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Fasg K T IEAR R PTRREh 2 A A, (2D ZK T TRIATE TURR 5Bk b 4037 T 3 ) 25 5 Bk
ZRGINH. ERFUFE KT HRATE” MESENHPEES B, BERZAT =/
PHAE S 2 TR P2 S T SR Rk el R B, A G iR BN ) IR TE MR K R
Sr A TE R R T AR EA R, RUHT R 50 . IRk, FERIFIEBANKE, &
JET = MAPNHT 2 0 7 B s DA A2 A H TR B 77 2# L] (Mulder and Syvitski, 1995;
WAZ 5, 2015; Zavala etal., 2024) e =PI RIS 70 FinT 38 F p R e
RALH E AR R E I (hyperpycnal flow) 235t /K M FE AN L, i 7ih
JEHR IR BN ) v BEAR, AR5 b — P K SR 1 B iR (Bates, 1953: #{- AN A,
2020; FEEES, 2023) . Bates (1953) FH w4 R ER (hyperpycnal flow) , HH %
HWGH VN E R BGEE R (EfY%, 2009; [, 20100 o 4K HHHEE VI K
3 R I A K e R, RUdOR B, IEAER, IRETIURZ WA, LA, B
VS L B BEOR Rt A5 O v AR At ) R I IR MRS, 2017; 28
BREE, 2018; ZEAMHIEZE, 2019) . FERIREISFFEL AR = MM AT 1 X 5 E R
Wz R SUURBI 10U G2, 2015) A] AN = AUt AR AR K R 40 AT 38 (1
A AR R T BT B8 (Zavalaetal., 2024) o HERERZ, FERITRALEEE LK
RS, E5 2R TUE WA E REGEYRERER (Cao eral., 2024; BH R,
2024)

o IR 0 e B IRCHE AT X 5, A B = T S i, Gl wir = A —iR 5L
it DU e A NIROKIAEE . X —IARAE BRI 7L b 43 BHESE (Okay er al., 2011;
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% S IR UTRRE FOABIRON, K R 58 o 1) 57 B IR K — 2 AR AR R B (Steel et al.
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R, WA ABSEK T HmAER B R REr: (SHRES, 2014; B/FE, 2024) .
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TRUTAR B 70 IR A G R R g R AT e R =

BT UL B, AN SFERUIREIS A R, 4G E N AMRETE SRR, FRA
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SRR WA A K F AT R

=YK R 2 AU E AT RE A R L . A SO SE I iR 7 E I = A TR R LR R
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T = A NIRRT 8 25 BT 18 5 B R 7K R 20 il S8 R OB AR 2 % =2 8] 23 AT
SO s R R H RTAS R B ) L5 AR SRATTE TE T T8 o A ST S AE D i A A A = A I AR
WX MR R R A IR S % .

1 =K i E € 54X

= 1\ P o s i Y T AN 7 2 P = e R N1 N T L3/ A= K YT 5L /I
SHERRTT T A0 B T ULR R (Gilbert, 1885; RH/RZ MR, 1987) o FRIFVIFIEE AN
KRB, SER = MIER TR A=A EEME: = ANTFREHME, FERE SR
B RARSERZ W RGO A ;. = MINATSAR, A FIREEZ FIEAKX, REKT
SRATTE T SR ROIR D S SRR BT AT = AINEAE, Ab TR ESTH AR MR K
B, PAREUIRCANE . X P = Ju85# R W TR 3N 7 45 3 /K 2 B 2 A B F 0 AR e
B, AR = AU BB AR . 7EZ SRR A A N AT A 1) S B B e —
KRR, AR AR b AT e KR B AR A NG ORI B ) DR b
Ltk sh i = E sl JRER, KT =AM S K B KT 2T 54 3 e DT
MEFRARME, FUUZOE T HRBHLGR S RFE RS F it . @B A MR
2 POCHR IR, AT DLR IR 2 R S s e A7 3 U s A, X R b R AR
FELULRHATm: .

