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et TXERH AT S ARA T e SR IR T T I DRI DX B o B A R
R, SN BRI T IR R 73, AE IS AL 4B T LR A R
K AR Ty AR SE T RO AT, SRIBOT R PUAR 2 A R, JE R
B, SR DX T b S S0 DOR B R PR S b AR AUy R AE . B A8 78 B R
T op R U = A Bt AN 2 A B S Bz W DRI B DG &, U2 N 3l
SN A TCRURE I B 55T O AR bR

2 WFFE XA

FF T M A BT, JERE ] 12 km, VFARTE 69~78 mZ[A] . SMEJE Tk K
Rtk 2R XS, AR FE K & 636 mm, AEIR 14 C. A RFEBLE T 0 il Al 7% i e i
M, HRTLERER o I AR A O AR L SRR TARET R, FEAR BRI s N
(Triticum aestivum) . EK (Zea mays) FI K (Glycine max) %, ZTFAEW LIIEAE
(Arachis hypogaea) . V§)J\ (Citrullus lanatus) FREAE (Gossypium hirsutum) 5 F; K
KIEY F 2 B (Pyrus bretschneideri) . ¥ (Malus pumila) Tk (Amygdalus
persica) SFHRM, LKA (Paulownia elongata) . $I#E (Robinia pseudoacacia) . M
(Ailanthus altissima) . i (Ulmus pumila) . Wl (Salix matsudana) . ¥ (Populus
tomentosa) 5 ; ORI Y £ E A W JH & (Eragrostis pilosa) . Wi & (Artemisia
abrotanum) . ¥ & (Salsola collina) . ) J& ¥ (Setaria viridis) . 5 F& (Digitaria
sanguinalis) . 1 B (Xanthium sibiricum) . *8%5 (Aster tataricus) . i 4 H (Cynodon
dactylon) FIHEH (Bothriochloa ischaemum) %5,

3 W5k

TR AR R T I T RS B FL ORI T, R AT SE A T
40 m A, HAEREE 14~24 m )2 HI4ECTE 2500-5000 a BP 2 [0, Hi et X
St BB S R S AR T S
3.1 B HRRE

AWFFEREE L (ZK,w) A7 T FF 3T P8R8  FE R24 4 AC DX P, b B AR A J2 34049
2.17"N., 114°18'29.31"E, Z= I A B A PO 29 3 km, PHREEHACAS9 IR 29 2 km,
M5 2D LE AR UG 17 1000 247 ] — BRI, HZ2 N shizi .

20124F4 J, FIH DPP-100 BUEEHLREHE LS (HAZ9 ecm) 25 m. HEEAE op
FROTRR R S R AR R, e HA R i B BORE ] B AE 10~30 om Z [, A AR fL A
W 2B e, A B — 2 BRI R g, LRI AR, 1651 (R 1),
3.2 AMSHAE

FE it AR SREIBCR FH R B A B A YRR TP . FRECUTRRAIRE & 80~300 g, AL
RAHLT R CEI20848 Ki/F, #4327637 K/ ) YEMREER, R —E A1k
— SRR VR : CTRIF (1:9) R #Efrarba e, HE®R (LLE2.0) Fik. HmEE
SEi17E 4005 Leica DMS500B AE4 il o2 hl, A MRERIESEE R 44D b, FEm R
BITE 400 R LA I ONIFEBRISAFFEESS) o AER A 20 Ee it 58 ARG A= A 9 46 K3 i it oy 3k
B, BRI T E o F AAORy B R s 4 R XU Tilia 300458 1
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®1 HECEAMERITHRYE

Tab. 1 Distribution and abundance of pollen samples of ZK;. core

TRFE (m) i HURE ] B (cm) FEREL()
0~2.2 FEE ML 10 22
2.2~42 R S 20 10
42~78 kel 15 24
7.8~8.2 WAk + 10 14
8.2~12.8 IRE S AR+ 20 23
12.8~14.5 W AF K Al 1 10 17
14.5~20.1 KA 1 20 28
20.1~20.6 Ak a 10
20.6~22.2 wBY+ 20
22.2~25.0 kRO 20 14

3.3 FRETE

L AR SRS 7K A IR 7.8 m A 13.2 m A B RE B R AR A - 3E AT AMSHC AR
I J5 WA 5311 1460+30AD  (BHREAETE]) F1920+60AD (FEARBALARY]) o i ith i
B 14.5 m 2247 HILER — MR A 1 FUHR A B ER G SCAR)2 , MW T 5t o S AR ) e [ K
I b AT

4 ZERAHT

4.1 TERMAER

ORI E ST T3 AR R (R2), P EE 24 R R AE R (R
J&) . 12 FEEARMYIER (BYE) . 32 M A IE R (BHJE) 5 RhBRE A1 Flge 2k
(BHIE) o W IWB T KA W AE B KA E (Pinus) . mA2JE  (Picea) . FE&
(Quercus) . Z&F} (Moraceae) . #eJ& (Betula) . Hil& (Ulmus) 55, HEARMEPEHIEH T

®2 HCTERMHER

Tab. 2 Major pollen species of the core
A2 FEA

FAIE (Pinus) , % DA (Podocarpaceae ) , ZA2JE (Picea) , A2 IR (Tsuga) i3 K2R (Abies) B
(Quercus) , iy 248K (Evergreen Oak) , 5%} (Moraceae ) , #¢J& ( Betula) , ¥ T )& ( Carpinus ) JEA)E

