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Research about the Early-Cretaceous soft-sediment deformation structures

and discussion related to the triggers on the Lingshan Island, ShanDong

Ge Yuzhu (Geology)
Directed by Prof. Zhong Jianhua

Abstract

The Lower Cretaceous Lingshandao Formation on the Lingshan lIsland, Shandong,
contains abundant gravity-flow sediment and various soft-sediment deformation structures.
Based on field work of three sections (Chuanchang, Dengta, Qiancengya), the soft-sediment
deformation structures and relative triggers are studied. Lithological units of three sections
can be divided into two kinds: thick sandstone and thin interbeddings of sandstone and shale.
In view of sedimentary structures and the formation mechanism, thick sandstone is
recognized to be formed by three different kinds of mechanism: turbidity flow (TSA
sandstone), sandy debris flow (TSB sandstone) and remobilization (TSC sandstone). TSA and
TSC sandstones distribute mainly in the Chuanchang and Dengta sections and TSB mainly in
the Qiancengya section. Thin interbeddings can be divided into: deformation interval and
undeformation intervals. In the deformation interval are lots of soft-sediment deformation
structures with different morphologies, scales and stages. Soft-sediment deformation
structures show changes in type and quantity of different sections. In the Chuanchang section,
soft-sediment deformation structures, which are of most abundance in three sections, can be
classified into two kinds: ductile deformation and brittle deformation. Ductile deformation
includes folds and boudinage. Brittle deformation includes syn-sedimentary faults. Folds are
dominantly recumbent and transform from recumbent to sheath folds along slump direction.
Besides, boudinage structures change into syn-sedimentary faults along slump. Slide surfaces
are also observed. In the Dengta section, main deformation structures are inclined to
recumbent folds. In the Qiancengya section, the deformation structures significantly decrease
in both types and quantity and are dominated by load structures. Sedimentary structures and
thickness distribution of the undeformation intervals are studied. Sandstones herein are

formed by turbidity current based on graded bedding, sharp lower contacts and sharp or



gradual upper contacts. Besides, small-scaled deformation structures including flame
structures, deformation lamination, are shown in the undeformation intervals and don not
change the original sedimentary bedding pattern. Thickening-upward cycles are detected in
these intervals. Based on thickness and sedimentary features, the deformation intervals can be
classified into two kinds: SSD-1 (obviously less than 1m), and SSD-2 (next to or more than
1m). The statistical relationship between deformation intervals and undeformation intervals
shows that: the SSD-1 occurs when the number of sandstone beds of undeformation intervals
rises but the thickness of sandstone beds decreases; the SSD-2 occurs when the number of

sandstone beds declines but the thickness of sandstone beds increases.

Due to formation mechanism, type and scale of soft-sediment deformation structures,
developed laminated shale, coal mass and pyrite, a deep-water slope is inferred for the
deposition of the Lingshandao Formation. The slope angle should be low enough to
accumulate mass gravity-flow sediment. Field observation shows that three studied sections
plus Beilaishi section (formed reported) collectively constitute an intact slope profile from
upper slope to slope-bottom. Beilaishi section, in the upper slope, displays slump scarp and
slide surfaces; Chuanchang section, maybe in the transition from upper to lower slope,
contains slump folds and slide surfaces; Dengta section, in the lower slope, is dominated by
slump folds; Qiancengya section, in the slope-bottom or basin plain, shows rare deformation
structures and increase in shale abundance. These sections are very meaningful for deep-water

hydrocarbon exploration.

In conclusion, the existence of slope shows controls, to some degree, about the types
and evolution of soft-sediment deformation structure. The soft-sediment deformation
structures in the deformation intervals have no direct relationship with overloading and
support seismic triggers. However, the small-scale deformation structures in the
undeformation intervals occur under the graded sandstone or accompanied with thicker
sandstone. This may indicate that these small-scaled deformation structures are formed by

overloading.

Keywords: Lingshan Island; Sedimentary environment; Soft-sediment deformation

structures; Triggers
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BRI TT T HE AR 18, BUAS T — R . BT TR RS R4S . FHaty
i P ERAIRDRL A « LG ZHE | WORAIE , T IS SE . Selley (1982) . 47 R4 (1988)
IRAE BT AT N 34 F iz 5 7 ARTEAS, Oliveria (2009) RAEA B AEH 7 1H, Van
Loon (2009) #R#E A ML, Owen Fil Moretti (2011) HRIEZSIEHLHIAMIER F1, 43 2
T & B3 ETT R TR, BT T BT — S R PRI A3E , 1 McClelland
etal (2011) XJRRUTAAL T (¥ HR BRCIR A4 & AR RS 9 EAT T W7, Calvo et al. (1998). %
Fi (2014) MR F IR Z BRZEAT T 5T, Korzhenkov et al. (2014) X (.45 /= 3
BT TR AL B TRV TEALE AR SR FIIR N, AAE A B R IE 4k SR H I, A5 3)
IrRTT R R R TEE

KT YRR T AR TN LR ER S0 F1, BF 70N N ITRR AR T F AR T L L 5 Y8
AR . R BTU)ME FH AR ARG P35 T (Owen et al., 2011). 1T BT AL A4 3
() - ZARTEALA, KI5 Le R g5 K BRSNSk AT LA A CAlllen, 1982; Owen,
1987; Maltman and Bolton, 2003). XJ A5 45 s g8 AN RIITTARYI K U, FEARIBRERE
P25 Al A PR AN EURAME R SR 25 LU BRI UTAR Y (Al L) RGZ5 VDL R 5 7= AR AR
TR EEFFR (Kotlia et al., 2004); i HAAE F AR LA FH 2 K 45 70 A5 R TR P i
L RRTEAL] . 5T RORL A BT UIAE AR T, 2 M0 sRURE (A1 78 52 1 1IE 5 DT P i
JE IR A R B AL VRS S5 DO D A B U0 BRAR RS PR DU/ T 2 R B B BT D) AE
H (Owen,1987). Mtk AR TEMLEH & AR AEFS /- AL TR o 77 A BT AR T (1) B 5
JIESEEERIR > & Z R RS, BRI . BT YIRIAEYIFE S (Owen et
al., 2011),

