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Abstract: A 670-cm-long sediment core from Lake Liangshanpo, a waterbody used to connect to the Yellow River, was analyzed to
understand environmental changes in the lower reaches of Yellow River area during the late Holocene. Based on AMS-'*C dating
and the integration of high-resolution multi-proxy records such as grain size, magnetic susceptibility, total organic carbon, and C/N
as well as historical documents, we infer that the lake has experienced five distinct phases of environment evolution during the last
1200 years. Our results show that a low lake-level stand with a wetland environment prevailed during 790-940 AD under dry and
cold climate conditions. Then during 9401215 AD, the lake expanded and reached to the maximum depth due to the flooding of
the lower Yellow River (LYR) under relatively warm and wet climate conditions. In 1215-1310 AD, the lake began siltation likely
due to the southward displacement of the Yellow River, experienced rapidly shrunk and a wetland environment. During 1310-1470
AD, the lake expanded due to the flooding of the LYR again, albeit the area is smaller than that of the maximum phase. From AD
1470 to the present, rapid siltation corresponding to the further southward displacement of the Yellow River especially in 1494 AD
and until 1855 AD flooding events occurred when the channel of the LYR shifted back and the river discharged to the Bohai Bay. In
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sum, under the background of climate change, the avulsion and levee breaches of the LYR are the major reason for the environmen-
tal evolution of Lake Liangshanpo.
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Fig.1 Study area and location of the sampling site in the ancient Lake Liangshanpo

LB R AR L .06 B (35°43753.52"N, 116°07"19.98"E ) (&l 1) R TCHENE PVC BASTENLME JI/EH]
TFEFECT LSP-1 HRRTIREE K2y 670 cm. EEFAb W HORFE S W I G FIHF, X6k B AL 1T B e
F U R NHERT AR R IR, 7RSI KR S E s e R R b X o i — 2R
F I8 2 om HEATOMRE , BEA TR O SUBHRE 4%, DA SR RS AC AR AR 00 5 | 53— R AE B A2 T2 ).
Horbr AMS-"C AR CREBE LB HURR (TOC) L (TN SEB87E v FERL 72 B HbBR R BT 22 T 5 o S 0 22
FE , TR SEAE IR R 25 DU v A 0 2

MRAEVTBURAE , LSP-1 AR R A i LA N 430 6 )2 (1 2) , BRS AR .

%1 2:0~10 em ARE OB+, FHEREMRER, WHHER.

%52 )2:10~145 om FRE ORI LIRS, b BEU LR, R ESBURLE A, B 12 om A4 AL B
.

%53 J2:145~240 om, A KGR, TS — 3K, S0P SO, S8 A R RS

55 4 )7:240~395 em, f 1#(240~265 em) FpRAEIE, & A mAEYIIRIR, 265 em DL AR AP
e, SRR,

%5 5 )£:395~635 em, K OIRE, &4 L YIRFE IR P R 1A

556 J2:635~670 cm, IRB AR, HREMYRME, AT RES.
2.2 LI

TEHL 335 ANAE A HEATRLEE 30T, B MR AR ZY 0.3~0.5 g, SEJR AR BE 2 10% (1 BUSK A BE 24 10%
FIFEERTR | 40 B 2 HURFIBRIR EE , A 0.05 mol/L {1475 45 B 12 4 55 54500 31 A8 75 5B 3% , i F 95 (=) Malvern
N FHEFE Y Mastersizer 2000 BUSOEREEAGIEFT 04T , LR 22 <0.1% . I 320 M St AT REAL R 0Hr , 1
FHZEIE Bartington 23] Az 7 1) MS2 BIREALIRASGINAE , 45 G0 b B ARAS T EAL . T 124 ASBE R EFT TOC



248 J. Lake Sci.(#:a#2) ,2018,30(1)

AITN I5E 2 0.5 ¢ FEf, ILAWRIEZ) 10% FORERIR , BR S RARER , 28 B EIF B U AR, 10 pg B A
A B TE B T B TE Costech JUER AT EREATINL, SEH 22 <0.2% .

TS AR AR ST 23 S — TR A A )R AT, R T R IR B — AU, e — e 1y ) 4 g T
TERRUA G AL AP AL PREE 5 MEPIERAAH | ASBR5ERE SR AR . AR 5k P i Ak LR P ) A 25 7
(R — R RRAL TR W S AR R B A RERR T A ZE K, 7S B2 15 24 30 min, 43 BS A4 SR 1A %
TIZ& 50 FANA 10 ml ) 10% HCL B AP AR AR IR B A BRI L A et AR IR, JF U 2 s AL 2 ml 5% )
NaOH [ Z: 5% R b S AR R , 8 22 P s BRI 5 ml B9 10% B9 HCL, 3 28 bk, 78 38 P T 5 B0 A0E ot 88 g
KA, FRE 0.01 g, 3k A BLASHRBERE B Wil CO, UM s di i 1L L AR 48 i vp O, B X IR SE R A
TERTAL BEATHEAT T X A48 , 45 3R s 85 B oy SO 21 0, 2 W HCTE /5 0T 1L ied 2 i oK A2 30 o 285
JH AT LA 47 W52 0 i b B AR L — A 26 RS 0 ik, 1 S MR B ABRAR T I AR IR K 2
U5, ZRFR AL s P ZRIRK Ve 2 P v, LT 5 O SO SO & v, AR R (85% ) , Wi gl CO, A il
U A A 3 O I