A (Alnus) A& (Ulmus ) , RAEIE (Ailanthus ) , WIBE (Juglans ) , W& (Pterocarya) , IR (Carya)
(Arbor) WJg (Salix) , B FH Anacardiaceae ) , FARERS (Fraxinus chinensis Roxb) , F&# L ( Tiliaceae ) , JCE T-FF

(Sapindaceae) , #F} (Meliaceae) , WA & ( Liquidambar) , 1 (Myricaceae)

- H1 Rl (Rosaceae ) , 552844 (Spiraea Salicifolia L.) , B} (Tamaricaceae ) , 575} (Elacagnaceae ) , &
A 1 ¥ )& (Ostryopsis) , #2)& (Corylus ) , KEEF(Oleaceae) , FRA=Fl (Rhamnaceae ) , WK & (Ephedra ) , 538
(Shrub) BL(Zygophyllaceae) , F1HIJ&E (Nitraria) , G EF} (Polygalaceae)
%2} (Chenopodiaceae) , A T.RZF} (Planted Poaceae) , RASEL(Gramineae ) , ¥ 5B} (Cyperaceae ) , 255}
(Asteraceae) , & J& (Artemisia) , W /AYE)E (Taraxacum) , 8- (Xanthium sibiricum ) , K& ( Cirsium
Jjaponicum) , 8% )& (Aster) , & B (Ranunculaceae ) , JEAA RS ( Thalictrum) , + 746 FH(Cruciferae) , /&
[oP/N JEFL(Labiatae) , FH(Leguminosae ) , #j 4 (Vitaceae ) , X ZF} (Scrophulariaceae ) , 2 F}
(Herb) (Polygonaceae) , FR15% )& (Rumex ) , 5742 & (Fagopyrum) , fi77%}(Caryophyllaceae) , Kk Bl
(Euphorbiaceae) , Hi-37%} (Onagraceae) , iE{E#} (Convolvulaceae ) , JEIHEL (Gentianaceae) , ZJEF}
(Umbelliferae) , R 5 )& (Stellera) , 4-HiiF} (Plantaginaceae ) , W# Bl ( Valerianaceae ) , 75 57}
(Rubiaceae) , F i & ( Typha) , IR & (Myriophyllum)

BR2(Fern) = #%4f (Triletes spores ) , F1EZAH] (Selaginella sinensis) , 5454t (Monolete Spores)
Hiki(Algae)  FPEUHE(Concentricystes) , 12 3 (Pediastraceae )
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BLAHBAB TPl (Elacagnaceae) . % 7% F} (Rosaceae) . 524k % (Spiraea Salicifolia L.)
o B TERMYIER S RD, IR, FEAU RS A G HER, IO T
KA FHEARLE B IF N —2E, BRI ARAAEYAER . W B AAE Y A BT i
(Artemisia) . #F} (Chenopodiaceae) . WHLF} (Cyperaceae) . AAF} (Gramineae) 5%,
Hrp —BERARBAEM R, —MAE3S pm DL b, HRESUMEW, LA R,
ATRE S AW, KX 2R IH M N T RAEL (Planted Poaceae) LM, Ji4h,
HARMY A P IEEFHIE (Gpha) FINEBEE (Myriophyllum) 55K EAAEY) 16
o BRISTEF LI =488 (Triletes spores) FIh et (Selaginella sinensis) AT i
IR B — 2L RS (Concentricystes) FIELELEE (Pediastraceae) SFIRIKIEESS
4.2 TAMEEFIE

MR YRR 20 5 2 e B A s R ARk, 454 CONISS R2E4r#r, H R
B8 /7% S o N 0 N 1|1 10 R s = W S s I 1 1 o 2SR
i AT AR A3 8 USRS, At 1L ARHT IV 205 Al Rl ot =i (1, K12),

(1) fekyafs 1

fkyat 1 B SR 25~20 m Z ), AUk Al (50K, ~FXfE, TR,
A FARYAC I B F R, HiK60%LL 1, LI (NT) RAERE (10%~32%) FiI#E
B (9%~30%) AF; KAEYEM T EEZIE30%LLT, UMEAR AT, FEEES
10%; BB EFEEAR, T2 =Mt fesm; LR g ag. R
M GRER, A AL Tafl 1 b PN

W Ta (BREE25~23.6 m) HIMSU 3l 44 Ki/g, DARIARRIMIAE Y b T, TE A
B (N RAFR, WER, TlEMEE; KA LULNE . SRR AEEE 3.
WA b (VREE23.6~20 m) UKy UK IE N 52 Ki/g, RAMY ALK & BT 1 af iy
hn, HrbNE ek nich R, MR . ARIE . e . REPSABFRHER S R A
sy BRI AR SR R AR Y Ak S AR R b, T (AT RAE
RIS 2, PSRRI ERMER & A TN, A S EI i, RESE
ik 64%.

(2) fiukya Il

HE (m)
e s
ol ety e T e P b i e

211

.