BERHR TR T AL I Aok AL BRI AN — BRIV TR R i — A, B4
RBEBAF BN B H M BR . BT T Al R L] T B AU 8O A R R R 3R, BN
Seilacher (1969) i TN AR J& X0 T r (B0 7 S I IR AR A M AR BRI A [ 4
VIR 2 R I s TR ) TR € CARRUE |G (E24R%, 2013), A KEM
EHIBEFSZ BN E AN K& R AR T ARy 2 R B S R AT o0, (HR A e A
TEARARBLHI IR FAH 2B =, T T BRARTORR AR T Al R LA (T SO BE 2R AT o A TAH K
i@, 2009 4 9 H 20-23 HAEE KM/RIEZ HIT 7408 “ BT AR il A LR 5]
HIZE AR B HATTRRARTE AT E A A A AL AR S B 5 s v o IO AR AR T T e ) f
RALHEFEHFE . IR, Pk, R MU KENS 35 . 2% ORBI DAEIER
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RIFFIX PR ER B RS, Bbiss (2011 1 Jnf b7 7 HE Fi
F, BT (2012) BEJS B0 IX BT AR IE A IE TR 1 AHR TAE . J T Fli SR 5T X TR
AR TE A IE RFAE S BICGHAT T RIFFL (22 R 5%, 2013; #E RG4S, 2013; A REELAE, 2015b).
et R L B TR AR FE A R ALK T 18, LT A A A iR R o 8 — 254 AT 9t
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1.2.2 fF7E(O)RR
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AR F NIRRT R
(3) BRI —.  RILBHIUREL ARG AR R A FEIR R
AT AKHERITAR AR fid A LA BT 78 o 32 B R s 2 A A, o0 L e T e B i A L e />
B AT AR o I Rl BRI AR, KB E W BTG, sh= 3k
) SRR G AR S Bk AL 3, SEIN S B i B o Ak, A LR I 8 S 9 8
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Hb BRI T A AR R, B R MR YO A 4 T e S A M SEBH A, KL
BV T ROSEAH T LB (E2 RS, 2013; 7KiGHS, 2013; FREHLE, 2015).
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(MRS, 2005; V&%, 1984): 1. ENSCIIAT, JBOZHUAREE UTAR 7R LRS-
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ARG Bidte, ERARE (2013) FRFET AW, WA TR S EIbER T
TR-EBRE A, RVEIEIRAR ARG, SR R L B AR N AT B
JREBLAE (2015a) I L AR ZR AR X T L 1. Rl B . BERTE . Tu3% K
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AL VL F T B- T A P-RISRWRAy, MARUHFBHA A, Oy T R
AW, JCRBACREER, R e H R SR, %2 NW-SE A XA e /g
TR, BEARBREIR H , RIUOVEGREEKTR; SRS 7 LY 00 S B i i S 4%
TERX SN AT ARG L], 3 NW R e B 2t 4k 8880, JF HUORZE K
s, IR AR K IR O ., a8 S23a T £ IR R AR 73 X 4l 32 TR
JaEEARIR TR, ARSI . R, BT ESF (2017) MIRIE 15 B 2200
RO T B B, NI EH R & TR A AR
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2.3 HbE4FE

SERTAENA, RILSHERENZ: FEE LR\ a4l SR ER
A, ZEARGEM. \EHA N KLE, EFR AN —E R R AR TR,
Hr & B Z A MNP AERER W+ (GREES, 2013) , —MRUCH ST SCEA
U B A 1, T SCEL R L R A AR R Sk e T R LD RSk T A R
HeA MERE 5 e X RO 2 e . B utiss (2010) . TRERSE (2013)
F2R5% (2013) Bijt, RiBETW EKEED4EMEZE: FHEEN-EHHE,
HEA—EEEMKAGRLCSE, B EA—EMMEERBE, THAEER kLS (&
2-2) . KEFESE (2013) X R 1L EEAMAEIAT 7 IEGRRT T, PR A IR I
H, FAREEANEE TN, F2AR% (2013) . FBEHZ (2015b) , Wang Jun % (2014)
AR A AR R SE T X B AR A TR T 5 A . R B DU PTAR M 2R E A A
(E%AR%, 2013; 7KigHES, 2013) .

(D FEEDRI FEHBER LS, DR EE IG5
R R B N K R, 5 R s R 100m, FEERIN
K AR EE) HEDSE EIEEZDE, BAFEE - miba 58
BV MR R I RS . A 2 2 PR e A i i, SR R ez, Wik
SR ZEL; MYR R T BN R B ANRE, RS A B Ema/ NMEE . B
HER RN BB EENKA . BRAATE, HEYEEARARRT. AR
N, ZRSSRHMEERE, NI e BRI

() FEmLes ERLSM. FERAARF S I, HREZRME X (5
B RN L R AR, RRJEEAE 15-20m oAy, MARETALTEE. A - EHILER
R 2, R U P B AL RS R B R, R IR
WOREEN 2 2. AR, T B BRGSO IR B 6 R R
i, fEaRHO KL, IAEABEEG TEMAZ b,

(3)  EFHMEEARTE S AT T 8 REGEASy, (HRFEHIEN R, £ AR AL
BRSNS . XEMZH T ENEL 40m B E, BREEEDE . HEND MR
He HPEZEWETEE RABCRSHEZE, b AT RE KTV ZEMBRZE,
AN AT WK B A, FRDCK IS KILEE S vE, BREE S . BT HERE
U, WA LIRS TS, (RARYE S 10 R R A A RE, W LI ERYE A
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FoE LN

Fo A KD BRI -
(4 Tkl s RS SRS R B &R EE, BEEX, &
TR, PR,

5 FEf # P4k VR | Al
oo RKEKULEBE. KLWEBE L :::::
&}%ﬁiﬁ:ﬁ] .....
=
e
mIHH IR RY. |
= BB EHD - ERBOT =] & HDE
| som BEE, %XLREERES KSR
R
- A
iy 15-20 3 Kl R VvV v
™ i ®A GRS A A i v v
é 6:\ E @.“ [ey
N ‘ §§ P L V| -
gé B IR & TR A iy
v
Pt 2 v
%ﬂl -.-‘.ﬁ.!
ﬁ%— e | xEegspaupeare  |KUFEEE
oo |ERIE, DEREEE S RAULR
SHC| >0 eRtS K, KBMKVIRERAE |(BHRER oS
EE N = ) =/\=/\=
] IN=/N\N=/N\
i Kl
CxORNPT FoF £l Ty L )
S | REEE, BHMET S
XY T
XX rrrrr
(c) == W 4

K 2-2 RS EERE (8 FEHESE, 2015

24 BfFEAL

Rl & R AR E R ABUZ A ST BFRFTE, HAE R L & il s T2
Bo RTREVIRYARITIRAEE, U410 Bhgfe (2012), #hdtess (2016)
MR8 B EMAUZ P T SR R A A . KRR . Gk 5 B BuiiE . K
VR, WA DTS VAR BT TR S = M AT 2, ARERAESE (2014) HiA
NEXBVR A= MG, H AR REE DTRRAMIR TR S 2 MR AL hskis
s (2013), ButsE (2011, 2013), Wangjun 25 (2014), JEPEIHZE (2015) i
UL TR HEMIE T /> B AR, A BIAKIEEA G B

10
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MR TR IRE AT, Horh BRSO USRI R ;A RE AR AR X IR
WEBERE, HEWTOREH AT X ORI TTR . (AR, BREARETR BRI T
BOK (HEWTON X ERIREE I 2 ) R (AR, 2011; ARERRSE, 2014; Phfesk,
2016).

R IXEARAKREIBUON BRI Z , ASCIERT A FE R B, RO JTE R
JZ =R T 20 AR . ARIETORIRFAL, X8 H iR ORI & PR RS I AT 72
HR & B R FAETIRR CRIUNIZZRY S A LR FAETIR CRIUIIb S
HZ) (H2-3). Hr, JEEFAETORE R OB ER K, il 2 F LT
TR 2R — O LK . IRAEARE 515, 52 SRR S Tt — 2D N B
MARBFCBHAT oM, AT KA BUR G SEE R A A, BE2 R
B, ZHRM, ZIIRPTRARAIE, TRZILERZ MR FF R IG TR, B W n]
WA BN REESGRA A E . BT A A KGR IE I R 2 b TAREL A
WSCR X BT AR I B e A S BUR R 0 Ar, - DASSIS 2B 4 B ALK

AT 14 1 T Tz 2 H# # M (Lithology)

TSA TSB TSC

B =R A
Thick sandstone
- - EPTEE R
Thin interbeddings of sandstone
and shale
-y

WU AR W) A2 T 3
(SSDS)

< B4
Fold

- i T #3E
Boudinage structure

o\ A R R
Deformed lamination

w 1 G
Tm Load structure

— v/ E LR R

Syn-sedimentary micro-fault

B 2-3 B FUHI A MR

=

|
3

11



FEF RERFEAEIMA

F=ZFE BEEREHMERRA

JE E B GRX B4R R L B AT E b, XU R A R 2R, A
AR SE ], i RAA SRR S, TR KB BRI A % 3, Butkix
BRI — AL IE R R . HE T NS ITRVREE A 25 () 0 AR, R = i )R 2
b (Thick sandstone, JETHIfEI 5 N TS), 44 TSA, TSB Al TSC.

