B R
ACTA SEDIMENTOLOGICA SINICA

SCE S 1000-0550(2024)00-0000-00 DOI: 10.14027/j.issn. 1000-0550.2024.117
RO S HUIR I S 2 R

AT, 2%, Ak, £xH

SRASHIR” DI S, TERCEHREI S SHRER, A 610500

B OE L) RIS VLR SR GIR TR “IR—IC” REGFIR P EE I, WRE IR
M PRI 53 A AT R BRSSO R A R S T AR TR R A, AN
Mgg, Hipz 72 rE, ARSI =00 B2 MG, ik, RIS oL it 7k e 218
P PSR IR FE AR, H ATIE B Z S5 AR S WU SRR R s . DR Y 478
LETHIRETCRCR, R T AURL AR R 18 75 R GORRHE , AR TR iz 7 243 N P BRAGE
WA FIEYIEE = R2E . WIERE AR KA R R STE RieE, KRRk
IBAKEERKEUNI SN 71, Se ARANRIA R B I, SIS AR VIR (RS, S 1Bk Eh ) B HERS )
MEAT 1 R RRBAMERBGE R . 7. HE. Bk RE. kiimik &k, #izn
B FERE T . R WA BRIRER R PR A SR A R A AR S . W
R Z BRI pH . Eh B WE. TR0 81U A O N Bl A Oy s . AR
B V) 5| IR SRR A Y E Y BE R AR R T RS . (4IRS R ) PRI U7 5C
DAHERS 77\ #ifr I RO EE DR TN IR BN J1, AT E B TR I (e 208 = B0 I VIR, %
pH fH B2 S R R 3RS s AR E 5 T e AR L USRS PR B RN A W B A 7 2R e AR R R
SR B R A T IR TR A A L ) 8] 7D A B PR TR R I R IR 5, SISO SR IR A 5T, Ak,
AR FRAE AR F 8 B A 00T, DASR TEXT AR TR 08 o FR AU, S AHRL R 2 R ) 1T R
XBEIR AURIDUR: WOSHLEL: AR AL DURURFE

F—EEBEN VRFE, 5, 1996 FHE, HABRAE, RS, E-mail: 15531516085@163.com
BEEE %, ¥, #, Baail: 445371976@qq.com

FESES P5122 XEARES, A

0 5%

ARLPTCRRYIAE A A R fe kAR /N T 62.5 pm IR B AT P TR 02, i gy 3 A
TR LA RIEB Y BRIR R AL EC). 2007 4 Schieber e al MR FH KB 5L 56
WEB T & L0 I RE S LE S R KR TR R DA, B T AT AR AR 7 T R Gk, B
FARLTRR A FOREN TR B . 205, WFFEN D3 ORI FH KA S5, UEBH 1 4H0ky 100 R0 40 R B
TR ER 1 VD BE B AG D R — R W FR TR, G B 7L A WHR N, AR DURR 008 I G
R B FER. BORBGEE D m U 2SR AR R s RS A B ORI, EDIE 74k
VIRV R AL =R KB IR T W o BEAl, ARZ 235 U310 dg i, fh2EE AT Y

WS EHEA: 2024-07-17; WEFREER: 2024-11-08

EETH: HFEARFFEAEM FIHE (41872166) [Foundation: National Natural Science Foundation of China, No. 41872166]


mailto:15531516085@163.com
mailto:445371976@qq.com

VEFEAIRLITAR I A B2 3 R o (R R4 T B A 10, SR e RO e it 1 BRI AR 27 10
K o G R ARLITAR Y iz Jr AT L QS 1 R R, (BT AR TORR 27 At 45
BEFEAIIRGENS , H T N S0 7330 B X ORI R A Rl s 77 O R RIS 4. BT
I, ASCBCEEANEEE T HT N MR TR, 2456 AR M BV A 20 = B — DU Be AR AR s . )1l
AERNZFACRD R T WA CalmEnliZl) —BUR TUa I FERCR , XTI YRz 5 30
RFAIE A 26 A AR B IR MG SR AL AT T R G EEAL B 45, DU 4R Y
TS WL ) Ja SRR AT TN AR TR TR LE (AT Fe R (1 225, Wit fre gt 4 iR 22 2 i
(I fie s RIS D B B A T S O B8 ST 4%