2 J SN S 40N A SN S - S S N N
2
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Fig. 1 Pollen percentage diagram of the core
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Fig. 2 Pollen concentration diagram of the core

fMr I B AR 20~14.5 m Z 8], fM R Huf by 1T (675 4/
g)o A ARAMYAER B 1 AP /d, JUHAN S & S D i o B, i AR
A S I, SAMYIAER S A PN, LR (AT RAFR, WER, FilE
g A g, o (AT RABMER & EMA D, RPN BRI
TPk, HhaRauE &y [ 20 PR, ARanT R A Ta, TbhMIlc
=AW

Wi Ma (BREE20~17.8 m) JMEIELRAR (67 8i/g) . EARYIENIEINZE 73%, LA
R (8%~31%). (AT) RAR (12%~43%) iR (4%~33%) K. KAMEYE
BN E AT, &8N 3%~13%., HEuEsaall N, 48 2%,

Wil b (PRI 17.8~16 m) MR THE 2 2120/, HAMYIEN & =R WA T a
WA IR, I E RN T1%, HAPORARIRE R EM A Bk b, (BRI 8 ek FY
AR AARAEYAERY & A, HAp A TRHEm gL, &N 6%;
JE ML R A B, AN E MSRBHER & A Bk

Wik Me (PREE16~14.5 m) HUBYIRIE 2URITH i 2 1715 kg, RAMIAER & kst
WL, BLUANE . ARIE . MR . MR . ST RVRIRENE N . R YIAER LIZERL
FiEBEATFER E, HbHERE (7%~29%) HIZERL (30%~38%) EFHEmAE, (A
T) RAR (3%~11%) fekrdusiel, =2 & am/b, P,

(3) fkyais I

fikyay I IRAEVR T 14.5~7.8 mZ[H], Mk B o 1 4k2itm (829 Ki/g) . A
RATEDIEN Tt (4%~44%) SE FAest 2500, UAE (2%~33%) A3, Hik
JERIE (1%~14%) FUAFLFRE (0~13%) o HARFHY AR IR & 4 Xt 3, DLEER)
(13%~55%) . PPERL (6%~40%) Al (NT) RAR (2%~50%) NE., =2M (1%~
13%) FIHAEEN (1%~11%) SEL, A4 klsr R la, Wb, McAilldpga
W

W Ma (BREE14.5~13 m) fBHREERS R (1698 Ri/g) o ARASTE )AL & 1 1 =
31%, Hr MBI T, AT 14%,, FEAAEYIAER & A P b, (HARSR 5
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AR, S M e, FilEMERHEkEY, WER EEM (NT) RARMG
AR BE A3 0

W b (GREE 13~11.2 m) FEA R FE s PRI 22 468 Ki /g RAAEYIAER T A fEA
K, VB (3%~23%) FIERE (5%~14%) M. BEARYHEE 8 A I B e R &
A, AE . RIS R RN OR [FRE R A D . AR T AR S B Ak 2k
.

Wi Me (TR 11.2~9 m) FORk B 4k 2L 8/ 28 266 Ki/g. RAAHYALR & B/ 2
22%, BREAFNFRE A P mAs, WE . HEE . BV E LA R R AR R B
FAAEYIACR SRR, DR MR, PSRk 30%, BREBMEMEAR WA
9 mALZEIRIGINZ 25%

Wil Md (R 9~7.8 m) ARy B G T =5 2 1103 Ki/g. AAFEPI LR 5 k>
BRI R ARE, P 1% FEARMY A &gk gt m, DR (15%~
49%) . WERL (10%~35%) . &E (5%~20%) Fl (ANT) RKARCNE, Hb (AT)
ARABAEMAEA A |38 7.8 mAbZIRIENNZE 51%.,

(4) fkyis IV

fikp e IV AR TR EE 7.8~0 m Z 0], AWk AR LR B K (40~1444 Ki/g, V-3
228 Ki/g) o AN ARAKEYIAL Y & A BN, 1526%, FEAWE (1%~27%). =&
(0~18%) . BRIEAIZREL, FAEYH DR, (NT) RAR, HE. WERAEER
R, HAERHER S EAEAN FEB BT E, B BERHMER AT TR SR
Wz, (NT) RABRRSERHEAH LIS AT a8 S i m 28 A S
B, iK13%, AWK A Va, Vb ATV e =AM,

Wi Va (RE7.8~5 m) MR R 270K /g, BEARYIAER SIS, 58>
75%, VR (6%~77%). (NT.) AARL, EEAGERSNE, BERMEMEARTN L
HRIRWIE L . AAMYAEHTEART T EH IR 20 TR, DAE A .