(1) EHNZ IR KT 53 G0 TE R AELE S5 15 S TE L AR R . TR EI R AR
YOI TN, ARKAR 43 AT S AT 4% = A N G UAR BT, TR B S 2
HERB AL SR, RPN W2 BRI T AR M. Hlan, #9401 %
W R AT A K R IS X — M. BN A= AN TARR, 3 B R 3L
TR FIRI S, TR GK T - mFE A, TRRIFRAHCH 4T (PhKAEFI 2 A,
1986; ® A FRE XA, 1986; MR KELZ, 2004; BREERZE, 2004) . UL, Lidgm
EHF WA TN =T EAAFAEK N SR ERAE . i, FhkrEEER (1986) 18 (#F
J& E IR A AN GTRR AR ) A B B4 = A PN AT R 23 ol DL, S A HUAE iR B oG, (HIFR

BT RBETR T, JEHRA=AMPTAREE AR w551 b, A 46K T 2
IHEVIR. R, #a%EsSEERMBEER. DRV, MBI RIT £ M ERIE,
PRH T RBOM A, BIEIER MK 2 i E XM LU R, W] RE BB b 2 T 7E AR K L
WO A, e R KA B s iR (BARZES, 2014; fF&4%, 2019 E/MF,
2024) o K, BEXSKN G TE TR B T T AR ZE S . B 2 MR, K
NI E A AR G R, EBESER T 4k SR mETR S I T R s, T o



FERRIEINTE, PREEWN, 72 X2 . BRI AAE T2 20T 2B P HERIL G-
D, BTABTFUEER S 7K T2 E WA SRR S GR D - HEREENE, X
SE SRR N I IE VIR O A — 2= R, BlnE B S (2004) A NK T2
HE SR ORI RE Y], BRAKFEEERRR GR 1D o R TUBRF TR E K
Fefiih 7 R Tk AR, FE T BUARAOREL, JK R 2 S TEAE TR B L] R RE IR
P R SEA R e i RS A R 45 U7 T AT AR SE R AN PR R 1R E
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Table 1 Comparative analysis of subaqueous distributary channels in deltaic facies from classical
academic textbooks in China
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(2) ENHMEEZ B BRRAREAEE I R 5 05, RN A1 2235 I R 32 tH B RS
Rl AE) K S i E iR . a0, B4 Boggs (2006) Fl Nichols (2009) 4
AP EHR T, FRRIR R =AM BT S ALK T 2RI TE GUARGOH T2 DA A 23 ]
CORP LA & = AT & 10 E BP0 . Jain (2024) TEUT S HAR A CUURL 22 S Al )
(Fundamentals of Sedimentology) — i, JRARYRE K =M INATS KT 7 18 KIS (&
D . ESEt=mME 2 Ea AR E=MMBER (B 2) , #lin7E Coleman and
Galinano (1964) $2 14 S AH = AT Uy, 23 VRTS8 A T 7K N 46 58 2 v 5 B
R A, B SS T SOTIR I — B B A 2 (PKAERIZ A, 1986) WL sk
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Ca~c) =AMMPBADTEIREE—— =M A2 (delta front) F=FHMFJE (delta top/plain) K FAHRGTEY . #IFAEH

(progradation) J¥ & 7] 2SI IYTAFE 51 (coarsening-up sequence) ;  (d) =AM F IR A& WLATE 2R (channel types) ;