3.1 JTFR4HAE

(1) TSA EEWA

XEIPEANEE WAL E, FERN0.1-1m. WEEN R WRFZH, HEAK
BRI, IR 218 L T BB EE MBON IS — b5 2 b mT LY i & 3t v FLAY: B 2 2 (1]
3-1a). JRHEBFLMTAS, T o] WARALBHTAL o X KA A S m AR BRI fERE, I
AT IR (B 3-1b).

B 3-1 TSA b EUIRURE
(a) BE BN R AT IR & BRI FAERERR IR (b) TSA BbEr T Al B3R B e [a] i TR 345

(2) TSB Bz

I AR, JRIEE DY 0.3-0.5m. 35 W FUAFAE 2y 3 P L KB A RS (]
3-2a, ). XL IRERAZE, BIMERRSZEZATE, KEMNZKRERGE, FHrT LT
TR S E FHRS, FRERD R R T LRI SOk (B 3-2a). kb, #h)EiE
B T DL PO S R L 2 AT A S SR AT S AT RE MR P DD (B 3-20). °F
TS, IXLEE S sRBEL A (B 3-2dD. WY 2R A AL B i, T 21 B

12
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(&
& 3-2 TSB BYEVIFRAFE
(a) BbEBIRH A LR TUCE B 2 BRI SR FF; (b)) D TR BT U X K A # IR A
BErHEg; (o) BEERHUARITERBHERA, HEREERTF; (d) RITEREFH
BHE

(3) TSC EEW%E

PERAD A TR N 0.3-1m. ibE 2R AT WA KB IR BBk, N TR TUEZEA
FrEl (B 3-3a); L BANgiib AR X (B 3-3b); HEfmr Wir 2w sk (& 3-3c),
WSE W43 A, HRD BT B e o] WA A B U R e (B 3-3d). RbTUA R A8 15
BNE BRI AR

13
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B 3-3 TSC BPETIARGHE

(2) W& BREMBIVI XA R T ITUE AR ARBHE; (b) B EHBIIX, REERPR
s (o) BEBENM/NRESALR B RESR; (d) NERYFEEIRAM, T RBERLRIAGTEEE
=

3.2 ZE[8)5 L HHE

HEm) b, TSA A ETEARBIRERZE (K 3-4a), XEHHZH, WEZEE
NIVEXK, HHSS TSA WhEMEl. W bpmk, XEeh 2R FARERERE, TSA
WA TR THE . TSB ibia it BT NARZILERE (& 3-4b), (HERKLHZhib
T LCAHXT AL, FOAE 2008 BV, WA A ) AR R . HiE TSB #ha H &
i) FAR R BER . fB/R AT L, TSB RbE AR HE B E R (B 3-40). AT
EWREZEE, TSC Wb A WA 98 Y B Z B 7%, Fn) EA AR BE B (E 3-4d).
il b, TSA FITSB #ha FRAG e /0 A, AP KA R AR, A TSA il i ZE f
Aid 100m, RIAFEFAR .

WEFCEITH Y, TSA Wb A LERTA T 4G 204, TSB Wba EEA A T T2 2 &I T

14
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A, T TSC bl LT i .

34 BRDEERA

(@ TSABE, LFENFATDTABLE, TR LATMEETE; (b SBBE, K
ARARETUERE, 3 EFADTARER (O SBBE, NHTLRIERE, FHhks
BT AN T R AR R TER: () TSCDE, LENERTE, BNt ERR

15
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FNE BLRFEEETRARE B

BNE FEREHMETRATRE

R FAERR T S, RN FIGOKA . Horp, ARIRBUANR
AT BUE AL A, A2 LA AR BAT HRAC I 22 53, f I ol DA mT AT B L 2 o ) X 22
HA AR (5 S W) 7 e a0 3 FARFAEEAT 20 0 A 4 o ASER 0 A X 1L 2R R B
PRI, T R T S R = A T AR T B EAT IR T, WF U A R BN TR
AR IR e I3 (B S ATIRDL o T AR 3l B S B B AT S 285 O = A BT AT 20 0 A 4

4.1 &I Em
4.1.1 FORRTRERE

HFAMLE R W, GGG HITH R B BT AR A E £ =28 BRI, [F4E
W=, WA A . FOERRHED T :

(1) FEYARIE RIART iE Ek b i WA TE MG (Webb et al., 1988). 7E#D
Joi B T AR S5 B T I AT AR AR I, KT B R B OK, AU RECR. 44K
A RE A R IA PR, (H AT WAL 2 I R AT A G, RS
TERRBESEIN, R RAARN, XA HE BB T AR PATIEE A, ERsrE
4L a4 (Alsop and Macro, 2013; McClelland et al., 2011), BF4MiX 4L 7 (i Hi s 4e it
WAESE 73X — 55, HERER R ABAR ALIE AR T7 17 9 NE-SW [], HL 2 38 5 80305 22 W AX 401 4
7 1 9 NW-SE [i1], B AR 45l TT 1) NW ] 5043], 2% WA 18 B 432 3l 77 17 9 NW [7] (Strachan
et al., 2006; Woodcock, 1976), Hizzhid fer, MX4177 fr i Bz 3} 77 1) 184738 3) 7 1)
A (B 4-1a). WRIGFEPCETERARE, AT N EREa. v IUE B8 TUE H
B WhERRA LA R R AR TIES, BAKEOR SR, e A BICIR B BR, THIE 1
Ji RS E AR 2, BRAGDRECEHCR, T2 W& maEs (& 4-1b); R HZE
BRI K N R e— K, S R KIS 100 K, #Hmifh— M 2RBOIR, 7
R T H BUPOIRAL 3 2 25 A AR, R WAA TR 9 e AN WG 5, U PSR KO =K
G, FeArimAREOR, mEESMEREE (B 410, HAHRAS —SRRkt.

16
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1) Eh 48 4% 2) b R 9

B 4-1 BRI
() “FEMES:A tE o~ Z B (3 Strachan et al.,2006 &30); (b) BMR4E; (o) HBE

(2> [FAEWE BN R B S ENE ) WFRAERE, (H2E R E PR A
[, Hr A T R E b P SRR B2, IR R T I
WARZR L EEWEEN. Wik EZ R EED S 25 RS (B 4-2a), FFAT WAE
it (B 4-2b). IEWZ B R 7= AL (B 4-2¢), BZE M NE-SW A, 5

17
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WRALJT 1A FAT, A2 R A IEWr R RN & F NW AT SE [/, 353 1 3R A7 3 7R ] ILIE]
Az TR W R DB R IR K JE SN R A2 TR iE (1 4-2d).

