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Abstract Sedimentary structures can not only provide insights into the formation environment and
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hydrodynamics of marine fine-grained terrigenous clastic rocks, but also significantly influence the permea-
bility and fracturability of shale gas reservoirs. Based on comprehensive analysis of relevant materials at
home and abroad, the types and origins of marine fine-grained terrigenous clastic rocks were systematically
summarized. The rocks exhibit physical, chemical and biological structures. The physical structures mainly
include flow structures and soft-sediment deformation structures. Flow structures include cross lamination,
horizontal bedding or lamination, massive structure, graded lamination, and composite lamination. Soft-
sediment deformation structures include slumps and slides, load structures, flame structures, ball-and-
pillow structures, convolute lamination, contorted lamination, disrupted lamination, and dropstones.
Chemical structures comprise carbonate concretes and pyrites, with biogenic structures primarily consisting
of trace fossils and bioturbation. The three major types of sedimentary structures are mainly the result of
fine-grained turbidites, contourites, and pelagites-hemipelagites, with a few arising from sediment de-

formation. Variations in sedimentary structures directly influence the permeability of shale gas reservoirs

and affect the generation and propagation direction of hydraulic fractures.

Key words marine fine-grained terrigenous clastic rocks, parallel lamination, cross lamination,

graded lamination, soft-sediment deformation structures, sedimentary structure, fracturability

About the first author SHI Zhensheng, born in 1976, senior engineer, doctoral supervisor, is

engaged in fine-grained sedimentary geology and reservoir geology. E-mail; shizs69@petroChina.com.cn.

About the corresponding author ZHANG Yaxiong, born in 1983, senior editor, is engaged in

sedimentology. E-mail: 157498674@qq.com.

1 #ik

AR PTRR AR RLAR /N T 62,5 pm BT 5L
15 (Krumbein, 1932; Tucker, 2001; MacQuak-
er and Adams, 2003; Aplin and MacQuaker, 2011;
Milliken, 2014; Lazar et al., 2015; £ 7E 2% 4
2023) , Hoh BA7 S0 B 00 B 3 Y A0k R I 0 S
HIRR IR (AR e CFIK R g, 2023) o 40k B
FAEH L POBAL (clay) CRLA£<3.9 um) FIA D 2%
WikE (silt) CHLAR 3.9~62.5 wm) ( Tucker, 2001),
Py 5ok U5 AT RE A B DRSS DO . A TR .
FEJE . KIDEE LR & (BRI IS, 2023) . 4
KRR S s (MbEERT2) . 0’
H (MDA SRR M LS (F
TR 2 (e X sk Ry, 2023) , 4ikCIT
FRAE A BROAS [R) b B s AR U TP )z a0 A, 29405
RERERTIBUE /A AL 25 (Blaw, 1982) , 4
KLOCR B Dy 48 M BR A = o ik BE 06 Sz e T AR )
wEREE L AR IR IR RO R TR R AR
B (Shiet al., 2022a; Qiet al., 2023), B 2E4
BRI ESE BRI, R W AR ) A R R B A
WG (Melchin et al., 2013) , #5152 W) 4 B3RS A
254k, (Munnecke et al., 2010) FIE G (5K 2%

56, 2022) o ARGV Hh AECE KA, KA
T SR LARGRE T, R R Rk
B MERIZEGEZ .

— P 1] TN Ay ARORL RN FE SR IR TR K TE A
IR, Bk HoRBSGESUZ R, WA & F HAB T
FHyi&E (MacQuaker and Bohacs, 2007), H I, 2
ARFFERIEY A ( MacQuaker and Howell,
1999; MacQuaker and Adams, 2003) . ;% (Mac-
Quaker and Gawthorpe, 1993; MacQuaker ei al.,
2007; Milliken, 2014) FIF MRS &= ( FAE %L,
2013; Milliken et al., 2021) ZE35 45 Hid FlE X
MRLTCAS o KR SEE BT R B, A0RLTURRAS AL AT
TE R T w8 K BRBE b, i HO7E K AR R 1S~
25 em/s WY ERSE Al AT R AR DURE, IFIE L/ B A
J& (MacQuaker and Bohacs, 2007; Schieber et al.,
2007) . AMZIG, X T 40k Ui B B 85 ok
a1 A B W 51 E R B 5 TE (Schieber and
Southard, 2009; MacQuaker et al., 2010; Ghadeer
and MacQuaker, 2011; Plint et al., 2012; Plint and
MacQuaker, 2013; Lazar et al., 2015) ., B 4 895}
FERB, MR AU B /NS Z, T H AR
YL sh #4938 (Lobza and Schieber, 1999; Schieber,
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2003) . &G IR)JZ M (Schieber et al., 2010; Stow,
2010) . #4)Z (Schimmelmann et al., 2016) . 7K
SEZH (R MR, 2021; Shi et al., 2022b;
JifRA: 45, 2023a) SFPLAME W) Z K F . HBEAH
AR TR s DRI S DR o T, DURR M i 2R Y
ZHE, AURE WAL TR I8 R Kl K 3
FAF, X TUESAEEZ AL . BB, Rk
RERE . ] IRV AR R . SOR S AT AR
KU B DT TE MR, ARG . 4 T A 2 AR 40
L i 5 4 o A DT AR AL i 2 B R AE SO UL B
FEWI LRV HX DS AU AR 2 B2 o

2 XS

AL TR A B TOARUAL 3 2 38 AR U b 45 20
F 23 18] 3 A AR 7 2, st 2 48 AR TR
R JURE AR I T8 P A B R DG AR o TR AL i U5 5 TS
AW AR 8UZE (lamina) . ZUZ 4 (lamina-
set) flZ (bed) ZFEJFIAHTC, XLEPTH R ITH M
AT A Al B Y 5% 7 B S T B A
e, e ERBUE W B SUR M, N TTHE A [
R PIRA I

SUR B WRAE, AR e A I e
INTTRRTT . BUZ Y IE LS B — i sl sR T AR =
AN BE WA O (I T i A W) SO A AR ) B 2=
PEAE R 2 v U0 R B XU AE T . BRIk 5 i
) o ARG IREE S A R L B SUZE (mud-
dy lamina) FI#PSC)ZE  (silty lamina) , H A g 4C
JZ EE MRS /DT 3.9 pm BBORLA K, ObaA
BE T PO, SRR NG SR s B SR T8k
HIAR 3.9~62.5 pm [ ORLZH A, D62 BB T B
O SE, WO s 82 O 4k 4= 55, 2018,
2020, 2023a), SR EBA EAHXH —BESUZH
B SUZHIBINTHREMIIRAMAET, 2K
IR 5] AR X A5 7€ 19 7K 3l ) SR B GLAR 7 W) ((Camp-
bell, 1967; Lazar et al., 2015) . V& FH 2 i Fili J5 %
JEr, SUZH BB SAFTE K S0, TR S0
FEUCRE 3 R, RIBIEER ok o ok L &
MUK . B BARFABNR S Fh2 AL (Stow, 2010)
J2 02 B —2H B PR AR DG HAE X B 1 802 B B0Z A
B, GBS AR S Dy SR Pl T, B T R X R T
(Campbell, 1967; Lazar et al., 2015)