(e) =MW RA BIFERP I (b ) R4 tiiE (distributary channels) ;  (f, g) ¥i/FYiF (overbank deposits) FlK
SRIZ (levee) MK RILFE N
Fig.1 Typical sedimentary units 'and a depositional model of a fluvial-dominated delta (modified from Jain, 2024)
(a—c) the two subenvironments of a d eltafront and delta top/delta plain and associated sediments; progradation results in a
coarsening-up sequence; (d) channel types‘noted in delta plains; (e) bar-finger and distributary channels in a delta plain; (f) formation of
overbank deposits; (g) levee formation
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JS2FA v = N ORR B AR AT T — 2D R RERNSE A, JCH AR AE Rl A 7 = A I TR 22 sk
KR X FE SR B = DRI S b g M (R ESSE, 2012; BANES,
2014) o 4T, Pl AHA R TORR A T T 3 4 EL ol DR AR D = A 1 iR 20 SRR T ) 7K SE e
H= 8, AEXE T UHMR PR3 AL sk = R G B . AN, KR 2 AT IE AR A A TR
Fe 5 s R X b 5 [ AR AR T 4% = I B 2 IR R AR BB 22 57, ARORUTRRF A1 I R 4
WRIPEARE, FEOLERAFEN L GBIER LS. ok v @ e ey H AT = i
GOK TUIRTE, JEHRK T 720 i iE MR s LRI AR . BT, KH
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Fig.2 Depositional model of a typical fluvial-domi delta front (modified from Coleman and Galinano,1964)
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HAERFERIR . BEEFTRMRN, FERBIREIG CBHEIRME 2, JLHLERK
PORSUR . RET/RZHEM . fIC A, B . 8 BORZ & KR &l R A
BROMIE T R BRI GEREZ, 2017; Z8EEZ, 2018; ZEAHMZE, 2019; BRERE
%5, 2019; ERPRAVASA fE, 2020; JASLZE%F, 20205 #HSE, 20215 X#ET%, 2022; f)
AR, 2023 MORITAE, 2023) o A DMK H R AL 2020 4 H R K00 R okt
(MRERS GBI ), C8KRERIFANAPNIEKEJRITRBEERE Y. 3
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fluid dynamics in a river-mouth zone (after Bates, 1953; Zayala and Pan, 2018)
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M E R AN SEIERE, REZMMITRPRTRAE R ERVR, HEBRE
TR P AEROK E IR DTSR . = ATV AT 58 b T 57 B R TAR D 3R O il 3R A
TR 75 = BRVIUR IR SR 2 ZE D TRKITIRHE . A, 588K, £
HA T S R SRV EE R AN, S B R AR 2 vk K A VD AT B N W BN IR S T
FIRRSE FIBAR . X — BRI g T HBUBRIE RIS T H, IR B2 =M AT & 2K
A e RIS AR . DURYTAI LTRSS, 5 B AL HE N G J5 7T T BURE 8 7K IE TR
P50 (Okay ef al., 2011; Fabbrietal., 2021; Jinetal, 2021) . VTEER, 722 H0
R HZ AR H ) B ACE —o A TR DK (Steel et al., 2018; Doueral., 2020,
2021; Dou, 2022; Olariu2023) , R | H RN KB THKAERE SN R . XK
PR T ZMINTTRA R 5K E JJRUTRE R Z RS — MK “fha”
B 5 EIRAE = AN TGS ic . SR,  H AEH S0 i A A 721X — SR i 5 (K F 91+
PSS, SR MM T 1K & R BRI R AT R R A Oy AR 2R, X H
FERHAS T 3TN = A K R IR I 2 e BT I B

GEA TR ERPURH A FINR, Zavalaeral (2024) 3BT PUAR B /K AR B 5\ &t
RO VR YOI IR 2 BE R B, K R R DU S = TR E N — ANk, 1R T — R
= AINPIRRR G KT7E,  IRIET O X YOS ML = R B =AN K. i
O\ 2 b IR 2 A T 2 MK AR B FE R, S TE R R IR =AW Chypopycnal delta) , 4
TN Fa b B T R R A b K A RE AR, k& R RV = /A (homopycnal
delta) , BIR/RAA4ERI =M. SR = MR 25 3 = M8 T 401 = M i &q
W, JERRMITURY) 3 BEAE O X P EIER, DAL= AN a0 S DHTRUNARER . i N7kt
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Chyperpycnal delta) , FAJ DAk — 2 FEAK 40 v 5 BRI & =M W Chyperpycnal littoral
delta) . S HE /K F = f ¥ Chyperpycnal subaqueous delta) . 5 & i & = 1 W
(hyperpycnal fan delta) 25 =Fh-F358 (& 4) . HAFERK T =AM DX FENKE
AR ER, BAEMNEEMLE, FERE X R RS0 i sl i,

