5569 % 453 1] B 2 R Vol.69, No.3
20144E3 H ACTA GEOGRAPHICA SINICA March, 2014

HIANEFER RS SFER AR TR SNIE
BB, B TR OF R R 4 TR

(1. R REF AL 'jrﬁ{ﬁl 2B, B 210093
2. PR KA 5 B R R N SR E, BT 210093)

T AT BEYCR MR R SR — IR BOLME S FAL A R AR A, BFE

FE R AR S LA B T BEARER VR SR 0 R S AR E M R mﬁ£ﬁ¢%ﬂr bk
FARR X0 7 B AR B R TR T G BEVOR S S50 (MRS IR | MRS T2 B RBEDGR 1) /920
ﬁ KIAFRIEESEE G XN T A B BESE AL BB RIEFEVOESRHEZE S, AR
HATZBERR R IDE S L B R 0 =B, 5k = B S e (15 -5 30 I8 v Y 2
wﬁﬁ%ﬁ% BEIR AL (4t 3 RFAIE -5 1 GO e A IO MR 2 BH BEDOE S RRETE 15 R AR
A5, B MBEDGE R SRR 20 1 F A 2 e R A e

KA ERVHATGBEN; BRIOEA; RGIOHE; SR B A TR

DOI: 10.11821/d1xb201403009

1 515

ER TR AT BEIR AL TRV SR ib—UR Ve BOEREAC A Ab , FE R PR R0 52 P A
PR 23T e DA S rp YT A ™ g v R 0 L R BT A AR XA A
Ao Allen™ ™2 H , ERTHATSBEYCR T M PIREOR | A tiizﬁﬁrﬂﬁﬁzl)l&iﬁﬁ 1) R 5K
RS R P R RV A — R B [ 7= 4, KB 1 A5 el AR 5 ST A il (AR
Wi IR« FRIERISPEYOE R, WEH T ERMEm . SR11 Gao F1 Collins®™ & ¢ [&
TR ERTA AT BEYTE BT I ARIREE , RV 3 A6 A 1 ) 3 () DO o R 2 S i S 3088
FALYE AR, PR v I BB, PRI BEIR AR B AU —Fh JRy s ol 55 . b4k,
RGN Y A S 1R Bt n] BB A (SR VA RS BEIR TE B>

JUAE ER TR BEIR 0 Rl DR M I iR H ﬁﬁl‘fﬁﬂiﬁﬁi@zﬁ*ﬂb\, {HERTE AT S BESR 1%
I REIB DGR MR bRES "> SN EEA L . SR8 iy ek . R
MR BRIRAE 5 22 LA R TR 2 B TE iS5 R Bh S R R A e 5, Allen™ & B
Severn 1] 1 £k A A 2% BE R AE DR AR ) vp i E R L A B e U5 IR .
Schwimmer"*'7£ 3¢ [E Delaware EI’J Rehoboth 5 PG A0 Priestas il Fagherazzi® 7 2€ [ Louisiana
PUREEBE I AR, K E L U%%b@??%ﬁmyﬁm MRV 7 ] S AN F 0 B
HAT— @ B S5 335/ ER TR AT BEIR 09X P R TR AR AE 2 A JE B 1) 2
W PE A A SRR AN S R ER TR T S BEIR I U0 oy () o] REROAR ALY, (EX R
AMEIE A RIE LB AT 61 (7!</\Jl‘ﬁﬁ 2012 FAFRATEVL NG R EIRE XKL E A
SRR DX AZ U X1 B A A B Y B G A X0 3810 2 T 1) 2 [ — o) 5 R[] HE A ) 8 A

Wis B E: 2013-09-22; &iTHEA: 2013-12-23
HEETH: L4 BRI FE4 T A9 E 9 (BK2011012) [Foundation: Natural Science Foundation of Jiangsu, No.

BK2011012]
EH RN BBE (1989-), 3, WITZER A, Wil-LFFE A, T %l . E-mail: yyzhao2013@yeah.net
BRI ST (1956-), B, ##%, WA= S0, o E A 2% 45 PR (S110001451M), NG T A | Wi

ot DUBLEMFSE . E-mail: shugao@nju.edu.cn
378-390 T



3 UBIB 25, £ AT Yo e P A R B i L 5 L 379

BEVOIERS, HRPERBURMERIRERBE AL S ERMRIZ AL . R TMERIERIIE AL, KR
Aty B MR SRS 2 2™ I — A B 5 B 22U
B ATREPES | TR TR PEDY J™ A A AR S e TR %%, (H HAT#
WP BN AT i A AP RMBR