SHERGH

31 AL ERFIEL

SN LSP-1 B FLIIAR 2 Bk sk th ) 5 AR AR P35 e 46 ) R — MR 72 T F AMS-"C AR, KA HE K
PR (53525058 ) J2—Fh LA (R I AR T, AR 36 T ORI I R A< C R BE AR B0 , B0 52 31 S BR800
(SR, AEUS B AR R DTRBUZ O A ELSARAR. TS A0 AR AR (i Calib 6. 11 BOERRF ™ BIE N H T
AR BORILER L AN 2. 55 1 2555 2 JRAHUL TR EEDN 12 em( XA8598) BRSEA: il Y 445 5 W B,
FER G2 LA X AL LA BT k. R ILA B AL R AR A 2 e BRI A 22 i ) A7 A e R P P A 2
SECE 2) 43 222 IA LR R ARy 790 AD. [R] AR E 27 1 AEART S ARG FLIER BE DG R, ISl T4
KB IA M TR AL (5 2) .

% 1 LSP-1 HARFEY AMS-"C 4%
Tab.1 AMS radiocarbon ages of Core LSP-1

REE/ em SR E i PRk 4EU%/a BP K IEAF &S/ AD
12 XA8598 RS 104.4 PMc AL
160 XA8600 LERLIAEN 52124 1396— 1440
262 XA8601 LELZL3 0N 700+30 1262— 1309
400 XA8599 LELVL3 LN 833+26 1164— 1260
623 XA8602 EEY 100225 986— 1047
663 XA8604 EESLY 120124 766— 895

FErR AR ARG 4 2 bR AR h AR R AR bl B T IRAL Y, BOA S id iz, IR, ARAT I AR
JE A HER, AT LU RE L2 CLA AR NS . B IADURERE S RO AR AR (55 4.5 JRZS AR NS 2 3 J2 58 7
Aib ) B TR IR A AR R A i 2 , AP BR AR T RESR B FRIURR AR AR AAE IS T REAFFE A E V. IR, FRAT A8
THE—2L T E 265 ~400 em AN E @A PR U, 5 F 2 B b BRI W A DO BOR 28 . i I
1194— 1494 AD S e 25 4 YORBGH (18 1) , B 588 , <59 A B, BT E T 4R 0 B 2 LA DX, 18 90
L, SRR R TORURAIE— 2. b, D AE IR B BT 2 4 UCHGE 2 )5 AR RIS IS XABS99 FE i Y
AW 1164— 1260 AD, 5 BRI ER 4 YORMBGE I B &5 5 2.3 A PR AR 8 AL, D 2 1, 1494— 1885
AD ], e EE S YORBGE (& 1), 8t — P i A% , S il Il ik — A2 B T B2 1A, B2 LA S — R L.
PRI, DI BSFIWER 2 JZ DU A B S S WHGE 2 J5 B wP AR, iz P IS AR TR, [R] I U7 XA8600 A% i
FAFIE A 1396 — 1440 AD 55 38 {n] il (IR RIS W45 AT DL, A XABS99 FiI XAB600 FrAF: it 2 ] 5E ).
3.2 MMER RISAREHE

ARPERL B2 Mt R (] 3) , LSP-1 ALUTAU 2 e 36t Boby R 41, Herh 245~ 395 em 1 10~ 145 em P



AE SR 7 5 38 1200 a k57T T2 LA AR R IRE T it 249

PUARIH =/ (cm/100 a)
0 80 160

) IS E—

HWE

100

1494 ADgkiE

200

300

G /em

1194 ADEi#
400 S8

500

600

L L L L L L L L L L L L L L )
S O 0 Q0 Qo Q0 o0 Q0 Qo Q2 2 9
S O © o ©O O O © O o o o 9o 9o O
S0 ©O — A en ¥ \n o >0 O —
e R e T B T e S S

4EAR/AD

FERER] #E1
P 2 ZEUA LSP-1 ARG FLHZ Atk AR 81 S TR %
Fig.2 Stratigraphy, lithology, chronology, and sedimentation rates of Core LSP-1, ancient Lake Liangshanpo
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