MBI, AHRBEBEHAREAR “JZH

(bedding) . “ZFE” (lamination) . “ TL#” ( papery) .
“HH” (parting) SF, CJRHT O OCQUHT M T
BT A S A A0RL T AR R A 2 1 A3 (8] S A 0 HE B
T, BRI G RAL, FI A RE &
JESEARERA R, —WIEH T, AE8U2 (lam-
inae) FZJERE/NT Lmm WFR SR, BT~
10 mm R4 50 B (3G I, 1994), R R T
10 mm WFRHJZHE (Stow, 2010), ZLFE (parting)
Je A8 A0 b AT )Z BT CHEACIR B0 IR Y )
(Potter et al., 2005; Boggs Jr, 2009), HJIE 58
KL E RSN A G (B AR ME SR, 1986) . 2
B (fissile partings) EE — K 0.5~1 mm,
AUIRZLPE (papery parting) JEHEEH 0.5 mm ( Boggs
Jr, 2009) . M AEM R GRS ML, IR A T
AR AiRL DU e A R

3 FENRWERBREFE

3.1 HERERAR

LR A R AR, TR 20 KL Bl YR I e A AR
A AR 2205 % . BB 2, WK
JRHR . 2 A SRS 1 IRE B Bk
oy, RO RCUURRBN B, BUA BB, R BESE . A
IR 2y 26, nl oy o Wy BRI (HLBRORL A ) 14
A AR i R R T 3 R M B
DR 3 AR b 2R ) SO HE BRI iy, e R AT LA
JE KL B, Al DUR R R B 1 i 5 A
A ¥ 3 22 a8, R 5 AR
ToK s AW AR A 3 R TR A R BT RS AR P
B, BRI S TR R . Wik, /i —%&
Tl A, Ja & BEA A A, A YA A

FETRU S 0 il A AORE Rl DR R S A 9 D0
R 38 R 0 o ) BRI A 2 DR AR ) 3
RFE(FE D)o TRV E R, %
BBk,

3.2 WmEAKEHE

WAl R A & (current structures) g f UL FH
Yite iz MpT RS, EIR (FE R KM ER)
B ER T s DL &, BiEEE . =28
(8o bl —FE A & % (SR, 1994)
TREAH AR Bl VR B S A, R UL O B R A R )2
BEO(GrH) o HORAE A b el — e A i, Horh g
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Table 1 Sedimentary structures and their formation environment interpretation of marine fine-grained terrigenous clastic rocks

[ 2 7 LR 3 IR /R 35
AR 2 i 2 B i LR
kdipe e IR 32 4 B R A HLAR
HOIR 2 s e DR 9 TR 7 ( Stow JF 1] TO B )
V8 I B K T2 MU 90 0 2 1 3 9 R
5 T K - 5 G P — 2 I VE UL
fii? S5 KT B FE L TURL, MY 1525 em/ s
o J24 30 K - 3 FEMLULRL, Wk F 25 em/ s
RO KO 2 JEVEVUR, i K TF 25 em/ s
& e A HOR A R AR R A, Stow A1 T7 Bt
PSS Opi HE YT B TR T AR R 3 J3 e S 0 A
— P D B TR R s 2 4R 50
A J2 B I 3o AR A B AV 2880 38 b 3 A AL R AR K T 25 em/ s
o AT AR L B A 25 JE2 900 B PR, P VR 15~ 25 em/ s
o %ii% I 57 750335 745 2 380 AR SR R B N T 15 em/ s B9 415 5 b

HOpR T IE b A8 2 H
HOR TS 4 38 78 2 B

il G TR 19T A4 43 B UL R A A

R B B
e BERR B

BOR B

2R b A LR TS BE
YR - ks B U o3 e AR T A S8 R DR AR
DL B e B - ST Y el I S0 R
5 IR WSCR 5% B IR AL 4 S0 I AR IR
PRUCT] B I 8 ) AR 5 v K B8 I A A 22 R O s

i — A
T SRR 1 B i

HEATT 88 A2 R
Aok L LR ) TO B

B WM AL X 0 80 e 0 0 A T
£4 11 S 7 72 5 T A A SR B K AR
e VLR B 2,
BT PN BETRL A 0 R 5 1 5
e R AR 5 5 HEHE P 4
BB 55 4 YL IR A R
3 3 3
BRI R b B 5

PP F KRR AT OO S KO SO A
CREBE
3.2.1 XEEYHE
ALEESL I (cross lamination) B — R A HP IR AS
HABUZHSM R SUZ AN, Uz 5 SU= 47
LYo BUZH A ] B ACK L BORECES R,
Z M H AT S S . DO R, BUZ A 5
AU o ) — 78 A 3 R R o Y AR 2R i 9
EIEa T, MIESUZH R EIL S MHEZ W KR,
UL 32 5 S0 A BCR (B 1-a) | HEIR (18 1-b)
PR (K 1-c) 3 FhZERL, HORAZ S (tabu-

lar cross lamination) [ 22 2H 51 5 AR AH &
7, FORASAE S (trough cross lamination) F ¢
JEAL S A5 R S, BOIR S A BB (wavy
cross lamination) ) 0)Z 20 F 1 & PR S il .

KLY T A 2 MUORE A B 1 R Ak
YR LA TR W) 18 X B K AR b i 2R TR T R
(Macquaker and Bohacs, 2007); %f 2 Ff 24 Fi 3h
KA, AR B DL RORL AR G AR R TE dikis I L
KB LI X AR T oK (Schieber et al., 2007;
Yawar and Schieber, 2017) ., 25 1 #iiE £
JOKFECH, 5 2 Rk A2 SR SO .
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a—BURZEFTSCHE, I X T 5 b—REPIRZC BRSO, I Rt IX T 2 5 c—BORZC S0 (8 Lazar et al., 2015)
P10 il VR TS Y S A SO

Fig. 1 Characteristics of cross lamination in marine fine-grained terrigenous clastic rocks

AR AL BT DR S 2, BOIR S A S R BEIR 52 3
L BT R i UUEL A (Stow and Lovell, 1979
Faugéres and Stow, 1993; Shanmugam, 2017; Wil-
ckens et al., 2023) , TGRS HE LB 2 ) BT 4i0kL
M PTBUIE EB (Stow J37 51 ) TO Bt ) (Bouma, 1962;
Stow and Shanmugam, 1980; Talling et al., 2012;
Talling, 2013),