DGPABEN Ty, AP PRI TIPSO i, ASH S G E R AN S
I, S EGGR B RAENT R ) EA R, M S DR IR R YRR A R
A== i A A GUBE A, WERME SR ETR VD . IR S AV IEGURBER T
TR - (1) HEERERLIE 5 w22 6] ) 1E B S5 VR AL GE A5 I BRI s (2) HERRS (R0
Z 1)) B0 S A LA (A0 TRk 1 TGS o % VTR R SR TR AT BEIR M 5, T S BEIRAH
SR AR TR A it R S R TR IR I e AW R A Tk A, IR -5 it 2 1] ) £ R Bt
FAIA, it A HLPLHAGE TR S BE R R S T

TEERIRE K2 & A IR XA r [ fe K iy T 2 i DR DX R TR R ) Y AR
FLOPMG DR, HA D X2 NG SR/, KT T SR OB B . sk, R
EERRRTGBERAEATL LR . P = AN SE DR E B B, (HVLIRERI A AR TR XA
O XA F R A A Eh T ATZRBEIR M RS2 BI5GTE . IR, ASCHRA A IR TE RS 42,
i3 5 2 HIE AR AR s . DORRRRAE , 255Gk BlRit, PRI BERE HA M HufE
I G A S P

2 WS IXAEA

BWERREE AR K EZO0RE —
B TV 7 op . e S
MR, Juidpvele R, mE
LR, PHLLPEE . HGEW O R, A
20 mEREL, L2119 km’, Z/F
HNRVPETR VA R E R, R E T :
A 0 R R B o JIETE ' -
FEREA, AN ER VA 5t 58 35 6~9 km, | .
FA BB B ('), A
Bii 101 W 4K K K FE (Phragmites

N.SEaEE

NOEoEE

[ 2.5 5 km ;30088

L 1 1 e —~
ausﬁalis) . % (Suaeda salsa) . H it BT TR [ AR R K R R Ko B
*Q (Spartina altermﬂora) s inl::ll;_ ‘/73 ﬁl\% Fig 1 Study site on the coast adjacent to the Yancheng Nature
El]y‘jj\lf}(xﬁo E%*ﬁ%ﬁ(ﬁ%%ﬂﬁﬁﬁé& Reserve, Jiangsu, China

KEBEIX, 550.30~1.20 m, {5 7 1) 5L M — b A AR A HES A I 2 TR G
FEWZE, WAIRBR T 2R SERE o 16U BER A B A K SRR 2T IT, Wk bk
PG, FFRHRERREOKR AR R s BEIR I A AT B BE 15 30~50 m i) D1 e

F% U e BEUT TR AL TR I A v A HL DU 30 0 g S v v MO~ S 0 3 i v,
Y2222 m, WG EA B A HORZEEG N M, SR R KT 1.5 m/
s, FWIIA 5RO EATH, AR 2009.10-2013.09 1 18] V15545 1 7 B4 T W) vhrcs 52
A PR B CE AT SRS e X 4 22 LARUIR A B B D i 1) A 1) TR S, i VR A
% 45%, MAIRSIE R 32%, FIR16]H SSEMISW, HAT 240 B 11%F1 10%, R[]
INW S, HA 8B EAREE (K 2), FZEAT e m AR R, RN

D VLI RIS W TR RO R . http://www.jsocean.cn/ list. html? ac=gcyb&do=gcyb_cgyb.



YTl N
380 iﬁ{ bl EB TIX 694#_%
NNW N NNE
-y o
7+ Film
W i = SPHEm
WNW . ENEWNW . ENE
/ ; ; : 100
i i 81.2
W E W L E 80
g 60
L _:‘ L i R ‘:‘ &
wsw ESEwsw " ESE gg 40
v = 20 14.1
. ] swo e T SE ol 0% 32 09 03
2 3 4 5 6 7
ssw s SSE Ssw . SSE _—_

2 2009-2013 A ER T 4 X P IR R Ge it
Fig. 2 Wave climate on the Yancheng coast, based on the statistics of 2009 to 2013
SSEFINNE, NNW; HEZ=EATAC IR, F2IR My NNE HINNW; Bk 2= DL 74 R 1] 4y
F, FIRIENSW; AZELUMmEE FIR M F, FIRINSSE. AV 1.0 m, SRk Al
k4.1 m, “FHEFA3.2 s, FEPRAEEA T