A DATE SR B 2R X FIVR K X 0] LUK B S B IR KIE, TR BKIE—R AR R, B
B EANAUE RE (Zavala and Arcuri, 2016; Zavalaeral., 2021, 2024) . {EIXFERIIT
Uk FR S, W 0X 5230 5 ER ORISR AR, kK 1B K 2 TR Re e @ il = A
A AR . RER =AM HERRM IR H, DR ERUKE X —EE NGO Ty E A
B AR S ORI R R, TR T — N84k (B S5 , AR
HRUTRSRAE T — i i L
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Fig.4 Conceptual model of hyperpycnal flow delta deposits in shelf-slope-deepwater environment (modified
from Zavala et al., 2021)
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KB BT =AM S EK TR S Z B TR A 0 KB B3R X, BRIk
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Fig.5 Conceptual model of hyperpycnal flow delta distribution incorporating depositional processes (modified
from Zavala et al., 2024)
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BRKIX o JEAER, i — i 5 R A I 5 R KE R IE R s BRI AR E . X
L S5 158 B S BN = AN AT oK R IR AR A B S, DR DR R E =S SR 1 4
Y.

(1) B & KR 12 2 ) AR i S B IR G UURR SE . (Bourget er al., 20100 , HIARE
WP R ERTIREANRE (B 6) o % 7T i 43 3 2R B AN 22 9% SO R S 3
R T e B R E FUKE— A E# (CLTZ) » B = A9 1 X [ K R 24 T K E
FIE A BB 25 kmo KBRS HA R Z A EE/ANT 5 m MR R BERIREHZES
s, R R S R T MR BT, B E I BOR—IE
BoREb A, 32 o T A A N R RGO TR R T R B (hyperpycnites) PR
fiE, RE AR RIT S A AR o L, WAt AR BRI . X
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Fig.6  Depositional characteristics of modern shallow=marine hyperpycnal channel systems on the Oman

continental margin (modified from Bourget et al., 2010)

(a) interpretation of channel-lobe complex, with core sampling docations marked on the diagram; Four sedimentary units within the lobe
are designated as Ua—Ud; (b, c) core photographs, X-ray images ahd detailed lithological descriptions, including grain-size analysis and
AMS radiocarbon dates for KS04 and KS05

(2) FEFKE AR TR B R S5 TH 24 . Steel er al. (2018) FEFTHREE N & H
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VORRYD, =MIK FUTRR BT MR R E N A

(3) P F ™ 5 BEORLIT i 1) = AR W B 25— 080 S S AU U SE M) o AR I0 0t Fig 0
VLA = BOR IO P b, R R O RN = 4 72 BE R 78 R BRI TR 7 ) i R &
S E R K — 4 AT (Dou et al., 2021) (B 9) o FHDMERIL T FKR i
EHL 2 AR . FHEYIRE R . SR —IERT Cn TR AR E . X R E
TR IE SR H = MM AT H X, BA YRR AR K R RE il 456 = 4Eth
RERL T, ESL T R E A K E TR (B 100 o R B IR/ Hin 1 XCAE R 2



FEESE.: MABE =AM KT RITE” SR

WA, KB F D) E5 2 1 I 7K R 2R AR TUAR o i I 2 g 3 T 41 57 B AR
WFRAMGE R T = AMATG—R B X 7 ERKER A B, BN =AMATEK T 2
T8 B S PR TR . B K S ERUKIE, AR BRI TT R R N = A AT oK
T VIE, TS SRR TR B LK T IS, SERR A BT ) S B K AR AR AE
(Dou et al., 2021) o XU =MMATGK N RAIENERME TLRE, RIS 7E
WUTRE VIR, S BT BE 2 T K T 70 At 3 ) B B S

e e

,_* \— — > = h/./

Bl 7 kil BN SL B SR (R Steel eral., 2018 {2250

Ca) &Ky, T O S5 T R0 o e s i) S 0 A 10 UL SR A ¥ o 08 AT v AL o 0T T R RELASE A ANVBIR o TS e A 5% Y
HE. (b)) FERUIBVERE, ERP R R R T, SC M CT MAGHRGEHM LR, £ LM CCMHITEHH
KRB ORRARE . KT I E BRI (n=13) IRk /KT 7 N AR B —2R
Fig.7 Outcrop profile and interpretation of shallow marine hyperpycnal flow deposits (modified from Steel et al.,
2021
(a) outcrop photograph showing cle: rogradation of sandy lo)bate bodies from density currents (visible in the central part of the
section). The top of the profile (jf'%:} ~COarse-grained sandstone and conglomerate, forming a weathering-resistant layer; (b)