3.2.2 KERE (HIE)

JKFZE (L3 ) (horizontal bedding or hori-
zontal lamination) HJFF KU LR MAUR 4 5 HER
MEA-AT, I HPAT T2 & MaUZH 2R,
g AR AR DU RRE R K JZ B (B0 w] & o)
PRIEAI K- JZ 3 (muddy horizontal bedding) . 45 7T
T K20 3 ( paper horizontal lamination ) | 38 H. %l
K23 (silt-mud horizontal lamination) | JZ Z¢ &l
IKSEB0H (silt-silt horizontal lamination) £y fb %
K )Z F  (silty horizontal bedding) 5 FpZE A, &
TARREAAAE R 22 57 . (1) JRBTRLK 2 3
SUZHM N, REUZHEERT 1mm, SUZHA
12 RNIESHCIR, SUZHNIRBEIR RS R, &

AP, ARALUERMIE (K 2-a; K 3-
a)o (2) A5 TR K S0 3l W 2R U8 802 L,
WREUZEE/NT 1 mm, SUZ 502 5 % 28 0 ok
(Kl 2-b; K 3-b); AWIEF&E, HIUZEEN
T 1mm, XALJG 2 5845 50K, B8R R Oy 0
(3) ZZHRUKF-2 B 3 2 A2 5 e 58 . 8U=
HMPEIZ A (] 2-c5 B 3-c, 3-d), B
JEREE/NT 1 mm, SUZH A2 GE SR UK, &L
JEH N TRSUZ W, 5 S0Z 4 A AT
N B BAR LT (F 3-d), Rk FE/MERZ
2. (4) ZEOKFSOH th 2 )2 B3O AT I R R D
SOZRAM I, M LUREE/NT Tmm, SUZ
HIRSERKR, BAREZLCR (A 2-d; & 3-e), &L
JER IR, RIELZBCR . MEFAT. (5) B
TR J2 B 8 oy AN ] B € 10 ) B0 S0 2 LR A
W, BUZ R — B BUE K (B 2-e;5 K 3-
), HJRATDUEIE TR, duar DU A SE R,
R A S R RS ACIR SO 4N S0UR S L
AT

RS B JEROK R B (SCBE) YRR

al — _ b c" T — d .. c
- e
B == [ waes [— | azanm [— oz

P2 AT ARG JERE B e KPR (BUE) R E

Fig.2  Schematic diagram of horizontal bedding or lamination of marine fine-grained terrigenous clastic rocks

a— PR BK R HL s b— A TURUK LU 5 o— 28 B RUKP- S0 5 d—JREUBKF- 805 e— By 0 BUOK - J= B
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a— R R K EH; b— B IR KB c—38 HRIK 803 ( Yawar and Schieber, 2017) ; d—/N #5455 1K ( Yawar and Schieber,
2017) 5 e— 2L RIKT-EC; b BKOFJZ B . B o B0 d Z AR S 340k B )1 pg X FL 4 — g S 40
B3 KRR R 7R A i AR 20 i U B i 5 7K S SO 28 B R R AE

Fig. 3 Large thin section photos showing types and characteristics of horizontal bedding or

lamination in marine fine-grained terrigenous clastic rocks

WHAW R 2257 (1) RBEBEKFZHEGENZ
SR i AR R R AR A 7 5 AR D
SRR, VAR TR A L A T v L
B, B A S A R A HE BT TR R 8 802
(Talling et al., 2012), ZARBIZHEEIE KT
JERIKSEZH (McCave and Jones, 1988); Y@ )i #il
K2R e BUZ A A MW, R E RS, &
WA B v R AE . (2) 45 Dt B K- SU B Y
TE 2 5 0 v —2F 0 v B 55 1) 92 18 S TR DL A O
(Stow and Tabrez, 1998; jifi % 4 %, 2023b), 4H
ki i 2 AW B A (Aplin and Macquaker,
2011 @XEAEAE, 2016), (3) s HIBKP-L K
BN B B AN SR, TG T B 5 IR
WG s A % ( Yawar and Schieber, 2017); X4 JE i
T 15~25 cm/s I, 2R EEBURLFRY 0 B0RL 21 AL
MR AE IR BB %, —H M E S B N E
HIJKSF-20 3 ( Yawar and Schieber, 2017), TR

UL R A8 AL A ) 26 Y b Jfe 52 B R K F- 20 34
(HEPRAESE, 2023a) . (4) JZBURKF-SCH P L
KT 25 em/s IR IE S A 5, K8 T &
PE T R BERURLME LUE i, HOA B i UL 2H 8 224>

WTE ISR EIER, T B2 SUIR Bk i 202 41
( Yawar and Schieber, 2017), (5) #5 b & /K32
P A BEIE L T KT 25 em/s WY 5E, H
UURYI L 25 s R R, KR RE B B0
3.2.3 BR#E

Bk #4 1&  ( structureless fine-grained sediment )
IRFRI 2 B ( massive bedding), B 8 — R 402
AR, BRI, AR GUZ A AR
B OfEgR A A ER AR, 2021) o HORAG i r9 45 2 A
PRI ), TO A A A AL HR A W S O e B
2, WMARZEM . EEAHARLTIRT, PORA i 32 5
A EREYCRME  (muddy structureless fine-grained
sediment) Fl4: P 5 B R4 3E  (bioclastic struc-
tureless fine-grained sediment) 2 FhISH . & I U B
AR 3 B Ry 08 OB 530k 00 JORE 2 B, 7 B S AR —
B, S BRI UKL (18] 4-a) o LA POR Y &
TR H R R AL A DR R R o A R vk AL e R
WURLZE 18 UTRE . WU AAR B B M G N, i 2B A [T 45
TEUBE B (gel) B W B2 A 92 (fluid mud
layer) 1 UL % F 3 ( McCave and Jones, 1988;
Talling et al., 2012) , Z 4 3& H W T 4i0kL i i 70 AR
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B Tp_, B (Talling et al., 2012) =% T7 Bt ( Stow
and Smille, 2020) ., A= ¥4 5 B HofR AL & B A ok
o UKL 41 B, I e A OR B AR A W) iR
(18 4=b) o ZZERIYOR A 3 n] A8 Jy AR A2 5 B2 F)
P JE D, AR JE RS B A 0. 1~5 Pa (Talling,
2013),

TN, HEAHANRLRG IR E A R, T AR R e
FHE, AR ARG IR, TR AR Yk
HBIHIR ¥ 3&  ( bioturbated structureless fine-grained
sediment) (18 4-c) . %K R YOR & £ 2 h o 0
PRI, AWML s, R WA A& Wik
T o AW B B R AL & 1 )= B 22 0 AR W) s
T, R A B AR, R AR
RK o
3.2.4 BELTRE (L)

WA E P (L) (graded bedding or graded
lamination) X FRBIF)ZH (Z03E) , ‘B LA kL
HORLBE B A N FF AR, 32 Z L (9eH) FE b
RVGUZ A AL, B BRI R R, R
TZ R A, D2 2WrEEh, SUZH MM
FA EAEAAT