WATIVb (R 5~2.2 m) ORI PR 81 bi/g, RAMYAAK SHBE VAT VaK
Frgi s, i EAE R D o I, T AZ R AR R S e P N & 1% BAHE
Ye Ry AR, HAh B ER (1%~44%) E038 indsc ks & 36 3 S hz, (A1)
RABRTS R A FTHn, ZERHMER & il /> (276 10%L0F) . =4E i
UK y/SpiisT

W Ve (REE2.2~0 m) FRy ik BE PR T =5 28 337 Ki/go ARASHYIAERD & 1827 20%
DIR, BRASEAER S ERA G INZAh, HpR AR YL YRR B I . FAKE D)
R bR B R R RE 2 2% L T 240, HRWAARFBENS M, UL (ANT) RAR
(16%~45%) FITHFHEL (10%~42%) NG AL . B &S BT, =480
A T N

5 e

5.1 FHEDLSFHHEHREKEGRESHMTEHL RS

500 KEKEHRE T iFUERUTEE RDEEOK S E R, B RS ZK, A
AT BE [R50 RNARAR , BV AT 52 368 4 thE LA T 4 i [X AR Kb K . T AR A YR i
ZK o O BERRAE AR B B T EL AR L, AR LRI O AN SERR TR EE L, Al
20.5~24 m (JEm 1), 17.5~20.5 m (JEM2), 14.5~17.5 m (JiE[l3). 11.8~14.5 m (gl
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4), 9.8~11.8 m (il 5), 7.8~9.8 m (Jigln6) . 42~7.8 m (gl 7)., 2.5~4.2 m (JE [l
8) #10.5~2.5m (JiE[l9),

A G R I, £E4000 a BP FiJ5 #000 F A A T KB NGE , oG s i B
H ARG LT, T OREERHE A BN . IR B2 B TR 2 FTREXT N e m] 1, Hiig 2R,
3500-3300 a BP4F[H], EEANBUGEHS, HIEPZE “/KEUL”, WIE A EZ DUR AT BEXTLY g
12, RIAVE A (3100 a BPRIJG), @#ri RIS R, 5 MK 2 4 40,
HPTRUZ 0T REXT R HE ] 3, Cha e G IFo I, gl 4, BEml s, BEm 6. e lHl 7 e =
8T NIRRT 225 4F . 13874F . 1461 4F | 1642 4FF1 1841 4E #in[ iz W I L TAR)Z . €Ml 9
JE20 22 6048 “BIHERD” ERIMTIEYZ
512 KHEKEHERMITENHER W ZK Ao BT Bt K (DUBERD) Fqe
By (E3) rTRUEBE, RE23.6 m A LAHLZE, BRIER 6 Mk Wy e, el 8 Al
FOB A IV B9 R R 2Z IR K (FHZZ180 ecm) 4, HABBERIFEA [ H-A4 5 22 %I B f0 k)
Wi, HH ETFRBRAEERE. flin, A8 1o s B RS ie R 1 ag R R —
B, WA a3 RS S e 2 (A PR—2, Wy b AL e i 9 LRSS e nl 3 i A FR
—F, WA Maf1 b /Y75 FIREC S e 4 A AR —2, a7 e A% BBl R B S E T S il 3
FR—2, WAk IVaiye B RECS el 7 B A BR—20, WAy IV 175 R ECS e R 8 Y A FR
—F, WAV VBRI KBUSHER 9 BB —2 . KRR, ZK. AR &
A A RRIE S A8 th v 5 AR K S A7 7 S
XN, ARy M A SRR R R 0

QIS s e Y WHIVe
WP 3T th, ZKo BT IEAF IR
HZ FOBbEms e, migh 3 afapegyae ] EEs TEHIVD
e, JBEml 4FE7BA Mafillb, XELAHH; S5 e
WA B h FHUZRLEE R bR RE I 6 e —
O RUBER NI R . BN S % T
PF3S, GOBWIRARRBON FARE R, BEONEJE o] geme .. TWIG
WIS, AR R RERE I, SATRARKIE 10 s
KGR NSRS . B SEMORR, ATSs g 1 MEEs
PR RIS IR B S TR T s 0
T . B4, AR, e T, T il
FZE A MoK R R S AR, s
SH PR FAE TR B IO R 16 3
. FESOKIEIIN, SORUFORMHB SR ] S
W T ITERE AR R A, SUOKZMIE o ] e WAl

Wil IR MR R 0. B 0] T
e ATHSHIB AT R AR AR 21

KBk 27w .
5.2 3ZHTLAR AR HI T AR LS AE 2 S AT e — .
521 SMTRBBHEAGRAEEDERESE Hsls

K UL T B 4L 4 P B A A R FLLEE L

W ERAMESE (81D, KASuRER 3 BB AT L
IET] %ﬁ‘,ﬂ;ﬁ E/‘J 7k Z,-UFE% %*ﬁ?i@/ﬁ\ﬁﬁﬁ? Xd. I ( lg Fig. 3 Comparison of sedimentary cycles and

pollen zones of the core
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4) ATLURIL, BRBEM 3 FUBER 7 LASE, B 40
ZULRBIARA Y (EZAME) kS
AR TR, BRI ZE DA
F (P>0.05), {HAufzi 7 TR A i)
AN A —E 225 DFTER I,
e LEE /N TRV DORY), ik h £ %
PLEM L X geikis o ok & AmS, iR
BN R B ALK K A = WA, IR
iz ik B AR R, AR BRI B
KRy (R, SRR RZ
B VO UKL AE v b AT RTTRR R R B4 A8 R T T T S
@ SRR R AR AR AE A th T e URARENR
JIE R HoK I 2= R, EUK R 4 SUBUYIRIE WA AR IR R TR A
/ﬂfE I YR 2 yn] J i | By 1 AH M JZ A B3] Fig. 4 Comparison of average woody pollen percentage
‘{“ij\: 7J(ﬁ}§ , T{E\:{z /ﬁ: *H%ZJ:ZV:%:)?&E%}‘ between flood deposition and hiatus period
HEOCAZ, HRARRAEs E2OR A TFES B, ARk 3 M R Y e Ry
1 U iz TR 0 o] LB X ) 468 o S das AR L, AR e XU iz s A b i o e AR
FHIFABRE ) UAR ] B 0 18] S AR AT B Kz ok i AE M o> ORAHEYIERY ), B5
KOUMA T HEZ BRI, JCIR AR, EATMIR T MmAb s R AR
AFAER R, A TR R ARARE Y AE R & B TUURRIRIET . o —Jrm, 4
HUSEALIR, 2 XIS BB R AN A SOMR T S 553 S AT AR ) W i AR A
TN & B8/, TR N ] i S AR A R A 3% 22 0] k2D

