (b) Horizontal deformation and its hinge zone; (c) and (d) Inclined deformation and its hinge zone; (e) and (f) Inclined

deformation and its internal coherent vortical deformation; (g) and (h) Vertical deformation and its hinge zone
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Fig. 6 Feature of event bed combinations in the Dengta outcrop, Lingshan Island
(a)~(D PRV IR S EEEAUVE 2 H93AROC R ; (e)~(h) mlis BT #/n IRV IR 25 i BUR 2 M RO
(a)~(d) The transitions between the soft-sediment deformation and the overlying turbidite; (e)~(h) High-resolution photos

reveal no background deposits between the soft-sediment deformation and the overlying turbidite
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Fig. 7 Significant characteristics of the soft-sediment deformation structures in the Dengta outcrop, Lingshan Island
(a)~(f) iy T HER- 4875 2R L 3 A B 3 i B O AR AR T A8 3 1 602 5 B AR T AH R e e
(a)~(f) High-resolution photos reveal well-preserved strongly deformed laminae in the soft-sediment deformation

structures of the Dengta outcrop, Lingshan Island

B8 RUBEHERAGHIESEKCMANEHRAESHFENIIE
Fig. 8 Comparison of event bed combination features between Lingshan Island and global known typical cases
(a)~(c) Rl B AT HE b VTR 5 AL ATV IR 2 M0 406 RFAE 5 (d) 0 (e ) v 7R Bl DX BT I 24305 (1 e T AR 5
B BTRRARIE 2 I 4G RHAE (522 Sck [ 29 1B 20
(a)~(c) Combination features of turbidite and in situ soft-sediment deformation in the Dengta outcrop, Lingshan Island; (d) and (e) Combination

features of turbidite and in situ soft-sediment deformation in the Dead Sea Fault, Middle East (modified after reference [29])
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Feature of Event Bed Combinations Constrains the Seismic
Origin for Soft-sediment Deformation as Applied to
the Lingshan Island, Qingdao, East China

ZHANG Jidong"?, LIANG Chao"?, CAO Yingchang"?, CHEN Ao', LU Yin”

(1. School of Geosciences, China University of Petroleum (East China), Qingdao Shandong 266580, China;
2. National Key Laboratory of Deep Oil and Gas, China University of Petroleum (East China),
Qingdao Shandong 266580, China; 3.State Key Laboratory of Marine Geology,

Tongji University, Shanghai 200092, China)

Abstract: Identification of trigger(s) and understanding of formation mechanism(s) and process(es) are the
primary focus of event sedimentology studies. The triggering of soft-sediment deformation is usually attributed to
earthquake shaking, despite the lack of solid evidence to support seismic-forced deformation mechanisms and
sedimentary processes, e.g., previous study cases from the Dengta outcrop, Linshan Island, Qingdao, and East
China. However, soft-sediment deformation can be triggered by either earthquakes, storms, non-earthquake
events involving liquefaction, gravitational loading, or slumping. In addition, the deformation can be controlled
by either the Rayleigh-Taylor instability or the Kelvin-Helmholtz instability. Therefore, features of the
deformation structure alone cannot be used as indicators for trigger identification. A new approach for trigger
identification that involves analyzing the combined features of two event layers has been successfully applied in
the Dead Sea Basin (Dead Sea Fault) in the Middle East. In this study, we apply this novel approach to analyze
the deformation mechanism and trigger of a large-scale soft-deformed layer in the Dengta outcrop, Lingshan
Island, Qingdao. We observe that () large-scale soft-sediment deformation is in situ formed and preserved; @ a
turbidite layer overlies the in situ deformed layer; and 3 no background sediments have accumulated between
the two event layers. These features indicate that in situ and ex sifu sedimentary responses occurred
simultaneously. Strong regional seismic shaking is the most plausible trigger for the contemporaneous occurrence
of in situ and ex situ sedimentary responses when considering regional geological settings.

Key words: Soft-sediment deformation; Turbidite; Seismic shaking; Sedimentary response.
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