(

sedimentary interpretation of the ou andy lobate bodies of density currents outlined in yellow; SC and CT facies associations
shown by dark green shading; CC facies channel in upper left-hand corner shown by tan-brown shading). The paleocurrent rose diagram
(n = 13) indicates dominant SE-to-E flow direction

B AR, FERLE R OEAEEEEEEE, BRI R A TR R
Ao RERKE U FAARSBOKEAEMEE ERWMEEZR . ERXERERN
=AMEE X, POKE SR BRI KEVURY), K N FERsEfd, B2 A K
TEAN S AR A IR S BOK T TR AR &R
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(a) /NBRYTTRAE I 28 TR 1 B SR R MDA AR .t TR RO RE A B, RURLSTA) BRI R X IR; (b))
KD 5% A 28 5 ORI R AT s /NI 51 A A S B YA i T S R A A AR s 55 22 A 40 PR K 2R e ) B
IR S, A R IS 2 AP B IR (4 Steel er al., 2018 250
Fig.8 Schematic paleogeography of hyperpycnal shelf systems
(a) deposition of hyperpycnal lobes on the continental shelf off horg om small rivers. Coarse-grained material remains near the coastline

due to low flow competence (shown in red). Dimensions vary,
shelf hyperpycnites on a larger scale; Small rivers induce hypérpy:
systems, larger rivers bypass the continental shelf and feed coafs
Steel et al., 2018)

ates based on modern systems and in this study are provided; (b)
al’currents and deposit sand lobes on the shelf. In lateral- to shelf-
e-grained material directly onto the slope or basin floor (modified from

b % 0 Al A

- & 7| =2 | - = e
A6 & - : i I l_ e e 35
Ardh. B S B d ) Mk R b MBI AR 2 i 4%

KO AA TR AR 2H b 57 ELRUKIE R A HRFE (4 Dou et al., 2021 230
(a) BE=BL 1 R E ) K i~ 4 A0 R UTRAE, (b)) JEREER ST 1—1, HITR/R T R30 ML KERHh =
SOMRHE, FIHAER a, (o) FHRIEGHIT 2—27, B T Qs18 Al Qs12 HFIL/KIE Mt R SR AL, HImAzE W a
Fig.9 Characteristics of shallow lacustrine density current channels in the Nenjiang Formation, southern
Songliao Basin (modified from Dou et al., 2021)
(a) stratigraphic slice of Sand Unit 1 in Member 3, Nenjiang Formation, showing planar distribution and depositional scale of distributary
channels; (b) well-seismic composite profile 1-1', showing seismic reflection characteristics of channels near well R30, profile location in

(a); (c) well-seismic composite profile 2-2', showing seismic reflection features of channels near well Qs18 and well Qs12, profile
location in (a)
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Fig.10 Conceptual model of hyperpycnal flow channel-lobe deposits in shallow lacustrine environments
(modified from Dou et al., 2021)

(a) density current channel-lobe distribution in delta-shallow lacustrine environments; (b) density current deposits from upstream to
downstream
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BARYTAR M 82 5 AR b A 5 Sl Ui B, S5 B 90 B DR X i) 7 i K R RS 28 YU AR
VIriRe ). =MMATS—EWECE B, RERUKE 52 M SRR KR 2R
B” AEME . BT E, JEE=MAMATER O X0 RERKE, BEHZ0 TR
TARHE, BAKE—erd TR A RER, KE AL R ERAR UM I . BTk,
G AN KR AR RIATTE AR FLAEHIGE SRE IRUAE = A K T KR TR iE %
BT 2 K i 2 25 R SR AR S 481 5 A X 20 b SN 2 1 R 1 oy AR DT AR SR 3 [ ik — R AR
BT EUE: 5 FEIALE] AT AR = AT SR Gl YUREREE R U] 7K & 19 7 B
IERE, DA S s ) JE A FUEEAT P BTN SE M . IR YR EE T B ALK TR 3 T8 1 R R AL
R4 7B IR A A BEORE2 2 SR AR N = A N A 2K TR - IR AR i %,
S5 AT B R R NI, RIS XL 2 Hh R T 4 R KB U S (B9
B AR RN = AN AT 2K R A0S (Dou et al., 2021) o S2BR FiXEE “K R 4pf i iE”
UK A il R T R A K RO T, HAP TR B U AR A S = A P
JF A A E VAR A Z 5