& 4-2 R4 EHE
(a) WIREEIE R 2L BTREFES/A: () B (2) REEK: (o) EERRFEEIERE;
(d) RFWFE 22 %k iE

(3) @EHik BRI AMN S, KEAGE L7m, & RE 0.7m. R4 HE AT
ik e F3 Ak BT AT 20 B AR T AT A BT W i S o A — L3 Ba AR A it Az A 3 R
FElt, &b 1 BY AL MO E R . B EAR BB W M B a BRIEIRES. T
S RE T R WA R K BY U)X, £ 5 AN m 8Y ) 3R R L R AR A 2 T
LW, Wi R Ui 8 U BRI B R A A AR AR KT AT T B YN 5 s b, B
JERD 5 TRARE A X o B AR AR BN, RO AR, T — 2 B iR ¢ BRBUR
I IR . OIS s — RPN R AL IR R, /DB it AR R R
KL, KT FPPHAT TRV L R @SR (& 4-3),  BIVET AT A R AL A
T

B 43 HEBDRESERERRE

18

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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4.1.2 BRREREST ERH

) B, ARG R oy R, MRIESLr, HARERE R R) ARt Best,
H N L, R B SR O S . [RIVORAG T A4 & AT /) 2 3 ) A [ L 73 A7 3
FRXS JRBR, SEAHVEE A o e E I TR AR A G H R =N ik (18] 4-4) (Hesthammer
etal,, 1999). HF% 1A H A 1HH1 1H A N M 1w B9, BAME R ARE AU i R
JEEIF BRI .. NRERDA. PEERREY IR LR BRI IUE B,
TR R A E A R S AN R AAREEAT A

=i
- PR
| BT

T 0 —> NW

HEZATT

| B
I FR AR T ) it
T o
- s
= LG
N B

- {JE s
CIEWTZ, 4T

K—18m—>| |[€—28m—>l

i [e]
- A b A
> V stz

Bl 4-4 fi) T A 1k B o 0] F x0T

(L H-EEmE JREFEEZ I ERE— RIIUs B4 k. FE=R
WE W IR S Y, AR R A IR R B FIATURRZEE (1 4-5a). AR R KX
LA, W BESE AR AT RS R EIL AT, WERGBRPIIFRE, BEZ
B, AFFRRAMEAEXS FRR (Bl 4-5b. ©) . BPFUEBRIALEE Z00 G IRES, Al iEd
BN UUEMA B YIBERER P, B DveE il . BRI E NI KRS
WEB AR E, KHTTIAEAK, koK, A CLERT AR 5, RS s
R, BRI — R IX, RINSRINA, b I RE s, Ny 5
LR P SR A o A B O A BT UIE R AR AR BT RIR M A (1 4-5d). LD
R W] W B AR R B RASEAR . 6 T 507 R ER, TSRS

19
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i, FEAFEMESGE, AT NE—SW [, i b vi iR, BEE TR 0 25 1Y
BN, ARG, BRI . B AR AR A, o HLAE I A A R g m]
WICEZ R KEZKRPKNEEZ .

(2) FH_EERAE REREEEEBROICER, TR R A R E i
PEY, W R R D BUE G, JE RS A R B BT RGO NG i 8 LR BB LA,
DS AR AL X . WA HIRBARESAS o AR E, LR E R4 LR R
A AT RS B, BRI NPTt RITORRAT T MG . RV T MG S22 3
&, WA WIEER, 60T WA T A& RGBSR o [RITARAT T A4 3 A) AT J2 T ARRE, W
AT A WA B2 TR A IF ELPAUA S B = 1 A R4 PR BRI UAR ot S A i
AN gl WL, [FITORUAG T &4 b 1 WSRO e AR, ARy & T 5 2 1T AT
BN RTRA T F 5 ZE N 1 BT OD1E A B, IR ARA% STl oh 2 17 455 s sl i A
FIT&l

(3) =i JRENREOTUEZEY, TEERDE MR Y, w
BRI B AL I K R AR W=, AR, VARAE . AN, MURID S R TR R ILAE A
I . EHRD TUE BJE DR 9 X, AEH SR i i i i — KRR P b 4, E2
ANREREILE T -

() BEBERDEFRTEFEELRE; (b). (o WHERBREDTERE: () BEEPEH
PP

20
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B R MG S AR sy, W (D B BRI R E KT Lk
PIEIIRAR, KR A ESAES. RAREF, HERES M ETER, ILAMER
WU TR AT WA (2) 55 B ISR s 1R A J2 AL AR A [ TR
THENE, HENWERIREAEE AN ARSI N (3) BB RRREE
JERb A IR, B TUA B BRI AR A KA -

RASTERS U B R TR T S A i) BB e )=, RS L TORR R B S A B A i R ik
HENDA TR, W IR TUA TR BRI | — B &, (HE RS YR X AT,
M ERS G N HTR . W ARIE G EIT : FedthB R Wb a R A T B AE b T 1.
ROV R RIS, TSR FEHEY T BRI, i IRiazhid i k5 Pk
HIEHERE, ORIV A BRI E . 26— S0 iUs B2 BUK 8 PR
., RENTEERR AR E T IRSIR TS AN S R BRI RA  H —
BREWE, MR EEZEBWE RS, mMHZIEBMKAKEHEE 1A, A
PR T MRS BRRAARES)R B SRR T SR A TUE O AT RE S R
HRI RS &S AR BIRE A 5%, RAESI R KM I TUA TR, = AR T
HIHEAMEER, 74 TRORMIE, WITER R TUA RBORE 1T 2 M FE
W R KRGO T i 5 =T SR e s B B i — IR R R
i, R B (RN TR B R R B R TUE B R U

4.2 KTI&Em
4.2.1 BT H M AR

AH TR ITRRAAIE APARION E, ERR AN ICa BRTRARE, HEK
B REAZEK,

WRYE A TERFE, W N B ERY A K EEMR, A MR R s (RRILER A 5 X)
TN E A ITUE BZ, HPRESE, B8 F b E=REREGAT (K 4-6b.
cd), BERAREW SR EMERA K. = ZZME AR, THAIEE RN 10cm,
AR IR N 37cm, ISR 18cm. NEM_EZ BN EE, TR R
REB K. TREMEZRARIGA T WESLLREREG, R 0 B SR A i -
IR SR WS B MR R, RARSIE R H , (HR 0 KRB IR AE L
BeAt, R H TR, AT AT TG . TR AR R A A 55 T S R B AR AR
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o HERPARGALIE AN ERBRB B AMIE, Bha T RERAR, IR ALK Aa
RN B, WA BEERAR RS2 R ALK RG] . A ies, I
BRUR AR T WA TE, HAMERAJE R (15-40cm) R (20-60cm) BT K, HFTiERD
AR R AR, AR SR Z AL GG Pt R] WA SRR . B AR Bl T 2 [
NW [ flit . b8 R E B R E RO B, B b 2R R 2T EMEEL (& 4-6g, h, Do
B2 FREGASTAS RN, SRR LT EMESE,  HhE B9 NW R R o

. h s
B 4-6 KT &I T R 2R T
(a) FHMEER, RAEMFERES: (b FHIMBHTH REHRAER): (o THBPHER
BE& R T=ZHE (D, (o) (P ; (o) LHWEZERLE, NW REISEHEIELR; (D, () &
R E SE MAES AR, (3 AT AT .

22
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4.2.2 BRRERES ERH

=MREGEERL A N oy IRES IR, R R a A BB R R A AR A (]
4=T)o W HNBER LA AR . JERHS IR RE T AR AN, e EARE AR, BB
SE, PGSR KA AR W B . TR R A T =2 R, DL i
NI, T BT R AR AR Y 2 B R AR IR SR AL BIRE, R ARERE A AR AR
FEAZERIE LR, AR AARCIREZ AN, LEARE, FEHME A LS A2
TR AL, —REAKERBAN . LR EAAE PR T SR AR T B R RO,
HEREFYOVE. WHh, AT, W AR . EEE R A AR A Ty
[FIAREGOEASIZ I, AERI SE w2 MR B R ERZWE, (B N IWAREAE,
ITAEF T NW S o] DL P EMESUR & o 104, RERERBIVIRAK T — 58 R I ZAE8
AT, AT AR R L R AT iE R