1 YEits

MRV Z s 77, BREIKIE . ROUIIE . IRIE . R s Al
=B 7200,
1.1 JAkHRIE

B AR MK L BT P AR 8 LA R R EUR 7 RAEDK Pz Y, K . RLAR K
/IN22-23158 S SRR T AR A S AT PR K B DR 3%, 451 VAT AR JE 348 T AR AL UT AR ) e % Al i B
KRR, BB VR AT R P2, BN R TR B M IR R e IR E g, BRI 5 7E KR
HRIE, MIMIE B i EE 2123, Lamb er @l PSR 5T 8 ZAREEYD FURIE H 180 NITAY)
WREEHIT, AR T AR IR 2 LA BUEA Y BEAT BRI . Maroulis er al. P78 %
I, I oy — GRS K S B RN S S S A R B, A R A B I ER S T R
TR /Ny 5 B AR TR ) S o 398 Bl DR 10 42 8 Ak 3 2 DA Abl A S R (R VR 50
BBk R T 2R BT 2 125, 2R A 1)U AT 80 7R AR A o (R i s b — A
REO, KIESLIG R, XL BB T AR FRE T, ERREE LALLM m A
ARKREEER, BT3B AR R, AR RA RIFREERT . — ki
BT, KRR AR RS, ZEURBEIREEHTEA, R AR RN, A, 7ER
BB, X RBHA SR EMRRD), MEERMEETE, ERRERAER
Y. PUIS IR, X PR ITE 2 S5 0 5 RIEE A 391 b mT LTS O] e T R REA )

KA A AR ORL LR (PIC) « WEMTENLER (DIC)  BIRLA HLEK (POC) FIiA
fEAE LR (DOC) B, WF5LREH, 7KK POC A DOC M Hi s 3 /K 74 /& 4 BRERE 3F
EHLIAATON, H A AR A BRIK R ) BRI IS 1K) POC 15 110~230 ZRER2. 7K A7 ) POC
FEANREIE I WRCR R AR IR AW, FZE K R R RSN KAk R i) B AT i

=



VPR T35 R YIIOE DL FUE

FEAIAN R LK A R ARy 2EL F3-331, J] 7K e g Bt e N 400 = 2 ok L R A0 B P 0 3 LA
REWN. WA Bk KRS IRK ) 2 MK R POC ) 5 22 [H K B133:3539,
BHEINH, WK POC BB ARLE R U Y) — RISt (R iR Fo R, Rife
BOR BB R m RS « RS S UBORLAT I eI 1E. (LD TR R T BIE B, Btk
AU AT &5 LA 52 R /AINFIIAR e R AR OB B Ay TR PR SRR PR 1 I
K ORI B A S A AR |10, dE I AR R, DD AT PRER T A URLE AL 5 A R S
FIURE 2 1) (R RH LA FH 2 3 B0A HLBT IR BB HR 1404344, 5 /5 [ BUREAG ATLBT ZE VR 7K ol A g
FWEEBY . E NG X T Z B RS MR v DU S B o 4Bk AR s, IR RTE . K5k
T ECAS KL AR 1) B8 € R i 5K 98T SRR R ER 0™ MUK IS &) 43 A1, RIS B b, )1l
o DX T B AR O P R I B e A T AR SRR AU B O H . RT3
LSRR Y E (B 1a) , BT BURA VLR TR SIS ER R, 5 A5
AT DERE, S H0E N BT B AR AL o
12 KS#IE