FEBANE, FERNKGENERE 7 SRS Wik &F, BABENFEAE. FHi,
HAEFTE =M G E SR B BT IG. —3B5 = MINET S e B A7 &4 TR,
BIVHT SCHTR 1) S iR A B A FE R = M, = A I AT A 7 = A I ST 5 43 Y T T D 6
IR JE 3% Z30] 18 W] B R M AU 40 YVl i ( Terminal Distributary Channels; Cornel and
Janok, 2006) . T —RKZREREFH =AM (FER =MD WATEER E KT LM
(R KIE —Ze R BTG, HUTARRRAE R S5O0 . T4 G i S B /K R AR 7. — 35 7E TR
BEUANEE 1) 7 51 BT P REAEE AU ZE 57, SR SR 9T 75 ik — 20 JBLVE S L U /K 5 4 4 = AR
SATTEFERUATE R . YIRS = RS T T 5 6], AT 56 ¥ = A W AT i BUR 2
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B b B B = A S 3 AT 5 KR 2 T E B ORI AR 2 1 T AN R Ak 3l ) 2
Ao DUARER O JE A IR E 5K R UTRRHIER IR, R B SO 2 5. B Al
EEXS B B AR T ORISR T M IR IE I 2 R T, OF ¥ & R WHE (Zavala FI%
W, 2018) , AENS %,

=AY 3 T P RN R B B KR (AT BRI AR K IR CanZE
KD FE, BRI ER 2 BRI, X R S Ik K KR I B AR, R
AU E EARFE KT IR BT ) ) AR R T ATk . X FOTRAM T, ZRshs
B ML % 1 T R A B B B (Leclair, 2002; de Alvaro, 2015) o JKIRLFERZ KT,
DR BT OIS e, # R AERBI B (flow separation) , FF7E T BB FRHERIX, M
I 7E T SR YIS YD . (dunes) 25K . XEy) BT R BT R R (bedload) #iizsk
L, TR E RS MRS, W EERE, KRR, FECHBRL S T IR
FES AL, ANBUR 5 T UURAE ST (B 11a) o XA, SEOXEW BRI
F 2 PR B Bk 1) AR RS, IR BEIY B RIS GE ORI .
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Fig.11 Comparative analysis of cross-bedding formed by open fluvial and subaqueous hyperpycnal currents
(a) fluvial dune formation due to tractive current at river base (particle flow regime); (b) subaqueous dune formation by sediment-laden
turbulent flow (hyperpycnal flow) in particle settling regime

H5ZAFMRZ, K FBBEKIERTT (UK TS BEHEKE D fTTRR U 3 2 gtk
AT UTAR Y R R (Bl D BT SRR R IR B . L UTARE A Bl
T, BiIFEAT (suspended load) (5 ELAL . Zimi ok RIS, BIFRRLIR VRS, JFAE
JRAIZ TR (sediment waves) B F. S Bib FEANE, 7K RV 0] BB AR T
T B AR RE TR S B AR Y G T AR R AR s B L] (B 11b) o HTARJE AR
PP SRR IR AT AR, BV AT R TR . XM il & TR Y BT Y
JRAUZ 1) AR S AR A FE A A R B, LT BT ARZ W A KB R S AR R Fr o R
1 PE S B A R ) I B AR PR A, O AR ET AR R LR o X, T AR
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RIECVE R B N E. &b, =MMF D FATE 5K TR 570 0 22 7 T DR i (4
Jit BUREHE T A S ) A TR B A AR AR S5 T T, X SR AR SR R ] 1 P SRAN R
B TCRIPIRNAE . B H BT Tt A%, Sk A it — P a5 G LhIHRR .

