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Fig. 1 Location and geological background of Lingshan Island Qingdao (a) location of study
outcrops ( indicated by the star) ('b) and strata profile ( c)
(a) (2013)  (bh) (2014); (¢) (2015)
(2013)
Fig. (a) is adapted from Wang Andong et al. (2013&) ; Fig. (b) is adapted from Shao Zhufu et al. (2014&) ; Fig. ( ¢) is adapted from Zhou
Yaoqi et al. (2015&) . The data of Lingshandao Formation is modified based on field observation and the data of Qingshan Group is modified based
on Zhang Haichun et al. (2013&)
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o 10 m.
31 NW NE—SW ( 3a);©@
( <0.5 m)
o . 0.1~0.3m 0.1~0.2 m.
3.1.1 NW NE—SW ( 3b).
’ (3¢

Fig. 3 Field photos of folds on the Lingshan Island Qingdao
(a) 7 (b) i(c)
((d)—(e) (d) ()

(‘a) large-scale fold deformation containing thick sandstone Chuanchang; ( b) small-scale fold deformation consisting of interbeddings of sandstone

and shale Dengta; (c¢) fold deformation at the contact of two sandstone beds of which the upper one shows more mud content Qiancengya; ( d) —

(e) laterally recumbent fold ( d) changing into sheath fold (e)  Chuanchang
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— ( 3de)o,

3.1.2 )
( 4b);

W
i

4
Fig. 4 Field photos of distorted lamination Chuanchang Lingshan Island Qingdao
(a) 7 (b) (e ;
(d) i(e)
(‘a) in the lower part leguminiform sandbody separated by shale /mudstone; ( b) in the middle part folded sandy patches with sand cores and shale
cortex; (c¢) in the upper part dense folds; ( d) a reverse fault in the deformation sandstone; ( €) a slide plane under the sandstone with distorted

layers
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5 (a) (b)
Fig. 5 Field photos of load structures ( a) and the detailed view( b) Qiancengya Lingshan Island Qingdao

6
Fig. 6 Field photos of soft-sediment deformation structures in the undeformation intervals Lingshan Island Qingdao
(a) +(b) ;
() H(d)

(a) symmetric flame structure Dengta; (b) symmetric boudinage structures showing necking parts and bending Dengta; ( c¢) syn-sedimentary

boudinage and micro-normal faults Chuanchang; ( d) transition from boudinage into micro-normal faults in the same bed Chuanchang

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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1
Table 1 Time gap of the deformation intervals and sedimentary rates of the undeformation intervals
(m) (m) (ka) (m/ka)
MB -a 9.373 2.949 14.750 0.63
a—-b 1.921 0.564 2.820 0.68
b-c 1.194 0.374 1.870 0.63 '
0.23 ~0.37m/ka
c—d 0.412 0.324 1.620 0.25
( 2007) ;
d-e 5.430 1.608 8.040 0.67 .
Roker Formation
a—b 1.100 0.223 1.115 0.98
b-c/d 2.399 0.703 3.515 0.68 '
0.2 ~0.6m/ka
c/ld-e 3.104 0.738 3.690 0.84
( Mawson and Tucker 2009)
e—f 7.635 2.050 10.250 0.74
MB voel/d c d
( 2014) .
° (
)
( 6 km) .
o (2014) 0.52°
o L ~0.78°(  8)
N ’ 4.2
(1) BB KFfiL %% y/(°)=-0.141 g(x/km)+0.95 R=0.60
(2) & WK EELLA , Vi(©)=-0.111 g(x/km)+0.78 R*=0.68 ( 9
0.8 = " \
o ILE KM L%
~ 071 ° convergent margin . .
2 0.6~ A BB KRS 0 2
L 4_\\\ passive margin o
E 058 o 2 SN UL
= 0.4 @ \\\\\ *transform margin ( 2013;
f= 3 o >
ﬂE 03 | (/\\ 2015) o
g2 025 5084 ) ( 10 m
0.1 A IR A )
v bt e
0 ' ' ' @ (<1°)
1 10 10° 10° 10° ° <17
IR R TR B (v km)
q (3.0
( Fukuda etal. 2015 ) ( 1 100 ka 141
Fig . 8 Relationship between submarine-fan length and lower— ka 119 ~23 ka; Boer and Smith 1994)
fan gradient Lingshan Island Qingdao ( adapted from ( ) o B