AT 55 & T —» SE

v it
| R
=~ <~ - R

[ s mm s

| R
IR AR ) iE
7 omma
-
= BRHLH i
N A E

- I

Jig [2]
A wran

V ez

rd
<«—15m—p| |€<—25m—>»| |l€e—9Im—>]
PE) 4-7 KT E R 2 T 2 A s D0 1 R A

BFSCU AT 77 ZE AN, 003050 2 X 0T 0P 2 B i T
MEEDE. TR SRR, (HRERERRL FERH R A%
T, LRI T L] B DUARS . T AR AR5, ICI6 b
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B2 o THEAN_EAARIE R AL AR T AR A B0, K B RIEE . P EMES AR T AT
RELL T B AR AL S B AT R AL 2 [, i BRI R AL — R R AR . WR=JR
BRJENL— R, MR R mENZE T, BT ENEZRRZM. W
R EARIBENM K AEZ G I LA R AL, B R AIE RN B N % 52 21 AR
T2 LI A St 54 5 i T U AR J2 B R AR AR A (FEAREEARTTRR IR R, LR M ALUTAR S
FEN e (B3, EERASIBIE b RO R FEARXS R E , R HED o A R A — ik A A=
AR, MUCRET N AR 2 A CAFAE (R [ 45 e, (E L ] 25 R B AR DR R PR K T
HRAN AR RAL, AR AR S _EASIE R AR N B O E R A IR ANR AL, £
ARG ESLYABD . ARSI JRAL N #00& UUa P b mh 0 DU 028 8wl RE IR T
R, MREASHICERKZE, £ EMEREANERT, WA fLEKEEm, A
IR AEBAANFACAE S R DU S JZ R AT 1R R T 2

EMEERR RIS A )R, S EEERD S B R AR .
REH AP NER AR LR B SRR S TR ZM 0. thh, X BRI
TR (SE = NW) L4 7 s Mg s Ae, ROSAERIE SE i A WK B ZWE,
TRBHAEGR T » 10NV 3 KBRS B, (ARAE SE in KEEE ah KBRS
BREG, AR T KRR SRR B T R RS 2 1] AR LB DI E R

43 TEEZ@E
4.3.1 FURRT R SR

(1 BRI PR GAI LIUE S TUE S B ED At (K 4-82), HER
WE Rl AW, TR E A, B2, B E Y R 2 B RO, B
AR DAL R W0 AL, R & RE SV EMESL (18] 4-8b).

(2) fgkiE ARG, EEMIERa Rl et (& 4-8c. .
AR IEBAR R TEIR, TR, FmARE, Hom AR E, QKA L, (HEZ
KERMER, KB PEHOK . GO IE 2 18145 78 10 e 1 02 P 1 R S e 3 i 2
Fo FEMIE IR CIERFR G AR EME IS EREZ AT, KT
B R AR . MFIBERE, MG AR Z 040, A,
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R ™

4-8 T2 T 4 AR TR A RS R AE
() BEDEE, SRETENAE: () WA, LTHDEEEMTL, KHDEE 1 5
BB () FRARNE: () RRIE, BRRRR, HXERTE S

4.3.2 BURRBERADET R H

TR S AKE, RIIRAR A G SRR R W] B b o e i B TRR AL A
EBCA WP T B AN A A, sheb i PRI O, TR BRI R
i, B A R B R IS (B 4-9).
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4 TEBEHE —> SE

1m

10m

=i
| BT
BT
BEST T

| ST
BT R AR A by i
7o
- i
= I
N AR

< ffEHIE
CIEW . 1)

JiE [#]

A I - 2
V wmrsm
-
-

Bl 4-9 T2 B &I I A YA T AG G M e R A
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$EE FEREMIETRREN RASERS

B B0, FIREE, KT8 =8I )5 R AR DURR AN R AR
AT BCRAEREAT 7 AR IR o A N AR B i BRI 1 A B IR A AL |, &
FEHIB MR, RN, AR, IR KAl HLHISESE . (B2, xR E
TR FEA R S RIERD o RATBBAARVIRMEE L, WEREE XL, 5P
H L 9K 58 e R BRITURR AR T A A WL P 4 s T SCIELAS 2 — 2B I FERMRS o AT ik
R HEURR IO TUA R, MR T a B R BRPEE, TUAK
PIREHE I, WEEMRAT W TUE R A, WaRIR S TUE R 2R, T AR
I, ERREMIED W, N TP IR 2L, B R IR IR S, AR XS
RASTG B AR 3 51 [ SR L o A AR T AR M R

5.1 RIEMECIRYFE

RABBCEVE R WARD &, b a FITUE o b IS MR TS 2 RA L, #%
foo T B 5 P S ABCIR AL AR PRI ARFALE , At AR ) DKL J2 BRI DU A, Al e
TR AT 5 UUa BR AT i, ] S Rb a AR kA, SRR BRITUA . W 5-1 R, £
BIERPRIL T IAMIURFS: (D TEOSKFPERE, EHOVKFRETCS: (2) F
MO AR, WKLY ZEAEAWE, T CiEntha B, EMiCasBRERLz
H; (3) TR AR, TRICHER A B, EEICE BIE SRR EE ()
MACPIREBL (B (4) NEKPRaB, HEAlaiim, EE vk PRIz
B (5) T E BERBUVKL Y 2 BT R BB, ROV EMIEm I G B, BN
KV EHETUCA B MAh, BFANER BoR TUA A J2 BEECRIK T J2 B BRT AN 1) _E AR
Fede, HAETER EWn] DA EAAL, SR E R LSS, LHIER SR
B AR, AIANMEAE, TURJZBUBAAFAERPRDL . RIEHT AR P81, ASHE 7T
FENL T T EAR R BUE A, e N BRI O ARy A, R RERRD A
B, WWITUCEHRIE: b, HTREER: ¢ THIEMW ARG d RBEEIUEE:
e, KVERHEIUEB BEGNIBFIIHZA NI o IRESEERE, EZEAW
Mk, "I E0k4r; b, TPATEURBL WHITFMDANR: ¢ WKESURE, H kb d
s d, EPATSURBL BB AR TR AL e, YeiEBL RMERDNBURIES, &
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BT RS R BT A

N TUE B BEgEMAE FP AL, A Ft DXHMAR Fr Z AR B 7 R B — Buit:
ChLFp 2B BT Z BB, (BAERLA 7 O a A TUa B ALK ZE R, X
M2 R T e S UTARGIRLAR 7> TR TR o<, R, AT Re B AP AN E 1
i B N AFIEE DR, BRANWER W I, BEE R SRR, W R N R
JREAG RN, H EMBBPHATRER, RS R IR AR W], IR I
TCAWRE, WRRRE GG HRREY S, WEREEMREN. 2 ZRE
FFANKE JZ L R8I0 A W 224

FE RS E YN e il

1

2

3

1
a- LT 2 I B
b- F 47 J5 18 4 b 44 B
c- T M B 1 4 B

5 d- 28I 2 B U4 B
e- KT 2 H U K.

B 5-1 R EHMREEATRERF
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5.2 REMEBCTINT FibiE

BRI 2 2R B TUA TR, HIREEEN . BN SR K
Feyid S A T HiE (B 5-2) Her JOEMGE R B IUA H, AL TRFPRb A 2 R A EAR AL,
KIGHIIEXRARIELF, FEFARIERE OLANEXD, Bim EiEREA 2 HIFAELL . A
THE R FZRPMS A Z T, E B E)E, w24, A AT, AR
AV, ENRICARUE, M B RIE, EEIFARRE . BhAh, EREREN
FeEFS 73 /N AT T R 3 A i X R ) S IR

() MFRKIERE; (b) RYTRA T HIER/NBTR; (o) MR T #i&, T RATHENART
TR

5.3 REHMEEE D HIFERERBREENX

=AWEFURITE A, M ATAT B T AL BORUR AR B Bk et AR & 00, 1M
T2 T D A s S R U, IR RS K, DRI e O AT B A TR, AR T B
MR BRI Atk AT 7, Hohag AR By 24T )R &, R A B
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S IR FHEURR A B AERT 7T

X — D E R TUE TR (R 5-D. MEHEEREY (B 5-3): RERE,
FRb 2 EEALTEE R, M 0.1 cm | 95cm, 1R 2B AVE BN 0.1om 3
10.5cm; TR AR 0.13-2m. B 7 FoR T BTIFE AN A5 TH AR AR B DU )R
FERIAS T B L BOVE S A L, B R A AR AR TR J2 SR TH R B, AR RERD =
FUPEE, REARRDITCALL.