KA AR TR E B VD AR KL RIS 18451 AR VDD B2 R, Rifs
7E 0.1~0.5 mm FAB0RL CABKER 7 iz 3y, 0.502 mm FIRLE LG ) 7 ATk, /M T 0.1 mm
AL LA I 7 SIS A 10, b 3 B phaolgy MR AR A0 JERG B, X SRR T A B R AT LA
i3k B PE B R DT 2 B AL BEORTR RUTY, 5] A v b V5 7 A R 24 R i 9 LI 2 56
(Bl ZR R0 I L S5 H X 148490, O’ BrienS0HA Ay X7 #5128 2 72 b (¥ 0 0 A0 6 1 B I7 DT RE
T AR KSR 2 N TORLIEE 43 4k T S84 At A A0 R0 8 2 RO L T 2
— (B 1b) o KT BFEA R R RGN KK CRiAR/NT 2 mm) A8 K% 5 R 1EH
AT K BE 402, BFFCRBIRIAR /N T 10 pum K L AR BTORLLE S Hh 45 B 6F 1) AT AR I 10 R
(51, FLREHAEA, Bl 7 JTERTEE R 2 B NBIR, 3 000 km? ok L AGRHES HL, 3
K- 7Bk, BEES KL T2 000 km AR ETEEGTRR T 5 m R KL AR,
1.3 ERE

JEGR I8 8 HR R K TR R rh K R T KRR, Be 3 Bl 1R AT AR 1Y
2K ANEARRIA50), SEIRAR 2 IR 1 20 EL A F AU TR = 575900 eIt 1A T 1l 5 i X T
K W BT B AE 2 Rl R R A R4, AR R IR S B, TR 43 AR JECAL
TR BRI TR JE IR P8/ PR 17 IR 3 7R S 9 TG 2K 59-601,

WETCREA, TR 7K A b R AR 1 2 RIS AL IO . Smith er al 25341 1 35 R 46
B B2z 2 0 3 — R B G R A WU R (L TUE 5, USRI MRS F 2 TR 0% B AR



RO BB R, U 7w AU DU AT DR T B — 8 7K 80 10 & 43R 854 ; Schieber et
al VT T B J T KR A MR S, HR A (R AR 5 UL E [ B £ SRR
TR, 5 CURR A 7 S5m0t s, & 7 AT 4R s pL ) A AR
Paz e al SIERTIRIE Neuquén 0k 2 400 01— 20 R AR TR = o, RO T K&
SRS T B AT IE 3 WORAS S Z B S22 5 W3, 3 T 5 SR kL AR g i R 11
PRAE .

7 5] K i R IO B LI DT IESOS (B 1o , TFATEHE. BREHE. ERZ
W EFORZEI. DR LE . PPRACHZH . A B E L A A R ICT IR AE
R BOIRASHE R EE L BICIR 2B 00K J2 B A TR A B 7 I IR TR A Hh AR H sketea-esl,
XSGR G LA S I, IR — AN Se R AR 7 41, AT FT A o i 46 A 28 R gk
A7 X 43100, {H DU BRI BE T R AL A A2 51 M3, G feg ) B 8 T AR 3 X 70 S [ 28 28 11
JERU A B AT AP R0, A< W1 VD3] 1 4 = B — VBRI ST R o B8 R K v, 8 L
U6 77 R RORLAL R IR B R (B 1), BB KA 2 RSPHES, UZ R, IR TR
Py IR E P I B RS RS , U 08 IR A R KT8 3 1 Z 0, HUTRR I 7K R B A1
BEARIN ) LA BATRLFRAE, TR 2 RIS BN TS, SRd LR HEWT, 228 W10 Vb
M = Be— DU B A 5 U8 5 B TR A 1 3 s 32 g 2 SR UAE RS R TR I il B A 3539 AUt
TeBUZ, BB R A0 07 A SUZ RIS DU, (6 R SR B R R e i A Bk
NHEH X T — B D BT U6 2 B UM RS 2 o, G022 18] I E Al T 5 AP B b R T, P 0
18 D0 S B e It 22 5 4 FH AR I 82 S0, 3843 BB AR 3 rpm] LR 78 DrORR A et PO S L e
Fro WS P B RS Z R TIRRAE 288 (18 1e) , 4R7R T TR R i
KE -
1.4 RERMHI