Fukuda et al. 2015)
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Fig. 10 The sketch of paleogeography ( a) and

important events ( b) in the Early Cretaceous

(a) EUR ; SIR . NCB . SCB . .
. (b) (
o ( a Yang Wubin et al.
2013; b Yang Wubin et al. 2013; ) o

2012;

Wang Jun et al. 2014, / References
2015)

(a) EUR Europe; SIB Siberian; NCB north China; SCB

China; The red star indicates Great Khingan Mountains and the red

south ( The literature whose publishing year followed by a “&” is in Chinese

with English abstract; the literature whose publishing year followed by a
frame indicates Zhucheng and Lingshan Island in Shandong. ( b) #7is in Chinese without English abstract)

. . . .. . . 2003. . 1. 13 ~
Lingshandao Formation volcanic activity cooling event dragon

15.

migration sea-evel change and carbon isotope excursion. ( Fig. a is
2013; In Fig. b

isotope curve are from Yang Wubin et al. 2013; Dragon migration

.2013.

from Yang Wubin et al. seadevel curve and

59(6): 1061 ~

1066.
2012; Dating of Lingshandao Formation and

overlying rhyolite is from Wangjun et al. 2014; Dating of rhyolite
2015)

is from He Bizhu et al.

. 2014,
60(4) 1772 ~779.

and bauxite is from Zhou Yaoqi et al.

G. SHI . 2007.

81(4): 511 ~

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Discussion about Triggers of Early Cretaceous Soft-Sediment Deformation

Structures on the Lingshan Island and the Implications

for Palaeo-environment

GE Yuzhu

ZHONG Jianhua

School of Geosciences China University of Petroleum Qingdao Shandong 266580

Objective: Abundant soft-sediment deformation structures ( SSDS)

were found in the Lower Cretaceous

Lingshandao Formation on the Lingshan Island. The study aims to discuss the triggers of different SSDS and related

environmental meanings.

Methods: Field work was conducted for three sections: Chuangchang Dengta and Qiancengya. Lithology and

sedimentary structures were logged. Photos were taken for various SSDS. Thickness was also measured for both

deformed and undeformed intervals.

Results: Based on field survey of Chuanchang Dengta and Qiancengya sections two basic subdivisions were

recognized as deformation intervals and undeformation intervals respectively in both of which SSDS are developed.
Folds

syn-sedimentary boudinage structures and syn-sedimentary microfaults are seen in the undeformation intervals.

deformation laminations and load structures are observed in the deformation intervals and flame structures

SSDS show large scale (up to >10m thick and up to a few hundred meters long) and good lateral continuity in the

deformation intervals but small scale (only few cm) and poor lateral continuity in the undeformation intervals.
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Statistical relationship of thickness about undeformation and deformation intervals displays no direct relationship
between SSDS of deformation intervals and sandstone thickness. However SSDS of undeformation intervals occur at
the base of graded sandstone or closely with sandstone beds with increased thickness in a thickening-upward cycle.
Sedimentary environment analysis indicates a low-angle deep-water slope for the accumulation of Lingshandao
Formation containing undeformation and deformation intervals. The slope topography in a way controls the
morphology and quantity of SSDS. Based on sedimentary environment and sedimentary structures the trigger is
considered to be seismicity for the SSDS of the deformation intervals and overdoading for that of undeformation
intervals. Dated age using zircon evidences approximated deposited time between the Lingshandao Formation and
overlying rhyolite bed. As a result the seismicity of the triggers may be related to volcanic activities or early magma
intrusion. Besides catastrophic events( e. g. Early Cretaceous Anoxic Events) are inferred in the Early Cretaceous
based on time—consistence of Lingshandao Formation cooling event dinosaur activity sea-evel fluctuation and
carbon isotope excursion.

Conclusions: The SSDS observed are considered to be caused by two kinds of triggers: seismicity and
sediment load. Besides the triggers imply contemporary volcanic activity. With other evidence a catastrophic
event like Early Cretaceous Anoxic Events is inferred.

Keywords: Lingshan Island; Early Cretaceous; SSDS; Trigger; Palaeo-environmental implication
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