T AR ARL R PR S A b, R IRSUR 26,
WARJEE () w R RSO s AR S (silt-
silt graded lamination) ., 22 H B A 20 B (silt-mud
eraded lamination ) | Jii F¢ % 33 4% ¢ ¥ ( sequential
graded lamination) . Bk B 1F 33 48 JZ 1 ( massive
and graded bedding) FFORBE 538 )EH (mas-
sive and bi-graded bedding) 5 FpJSHI, (1) 24l
AR SO A A BUR A, SURATH ., S A
T, RIESMSCR, AT R DR S B

a— i P PO 3 5 b—E W RE B R BOIRM & 5 c— s BRI o BT A fh 290k B )11 R B IX T2 — g LR A
Bl 4 Rl B 7 1 ¥ A A0 KL Bl U5 A 18 S HOR A 3 8 28 % AR AL

Fig. 4 Large thin section photos showing types and characteristics of marine structureless fine-grained terrigenous clastic rocks

PR SO R UKL 7 AR 5 B0)Z 2 N FR 802 B I M,
HYUz M5 AT s U (B 5-a; B 6-a),
(2) ZZH. 75 78 P by b S0 )= 20 F0 e 8U= 4 H.
MR, W E R R AR, s i s
AL A N B2 BT W, 5 0% SR AR
AR BB RS SUZ AL BUZ 24 5L )Z A Y B JZE R
WHH A, W BUR oy R, REE K /N
HEREF W B2 B R AK, 0T R R R
AN R EZE A (I 5-b; K 6-b) 5 RBUZRHIT
WA ZE, N E PREIEAR -, (3) Wiy RS AR
S 2 B 1 336 AR S0 = AR L (] S—c5 1] 6-
¢), BUZHWIRER T ORLEE #8241, BASUZ TR
A SUZRUE AW, RELMACR, AN AT
R TET B2 A AR s TR T 2 R ek, SR AR
KAV . (4) HORBLIE AL Z 3l Yok
BB ER N, PERER TORLEE 3 AR AL, AN SUZE FIaL
JEHITCE P (& 5-d) . (5) HJeRAIE G2 )R
P JOIRTY 33 22 S0 R A B, SUZ AN ARBR 1 OKLE
BARSN, BASGUZTE U i R B R G g
SUZ AR, S04 0 To0FE T IS ST X Ok s
fil (& S—e; [ 6-d)

AFZEANE R R (SCH) /Y g AL ] B AT
Bl 25 . ATAREFRE R, hamwd . Haba e 4l s
14 )2 0 R jef 72 80 T AT gl R R R VU IS A A A ) R
(traction carpets) ( Kuenen, 1966; Hiscott, 1994 )
IR AR by A AT S 1 A i iV A L AR 19
B A U B B B P W (Best and Bridge, 1992;
Schieber et al., 2007; Baas and Best, 2008; Baas
et al., 2009, 2011, 2016; Schieber and Southard,
2009; Schieber, 2011), i ] py 1% B2 it 3 IS ¥4 19



‘(IM K

39

a— R AR B b—38 BRI AR S 5 o— T A

BRSO s d— YR IE A R R 5 e—HOIR T 45 3 8 2 2
B S R A AR il U 6 S e i

R () R EE

Fig. 5 Schematic diagram showing graded bedding or lamination in marine fine-grained terrigenous clastic rocks

5 mm

5 mm

a— 2L RS AR S 3 ( Lazar et al., 2015) ; b—38 B AR L s c— 7 R 36 A5 20 B (Plint et al., 2012) 5 d— I3 589 38 728 20 7 5
— IR B AL S (Schimmelmann er al., 2016) ; f—HCRBE BRI, HEM b, d. £k AR b X A 04— T TR 4

B 6 M I8 b R 7 Y T A 200k Bl VR A o AR R (SCHR ) SR AR

Fig. 6 Large thin section photos showing types and characteristics of graded bedding or

lamination in marine fine-grained terrigenous clastic rocks

= 2R U R L SR IR N R R I AR
T 2R BE ORI 2L, BT IR L 240 1 R 10 JBORE £ T
TER T L e Ui RE, M T JE 2 S B i A2 20
(Stow and Bowen, 1978, 1980) ., A [n] % K25 )=
S A 3 78 SR S R RRAE BP0 1A vk A A W
Z5. FEHIBEMANRELRE LI Z BT TH0
s AR A BT L B R S R AR SR H
T UKL R B e, H PR AR A RN R D

PRHFN RSB 2, 8 B AR v 266 1 06 ¥ J3E A X 45
%, VOBUKTE Lol LB BUib i 5 i 28 I otk 2 3 5L )2
TP J2 SR AR SR R B T AR R IR A A
GUZE 5 SR H A A BT, AR BN LR
Wi S AR A /INBY S B 2, T8 U AR b 266 1 e vk AH
X8, DUBURIE b ISk b i o 76 AH 20 6L it 5
WEJE &b, J2B0R G AR S0 3 3 Bl by b URL 2H A,
KB KB /DAL ZE ( Yawar and Schieber,
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40 + o A

F & 2025 4 2 A

2017) , H A AR % B ok O 7 A A AR BB e D b T
BB, VAR R T 25 em/s, AR AR R
FE N /NTF 0.01% ~0. 001% ( Talling et al.,2012)

A H R i A 0 P 22 O AR R B (Stow
and Bowen, 1978, 1980) . {4 & dlu i vG sh i, Hp
10 JURL 1 2R B AURL LA AT 19 SR TR . B AT D0k
FEIRIN, by 00 BORL F0 28 B8 ORLIE B S7 19 3 7 1)
W, TR DI R A L& B M e 8UZ Al b 802
HJZ (Yawar and Schieber, 2017) . [fiZ i i K (A&
REHREREAR, 1) BBy RPSUZ R W/ L R, B
BAE H AL AR SO 58 H R S S HRE B, i
PR Ay 15 ~25 em/s, it A 1A BLHR B O 0. 01% ~
0.001% % 0. 7% ~7%

5T 2 s A% 4 B ) RE 2 AR 802 L (Schim-
melmann et al., 2016) , 7] G /& MR B ( Baas
et al.,2011) . RLUEHEJE 25 i 2= 15 v A2 f . ek
77 M ) e S5 3 SR AR )RR AIE e TR AR R R R
b, T BRAT TERL 7 R ALE A AR 202 (1B 6-d) .
AR S, A T AR R PEE PR,
Yt O T A R VR EE (0. 7% ~T% ) BE ISR 4 U AR 9
JZ (gelled fluid mud layer) 2% JZ IRk #2 (laminar plug) ,
K A B HZ 2R3 1Y) 2 (laminar shear layers)
( Mccave and Jones, 1988; Vrolijk and Southard,
1997) . BYYIZNHE, 285k MUK 24T 20k 00 BURE
TR, T] I 30 4% Ve J88 15 O S B30 1A T I T B0 A r
Fe, Mgl R 2 R 1R BB R Y s AR e B
(18 6-e) o AL I AR P 4 Ty 28 3k 72 20 3 IS 748
Z R /N i T, T2 R A N AR T
1S em/s (JfidiR 24E 25, 2023a) 5 4F S0)Z 8 A B9 0¥
B0 e R @ik P N SR T TS