4 = AR S KRR

4.1 RERKEF AL HLE

JUE S IR AT 6 R ik R 2 = A K R 3 ST 4 R R LA, (AR BRAR ORI
IR =AU O X #Ee K B v BIRKIE, K R IR “K R4 imiE ” Jid.
XK= 5K TR R B RKIE T AL RN B MR T =MAMETs, 1K T &
(5 B KE R BHLERAT 4 2 FERUKERR F 0 K IR R A A BE B 4 ) R 35
AWRLE? I L 1] R e AR A5 B e 40 R

it B2 R K B I ORI TR, R AT A A I 8 B R VR 7K ¥ /K T P T ik
MBI T — RFRR, A AKERIE SISO E R VARG . s S TR
U S A B FAE R TR AE AT 782 H AT B WA DUER R . BRI SR
VI 1R YR T 2 S A B 1T E (Parker e al., 1987;\Sequeiros ef al., 2009; Kostic
etal, 2010) , HHIHFFEESKMESLL . BOEBRFIE b0 8248 7~ Rt . PR
Fyits KA A (Cartigny ef al., 2014; Wahab et al., 2022) . WIEIEAE X, #ilE AT
AW E J3 3 (supercritical sediment gravity flow ) & 4§ % £ 35 55 f8 4 ( densimetric Froude
number, Frd) KFIiFfE, B LA Cupper flow regime) MIE A, A —
FikR I SR . %5 B IR 7 A Rk A

Frd=U/(gRh)"

b R NENRSHEKEIEEZ, R=pdp—1, U NRMAEEE, g NEHMEE, h N
TAEIEE, po NERIENETE, p NI KAEZE (Parker et al., 1987; K5,
2017; MHE, 2021) o BEAEZE S EEONIN, I AR KT DU pifs R W4TV B
AREWATI .. 2 —RE (chutes-and-pools) FIHERIIK (cyclic steps) FEUIEFL . F
IKE DIPTSR R, W8IRE iR K IE TR 2 32 T8 I SR Ui 72 (Hoyal et
al., 2003) , @G AT E SR B A RBAR MG 1, BT LY SR i e s, AEREK
BRAEF TR ROREIIR, eI IR i o Btk K & % i I = /iR K8 (] 12D (Fildani et al.,
2013) o Rk, B R IR A R I SR 5 UK s R A DA O

XF HEAr T R, S B A A v K R PR — P iR, B MR R AR, ]
DL 28I SRR a0 IR . BRI, I SRR T At 2 % i 3 /K T8 1 SR D UAR B o #L
il L5 ERASEIRFORE CHEIRITEBORT — MG S BUED I, HRARsh SR aT
RERAE 2 U (RMAE ) KIRIG SR, BeOETE R 7 M T ABA B R U0KaE s = A T A
KRR, RO R 3R SR AR s HEFFKIE B IZ RS 77, (R AE /KIS 7 A py 3 AE .
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(a) VIURM BAR B BORERIIKR: (b)) FRSL2UIE UM E KE : (o) 7K &t R 7E th 25K At H 24k Bk — 2R el 3K«
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Fig.12 Development of cyclic steps in submarine channels (modified from Fildani ez al., 2013; Yang et al., 2021)
(a) initial stage: erosion forms cyclic steps; (b) sustained erosion develops straight channels; (c) meandering channel leads to overflow
erosion at high-curvature points, generating secondary cyclic steps; (d) continued erosion of secondary cyclic steps results in channel
bifurcation