3 WL

3.1 BEREESSHMENX

VLRI A SRR Y XA O BEE AR K
TR BEYT R AT R A, SRR §
— W B A A HES ) A E A A (B §
3A/B). BEIR T M 2 o FE AR XA O B
M, H A B B s R SR B AR (1 3¢/
D) B [ 02 s R AR X A e ) B AR K
TN, H R R T AR B R OK AR R A A
F&ik 30~50 m (1 DL e (B 3E/F). AT
20124F 12 F 10-13 H & T = Bt £k n9 b
YIS, CFRBERRCHEME 5 T AL .
KEEMETR AR FE 2 . R AR R
S5TERE . TR 5 Bl RRH 408 el T 42
LR ] o IR Y = B AR A Hb P A7 G
E1Fs, BALmBERKohE—, =, =
HBEIR ., MGG A ER, B—BUR R
T R S R 30~50 A4 [ 32 1M1 A B IR

i, Adbmm = BRERKERK R 171
m, 122 mM79 m. BESOEESENE L |

Wi (& 4)y: BEBR TR AR 23 F A o
WS, 5 IR o 000 14 T 2 £ A

3 SR AN ST A

ZRER, AR mlR R A0 2 2 I R DA T Y
R TERE (W,), FHEB I A9 25 4 A
1) o ) 55 T TUEDAE o 000 T 12 2 119 4 88 A

(A/B) [T —nfoki) 5 FH ] HES B P HIIE 5
(C/D) BELIC i T W0 B S B 2 P b i A 7k A 1A 5
(B/F) BEIR v ] i AL A B 7 DL FeHE R

Fig. 3 Morphology of the marsh-edge cliffs (A/B) Rhythmic
topography of alternative tough and scouring-ridge; (C/D)

MRS R (L), 45 2 b st v T e
5 [V i O Tt T 2 ) 22 DA BE A g
JE (H), L2625 A RI 4 i 2 B 1) B9
e A (), WIS W =

Seaward mixed sand-mud flats with isolated scouring-ridge
remains; (E/F) Landward salt marshes occupied by Spartina
alterniflora covered with shell debris.



34 BB 46 R T E SR M S B R A 5 L 181

W, *xcosa,
32 EHERESHH

20124F 12 A 7-13 H7EIL I
R SR X AZ O X ) HLAE
KR VI 2% BE AT ) 6 L
KA AW e 12 AR S AR (K
1), WrisE m AR T REr
], AHARWTIRIEI 24 400 m, 4
AT TET B9 3 AR Jo A 7 T 8 R
5~205 m 3 Bl P i AL A T R 43
flio LA1 em A EFEAHE, JEiE
APl I o 3 2% o B ]
Malvern 2 7 A 7= i) Mastersize
2000 BYBOERLEEAL (WS FEY
0.01~2000 pm, FifR[EIEE R 0.25 @, KRN 0.1 O, R IMGE FAHXTRZE /N T 3%).
PL0.25 ofb]FEH H AR AR R B E 2 i, R McManus 5575 A S FE TR PR S50
[47]
33 KIBELSGFERHESSHEE

G PSRRI R MR M AR R R e . AT S R R MR T, with
TEARIE B 2 1) S FR B8N . 15 1) S A 5% AR AR A T R B 0 A B e
£ Ll WO - . S R LR 2§ ==y 1) B W S5V € R R ) (1 5 o QU == LA U b S B W e )
ARl G AR R, TR R AR T s g Ab RN, TR
VRE R L T

TES-X3 R A R BRAEEME L, 205 AT R R A -

L, = gT}Q2n+ Ytanp/2n (1)

K LA T BRI I R I Ke(m) A (), ¢ MEIMEE (m/s?), niE
WA MRS, NG SRS (VRS TE R HAA S . X TR
W (BRI AT A ), WEIQIAIEE S5l S T R K s O T 2 (SR
LT AL 2465, PERMEESE TR R 12, WMESRMRIFEA S5 A G . M e
[ ZR PR R oA ¢

K4 BENIESN S HUREIE
Fig. 4 Definition of the morphological parameters of marsh-edge cliffs