(EAF TR, Bl 3 FHE Al 7 TR W AR AR Wy A8 by & v TUUR (1814)
X AT RS M R AR AAE . NZEIEZ . OB R A A5 R 3R G, e [0l 3 LA I
EAHH R ZE I, BV T 03 2O 5 S b Bl DORAAE 08D s I IE
AT R R, s A BT A T B AR RO A 7 A TR S AR ARASAE A 2B e, i
BRI K B2 D7 1 PG SR R IBE ] (3000-2850 a BP) . P4 Ji] a1 H (2850-2700 a
BP). HRKHEI] (2700-2400 a BP) FIKIEE A (2400-2200 a BP), “Ufi gk RIS
FC, DURRE] T (R A4, R N ] 30 b X A AR ) A B 38 5k R il iz 45 A TR
Tk

WFFERM], 1440s-1450s 2 TR UMERE T RO A7, HirP 1637-1643 4F- 8] (1% 52
PR i 25 2000 4 ) f o ™ B RREEME RO, PR SRR B FRUE], R
AAEYIAE Y QR JEHIRRERF AR B AT Y AL R A TGS i, FEARRALE bopiR TR
AKEPACH & it WSOk P EN D SRS G, X LRI 22, BT ep b i OO
PRI SBOPRTT 375 5505 Sl AL A AR A KA Y AE Ky & il o DRt g 1m1 7 TR AR AR AE 5y
R
522 ZEMARAMEHAATIREAREREE AN TRABHEZ NS HE
L IH S EESE R, BFFERIIE 0 NTORARAER ™ A% . (2 HERE S5 . 1L RRIEH
AN, HATRACERE, DRt 2 rh HE D i) NCCARASEE Ry s n] LIA K i LA R
HAATE. MEISTTUL, BRBEM 4 FGER 7 288, HARHE R ] Wi i N TRAFRER & 51
AT b TR

DURREIWTIIE], B/ AMEVE N TRARHERTIURRSL, EZ 2T E b ry &l

C Uiryy I ORI

AAAHERS 8t (%)
e a o F g 8

W
1




860 SIS S 14 Uk

AR N TARARHER Y, REHEE 9

HTULBUY, N, NTARARHER & g 404 I 1 s

fE R EATABUIUBRIAT. R4t # —

BUR T G i, o T E KR &

Bk, I ROZ AR M, MOtk 27

TARARHER & B> FURW. Bl 738 S 17

[T A 2R T “SRUR S FF, WA ﬁw—

MEHTR KRR TR ZE0, AlRER = ]

Z BRI FEM, BOL N TARABE B N

TR/ 1 2 3 4 5 6 7 8

DURBE ]

6 ik S STRUAIUBBA TR AKHER)

PHT T4 R e

Fig. 5 Comparison of average Planted Poaceae percentage

A i X TF B T PE AR ZKm 25 mm ke i
B FLRS ST, 45 A ORI [R1 RN 7 5 SCik %
b, XAt P R BOK FA R AR SR AT TIFSE, fR T R

(1) HEREDNUUBRBERIEA FHEA 52X B MRy, HIH R AW E
T, AR T IR A R AT RE Il A4 SRR AR

(2) bR E (124) ZTRERMEH (941), EBHSHAET IR
591 HH RIS /N Tt 7K Bl — Vb K 1 R ) 224 e S K TR BRI BT s TR,
TETE T WZ DURE R AR o L, HOREAR RS B o TR 54 o

(3) MTZAEN D RIER . AR E M ASEESIZEA W, Z DT A
YIAER) & m TOURRIBIY, N TARARHEN: S AL T UURR Wil .

(4) FRMHE R — DU B A e bR, B —E e, 5tk iz W3 e
IR RARMETE XTI, (HAE R KUK R A S . Fo8, A58 1A R0 AF 4L
P b, —SOE A T AR () 2 AR A SRR G R 2 ORI 7 4 1 . A e AR 5% IX.
TR Z AL R 9T, RIS 2 B IIAFE S, 32 FHZ R RS F8 FRAl T EIE,
B2 R KK S B AR I ST S T R RS B A ks

between flood deposition and hiatus period

5 % ik (References)

[1] Li Runtian, Ding Shengyan, Li Zhiheng. The historical evolution of Kaifeng City under the influence of the Yellow
River. Areal Research and Development, 2006, 25(6): 1-7. [Z31d [, T 3¢ 22, 2516, #5200 FF B30 1% 7 58 3
A7 M5 5T &, 2006, 25(6): 1-7.]

