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JE Fe R ARZK A, TR E R R E PR A, %
AU EMEDE , L vir2E , ALK 2990 km, KP4 952
50 kmo W TAIFABT ] 11 5 Pl L A, K
70.0 km, L FE JE &2 r, LAACJE 3R 1 W90 L T A
4 380 km?, 3% EI 55 N THIAN 1 080 km?, B 4E /K THIFH 5.6%
10" km?, #MA R BN 1.6, XLELIH e N B AR T | 1%
TN/ E I ES TN PTG S  E5 ie S2 ST0 B/
(AR, FEHR B 0] | TTIAT G T 2 4L Y F 2K
5 CIEL )™, F 55 P4 4L b T /K 9 2 R A2
BT AR o A AT Z AT S 4L I g o — itk e T
A SCHIBFFE X SR T R 5 N ) 4L K R 43

K /INDEHLIIA K BT T R P R i) i i 7t
i) 45 N 3R] AH DG |, 25—kt B T 1976 41,
55 ML PRE T 1999 A, B ik B 4 LI
DR TR, R AR T T X B2 Bl L v
B TR SRR A T RE . LI e T
B A AW T i AL BT VD RS i
Pevb , KRB R A K Bty (e T 2 52 i 24 LI i 11
IRFRA A RUPIRY RBP4 Skl |
ZRACHL T F/N DL, 30 A 55— 5 it g A %
FLI, F5e 5 A FRAE T 10 57 B VDU | BRI /N %
LI ] KL

LT b X AR S 34 KU 3~4 mi/s, 4—5 H FHEI R
W 4.4~4.8 m/s, K& 24 HLII K RZ 30 /Y 32 2 50 1ok
T8, 24U ER TRk SRR, RO T3 oKk A7 =
T TR S e B P A 25 R S R s, L
JR 1wy = AR 2 B A0 ) L, 32 XL Sk SSW
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132°7'E 133°8'E
.
N
4
o 5
% 5
z
i
o hili
- - R
— i
&z .
4 © BIAKEE|
o 0 30km [
3 | E— =
74

1327'E 133%'E
P %L K ik
Fig.1 Catchment map of Lake Xingkai
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2 FEREITE

2.1 MHmREMTAIE

20194F 10 A, ffi FH 8 77 1% ZER R PR AR ZE24 0L
WIRAE 3 /MR Z VTR AERE (B 2) , IR AEFEDTRL
— K G M, R sh . Horp, XKH-1 47 T #1758 /5
PR 3.51 km &b, BUORE S KK S m, HEAE R 18 em;
XKH-2 {37 F 2% A AL J7 a5 9.88 km, /KK 8 m
b FEREC FE 16.5 emy XKH-3 7 T-45 It it pl 3z,
BURE S KR 8 m, HEFEK FE 11.5 em. XKH-1 £ £
15 em LA _4% 0.5 em [BIB 23 FF , LR % 1.0 em [B] & 55
FE; XKH-2 FIXKH-3 2 54% 0.5 em [AIfR 04 . A Fe
i R I , P % B R A ] S & A T o AT b B
22 YCstbiEE SR

UURW) 7Cs TR EEDE AL TR UNT - 1)H4 53 2 FE AL
60 CHLAR hpE 2 fE F R TR AR S TE B AT
FE AR L 23 200 H i, FRELZ) 50 g A & FH#EL
PRrb . 2)"Cs 15 BER ) y A A R AR
258 ORTEC 2 &) 4 7= i) GMX30P-A = 4l Ge [R5l £
M2 . Cs b ME TR N5 K Bedford 15 V0 5% T 2
HE, 15 B 582.7 Ba/kg, & 65.4 g, S (] Ny
20204 1 A 1 H IS EFE] 2 72 000 s, i FH IAEA-327
PRFESEAT T X HUAR IE o AT B ot K e 5 it
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Fig.2 Sampling sites in Lake Xingkai
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UL EE A TR AN R - D BT g 22 AT RE R
A 100 mLBEAR A, A 20 mL Z€ 18 7K F13E H v 1y
10% i AL A, A RS 2 58 00 S, LABR R AT AL
Jio 2)IIA 10 mL10% FYERERIF 5 £ , (Eak iR £E 5 £k
PR 7853 VL, FCEE 24 h AR RAS IS5 . 3) In AZEM
7K 100 mL, 3k , #8524 h, 175 H 58 2T 5 5 251
VO, FEINZRARK i, B, L 20K, LB R
WA . 4) A 10 mLYEJE 7 0.05 mol/L i 75
WERR AT, E 24 h, B FEI 2] 5 R 9 [E Mastersize
2000 A F AL BEAHEA TR BE AT ORI
VLR A 0.02~2 000 wm, 43 #8558 0.01 ¢ CRifR ),
IE G AR 22N T 3%, PRI B GeiTHRE
i B+ (<4 wm) P (4~63 pum) FIRP (563 pum) Y
By, A BT R B - B R A2 ik
REERIE SR AR TR R I KA R S5
FF R E TR LI = e