PR B IE j6b 748 J2 31 AT RE SR i i LA 1 AY 2 8
UURERCE , i RS T, i TR R AR
PRI, AR by U U 7 B AT R 3 P A IR
JEBE A ol T S A SR BN BSR4 R 10 R
FAUURE Tk, B PR AL IE 28 28 )2 3 (Talling
et al.,2012),

HOR 752 45 3 78 )22 3R] RE Ry 2 3 v U R B 1A
( Krenmayr, 1996; Stow and Tabrez, 1998; Stow
and Smille, 2020) =5kt il K ( Mulder and Alex-
ander, 2001; Mulder et al.,2003) . 2} ¥G 7 UL F& AR
PRI He R A 5 6 sk 70 2 L ) IS A TR 22 Oy o
KLY BT S # K IR R U e A L g

J S R URE Bk it B 0 B 4 B 56 (Stow
and Smille, 2020; Jifi §g 4 5%, 2023b) ., ¥ 0 A
Y AR Y 52 5 3 78 2 BURE AR 22 6 8 okl v, 38 SR
FH A X PR 45+  8 2 BE PR ( Mulder and Alexander,
2001; Mulder et al.,2003)
3.2.5 EAYIE

HASH (composite lamination) 32 B AU 5 1
IRECH (wispy lamination ) | B EIR S F (lenticu-
lar lamination) FIJPFARSCE (wavy lamination) , %
KMo M b b2 4 (R8Uz) MRSz 41
ERR, SURA R PORSGE SR (1) AR
SU EE PR SUZ AR, P ) A b R D A
I RS QPR NS S N DI S R /NI A TN
(Bl 7-a), (2) #EHIRSOH 2 b e 802 A L,
HrE A D BB A SUZ A, i SR AR R E S
BEHCIR S R T R E BOIR S0 (silt-mud
streaky lamination) FHYL I 208 3% BE AR SCHE (iso-
lated fading ripples or starved ripples) 2 FpZEHI 1y
Jo 7 37 IR SR ) A 0 B0 )= A B 2k B AN E SR
WHRESH I —, BURA R A0, Wbk B AL
SUEL (I T-b) o DU B0 53 55 IR S0 B R b L
JZA PN IR Z A/NER, SR RS SUZH R
HAHZE (K T-c) o (3) PORGUB EZE R RLZA
MRS SUZ H B Z ARG, B SUZ A B B
LRI %A R WOk BB AT 4 43 Sk R i S0 Y
(fading ripples) . K JF & KKK B (low-amplitude
long-wavelength ripples) #1221 B ( silt-mud wavy
lamination) 3 B FEU I SO PR SO R 2 ARy )
QZAMESERE, BOMOSUZHBEKEN . W&
B, WRRR U Z bz, HYUZ RS
G2 2H B A AR A (B T-d) o R A KK
RPCRECHE R Z b SUZ A M LS EL, Ak
SUZARIPARBER . BB, W LU AR
P, AR BN S R (] T-e) o 2275 T i
ARECEN W0 BUZ H N FREE M 3 —, BUZ A ] 20 57
(& 7-1) 6

g AR AL Bl DR A R, AOIRGCE R BT 4
KL TR TS BL, HAE Cnl AE 5 W ARG . iR
MR G MR Sh A O, B SUR I S R UL
(%4 5% (Stow and Shanmugam, 1980) ., #Jf A%
BRSO A i O BRI, B2 B —E
PR AULAR BT U1 7 /R (Stow, 2010) o LRI
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B21% 1Y

TR A 55 - AR AN B VR R A E TR i R R R TUA R X 41

a—JURGCHE 5 b— BB GRS c— YUk SO B BUR SO 5 d— 50l SUMBOIRZ T 3 e—RBOR R BCR BUBOIRJZ B — 22717 BUBOIR 2 2
PR 7 A AR R R 6 A A S SR B RO IE /R B (H Stow, 20105 A1)

Fig. 7 Schematic diagram showing composite lamination in marine fine-grained terrigenous clastic rocks (modified from Stow, 2010)

SR BRSO 92 BT b IR B R O 8 (LR
Bear) W, HIE MRS Dl R AL G DA G
7 BR 2 L BT R AR AR AN () A ARG £ v A
ki YT L b ( O’Brien and Slatt, 1990; Wignall,
1994) , &% K HY U8 Jot # 2¢JE 18 32 e 52 m] B i S
25 R S0 BAH LAY U0 AU AG & ( Schieber et al.,
2010) , HAb, ZEBkA (Schmid-Réhl et al., 2002)
B 7¢ (O’Brien and Slatt, 1990) /9 A TE S0 2
L A BETE G SRS . 5K Bl g LR Y B AR
SUEUAN TR, YR R T B 37 B AR SN B — A B
WL gy 2% FEBORLIE B 35 A — R I,
RN RZXK, BRI SO R iE
B AR — i RO A1 B OIR (Schmid-Rohl et al.
2002) o PARECEIILINZ 5T BB SCH &, HAH
BT B BRSO, BOIRSCRTE 1 39 9 1 4L 25 A X
Feor, BEAE DUBL I 4 IR Ak 25 L K A AL 4
K, RIS W SO PR S AR P i KK
R IIR SR N 2275 B POIR BCRE

3.3 RARYERMIE

IRUTFR Y X ¥ & ( soft-sediment deformation
structures ) 5 A2 PT A A TR [ 45 10 2 A X
— BB TR AR E T U TR 3 . X A
W R AT, A FRRT B T REEE
ZHE—ZBW . TIRE T, & WU Y 2
B EA R E (slumps) | BALT AR (liqui-

fied sands) . 28 2 ¥ ( deformed bedding) . #) i
Z AL (sand injection ) . UL FR & Mk ( sediment-
filled fractures or sedimentary dykes) . ff &k )8 2
(brecciated clast layers) . #F 2 1lI (sand volcanoes)
A 28 4 &  (load casts) 4§ ( Collinson, 1994)
ORI 3 W B i 2 S5 TR L (fluidi-
zation) FIVE AL (liquefaction) 3o B H ¥ 44 3k WY 1
R AL B R ) B A & (Lowe, 19755 Owen,
1996) , X Fi R4 T BB I T ULAUA Y TE S . ¥ Be
SEHE MERT, WA R AR IR T BOR A G B T KIS 3
(Blanc et al., 1998), ifn] REFE I T 30 52 16 sl 51 &
B fL B2 JE 71 B & ( Obermeier, 1996; Rossetti,
1999) . DURMIRYIE S5 R BE . 2540 . RLBE 3 Al .
S5 A 45 X 0] 52 e R0 AR W) A2 T A 3 1) 6 B B o3 A
(Elliott and Williams, 1988; Berra, 2024), i #H
20 L ol R S T KR R L LIRS A
(van Loon, 2009; Owen and Moretti, 2011), #4k
DIRY B MG RE, WK AEE—EEY
i, M. SRR SRR . E)R
WA BM 7 A SRS
3.3.1 BEE—BBHE