RAPTEBUEFE A R DL B R BRI, R, W REE R EARE . B
BRI B A3 AT R URREAE AT 40 AP S (P 5-4): SSD-1, BEEFKLULT, M TE
WHJZHM, FGERAUNENL REEFSFER, SSD-2, JEROKREUKALL b, HEbils
HEMRK, §EEWE, WASRAONREATE, Heb, M) #mEicst T HEBRE,
KW RIERE RN, HRZFEEKG UKL AT BRI IS )N 2R EL,
Hp=FERARLELS, BA=ERNIEAREECRE L L. WAFITS, SSD-1 #1 SSD-2 [H]
HHHL, SSD-2 [m) b JERE RS nkas, SSD-1 /et HITH ERE M) _B3bn, TWiEsT s
FH T R R ARG FE

B BEMAZ B RPERIILL T KRR KREUTRIRB AR JE 57 AR
TR LA AR B e 5 R AR SR o AR Ge vt (K] 5-4) AN I T R AR T BT
)8F 20cm TUA BRI 5 2 R4, Wi 12 B RE R b i J2 P35 R B o e A i R
KYULTARTEBARIERD 5 R 2 HON %, b 2 B> & s, i K Rk
PARARTE BON M ITERD 25 R R B0 D, b 2 R st . wha Z PR
AR B 2 18] F A W R 50 R A

BEAL, ARART B DU IR BAT I ) RUBE R S, T DA SR A8 1 B HH B0 ek 1] )
F%. Mawson and Tucker (2009) fEFRBHAZKMAR S CRAZTE) PIARNE ] S HATZE AR I
I EN N TUE PR SUZ VIR T B —, A TUE DTRRUE B AR AR R . 5 -
R VE G A L IX TUS A E LR FERAE, TA D Lem B TUA 4R 50 iR R i),
AR AT 5AE B3R 5-1 81 5-2 Fros, Al F1AR TR B I A I [) [ B (1-11ka)  HIGS B
I ARAR T BETRUE 2 (0.2-0.9m/ka) . RAR T BTN 8 28 55 408 X i 3 7 b [ A T R
X, TER—HE g, R G BRI, (HR R H TR 2 20 9 I S Ak (1) 2~3 £,
FIREA A XA IR X, BORTTRUE SR AR, MR HER T AR WiE R & A
FRMAR @ (I PRELZE, 2015; Wang Jun £5, 2014).
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i o PiLly
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]
Ly i
ﬁE \VI-E}:E (Hl) OL PR 5 35 PN =
0.5 1 1.5 2

e R EE (m)
B 5-3 BE-TEEEST

HABARMIRTUE RIHER, ABIIMRDE RITEE. BHL& TR —ERIRER -
B, FTYMIrE—ERAE-DEE. BRBRWEENR. EANEEHERTIER
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S IR FHEURR A B AERT 7T

M) T 85 0
100/ 5 =23 K(em) W 2T 15 B (cm)
20}
50} f
a bC e
o 4 10}
W a g BT % % (cm) 2 cd e
150 0 i)
100F 1501 & )= 2 i )& EE(cm)
S0r 100},
0 -—~ 1 2] 50_
15 B
0_
10 e = =
60|
5 B -
0 ] ] ] 1 1 | 20f ¢ . |
0 5 10 15 20 25 30 0 5 10 15 20
20cmil & B 4 =5 20cm il A Bt 5
Hl 2w m A
AT a 0.83 SSD-2
b 0.2 SSD-1
C 2.55 SSD-2
d 0.45 SSD-1
e 5 SSD-2
AT 8 a 0.2 SSD-1
b 0.7 SSD-2
¢ 0.16 SSD-1
d 0.84 SSD-2
e 0.13 SSD-1
f 12 SSD-2

& 5-4. M AXTIEHIE 20cm TUE B BTN MDA R R, BaRRIHEE, BEETFHERERK
BB . PR SRITEEMEREE S B FiiLXf 20cm TEBHT B KRS (1,23, .0,
HGiHaE 20cm TUE B MK E R RS, RIHEE, MFYRE. PB4 AR 2w
&, BERNEENRE, HiRREEMFIBRMES AME: SSD-1(BEFKEUT), SSD-2 (BEHE
REEREU B HAITHERHE, ab fc dZARHKRX, TENE
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51 AREDE, TEREEARSLH

i RGITERE WEEEH WAEREE  WAEEEHN A R R FE
(cm) (cm) (cm)
W 2736 214 1251. 1 212 581. 9
JTES  1603.8 512 1052. 4 511 317. 4
R 5-2. T AT B 2 B A T 1B] B R R AT B UTR R R
| AR e AT B
BT o e O R | OB LB |l Bk w | THEOR
| m) m) (ka) (m/ka)
fit | MB-a | 9.373 2.949 14.75 0.63 i S 73 1t 38 [ A
I ab 1.921 0.564 2.82 0.68 DURBUE
e | 1194 0.374 1.87 0.63 0.23-0.37m/ka(%
W cd | 0412 0.324 1.62 0.25 A2 R4, 2007);
de | 543 1.608 8.04 0.67 Roker Formation
17| ab 1.1 0.223 1.115 0.98 RAFHGR
% | bcid | 2399 0.703 3515 0.68 & 0.2-06m/ka
#l [ c/de | 3.104 0.738 3.69 0.84 #’L"i’;fc’go%”;
M [ ef | 7.635 2.05 10.25 0.74 !

. 2R MB i) BTN EJEAS: ka AT ofd Eos ¢, d Z I 87E & X BiE N &
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AT P

FRE ORITIE

QAT prik, WX R L S AL AR N R R FAR IO )R SRR AR B
LR TGB =47 Tk o JE R EAHEDIRR I AR R B R, T 5=
FIEFIRRIOND TUCEE HR, R ARB 2k E T RRERTRAR G, R
B T — L2 /RN R RV BIUAR A T AIE A, SRR R DR AF RAF o =B 7348 2 [E] A
JRA B RE AR R S, AU B SR, SRR T IRKIE SRRk . 1 TR
XX =B TR AEAN S R LA AT 20 #r, JFAE AT ISR bk — 2B R BT AR T4
G TR AL Rt 3t 2 R S

X

6.1 EEEH MR
6.1.1 EERfVAERKE ST

WRAE =2 B R DA 1 PO UURR AR AIE B 2 (R A, HEWT FC s BRI WL Al P 6-1 T

TSA Wb Hoki 5 = B AR B A7 AE R WM IR TTR (Mutti, 1977). BERBITTRAE X
B IR o #k (Kneller and Branney, 1995). HJE &8RN Sl e ZH T AT
JEIR: (1) TORRPIRL R, Sz 0% (AR e T BUBDRIIR BE DR, AT S il T b 3K L
J&(Lowe and Guy, 2000). 53 —ME1FE R IIRFE 24 70 25 TURR S 43k ok BUSLFE m] 206,
XA L F] RER IR AL D 2 B /D, DTRRIR A rh SR Ry b 4 0y B 32 3 T R SRR UL
FRAZ 0 AE H o

£ TSB Wb, REMIEFIRE M S TUE S R T RS ZRRE, Ti
JEE FRAS LM W HE AR “iRgs” RUTAR, X SE 2 Rb 5 RE S VAL 1K TR (Shanmugam, 2006,
2013). BEACED B E IR TTRR A AT AN R RN BT ROK & e s IR B, e s
T8 AR PV E T BE N B ey, BUEMR R AL T R, AR MR, RN e i &
I3 Y R B SO, AT R B A 5T 4 JE VL (Fonnesu et al., 2016; Pyles and
Jennette, 2009), FHSGUEHEUN TN : ARV AV BmMRR S & Bltth.