3 ZER5HE

3.1 YCstbiEE SEImEBHE

AR S DU T Y Y Cs LI B L A
A a0 3 fr s, XKH-1 91 7Cs Fe 36 B R AR ok F
XKH-2 FI XKH-3, XKH-1 4 F* F 8 030 R, U
FRYIZRIZ S em BRI ED T UKL, T 38 R K R
R+, Cs i K E B 2 H IR 7.5~8.5 em
Bt WIS B M 14.63 Barkg, 8 em LAF WCs HLiiH B Bl I
FE LA R REAE Y, 8 em UL | "Cs LU IE BEIJGHA i AR
£k, Cs FU I B R OA (E H BLAE 12.5 em Bif T . XKH-2
2 H0E O 0 Ry R T Uk 5L 8 XKH-1 1,4 2 em,
AR A B R L, Cs o R K AE H BRTE 4~
5 ¢cm, 24 3.58 Bq/kg, 5 cm VAT YCs Hb I B Bl R 5 4
S g R AR R IRTE 8 em BT . XKH-3
AT ML I BT, BRI IE R 2 4.11 km, DT
5375 XKH-1 2580, 3R)Z 5 em R AR b
JBURL, T R IR R R SRR B R L, Y Cs I R
{8 BLAE )2 1~2 em, K 6.13 Ba/kg, 2 cm R JE LU
T Cs TR EE 2 N R AR Z O AE 6.5 em [T

1Cs FE A BRI A B TR A2 0 A FUXUHT 1 5%
e, FEAG 2 507 LA PN TTC R et Bl 243 ) 388 hn i 38 m , [
RN KA Cs I R AR R IR, IR R
225 FRRFER ARG A", FR 10T LUE £]2%
LI 7 Cs 0 T 25 R /N T R b b X K 2 BCH At 18]
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0 6 12 18

YCsI i E/ (Balkg)
0 1 2 3 4

"TCsHLE B/ (Ba/kg)
01234567

0 ————1—— 0 m——1—1——  0-
a S 1b & c —
- < .
2 - < 24 = 2 =
- . X
S k: P
4 44 i 4
\
.<'/ - =
1
6 e 64 — 6—/>
N { i
P % i
= 8- > 8 8 4
2 4
S J
% 10 -\/ 10 4 10
A
12 - 5: 12 12 4
J
i
14 s 14 14
64l XKH-1 16 4 XKH-2 16 4 XKH-3
| |
ol 18 4 18

B3 4HLI A AEREDURRA Cs BU T J3E 2 B0 1
Fig.3 Vertical profiles of ’Cs activity of sediment cores

from Lake Xingkai

TN R T e VRN DU JE TS 1958—1968 4
(WCs BV A K B R Z AN, B ir i A
K I A AR R OK i 5 LA 22 R KL |
1963 4 & FUEMEH H 4L R 2 . — Bk it 78
AR, IR A — X, 7 Cs 125 (8] 53
A e 5] P AFE: Y Cs B A M2 2 I 23 Dl o 21 W ff
R0 Y AP LS B SR A
BILITE B O RSN TR X 7 Cs ISR
R, 6 4 410X Cs B BRERE 77 Bt 5k T H At A1
A3 Xu et al "3 HT T AN X 10 SRR 398
A, S5 SR B BT R S T Cs F A I R KA/
T2 pum B EORL L R AR AR, XY Cs 1 W R RE 7
58, DXL G A ASURLAY) 5T 15 S i TR h T Cs TR AL
o AR H DX IR B A BRI | R RV A
DU A e Y25 VLA A4 LA 26k - A2 b 45 4 Uk 40 I A
F B S AR D E KT 85% , HORGE
HLIZE A AE D & S 60%~80%. 1 4B Y
W BE AT T AB B (£ 2) , —ARUTER AR LU
KRR A 32, 266 - R4 D 5 R /N T 26%
H = AHRAERE Cs B ARG AL 19 ZE Ak b & 14X
H18.5% .24.4% F1 14.7% , K A DT RLAE K /)N
JESS I XL TR R Cs ) 1 A R (/N T AL
X K ZEOA R N