SO . ARS8 4 45 W TTR YR = /E T
W ROR AR T RS L IR BRI AS S5 T 7 A Y 4% Ao v [
AR 3 SRR O 1 R — T B A 3 (slumps and
slides) (Stow, 2010) . g AHZANKLRG IR0 8 & rp,
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42 + W ¥E 2 8K

2025 % 2 A

Bt (slides) NRMRA T hm, WABIEHS.
FEBEAE B2 A, TR R 2 T BE T 2 it Y
Wiz (FE 8) . XAl K2 AA IEWZ MR, H
TR BT BE )R, B A i Wy 230 U0 AR Y R AE
(& 9-a) . MW HMWIE (slumps) HA W] 4%
CF ENARFDAR X FROIR ), B AR A /N AL 300 o iy 2
(1 9-b) . s fEEmme, U2 A il 2
SRANERAE, HRRAEWEE, BRI AR RN
— ORI 8 IR B 2 e — 1Y TR et
HOH MR (& 9-¢) .

T B — M A AL 3 AT L AR T IR T JLJRDK Y
B, W] LA K B ER LR —EUIRE . 4
A AT LU R ER, WA ok, HRJLToK
PLb, TIRBETERAEERLIEE, B A5
R, Ty mnE, E3O7 e, HaEgik—
B EAL, SIEE B FENZAME . Kl B
Ko WAERLL TN AT ESE, HIE RS R
NPEEEFEREN. BE—EBBHNERZELET
R HARE TR IR, JCHAE SR TR R
W % & ( Tripsanas et al., 2008; Shanmugam,
2011) o AR A IR BT P, W AR AR AR R o A
JULEERME BB IO, IS KA
— o PHIRIE B 2 AR R RS B A R T
o
3.3.2 HAFHMWE. NERBEIE, K—HHMIE

A E (load structures) WHRH AT . &
Fi R (load casts) 4%, ZiEBHE TRFAEZ LR
kb JZ2 I A RR G (] 10-a; & 11) . 4T
R S K IR BRI R 2 T AN S gy, RAL

Kby b AR AR DR e, DT AR B A T
(3G, 1994) o M 3 59 S AR S A 420K
BRUC S B BRI S & RO LB S (57 55 KA
FRIEEE, 2011), M MARHYR kAR AZ ), BRI H
Bl A B B 3 2 TR A AR A, FR A O IR
1% (flume structures) (& 10-a) ., 4 FE P2
SERMBA TRA YR T, B 2 Wy 2T i 5E
WELR L 1] AR AR EOBROR B T B, BR O BR—E A i
(ball-and-pillow structures) (& 10-a) ,

HLEEJE G MBRIRER & i K B HOIRIE  (pillow
structures ) , HFFAE S ER—HEM GRS | 7R e
JEHL I 75 H 5¢ 4= A [A] ( Pettijohn and Potter, 1964
Sims, 1975; Cojan and Thiry, 1992; Guiraud and
Plaziat, 1993; Owen, 1996; Rodriguez-Pascua
et al., 2000; Fr75RHAZHIL, 2008)  BR—HL iy i
H EERER A TR BRI TR IE R, W55
AR T R SRR T A, T BOIR AR 3 R T AR 55
AR FRR 10 23 1) b 2 SN e B 555 WA ) R D J2 OB T
(K 10-b) o F34b, BR—HA I AL T4 )= 09 A [F) 3
A (B 10-a) , T PR A4 35 )2 f9 A B A4 DU O A% £z
Tl — A B R B (B 10-b) o

T IE . IR 38 AR — 4 38 T8 AT
AE SRR 0T V) i K W UCAR Y AL A 6 (v 55
RAZEHFIL, 2008), WL a] G855 MR, 4B Y 58 1R
BUE ISR B 22 R TR O (ISR, 1994)
TEARARL TR, SR I | R AR A 3 F R —
F i 22 BT I AR OO AR, G s i i AR Y TO
Bt (Stow and Shanmugam, 1980; Stow and Smillie,
2020) , HAbEREE oA

TR A0 U A2

TS A S 16 S A 1 £

P

)2

=1

T\
e

=S =

N\

\
(G4 SRy JZ N S A 3 e 2

<4 mern 4=

K8 WE—EBMERLRER (i Stow, 2010)
Fig. 8 Schematic diagram showing slumps and slides (after Stow, 2010)
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BAME

a— RS, NIy UR, T RS b, R RTINS IR  c— M RO R
AR A o AR SR B X 02— e R A
B9 Rl I R 7 1 T A A0 L i U 148 JFS S o 1 90 3 — I RS A i R AT

Fig. 9 Large thin section photos showing types and characteristics of slumps and slides in marine fine-grained terrigenous clastic rocks

a— YT B M3E ; b—HORWIE . L RWiE; Fo JOJERWE; BP: BR—HMIE; P. SO
P 10 A AL R IR TS A DL A IR M i s B (Ba T 75 K2R 56, 2008; Stow, 20105 A &)
Fig. 10 Schematic diagram showing soft-sediment deformation structures in marine fine-grained terrigenous clastic rocks

(modified from Qiao and Li, 2008; Stow, 2010)

3.3.3 GEERE, HMgE, HRRyE, BA
)2 (convolute lamination) 23§ 2 &R
IR JRZ AR 1 EJURZ BA 2% 548 28 2
PRAf — PR 3, JCRE i ) LTS R R v W RLE
MAREL (K 12-a; [ 13-a) , S5EWBHEARN,
GIEM BRI, HIIRZH SR B8,

WAEWZE . WA ok R A it g
( contorted lamination) J&¥5 2 ERTIKIZEZ A1 1
EAAREDILH S MPTRZERN —FlE, 505
JEZBEASE], 2B Ry b 2 B 25 — A KL
H A [ E /g g 1 (& 12-b) o 5 2R g B
(distupted lamination) J&4§ 2 BER LK IZZE I 1
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B il 45 58 19 )11 R DX T 0 A — e IR 4
LT MR BROR T 7% 9 R 200 il 54 i S o 57 800 38

Fig. 11 Large thin section photos showing characteristics of load structures in marine fine-grained terrigenous clastic rocks

B 12 EARARRE IR E A (a) BEJEE, (b) Mg, (o) BRICEM (d) BRAREE (4 Stow, 2010)
Fig. 12 Schematic diagram showing (a) convolute lamination, (b) contorted lamination, (c¢) disrupted lamination,

and (d) dropstones in marine fine-grained terrigenous clastic rocks (after Stow, 2010)

