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Abstract Drilling core from Chinese Continental Scientific Drilling-SK-I(s) presents four sets of deep lake seismite from the lower
part of the second member to the bottom of the third member of Qingshankou Formation. Typical structures of the seismites include step
micro-fault, seismic fissure bed, autoclastic brecciated structure, load structure, ball-and-pillow structure ( pseudonodule) , vibration-
induced liquefaction structure, enterolithic structure, liquefaction sand dyke and pseudo-mud crack. All of these synsedimentary-
penecontemporaneous soft-sediment deformation and absence of seismo-turbidite indicate that the seismites in Qingshankou Formation
are previous soft sediment reconstruction related to earthquake. Seismites of Qingshankou Formation exhibit typical developmental
pattern and sedimentary sequence of seismite. This seismic sequence consists of the lower unit of liquefaction deformation corresponding
to strong earthquake and the upper unit of plastic deformation corresponding to earthquake attenuation. Mudstone with few altered glass
shards and volcanic ash interlayers simultaneously developed in Qingshankou Formation from SK-I(s). Mugearite and volcanic breccia
developed in well Jin6 and Jin65 and basalt developed in well Qianl124 and Qian 109 during correspending geological time of volcanic
ash in SK-I(s). These four wells containing volcanic rock in Qingshankou Formation distribute along the Sunwu-Shuangliao transcrustal
fault, which indicates that tectonic-volcanic activities occurred during Qingshankou period in Songliao Basin and seismites recorded
earthquake activities induced by tectonic-volcanic event in deep water. Existence of tectonic-volcanic event in Qingshankou Formation
suggests that fault activities and volcano eruptions should be normal phenomena during the sag stage in Songliao Basin.

Key words Seismite; Songliao Basin; Qingshankou Formation; Seismic sequence; Tectonic-volcanic event; SK-I(s)
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Photo and sketch of step micro-fault and load structure (SK-I (), well depth; 1511. 59m)

Fig. 1
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Fig.2 Photo and sketch of seismic fissure bed, sand ball-and-pillow structure and autoclastic brecciated structure (SK-I (s), well

depth; 1589. 18m)
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Fig.4 Photo and sketch of enterolithic structure and
vermicular liquefaction sand ( SK-I (s), well depth:
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Fig. 5 Photo and sketch of liquefaction sand dyke ( SK-I
(s), well depth: 1681.33m)
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Fig. 6 Photo and sketch of pseudo-mud crack (SK-I
(s), well depth: 1647. 50m)
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Table 1 Descriptions of seismic sequences from Qingshankou drilling core of SK-I(s)
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Fig. 7 Lithological column of Qingshankou Formation, showing the positions of seismites recognized from drilling core of SK-I(s)
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Table 2 Seismic sequence of Qingshankou Formation
T4 L by Lk 14
MR E
ARG
B
EHE
BER-Eh L
R A AL ED A BK
WAL WAL BT
RARBAS A RTRBREY
SRS

HEER
-2 1R

WA INFS

HRER

5
SRERTH AT

1589.14m

EIATTN
B, W
TOU 3 AL 1l e 2
BT W 2
[ ‘
R ALTE R
CUVTT T N M5
i L ‘
EIAER
L H . R fr,
RPER. Wbk, Witk R E P .

fi}

R (kP Re R 5g L
JEE Bl R T SR 44 o

5

RN LB E

1589.32m

A8 FlnHKMEKERS
Fig.8 Typical deep lake seismite developed in Qingshankou
Formation

FI e RS 4L, B ¥R AL T ST L SRR
7T, B RT A B MRS B A BRAE R BB,
PHTRBETCRE RS SR B i, X
—FFEF T — K REGK M T RN E R RBFI o
BRERFEABRANAER MEEL—NHELEEFH
SEREFF, R T RMICRE L KR ZTFI 8 — &
BULMAEERX A XRNAE .

4 RPUERIREA SHE- KL

FR-v MR H ORI TR0 AT
HARRBE | FFa 00T T I L O HAE (LIRS
HE)AFIR, BEE R AR EHNITR, HMENL

0of T
54
100km

o 4
® il

0(
52

00f
51

7

: il
j‘fr[“-iw_— ": A

) kL
N e

oof
50

1124

a i
W ) o5 = g
Al PR
315 00 216 00 317 00
A9 MIAHE L OHYEERRE | HEEl 4
BEUOAKNLEFHANSHR- DL BTN H
RE
ENMETHREE, EERENERE, 1997; HR-XI W R
B, BEEES,2009
Fig. 9
Formation and spatial relationships between well SK-I(s),

218 00

Lithofacies-paleogeography map of Qingshankou

wells of volcanic rocks developed in Qingshankou Formation
and Sunwu-Shuangliao transcrustal fault
Lithofacies-paleogeography map, after Gao and Cai, 1997 ; spreading
of Sunwu-Shuangliao transcrustal fault, after Hou et al. , 2009

HARE HhHElRA AL BERXARMBH EEX
B RMEGE LR EERRER, 63 . £65H
AR _BR-FBAMMEES KWATRERE FL124 5,
B 109 HAEF ZBRBAZRAERT , oM B8 R ek
TR R (Bh) R4, 1988 EBESE,2009) , LRI
SHETHR-VUIHRATL L (A 9) , HR-ILHRE
WA — BTN R, F 10 O VIR AR, ’
UURE LA P4 32 P SR - UL BT 2 R 45 1, 230 3t LI S K
FRATEE (BIEES,2009) . & 6 HMHHZ A S T
MR BARARE NREXT 6Okm K EEH B, K
MBENERSHRATRT  RAEAETARKREDE
PEABBRNER LROER(EBEE,2009) , kLB
SHEDR-DOLBFEB R RN A KK L REERIEL



128

Acta Petrologica Sinica # &% # 2010, 26(1)

——  FUOHE —
Z6IF
FA BRI M
2 e 19 88 £ ) s $
. }T m’i fﬁJ B i

/'>]< A gl et
IR

ot
A
"
7
-
s
/
o

7
-
P
&

?//

/
#
& .
e ~
- o 7
> P
. > & -

N\

............

________ \ e P ool 5 Q\"\-(\
‘f e A
T - : .
e = === >

..... # N

-------------

~

. (S S S W S S S S S S S S S "S-}

l Wbk

B 10 MCAEME L OATRKREEHNEREX

Fig. 10 Developmental pattern of deep water seismites developed in Songliao Basin during Qingshankou Period
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