A = mgT’ tanf/n (2)
o T ASHERBERI (s), m = 1.03%0.5 53 BI%H R 433 2 Zkip ARl 2B 1 4 .
PR A SN ) AL RE RS AR P, KRB W8 N A2 B R EE AR T, ot bz 1
Ko MR R TUHICHE, PR LA . BRI, PR LR
ANABEY STl AR/ INE S I U B M L IS AR BELAKONL T FER VR RE L ip o M e L,
KB IR B A T s (HERTH AT BEIRAE S O BRIRIE K, IR S TEBEY b e . TRt
AT R BE IR A A SR Jo A A5 30 e VSl A 0 T B AR T 95044 2009.10-2013.09 HA ] 71
VR PR TR, RO e Y sl R AR A &1 2 s o DR, ERTE AT SR AR
JAMABUE ] 3 so WA BE A0 8 SCPERD AR SO 1 E (1) ISR 55 A 1 i e Jo o e 1) B 2 A A e
ANl WORR SR DT RORAORL, ORI ioE DAHERS Oy X 32, kTR BEZE R AR A 1]
NI —E 25 55 IETTRRI R ORI , DIOBrr s 35, I3 5 78 BE SRR IR A 22
SRR o A SCRAMETIIE B o SO BESGE BE 5 MR BE A L, B tanB = H/L. H§METIHEE
FLE E ASHE B ISR (2), 15 BIERTH BEI R AL HL TR 1) [ 5 B Ak SAEL



382 ;LI S 69 %5
4 WHEEgs R

4.1 FBEIGBEIRRSHFE
U\Eﬂsﬂé@i“(nﬁjé‘% R I BEEOE S S5 5) & B EGHHEGEE DT LUK
i% S —4URZE A BEIR LSS EUFIE R AL, 34 N8 K 23504 9.08 m A1 7.57
, XA TE R A0k 3.10 mA13.47 m, SERIBEIR R BEAY B 0.85 m AT 1.07 m; .
:,ﬂﬂﬁlmﬁkf“ FNGEIR 3 A S K 50 =21, 1T = AL BEIR A0 U1 58 1 22 SE A /N . X
HZE =4 BER RIS 558 — . TUIBEIFER R ER, REVGIEMIEAR 5 —F

_ — =y
- F—4 : %_Iiﬁ F=4
E 15 I s )‘/ A
oS P T W A 1A
é 10 \‘f“.\ 'v(‘w W M\r‘ (“ ‘\/" H\!H -\‘ J." \ ‘(
3l » .\_f/\ﬁ_/\. / R "\U/\j V \ [ 1 /" \ /‘/ ¥ \
5 -4 { 2 /- | \
0 ) ‘.,-,./.\r'"\ ./'1—'1/-\’-» -/.\'/ \\- .,."-
9 ]
: v
on i/ /\
A
%E 3Lz /r'\\/\ T"\‘_.\’ \/\’ \/\VAV AV/ A \/\ \//' \\/h A\ . // \ : //\ /\ \
ALY |75 P AL YW W
0 - -
1.2
E
0.9 ] L
“DE .
206
03 L. [ SO _..,~/'-"'/"-‘I ' V]
0 40 80 120 160 0 35 70 105 0 20 40 60 80
JKFEE B /m K FEE B /m K FEE B /m

K5 ShiH BT BEYIE S SBOK-IE B R BRI A 85— A IR B R )
Fig. 5 Morphological parameters of marsh-edge cliffs. Horizontal axis indicates the distance away

from the first measured point

F1 BBEISREREASSHSEITE

Tab. 1 Statistical morphological parameters of the marsh—edge cliffs
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Characteristics and formation mechanisms of the rhythmic
morphology of salt—-marsh edge cliffs

ZHAO Yangyang', GAO Shu"’, WANG Dandan',

XU Zhen', ZHU Dong', WANG Xiaofeng'
(1. School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210093, China;
2. Ministry of Education Key Laboratory for Coast and Island Development, Nanjing University, Nanjing 210093, China)

Abstract: Marsh-edge cliffs represent a unique geomorphological unit at the border of marsh
vegetation and the intertidal mud flat. Research on the processes and mechanisms for the
formation of salt-marsh marginal cliffs will improve our understanding of the influence of salt
marshes on tidal flat growth and stability. Based on the results obtained from the
measurements and analyses of morphological parameters of salt-marsh cliffs in the Yancheng
Nature Reserve, central Jiangsu coasts, during December 2013, the development of the
rhythmic morphology associated with the marsh cliff may be divided into three stages. These
stages of long-term evolution present cyclical patterns and are related to seasonal changes in
wave conditions. Furthermore, the formation of significantly rhythmic features of salt-marsh
marginal cliffs may be explained partly by the theory of standing edge waves. In the future,
numerical modeling can be applied to investigate the formation mechanisms of marsh-edge
cliffs associated with such rhythmic features, in combination with in situ measurements for
wave climates and sediment dynamics.

Key words: marsh-edge cliffs; rhythmic morphology; edge wave theory; geomorphological
evolution stages and equilibrium; Jiangsu coast