[2] Cheng Suiying. The Yellow River's passes and flooding in Kaifeng district in the 12th century. Journal of Henan
University (Social Science), 2003, 43(6): 32-36. [Fri%#5. 12 20 B 5 WO 7E I M IX A28 75 512 . TR K224k
(FE22RI2E/R), 2003, 43(6): 32-36.]

[3] Liu Chunying. Uncovering Ancient Cities Built in Different Dynasties under Kaifeng City. Beijing: Science Press,
2009. [XUFFI. SR B R . AbaT: B2 i, 2009.]

[4] Xu Qinghai, Li Runlan, Zhu Feng, et al. Pollen sedimentary facies of fluvial sediments on North China Plain. Journal of
Palacogeography, 2001, 3(2): 55-63. [VFif iff, 210 =, AU, 55, Aedb I oh BLH A6 83 DT RRURR AR 2. ol Hl B 2 i,
2001, 3(2): 55-63.]

[5] Chen Fahu, Cheng Bo, Zhao Yan, et al. Holocene environmental change inferred from a high-resolution pollen record,
Lake Zhuyeze, arid China. The Holocene, 2006, 16(5): 675-684.

[6] Hayashi R, Takahara H, Hayashida A, et al. Millennial-scale vegetation changes during the last 40000 yr based on a
pollen record from Lake Biwa, Japan. Quaternary Research, 2010, 74(1): 91-99.



54 XUTEHT 45 At b S T B PO Bz DU S A fUB 10 % 861

[7] Zhao Yan, Chen Fahu, Zhou Aifeng, et al. Vegetation history, climate change and human activities over the last 6200
years on the Liupan Mountains in the southwestern Loess Plateau in central China. Palacogeography,
Palacoclimatology, Palacoecology, 2010, 293(1): 197-205.

[8] Zhu Cheng, Ma Chunmei, Yu Shiyong, et al. A detailed pollen record of vegetation and climate changes in Central

China during the past 16 000 years. Boreas, 2010, 39(1): 69-76.

Li Jie, Zheng Zhuo, Huang Kangyou, et al. Vegetation changes during the past 40,000 years in Central China from a

long fossil record. Quaternary International, 2013, 310(11): 221-226.

[10] Sun Aizhi, Feng Zhaodong, Ran Min, et al. Pollen-recorded bioclimatic variations of the last ~22,600 years retrieved

—_
o
—

from Achit Nuur core in the western Mongolian Plateau. Quaternary International, 2013, 311: 36-43.
[11

—

Njokuocha R C, Akaegbobi I M. A contribution to the Holocene vegetation history of Nigeria: Pollen from Ohe Pond

Nsukka, southeastern Nigeria. Quaternary International, 2014, 338: 28-34.

[12] Mazzini I, Gliozzi E, Koci R, et al. Historical evolution and Middle to Late Holocene environmental changes in Lake
Shkodra (Albania): New evidences from micropaleontological analysis. Palacogeography, Palaeoclimatology,
Palaeoecology, 2015, 419: 47-59.

[13] Ma Jianhua, Lu Jing, Gu Lei, et al. Black carbon as an indicator for dividing sedimentary cycle from the Yellow River
flood sediments in Kaifeng. Acta Geographica Sinica, 2015, 70(5): 730-738. [ Shat1E, Fhif, 2495, & TpRAE T 87 bk
BOZ M2 DUBUIE 1) 73 v i s 7 5L BRI, 2015, 70(5): 730-738.]

[14] Xu Qinghai, Yang Xiaolan. Ancient vegetation interpreted by alluvial pollen at northern mountain area of Hebei
province. Scientia Geographica Sinica, 1998, 18(5): 486-491. [VFif i, FH/N 2. AR P F AL KPR A2 30 110 oty e
Y S H BB, 1998, 18(5): 486-491.]

[15] Kong Zhaochen, Xu Qinghai, Yang Xiaolan, et al. Spatial and temporal Holocene vegetation change from alluvium
pollen analysis in the Yinma River basin of Hebei province. Acta Phytoecologica Sinica, 2000, 24(6): 724-730. [fLIH
R, VIV, FH/N2, S TG e TR 0 i kA i B A6 43 AT B 4 tH A B 25 A2 A ) 2L ) )
HEAS2AR, 2000, 24(6): 724-730.]

[16] Wang Hongya, Shi Yuanchun, Yu Pengtao, et al. Alluviums of the early and middle Holocene in the Quzhou area, the
southern Hebei plain and palacoenvironment inferences. Quaternary Science, 2002, 22(4): 381-393. [ L4113V, f1JCH,
TV, S LT 5 R TS R b DR | A T R A 4 43 A R i FRBEIR BRI 55 DU LA 5T, 2002, 22(4):
381-393.]

[17] Work P T, Semken H A, Baker R G. Pollen, plant macrofossils and microvertebrates from mid-Holocene alluvium in
east- central Iowa, USA: Comparative taphonomy and paleoecology. Palacogeography, Palacoclimatology,
Palacoecology, 2005, 223(3): 204-221.