R i 80K 1)1 e b X T A — T T VR 4
B 13 KR IR BRI AR R RS A (o) @EZ PR (b) #FR LR

Fig. 13 Large thin section photos showing (a) convolute lamination and (b) disrupted lamination

in marine fine-grained terrigenous clastic rocks

BURZELRAE T REMNEIR MR (& 12-c; B, ZHKEAREFER. B (dopstones) JE 45
13-b) . HOsFEELE, WRLGEWRSS5EYIHE  WdEWRE . KA TR B AT s Rk
ARG, A Z KRR h% L BORBR TR AR T, BRI SUZ Rk M
FR AR AR, WA IS s RSB FRaR e s g (B 12-d) .
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B21% 1Y

TR A 55 - i AR AR T VR R o TR 1 S R TUA R

i

X 45

(ORI NIV SN L EASAe e i B gl
WA BAE 2R, 0EREA EEA 4 R AL
il —JE WAL )Z RO 1] 3L 3l 5 | R A T2 B il A
AEZH (S, 1994), 2RISR
rh b AL I Sl X W) hh e B0 A B U0 I EE 45 4 B
ML EH (Gladstone et al., 2018), =RZUIHT
R ER TR Y th T E ) YR DR S )2
(Allen, 1985), P4 J& fy FTER ¥ P £L B K it B A
WEZH (HRFEW], 2019), dEMHARTIR T,
BB M BT Stow JZF M “T1” B (Stow and
Shanmugam, 1980), HAI A8 J& b 4 Wi A I 3l Xt )
RS0 A T U A EE A T i L SU 2 O 3
RN . WARAE T AGTRR W B K A TR (Stow,
2010) o LSS 40 4 R BAN At SO BAH [, 2
JERE R B R, RS GO0, T U
Yoo 8, f 4 2 P A il S0 T RERE R D iR R
S (Higgs, 2010) o BN 24, A 0k IR
A, AW e L R 5E (Bennett et al., 1996;
Baioumy et al., 2020)

3.4 HFEHEEIE

e R G AR R TR . a2 e
i AL AV T AR 3 o 3X 2R U A JC A A T AR A i
Z R UUTE IV A 2 MR TR S5 2R o T A AR TR
DAL~ R M i 254 (concretion) .

Ziteant AET RS, HIERD.
ity BESE S EEA BEEN . EEEHA
IEi] 245 A v 5 T BCIR 2 Y 23 B o R o3 TG AN AR
FEFE W KM B, (Sellés-Martinez, 1996) . i 40 41

LRGN ZE 32 T NS R TR NN % /NN E B2 /N
SN HLPR S, B TR A B 8 PR R A
32, [FAZ 1R UUIRN e iy 45 8%, Honl
AE J2 JIC 1A ) it 1] 498 5 26 it e S5 SR T ok, o M RE 2 L
Fe B BEYOCR T T, 4 ) R AE S 25 A% A U5 AL
B, BUE - SR R T IR (g,
1994) o Jloe &5 4% 2 e B Be W o B BT 43 IS 1Y
Y, EERRT LAV SEARE, W] WAR B4k
Bl HOURIRAM G A B, ROBAS
BAEIES IR IE M a4 P Sz A7 A%, i
B A i DA R B A, U 4
B T BlE IS 200 M2 P Uz kA5
iy, UGB A S s LA R R A (Sellés-
Martinez, 1996) . J5 4= 45 08 W T 0T B4 [ 45 DA
J& YRR AR B A, e Vg R B C 2
PRSP TR AR DT RR rh ik IR R 5 A% RN B Bk
HREE .
3.4.1 wRERER &

R Eh 45 4% (carbonate concretions) H H 4
A B R R PR ER A WL, D AR RIS A A
i, BE—BEMHEHCRB B AR (A 14-a), B
BMIVEKBNLOR A, 45 E . FREESZSE
5K M, R A] A S0 N A el o A A, XU
IS5 AR R TTR Y TIRRZ e A Ky, AR AT RE
J& T e E R 8 o JE S0 R it 1 W] 4 A%
T BT S F 45 R 2 T o

RN, BRIR £h 45 4% 5y R0 B 2 A A
Pl = 2 Z BB, NIBZE U, S A
M (Raiswell, 1971) . JGRBIFELB, BRIR 454

B fh 0K A 1] M X L A — T Th iR AL
Bl 14 KR BER R I AT AR DR Y (a) BGBAGTREAT (b) BEkAT 45 4 il

Fig. 14 Large thin section photos showing (a) calcareous nodule and (b) pyrite nodule in marine fine-grained sediments
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46 + o A

% &

2025 % 2 A

AU LG A0 B2 A KA, AR B AP
K # K ( Mozley, 1996; Fisher et al., 1998 )
(L 15) o SR ARl 3 5 Sl R WS sh s DI O,
T 3% S i A A BB A 2 A% A A B A R e
FR AR e 4y, M4 T 45 IR S 0 . — Mk
N, BRERERIE Il v F e IR AR SR AL B0 BLIB IR R
A R 45K 0 3 By B (Curtis et al., 1972;
Irwin et al., 1977; Hudson, 1978; Gautier, 1982) ,
3.4.2 ERTHZ

M ARAR TUR T SR 45 8% (pyrite) K&
., AN AR AR S B RS AR B
BR3P (AR, 2024) 0 AIE BB AR IE
B2, BE R DSL T RE A B, kL AL
KRN ARG AL, FEA LW AP RS POk
WY 2 2, AL ESY W W I T BUL A TR
SR BB, BRSPS BROE
o Bk (Ohfuji and Rickard, 2005), ki JE
6 wm, W] 3y EAEIR B R, FE HE R AT AR
PR o A K B AR Bk 3 26 (Rickard,
2021) o BEAPIRE G 1L G ZAR RN H AR
B Fe (1) F1S (1) . 1EM A BB, Sh
K B ) S5 AT X BRI R AR A AT AR, TR
SSRBIERY . AR T EARE R K E, 8
kAL EARIR LR ) 22 0 B 88 B s AR B
BRE, @RSk AUE O BB A RO R E PR Ok
AR P HCR A ERAR (] 14-b) , A BT kL
Z R AR GIIE A TEW L, 277 B d

AR B R SR W R U 7 ) A A%
HORBOHZUZAR . R R IR LA 20K, R E
FIRE] 1~2 em, & 2 2B % & R A AT L 3 9 2R
Wit i S5 73 A1 1 BB d R

R IRL BE R 25 0] DUSS 78 OB KA 1) 41
b id 5 % M ( Wilkin et al., 1996; Wilkin and
Barnes, 1997; Rickard, 2019), &%t (19 &% 5]
A1 3R 5 TR IR v A1 2B B R £k 14 A ) 46 3R 19 22 (T LA
6 75 1 T T 1) B BRI R R B A PR AR VK (Pres-
ent et al., 2015; Liu et al., 2019), H4, TWAHF
O B BR A AT L R AR P s SR R A (Scott
et al., 2008; Large et al., 2019) ,