FRPAAFKRANG () &5, BTN EZS, FREW G MK Mg
(7], 7% BRSS9, H KRR HUR 2B TR, HorhE A RS ),
Kineke et al."l@ 1L 5341 Sepik T 11 BRI 7K s o (¥ 8L TR A AN B0 52 0 43417, 485 4 M 7 ¥ T 0
SRR, TEB TR K B 53 4200 T LA AERLIT R 02 B K AR AR F iR BEJS
Curran et al. S H 57 42 30 o (K187 DU ) SR G DT et A2 15 XU s U] AR A5 %, IE
ST R BBk A 5 K T UL T 7K 5 IR 1 B A R 48 IX SR TR A R 4 S B A
IR AL EYUAR . SERRF 7R, SR 0 I TORR 008 BEA2 TVt A R U A 4
i, 5 TR A I BRSO RN, SR TR I, TR I 40K TR ) NI T B
MR, ERENRAIERT, ISR KE i E L0273, R 7 B W # R AR

B



VPR T35 R YIIOE DL FUE

W RBE R 2, EREEZEMUN, O 5 I AERARTT), TR E I SRR 3G 105 [T AT
WAL KgIEre (10

B 1 AR B SRS L R D UAR R AR

(a) BERANUREE, YY2 3, TZB, 3725.64m, 3000x; (b)) TUEF/KTESLNMISLUZMB HLUZH)Z, B 2T
Wi, IR (o WHELZE, EHFWULH Edop H, g, BT T TR AT BURL M BRE B A, FY L 9F, W=
B, 3127.90m, Ix (o) 5 (o) RHEZEH, YY3H, TB, 355410 m, 1xN(- (D RBRRERIVIRMIG, BEE, O

glé/% [77]

Fig.1 Deposition structures formed by different physical transport mechanisms
(a) terrestrial organic detritus, Well YY2, Jg?, 3725.64 m, 3000 x; (b) horizontally continuous silt laminations and clay laminations

interbedded in shale, Appalachian Basin, Devonian®; (c) doubléclay layers, Edop oil field offshore Nigeria, Pliocenel®; (d) lens made

of micrite calcite grains, Well FY1, Es?, 3 127.90 m, 1 ), cro§s-bedding, Well YY3, J¢%, 3 554.10 m, 1 x (-); (f) deposition

structures formed by plumes, Cameroon, Cretaceous!””!
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Fig.2r Sliding and slumping sedimentary characteristics

(a) Bottom shear surface, Well MD2; s, 522.13 m % (b) dark gray elongated irregular mud clasts, Well D41, Cretaceous, 2

o

143.60 m 2 (c) reverse faults and fo, Sea Basin, Upper Pleistocene [¥7); (d) convergent bedding, Well S548, Es?, 3 247.35 m 83,

(e) clastic dykes, Dead Sea Basin, Upper Plistocene !); (f) mineralized cleavage surfaces, Dead Sea Basin, Upper Pleistocene )
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Fig.3 Turbidity curtent Sedimentary characteristics

(a) schematic diagram of turbidity current sedimentary sequenée!'@, Base: erosional surface: 1. homogenous laminae set, with coarsest
grain size; II. continuous parallel laminae set, with relatively coarsé grain size; III. discontinuous, curved, non-parallel laminae set, with
relatively coarse grain size; IV. continuous-discontinuous parallel laminae set; V. gradational laminae set with indistinct bedding, with
finest grain size; (b) multiple normal grading sequences, Well NY1, Es*, 3438.58 m, 1x(-); (c) erosional surface, Well T41, Es*, 1

240.50-1 240.62 m; (d) cast, Well FY LEs%.3 277.35 m
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Fig.4 Gravity flow sedimentary characteristics

(a) reverse grading structure, Well W1, Paléogene!'*!); (b) wavy laminations, Well W129, Es*, 2 554.02 m; (c) carbonaceous detritus, Well