[18] Li Yu, Wang Nai’ ang, Li Zhuolun, et al. Holocene palynological records and their responses to the controversies of
climate system in the Shiyang River drainage basin. Chinese Science Bulletin, 2011, 56(2): 161-173. [22F, L5 &, 45
S, A5 AR AR A 10 SR B TR R R GEM R R R . B, 2011, 56(2): 161-173.]

[19] Li Yu, Wang Yue, Zhang Chengqi, et al. Changes of sedimentary facies and Holocene environments in the middle
reaches of inland rivers, arid China: A case study of the Shiyang River. Geographical Research, 2014, 33(10): 1866~
1880. [ZH, T 15, TRuEy, 45, 152X A il itk o e b DX 4 thE O RRAR AR S5 PR A8 A DA 23T Gk 461 b 3
WF5E, 2014, 33(10): 1866-1880.]

[20] Faegri K, Iversen J. Textbook of Pollen Analysis. 4th ed. London: John Wiley and Sons, 1989.

[21] Zhou Kunshu. Environmental archeology in Beijing. Quaternary Sciences, 1989(1): 184-194. [J& B2 AL b mt 355 % 1.
HPUZOHEST, 1989(1): 184-194.]

[22] Xu Qinghai, Cao Xianyong, Wang Xueli, et al. Generation of Yinxu culture: Environmental background and impacts of
human activities. Quaternary Sciences, 2010, 30(2): 273-286. [V fF, EHLH, T4, &, Bk S & L R EE 7Y 5
K NZEIG B BRI, 25 U205, 2010, 30(2): 273-286.]

[23] Wang Qing. The historic context of water-control project of Dayu: No.l of a series investigation on the legend ear of
ancient Chinese history. Cultural Relics of Central China, 1999(1): 32-42. [ £ . K& IG/K A FE T 5. thJFE ¥,
1999(1): 32-42.].

[24] Wu Wenxiang, Ge Quansheng. The possibility of occurring of the extraordinary floods on the eve of establishment of
the Xia Dynasty and the historical truth of Dayu's successful regulating of floodwaters. Quaternary Sciences, 2005, 25
(6): 741-749. [ 5 3CHE, HAak. BT A7 oK A= AT RENE 2R BA/K FUAH. SR PUZEHITSE, 2005, 25(6): 741-749.]

[25] Zhang Junna, Xia Zhengkai. Deposition evidences of the 4 ka BP flood events in Central China Plains. Acta



862 H B 22 iR 71 %:

Geographica Sinica, 2011, 66(5): 685-697. [ A Mk, B IEAE. HIFHLIX 4 ka BP Fi 5 55 K AR DUBUIESE. M3
2FH, 2011, 66(5): 685-697.]

[26] Ge Quansheng. Climate Change in Chinese Dynasties. Beijing: Science Press, 2011. [ 4= i, H [E Jr i < 484k, b
nt: Bl2E R M, 2011.]

[27] Huang Chunchang, Pang Jiangli, Su Hongxia, et al. Holocene environmental change inferred from the loess-palaeosol
sequences adjacent to the floodplain of the Yellow River, China. Quaternary Science Reviews, 2009, 28(25): 2633-2646.

[28] Huang Chunchang, Pang Jiangli, Zha Xiaochun, et al. Holocene palacoflood events recorded by slackwater deposits
along the lower Jinghe River valley, middle Yellow River Basin, China. Journal of Quaternary Science, 2012, 27(5):
485-493.

[29] Huang Chunchang, Li Xiaogang, Pang Jiangli, et al. Palacoflood sedimentological and hydrological studies in the
Yongheguan reach in the middle reaches of the Yellow River. Acta Geographica Sinica, 2012, 67(11): 1494-1504. [# %
Ko, RS, et pih, A5, B AOCBE A B i K IS . B2, 2012, 67(11): 1494-1504.]

[30] Ma Yugai, Huang Chunchang, Zhou Yali, et al. OSL dating of the Holocene paleoflood events in the Jixian reach along
the middle Yellow River. Quaternary Sciences, 2014, 34(2): 372-380. [ ik, ## I, WA, 45, #m i B B4
SHTHETT KR R DU E RO B AEIFSY. 25 PUZL Y, 2014, 34(2): 372-380.]

[31] Brush G S, Brush L M. Transport of pollen in a sediment-laden channel: A laboratory study. American Journal of
Science, 1972, 272(4): 359-381.

[32] Hall S A. Pollen analysis and paleoecology of alluvium. Quaternary Research, 1989, 31(3): 435-438.

[33] Zhu Yan, Chen Fahu, Zhang Jiawu, et al. Effects of depositional environment on pollen assemblages: A case study in the
Shiyang River Basin. Acta Sedimentologica Sinica, 2001, 19(2): 186-191. [Z4H, Bi& &, SR K, 5. IR XT Uk
AT Do s ). TURR2A4H, 2001, 19(2): 186-191.]

[34] Liu Yaoliang, Xu Qinghai, Li Manyue, et al. Holocene pollen record of the Sanyangzhuang site in Neihuang County,
Henan province. Quaternary Sciences, 2013, 33(3): 536-544. [XIESE, VPR, 222 37, 5. & N i B =4 40
LUK BB 220 5. SR PUZEHIFSE, 2013, 33(3): 536-544.]