RIS DI IR R A S e, (HE A FEE G IR 7 SRR R 1R A R
AR R B (B35, 2023; Englert ef al., 2024) s8N A UTARYIE 1 7T LLE B
HRMASICIR, ETRNCRT R T EREE, MR D2 EE, 2% EHEmiE,
DA B 7K BR AT FH TR J PR AR et R 6k U R 28 T ) e 55 ) 38 Rl s 25 R IE [T 3K 25 45 1R 0l =5
(FEN K, 2017; Gongetal., 2017; Langetal, 2021) . HEIRAE, XLEFFRIREE
U IE Fe & TT CARGI Y, ERYERA T R E R ITRE R SR AR, AT
R it — DI R R AR LA .
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WA SR, I SRR VR AT DA B AR = A N T S e KB B, H H R
F2 B PR YU S VRO A AT B G AR AT 0 . H AR I S I A BUE A R A
HEMHEARCHRE (BKEHRE, 2025; BaES, 2025 FO00%, 2025 . EHER
WA T, HATSA 2 A0 LS T = i e B A, H A A 34 Delft
3D. Flow-3D. OpenFOAM. Fluent. Sedsim %, X4} & FF Navier-Stokes 77 725§,
KT, SiE TR PR RS AR, RROS B R IR sl . DR AR A
e (Geetal,, 2017, Zhaoetal., 2018) o EAHUUAY) H J7 i SUE I 72 O 1518
N, UURRMIEE 77 i %5 FE 3 57 PEACRR BIPIRES 5 3 /KB DA AR s DA OG . Wahab er al.
(2022) MRIEBUABIUDT IR T % Z 57 EE (B 2k &) 1 Rouse £ (DIRMITTFE
WESBYIEE W, 28 % RIS ERCA A B UM M) ] iR B0 E iRk
R G XL HE R 78 AT LUK B A T 5 B IR /KO R TR L AU R R B 5 %,
EN E AT VAR 25 R, BUERIL 7720 T 8 703K a8 R YR bk 56 1 1 72 7T AR IGIE,
EREIRCR A R DUKIE R B Ry, 5 B4R AN O DTR S T 0 b P55
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Fig.13 Experimental arrangement for ys 1mu1at10n of hyperpycnal flows in a flume
(a) side view; (b) Xu et al., 2010)
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Fig.14 Top view of experimental results from physical simulation of supercritical hyperpycnal flows (flume
width: 0.1 m) (Xu et al., 2010)
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Fig.15 Conceptual models of different types of hyperpycnal flow deposits

(a) subcritical hyperpycnal flow with unchannelized subaqueous dispersion deposits;\ (b) supercritical hyperpycnal flow, forming
channelized depositional units
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Formation Mechanisms of Subaqueous Distributary
Channels in Lacustrine Deltas: Insights from hyperpycnal
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Abstract: [Significance] The genetic mechanism of river-dominated subaqueous distributary channels in deltas is
a controversial topic. Traditional fluvial sediment dynamics fail to adequately explain their formation and
distribution patterns. Based on recent advances in global research, this study systematically investigated the
formation mechanism of subaqueous distributary channels in lacustrine deltas and explored new insights from
hyperpycnal flow depositional theory related to deltaic depositional processes and sandbody distribution patterns.
[Progress] Hyperpycnal flows originate from the delta-front river mouth, zone, transporting terrigenous sediments
through the prodelta and shallow lake into deep-water depositional enwirdnments. Significant breakthroughs have
been made in studies of deep-water hyperpycnal flow deposition, but few descriptions and interpretations of
hyperpycnal flow deposits in delta—shallow lake systems are available. The concept of hyperpycnal deltas
proposed in this study integrates river-mouth deposition with gravity-driven processes, and reveals that
hyperpycnal channels serve as critical links between deltas and deep-water deposits. Modern and ancient
hyperpycnal flow deposits indicate the development of hyperpycnal channels in delta-front to shallow-lake or
marine environments, from which it is inferred that hyperpycnal flows may be a key dynamic force in subaqueous
distributary channel formation. The erosional mechanisms of these channels are closely associated with
supercritical hyperpycnal flows i which the Froude number exceeds the critical value (i.e., Fr > 1). [Conclusions
and Prospects] It is proposed that'subaqueous distributary channels are probably formed by episodic hyperpycnal
flows rather than merely underwater ‘extensions of delta plain distributaries. These findings challenge classical
delta theories and highlight flood-generated high-density hyperpycnal flows as a dominant geological force
influencing deltaic depositional processes. Revision of existing models based on hyperpycnal flow dynamics
provides a novel theoretical framework for studying delta-front depositional patterns. It is recommended that, in
future research, quantitative sedimentary physical simulations be integrated with analyses of ancient delta-front
deposits to advance the understanding of the role of hyperpycnal flow dynamics in deltaic systems, thus offering
new theoretical foundations for lacustrine sedimentology.
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