TSC Wb R A BTV TR X, H A5 R4 BOH AR, 467 H i ka2 22 TR AL (Alsop
and Marco, 2013). B4k, b = NSRS T Bt 2 I H R A . w0 o A0k & b 5 2 A T
HIE, TRt T HET SN TUEE S it ils B2 R AEFERIE, ISR
HORAERFVETE, MIfif=4 TSC Wb . —ANERGERRE TITEEIH, thad— e
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AT B 17 _EFeAe oy TSC iba (K 6-2).

AL R TR R E
(a) R

(b)

=5 L L

e IR
¥—, BE, BRDE |

B 6-1 =FhKH (TSA, TSB, TSC) EERABLER
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kg (A g
& 6-2 [F— 20T I SRR A TR
(a) MiF#Ech TSC EERE (b) , FH7E TSC EER A AW IAESHLR (o

KB JERD 5 1 B RAT B B B SO 5F R L. AT, JBJRRD A I R
TR B R R O . 3 ) IR oA, B R R R AR ML 2T,
WO R B SRR D R VR & s, HLAHIF T R DD TR S b R A T I AR b A
BFZN, HEAHICE ZANUR S EE m. iR R =20 a & AT BUR, (H2A
X R AR R e TR BO SRR 2 > 2 FLBR B B A AL i o B4,
T A 8 AU ORR B [ R S AU Hh R e 2 B AT R 2 AR AR S Ak o I e ot AR
W2 B RS f A2 SO AR o 3E— 2D sk R R 0 DO R AIE K e AT ATt
FCs X TR BRI R A R

6.1.2 TEHIRE

TCEIRIBAE =R ), A5, TRE A, SERLEM , /T,
a2 AR KT e TUA RE B S AT s B I 22 B R A1l AR A Bl W1
HETHESAMMIE . KT ICAHIRE KRB ES 8, Hoik. BRZENREER 7
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HOIEPRUUAR o (EZ I 22 (B L B 0 AT iR R 2 M 5 Bt — D AT ke o A2 DUA 3R el
FHENTZERE, TUEIREFERERZDETUR, UFRERL SRR ZE K5
Fo BIANWEFUNON, B0 TUE RS J& TR ], TUE RS v Re RN B 2 s =
Z IR HZ, eI SIIE], R s S B s R A LBK R TR, A A AL
AL, K AR T TR RS « (ERME I, TUE RS 2 T47 TUIRRZ
34, Il IWPCIRES I BLR SRRy, RUE R SIS s A RUTR N . TUA R
J& FTHE J5 2 b 2 A R 3t W DU 2 701 o I AR AL AN [ 2 S BUUE #2888 Hh BLE
TORZ IS R, G FL 2 ) ) P A7) (RIS I v DA SRS 20 A TR R R AT
HEEEWCS I I, TUA M58 2 BT 0 BB HRIORL , T R o R A v D 2R
HURT UL BT R AL B3R, JF B T ARG A iz CGRIK)IRIZ) TUA %R
JE R LUK RE e EARE I BE E o AERUAHOS I RE T, R0 544 S 3L mT DA T I s o2 i
A, TR P ek th mT DA e Wb o e oS i e A2, 3l T LA BUICA R S A2 R — )= 4 B
R AR B A AL B, ANIE] R 3 1 AR o T AE T 24 351 T PR R0 S R o AR 5 13X —
o BRI, AT O o USRS Dy SR R (EANHRER D B9 = s BT AT
ETE

6.2 BHEEEHMIRTRE

AR BLOAW] 2 R BRITAR A AL & DR Ak, PT DL SR A7 T 4 7 [ A T o 1t 34542
o AT EREWEL, FARBMERNRERTRAREAE (RO R AT
THIE) AR RLAL — AT 18

6.2.1 TR HIEHIE

T REALEE L R RS0 D I 1] BY 1) A8 T A6 38 A1 2 (1) 2 /) AR A 3, {ELRE 2 i) B g ANl
FI B VI JE R R ARG R #1258 T AR, ARMEDCRE R A AL i 200 Hh b 0 170 B
DI AR R A E RIS AN, BUTARASIEAE R B RO ZER, AR BUR
A B A 0 A

(1) BAEYARI

BTG W T R 2, M TUE = MR BT RERS, ANRENE, [
SEATEAN R R Z M R AR IS, TR R el . BEE BT UNE A e, Ra0E
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AT P

A HESZ AP R BRI R, S TERCE EME B AR A, SR DI E LR, £
AT RAEREA, TR . MY, AR, JERE, W, DRSBTS EAE R R
S KB A ) R SR AL R

(2) FMiE

TR R — TR LA &t REG s A VEGE RITRRTE B, 408
VURRTE R ADRLDURUR A AL AL . RS 0ER R, RORLUR RO E R S 4nkit
R SR BE , [FI, ARCTTRRE D A E R N ) BRI . Bt FE 0
WLEE] WS B IE, — RSB IE S G KRR TR R, ARRE, 2824
SRR, FEBH T M BT 5] J1HA7AE (Moretti et al., 2001) . ) F G 3R A4 3dk AN G AR 14 T LA
FISRA TR R I 1), — RSB IE R AR E . RN, BXFR, i)
BIYIE S .

(3) [FPTRA /N

RPN AR TG I NIRRT, T/NETE PRSI . e AR TR B H S B )4
SEPE S AEFPRIRES G O%. WERBTYMEM I, BT ORI, thAh, A i
RS EET Y N IV e e

(4) BAi T kyi&

AT MER S T A E S EA T REIS T, EEIJERT, BEE=E
(VAR RAEFAMER, Wl AEH R X sREEE (WE 2D fff, A Jaam
W, P SRR O T G PR E R B R AR, BB DU R
L o FITE OWEE R, e BT) g R R AR AR, TR T G . )
JIR 1 BT 5] 7 BT B 34T T M FE TR A& B FTANR . /B BT TR B A T 44
&, TEAXSER, T BT ) B R R T R, TS 2 AR

6.2.2 TR RE X FHEE X

A S8 Ky rh BRE A B TR ), IR B, SR R IE B AR R S S B fiR 1)
B0, T X AR SR FRFAE AT AT 78 ORI SR AR B)ia 8 07 ), JF AT BLS B4R
DORRAIE AR EDUE, AT ORI B A 2 47~ & 3L (Alsop and Marco, 2013). A
SCH P A RFAERIE AR B 2 B A NW R, SE K, (HR A FITH iR E 2 3R
N SE &, NW K, RGNS s E G2 W KA T . 1o, i, &
TEAG & R0 1) AR A, B 2 [m) AR A T e 5 Rt GRS oG, Horb, M) 31 i [F T
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FAAT T Ha) 3 o) (RS /N T2 2 A vl e gl S . 13X R S i 35 iR AR Ak o A, EAT B
i, BREHREERKIE-E (SO ) YOt & #8 Bt 5542 1 At 5
KRBV IR EITTE S . IEFT W, X RRE BRI EEA T 4 =3 RITERHS, BEL
A, MEERmY. HrhE SRS LERARERS, B MRE DN EILRE
AR SR Bl T )6 17 22 5 0 S AR TR 7 TR AR A, (ER AT 2 SIS AR AR S ARk
&, WIHIRATETTIA), Al e REERE AR /N, ATRE SO 1 I AR T T 1n) b T 45 PR 3 T ok
N, ARG, DT EE I RHECS AL BT U] A SN, AN BETE B R i o R 2 R
B WX ARTERHEFR RIS T MW M) #IH, SE 2= NW; ATHSHIH, SE %=
NW; =B, SE £ NW; (HE2HERAHEEZZH TN SW £ NE. BifiEi
J7 M AT En A Rk, SRR T W) AR AT e 52 B H#A 45 ] (Jablonska et al., 2016). Z5 4T
MM ELRHRE, MU RIEME R BAERKRE 2 b, IE s TR A, AW
I AR TG KGR FALE, TR