XKH-1 H1"9"Cs Fe 1% BEAE 0~8 em 70 [l N JCHH S 28
R (E 3) o 35 H A A SR DR WGBS, 7Cs 41T
R B KA 2 000 Bg/m?, HBRTE 1963 4F 5 1970 4F 2
J5i B AR DU R ERME T 100 Bg/m?, 1Y (5 1963 4F iy
5% ; 1986 4F-Hij SRR I 7R 145 DL RIS Sl = A B AR TR
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20 200 Bg/m?, AL 5 1963 4FIE(H ) 1/10, XKH-
LICERW ™ Cs F TR 43 A7 AN [] T BLY 1) 7 Cs 23R K A
TR, AT RE S Hh T 24U XA M 4
PR AT, XKH-1 A AT s ] 1B, %X
WoKsh AR 2 AR KR LS 80iB W RiR A
SHVEFISEGER .. BeAh, 240U PR AT 0k P AR 2% i sk 35
TE RK T 4 T80 e 1 D X, AR X1 R R 2%
18, FEENATTRY RS K TS &, &t
RIRBNRA B HC U K T REAFAE R At A, 1
15 Cs M A b A E LR . S — T,
LUK T FR L4 A 0 TR 13 43 , Tz i)
(R Cs TR R T T B2 O3 19 17 Cs TR o
XKH- 157 F B0 B, il ¥ Cs J5 B4 AXTIT
U ¥ Cs TG A —E 152 . T SCRE X AR
o Cs TR R TS , XHK-1 19 Cs PURRE & A]
PAIE—2E S B A ) 7 Cs XU THT 1 DRk

32 YCsinFRBEN

AT PRI 1Ak ) XKH-1 Y Cs PRI
1 604.28 Bq/m®, XKH-2 H1""Cs T #L38 1 hy 231.12
Bq/m*, XKH-3 1 'Cs {J{ #1 i it 2 288.73 Bg/m® (&
3), XKH-1 % "Cs DT F 38 1 24 2 XKH-2 19 6.9 1%
XKH-3 B9 5.6 1% , XKH-1 Y '"Cs “E-44 1% & K T XKH-2
FIXKH-3,

Fang et al. " K445 M 585 AL 8 H AL R+
M1 IX (44.72° N, 125.87° E)"7Cs I 5 {E M 1 619.16
Ba/m® (ARG IE 2 2020451 H 1 H ) o RTSCHMHTAT
AL TSI DR TR A A RN S ) I T
IRACHAB NI, SZ R RN (A 520, R T 7 Cs e
JEE AR, OB R Y Cs YURE B /N T X T
{H, 1H XKH-1 R Y Cs PR 5 2+ Cs 15 55
HAHY, 255 S R UORP R PR E AR B HE R
B AT XKH-1 (/) Cs PUARE e B 3K 5Tk

F1 M5 FRACHX E MR P Cs1963 FEFRUEIEE
Table 1 Global fallout peak (1963) of "’Cs in Lake Xingkai and other lakes in northeastern China

YICs1963 4EE UG VCs1963 4EE Rl

1958—1968 4£:1%

WA ZHRENC) ZEREC) DU /em - 2™ E= 3TN
- o H % FE/Bq kg R lem WK B Amm
4525 132.06 14.63 8.0 0.143
LI 4524 132.52 3.58 4.5 0.080 588.7 BN
4523 132.68 6.13 2.0 0.036
Bl 43.77 128.37 91.05 23 0.47 570.1 [17]
TR 48.67 126.10 57.76 27 0.55 579.2 [18]
iy At 42.30 126.37 121.23 5.5 0.15 781.9 [19]
(N A 4228 126.60 155.56 5.5 0.11 781.9 [20]
55 45.65 123.70 11.30 32 0.90 406.2 [21]
e (a)Cs Holih B S — AR R IE 2] 2020 4F 1 H 1 H 5 (b)) B /K B0 > - v S04 204 9 hiep://data.cma.en/
Fx2 MBMAHESE
Table 2 Grain size parameters of sediments
X w itk g0 B 4k id it
R 5 SRR ) GrEFREL
(>63 pm)/% (32~63 wm)/% (16~32 wm)/% (4~16 pm)/% (<4 pm)/%
XKH-1 0.0 403 38.4 152 6.1 14.8 121
XKH-2 0.1 36.8 374 18.4 73 14.0 127
XKH-3 0.4 55.1 25.5 14.1 49 19.1 131
F3 MY MBRYHEEER
Table 3 Information from three cores in Lake Xingkai
N b b " i ; TR om ot — s )
R KRR/ B km PSS Ml km Vs BURE /B m? 19632019 ICs PIE L Ba-g! TR Y om?
XKH-1 5 3.51 51.66 1604.28 0.143 0.0121 1.028
XKH-2 8 9.88 15.93 231.12 0.080 0.001 9 1.190
XKH-3 8 4.04 4.11 288.73 0.036 0.004 5 1.238