W31, Es*, 2 530.80 m; (d) low-a/n& s-stratification, Well W7, Es*, 2 733.50 m; (e) climbing ripple lamination, Well FY1, Es*, 3
444.24-3 444.44 m
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Fig.5 Storm depesition characteristics
(a) storm rock sedimentary sequence; (b) erosional surface, Chengkou section, Upper Cambrian Series!'¥; (c) wave-formed

cross-stratification, Well W129, Es*, 2 555.50 m; (d) bioturbation traces, Well W129, Es*, 2 555.40 m; (e) coarse-grained lags, Well FY1,
Es', 3 436.94 m, 1x(-)
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Fig.6 Muddy debris flow and wave-enhanced gravity current sedimentary characteristics

(a) sandy clasts, Well X4, Cretaceous, 1 130.66 m!'®?l; (b) muddy rip-up clasts, Well L57, Chang 7 section, 2 356.49 m['*¥); (c)
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three-layered sedimentary structures of wave-enhanced gravity flows in modern sediments, Eel Shelfl!!'); (d) silty clumps, Well YY2, 3

743.36 m
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Fig.7 Characteristics of micritic carbonate minerals in fine-grained sedimentary rocks
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massive micritic limestone, Well FY 1, Es*, 3 437.54 m, 5 x (-)
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Fig.8 Characteristics of shell debris and bigturbation structures in fine-grained sedimentary rocks
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Fig.9 Schematic diagram of three different types of biological transport mechanisms [13]
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Table 1 Summary of fine-grained sediment transport mechanism types and characteristics
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Abstract: The study of fine-grained sediment transport mechanisms is an important part of the “source-to-sink”
system theory of fine-grained sediments, and it is significant for the restoration of sedimentary environments,
understanding the distribution of fine-grained sediments and predicting the distribution of unconventional oil and
gas resources. Due to the fine grain size, which makes them difficult to observe, and the diversity of transport
modes, each transport mode corresponds to particular sedimentary structures. Therefore, research on the transport
mechanisms of fine-grained sediments has progressed slowly. From a review of the existing research reported in
China and elsewhere, it is evident that there is still a lack of sorting and summarizing research findings regarding
the transport mechanisms of fine-grained sediments. This study synthesizes current research, systematically sorts
the transport modes and sedimentary characteristics of fine-grained sediments and classifies the transport modes of
fine-grained sediments into three major categories: physical transport, chemical transport, and biological transport.
Physical transport includes river water, atmosphere, bottom current, density underflow, and six types of
gravity-flow transport. River water and atmospheric transport rely on the/forees exerted by water flow and/or wind
to overcome the gravitational force on fine-grained materials. These/are ‘mainly traction force and load force.
Bottom current, density underflow, and gravity flow transport are triggered by tides, wind, earthquakes, floods,
storms, volcanic eruptions and other means, with gravity being the main driving force. Clay minerals, dissolved
organic carbon, carbonate minerals, iron minerals and others are transported as colloids or as true solutions.
Dissolved substances are affected by environmeéntal factors such as pH, Eh, temperature, pressure, and ion
concentration or charge, and are transported by chemical means. Biological absorption and enrichment,
environmental changes caused by biological activities and bioturbation all affect the formation and transport of
fine-grained materials. The transport mechanisms of fine-grained sediments can be divided into three major
categories: physical transport, chemical transport, and biological transport. Physical transport has diverse modes.
With driving forces such as tractionfofce, carrying capacity, and gravity, it can form a rich variety of sedimentary
structures. Chemical transport-mainly involves dissolved substances and is affected by environmental factors such
as pH values and temperature. Biological transport influences the transport of fine-grained substances through
absorption and enrichment, alteration of the environment, and bioturbation. In the future, attention should be
focused on the interactions among the transport mechanisms of fine-grained sediments, the accuracy of identifying
sedimentary structures should be improved, importance should be attached to simulation experiment research, and
the quantitative analysis of chemical and biological effects should be strengthened, so as to enhance the
understanding of the transport processes of fine-grained sediments and promote the development of the theory of
fine-grained sedimentology.

Key words: Fine-grained sediments; transport mechanisms; triggering mechanisms; sedimentary characteristics
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