6.2.3 TTHERX

BT BT AR A UGEAT TS, PR N =B Be: W ImET, it
AR IE, HAiE R BRI AR BAT TR IR G T DR AB AFAR K302 75 17 .
sz, AR BV PTRARIEX N AN R TR UIRES o A BV N RAA DORA B S, 14T
FIBRUTARAS I B T SRS, RS B R A AL I AE i 1A T3 3l o ] REAR A
RICEEIIN T AR I R 2R . R RIS CRIEHE, AT #)
&) NARIGTURI Y, AR B IRE IR AGUURR T K TR AL, e
i AR EEIE M T PR IE, AR EE, EiESE. R EHEE]
PR — LA FE AR 3, {ELRE 7 EAT 2 20 A7 4 ot PRI LA 3t TR A v e R e
IRy, AR e IR FRIE BRI A AL 3 AT BEARAE A KRR, (H2 /N R AR R i L
AR 531 He AR T R 3 R AR T S RS

6.3 HEEEREMHMHMRARERE

MUTRIFIERT , RATEBO I MR TR . 5 )8 2 b E A e, i AR
w5 B UG 1B R RD e H 03 R BT EEAR o IX P RRD e SR R AR (AT L
KD, ABRPRRE s, BURLHE N RE I th g, DRCHEWT IR AL W e A B, By Rb
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AT P

Ry o A AN ) RN Ok TR IR . X ORAR T B BORT RE REI DU L S »
BB ATE B, B AT E R . AR R A B AT R 2 A, AR E R Z )R R D
EARPEA, HEWT H ORI b A, AR X AN i 4R S BE R R 20w, M D
T 7€ o

FAFNH P ARRTEBEE S, YBn] Wa A ERb s R R R BER . Ak, ET
JZ BT, AL AR o 1) b AR R PR [ RO J5R B S i ) b AR e (R 35 AF (1 6-3).
TX P 2 e [ m e R e R AE &N AL T A A AT, TR e R T T =
[fio ABSEIX IR E IR e oA, SERKATIA B A B, AR ) AR R 1 e e ]
ReAR T AR A e RN, T AR ) b AR A P e [l Pl e AR TV TEARRAE .
FFPIR A, XIS r) b RN IR [y T (R S S i el o e B e e £ 43
ATRFAE ] AT T BElm] U I, AR Ya BT, AR AN ), H R 14 I i e e
TR 2 [0 30 A DA VRE Bt 4 7 DL Ay LT R R TR AR 23 A o AR 9 2 e [ i T 7 e
B, FHOCHEHIR 2R 7 2 — DR (Wi, PRk, 255D (Blaine et al., 2011;
Hill etal., 2012) o 53 4h—NJ7 i 50 T4 5 A e [l [ea) b BR U T [m] ) 2 ) 4 o SIC 3 A
SMIRERER B, ANIE iR A 2 Ay ] DUAH LA 4 . bt mT DUsad Je S5t 7 & 1) B9 I i 4 A
TETG L, TR S st ] DLdE I /K AR R B AR FH Ry i 4% 46 (Pyles and Jennette, 2009). 7
SMREEET I, WEJE TR S AR AR A B AR, HE A REROIUAHRE. It
S, WEB RIS A R R TUE LR s . o DA R EdE, HEWTAUE AR DU T BUR K, T

JE R BRI o TR AR AL IZ 5, AR IIARZK TUE TUAR, — 7 T - S0 4 A &6
TeliE BN S, BAOIREEB R, — i HERIR KRS AT BAE, IR S R 1A B AR

R iEm . WEE R E R SR KRBT IR)E, HEERY S Z 5 a ERE I
B, AT DIIESHAR A E R A AR R 3 AR A AL . TR, EAM R KEWEAT
WAESE TIX— 5, F08 Hay 4 A g m-ii = (Co-genetic debrite-turbidite beds)
IR AR Cslurry flow) (Lowe and Guy, 2000; Talling et al., 2004).
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2 B s L e T ST e T
B 6-3 TREHE: BRIEBRER (FH) MsREkE (B3

6.4 E|mEBIAIXTEE

KF =AW FCHIE 2 AL B, AT MR (2015) S0 08 E ik
ONKT BEI T, = BRI, i ARERARSE (2014) AN EH R i 8= EE I,
AT EE RTINS . B AMEE BN R AR SR S . (B 6-4), ERFGEMHLZ, =4
TN ) B 22 [R) RO A, AT A S, JURIE i AR AAROK
REBR B R - AET /2 R AT O B (i sts, T BME ARSI, i) &l &
TIRPURTIE B 5 AU, TR BRI A ey, H EMate S, 17
BE T — 2 AT ERR A S B BIRSCE B, =i s oo B RS
ARD GO HZ AL, B ANOLEE T WL, AT R BT A 1 AR s B8, TR
Hlm AR 2 o, AT Z BRI R P A LEBI R . B AT, M)
AT B350 1 5 R D8 B i R ™ 1, KPR W, WAL, RS RN, K
FRRAST AL, (HR TR R, JEERE T EORD RS 4, 5 LTS i
JESRE AT A, RERBEUIAX, TRRA, i N mytR s, Whik
R, AR ANAS IR Iy Tt A AR AR, ) I T RXT B T AT LR B AR A
ERAET 2 BRI, 10T = BRI R B R S MG AR B TUA RS, X
AELEHABP DRI P AR E - fn) AT SRS 2RI E R, &R A ik
R R IR AR, 1T 2 2B B T b o 4 oS ik s 2 R B AL e el AN [ml vh B 1 i
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RIERAS N, LR B R IR e, AR AT H A .

—> M5 T

—> T B H

—> T A

-5_ "“l".; -

& 6-4 BF AT EARN =AM E, BT LA TEERE, THEHmE, M #Hm

6.5 JTFAI R

REVIRAG RIS AR FX — E PRI — MR R o T ASTH AT FEIX
WITORR A SR BT DAY A ANEAH . Bh e (2012) AR¥EHITRRYIE N 10 R 4F (1
AL LK B (RAT SE U BRI S AN B 2% s B X B DU NI IR S P 80, U
TARAAE K T w] LU R, AT il AR K =M IMUTAR, I B 5 A2 7 R A i AR ¢
TORA PRI 1 X EE DURROREIEBIAT R K . (Bl fess, 20160, B kikss (2010),
Et (2013) YO R AUONRIGREEA TR, JFRH: IS IEEL L IR A felE
NHEIK RS s RS A EK, WA TERFIEAN R, A TR7KOZ BE B 45 AT 405
KERAEZEUF R B R RS, CakAd 7RIk, ARERRITIRTTR .
i ERrAL AR R R TR TR Iz 8 GEIHE2ITPD . ML G
AT BONAR AT BOF AR IR IR A 73« YIRREIE S TR & S 2 B R R R I BEAT A R 1 18

DO T, BRI IR AT DU R AE R L Rl T - Oy T, AT BRI (5 98
ROKEE, (HRRBE W TUA H LR SR AR B A YR st DD T
WHRNE, HUTRA D SR B L. —F A0 FAR R LS5 s T S i i i
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