3.5 H£YEEMRIE

AT A YIS S P EGR BE, BHE R
M A= 49 A= i 3% 2l B 118 P R R H T A ) A A AR
HE, WKE., IRJZMER . KIEGRE . KELEZ
) & AR LA B AR KRR B N B A i
AH 2R i Y5 R 1S S R A 0 s DR A i A A gt i
38 A A= WP Bl 3
3.5.1 HEWEiEHiE

HYis i f & (trace fossils or ichnofossils) J&
WA WTEIRZ A RS2 1 AT & AR A I 3
BRI, AT se e . ML, FR Ak
AIERL (W AF, 1997) 0w H A OF 58 72 B T
AR S RIE I8 Rl (£ 2)

A A B S R W E R — 2 R

a b c
—_— —_— 1 — = — _ _ | P —_ —_ [ — P
~ 1 i ~ 1 i
-4 — _ — — < | ’ 0 ’
— N Y — = — — 3 ;Y — = —
4 — %7 — L = T =3 7S FORSs
_—_— Y — = % B S — =\ % I €= =
—_— R P P — —_— N == L. — Rl .__..;z——
= S/ —"coccco o = = = = =Bl = = —
_ . . A Yo __ - A .
| ~ I " <
d
— [ —
S i .
~ J
— N - ==Y A= —
.......-‘.. N
I e °
R —0 Qw °Q/ €--———
jle e T
- 7 —-----= =Z =
C N v _
) S

a— TUE S BUEIL AU b, o—S5RA I, RSG5 A% P 0 [ T2 At A ELAT £ 0 /N 9IS P B Rt S 5 d— 20/ it A T8 3 4 A AR 22
SCHERERIE SEHULI 5 e— W20 WIAREEIEES, Ty sloe R A BRARIILI; (BN IE, WERERS, FRESUZ SR LS
Pl 15 oA 0 L i 5 IS S B R R 2 A% 0 0B A AR B

Fig. 15 Schematic diagram showing formation of carbonate concretes of marine fine-grained terrigenous clastic rocks
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B21% 1Y

TR A 55 - AR AN B VR R A E TR i R R R TUA R X 47

FPRFAE, RO P ERAE I DU i, I
I, REAPMIR MR AT TR, A ks
G5 TIEMUFOP AT IR, AW RAT o) P O
PRH T AR A 0, AN [] I 390 A0 A R ) B A 25 30 05
T ) o R J58 25 P 8 8 5 A A I 9 A2 3 sl gt ol s =
S AP AR R E R, AN 52 AR WA B A IR
i, B, N HA R ]S A Wy R R AT L AR A
Vit A 3 5 DUPRAF I e PE A Z IR, R AW hE
TENRJZ I IE, WA T REAR AT AR W Bl 3 5 T
Y Z WY EE, — R R B AN AT
2P, A R B A T B R R AT 0 T
Ay it 8 A AR T B Y R ) R B, A
EEMRAL Nt HAERS SR A A
] o i B 77 4 D 0 B 4% SR DLAR 3R 8T (B0 45 K 3l
T KR SEA R A AT B IR AR ORI
R EE AN KR AR ) AR T . A ) o A 1
A AR R AE RT LA R WY O AR W e s A,
JEBUZAT . DUREM . RIE . A Y ek AL 22 6
W OREREGES . ATARTIERM, AP B2 i
JEJZ VIR & FURLEE G385, 77 AL, TR) I ok A

FHUURIEIE, 2 i )2 )2 77 8] 5% (Lobza and
Schieber, 1999; Schieber, 2011) ., A= ¥ % i ¥y &
S AR A ) 0 ERBE 52 0 X — HEAE AT LI Ok 43 A R
YRS AL, RPN AR RAES . R
KA ol A RS R RS (IS
S5, 2023) AU, Az is AL i 0 T 5T A 2 RL
DU BB A B2 5 3,

T A 200RE Bl 5 6 S S TP AR st A i ) R
A, M X EE R ERRKERA IS (i
PeAESE, 2005) . ST AR BEEE TS (R
8, 2016) . JI| g Hb X FWE AL UT A (K] 16-a) 5%,
H A 7E 5 A= A R Sk AR AR rp 2R 84 A
T8I0 R 211 AN s A, B A 28 Atk 45 M 26
gt 8 20 A (B 0L 55, 20215 B 75 4H 4F, 2021),
T FE AR Bl 5B T 2 i AR ) 38 8 A 3 AN (SR B TR
TS A A S By, 7 LA b )2 AN R S TR
Il 2R TR LA AR it 2 5 Al e A BIF 5T 45 D T £
RARE S (L 45, 20155 A 50R5E, 2019)

B, EARTTRR W 3% I AR W i Bl itk i
ARKEN, HAETURY S WSGE W AT, W

2 BIEKAEMESKE (4F Seilacher, 1964, 1967)
Table 2 Main types of trace fossils (after Seilacher, 1964, 1967)

A

x

BT # 31 gt 5
BRI TUER WY T A A 4 gt 5

JE 3 (track ) | R HE (trackway ) (366 30 (trail ) ({5 B33 (cubichnia) | €47 i ( Repichina) ¥ 7T ( burrow )
#9535 ¥4 1 (root penetration structure) 3 2555 )2 £1 (algal stromalolites )

M2 EAEYRmsd AL (boring) (45 (drill holes 8 drilling marks) | Ji& i #1148 il JE ( rasping & scraping traces) I Ji ( bite traces)

IR bk iU
A28 A B BRoRE

F 4k A1 (coprolite) | F& 4545 (fecal casting) \ZEBR KL (fecal pellets)
I 28K ( pseudofeces) | [B] i BR AT ( regurgitation pellets) 1% 4§ EKKi ( excaration pellets)

Ophiomor j}lgu 7

Skolith OVS

Ophiomorpha

‘. Ophiomorpha

Rk B R L0 2 — e TR 2
Bl 16 SRR MR SRS W AR AL G JRRE JB 2 (a) AW R (b) AW Sk i 4 ik

Fig. 16 Large thin section photos showing (a) trace fossils and (b) bioturbation in marine fine-grained terrigenous clastic rocks
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K17 AW dhi 8 EOUR BIE (48 Droser and Bottjer, 1986; A 1{£14)
Fig. 17 Schematic diagram showing bioturbation index (BI) ( modified from Droser and Bottjer, 1986)

®3 REANTFEETRAMPMEEMI ST EMIMEELR (1E Droser and Bottjer, 1986)

Table 3  Bioturbation index based on modification of original sedimentary structure ( after Droser and Bottjer, 1986)

EIRIE RS HIhw %

filiik

BI1 0
BI2 1~10
BI3 10~40
BI4 40~ 60
BIS 60~99
BI6 100
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