[35] Xu Qinghai, Yang Zhenjing, Yang Xiaolan, et al. Vegetation in the Luanhe River Basin and surrounding areas. Acta
Phytoecologica Sinica, 2005, 29(3): 444-456. [P, 4R 5T, BH/N2, 45 i Jiel A S8 320 b X ZE 8 S A OC R 1M
WFFE. FEPIEZS 244, 2005, 29(3): 444-456.]

[36] Xu Qinghai, Li Manyue, Zhang Shengrui, et al. Modern pollen processes of China: Progress and problems. Science
China Earth Sciences, 2015, 45(11): 1661-1682. [/, 252 3H, 5Kk Hii, S, v 55 U A BRI R 2k e )
P E R HIERRRE, 2015, 45(11): 1661-1682.]

[37] Zhang Meiliang, Yuan Daoxian, Lin Yushi, et al. A 6000-year high-resolution climatic record from a stalagmite in
Xiangshui Cave, Guilin, China. The Holocene, 2004, 14(5): 697-702.

[38] Peng Youbing, Xu Ying. A modeling study on drought and flood events of the last 530 years in East China. Quaternary
Sciences, 2009, 29(6): 1095-1103. [#4 A 5%, #5%. 1 25 530 4F oy [ 40 52 5 S B IR 98 0045, 48 U2 05T, 2009,
29(6): 1095-1103.]

[39] Zhang De'er. Severe drought events as revealed in the climate records of China and their temperature situations over the
last 1000 years. Acta Meteorologica Sinica, 2005, 19(4): 485-491.

[40] Zhang Zhenqing, Xu Qinghai, Li Yuecong, et al. Environmental changes of Yin Ruins area based on pollen analysis.
Quaternary Sciences, 2007, 27(3): 461-468. [TKARIM, Vi1, 22 H N, 4. ey X+ 565 mifp 41 A A SRR 2
S PUZERIFSE, 2007, 27(3): 461-468.]

[41] Wei Jiyin. The discussion between climatic change and the formation of central position of the centre China civilization.
Cultural Relics of Central China, 2011(5): 15-24. [#4% E. &S A6 7A8 1T 5 rp 5 SC B v M BT 1. Hh L SCH, 2011
(5): 15-24.]

[42] Liu Chunying. Archaeological research on "Laoqiu", the capital of Xia Dynasty: Confirmation from Erlitou Culture
have been found in Kaifeng area. Cultural Relics of Central China, 2014, (3): 18-23. [XIJFil. HHR“ ¥ "% MITdHHh
X 228 B — HLLSCAIBA T HSRAIE. hSCY, 2014(3): 18-23.]

[43] Ge Qifeng. A new probe on the plane layout of Daliang city of Wei State of the Warring State Period. Cultural Relics of
Central China, 2012(4): 27-33. [ 771, & E BT 1HAR s iR, thIESCY), 2012(4): 27-33.]



54 XUTEHT 45 At b S T B PO Bz DU S A fUB 10 % 863

The middle and late Holocene pollen record from the Yellow River
flooding sedimentary sequence in the western suburbs
of Kaifeng City, China

LIU Dexin', MA Jianhua"“?, GU Lei', CHEN Yanfang'

(1. Institute of Natural Resources and Environment, Henan University, Kaifeng 475004, Henan, China;
2. Collaborative Innovation Center on Yellow River Civilization of Henan Province, Kaifeng 475001, Henan,
China)

Abstract: The flooding of the Yellow River has occurred many times near Kaifeng City and
formed a relatively complete sedimentary sequence, which provide a rare research carrier for
the exploration of the stratigraphic evidence on flood events and its pollen records in the
vicinity of Kaifeng. In this research, a 25-m long core was obtained from Jinming campus of
Henan University (ZK;.), which is located in the western suburbs of Kaifeng, Henan Province,
China. On the basis of detailed pollen analysis, along with color identification, AMS"C dates,
grain size and historical documents, sedimentary cycles in the study area were identified, and
flood events and their pollen records were revealed since the middle and late Holocene. The
results are as follows: According to the sand-clay ratio of grain size in the study area, ZK;, core
can be divided into nine sedimentary cycles from bottom to top, and can roughly record eight
large flood events. The difference between pollen assemblages is that the percentage of
arboreal pollen in flood deposition period is higher than that in neighboring hiatus period, while
the percentage of planted Poaceae is lower in ZK,, core. Except individual strata, the
boundaries of sedimentary cycle are mainly consistent with the pollen subzones, suggesting
pollen can be used as a reference indicator for dividing sedimentary cycles of strata. Notably,
sedimentary cycles formed by smaller flood or plurality of intermittent short-term floods within
one flood can be identified by pollen index. Therefore, the number of pollen subzones (12) is
more than that of sedimentary cycles (9), indicating the accuracy of the cycle division of some
intermittent pollen indexes is slightly higher than that of granularity. Due to seasonal changes,
the variability of the flowing path of floods and the geographic scope, some floods of the
Yellow River that lasted longer may have multiple intermittent short-term floods. However, the
local pollen of Kaifeng City mainly deposited during the intermittent floods, which is different
from the upper reaches of the Yellow River. Consequently, a pollen subzone may not indicate a
specific flood event.

Keywords: flooding of the Yellow River; sedimentary cycle; middle and late Holocene; pollen;
flood; Kaifeng