TE: (a)"Cs PUARGHE 1t 2 — 215 VCs LU B2 5 TR BT B9 Z20, B Inventory=3 (Mass ., XActivitys_, VS ;-5 (b)1963—2019
A1 S 24 90 B 38 =" Cs i 5 0 XoF IO TR BB /(2019 —1963) 5 () "VCs - 2493 JE O "7 Cs d v 0 B ITUAR W) 0 6 2 Cs I BE (¥ 5T N AT 4
(d) T By B AR TR AT R 1) 7 48 T %
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XKH-2 Fll XKH-3 [ "¥"Cs 08 H 12 K T XKH-
1o 38 AT AR DG IR TS S 0OR R 5T iR , 4
WA LA L5 R - D REIR B A . %81
TR TS W T R FR LT I ST 3 SR By NI e 7
T 1T 32 H A T B9 3 5 M), b 308 327 v 6 B D AP ) I 98
TR ZE, BRI, KR, 5 g S S T
KBt ¥'Cs 1 SAH (CRD B IEBLAY  BIPIE5 I R rh
KBt CRIAE AR At B it )= 35 1l X 58 1) dge KA, Ak 34
AL X CRIZZLTE A 1 484~3 652 Ba/m?® (AL
MIEZ 2020451 H 1 H) o i 2%eLisl 42K TH AR 20k
WA TR 1348, i e IS 38 1) R0 Cs DR T e
KT B R H) VCs YT . IR/ IS A T
NI —ORIGZRIR & o liaats KBl v RS M, i)
e R B L A2 o B KR 22, B S
TE R AR, FLZ L X KR B WA, W ) i A
ARk, b e B ST AR 12 X TG TRl R AR A
BEMTTFSE , R EOZ M XK LR E . T
F R TIYA] 11 Y XKH-1 82080 () fili R4 s £, {1
L 7Cs TR HE T 295 B K F XKH-2 Fl1 XKH-3.,
2) KB Iy o W IX R R, AR 35 KU 3~
4 m/s , WU HL K R Z sl i = 280 1R IR, 76K
IFREAAVERT AT LK - P10 A [ PR, AR i
PNITIEEEMIIEF 24 I It i (ZE WIS, K T
SR PA— 2 MR K12 8y, R i, 1%
B IO NA BT TR BORPL SRR , 45 IS Ve F-
BTFEBVERYE) BT R AT S0 A TR KU 7 Y
XKH-2 Fll XKH-3 35 JIE L3 i 3 K T XKH-1, = K
/NF ZR S XKH-2(0.8~0.9 m/s) >XKH-3(0.7~0.8 m/s)
>XKH-1(0.5~0.6 m/s) o FFPRZHLIX 1992 4F- FF 1 LA
FROK A s B KRS K R 15, B 4B R e
T S VR KU, DLSRS — 55 gk i oAy o K
P10 A5 55— 555 At [ R 7 DX Bl 52 81 it At A
PR B . A, DOREEE 43 87 v] AT, XKH-2 F
XKH-3 JURRH) 53 1 22 50 Rit OR J32 g sl A8 AR AR, -1
B8 1.27 #1131, Uk BHUTRR ) etk 25 DU IR &2
%% , XKH-2 Fl XKH-3 fr 78 X 35 i O R 3h ) 3R e ds
AFITF VR R, 3 VIRYRAE . VCs e 5y
BR7E R+ AR DS A O ) 5 ™, AAER 2 AT LA
FH, AR MR S N R
i XKH-2>XKH-1>XKH-3, i F & 50 , XKH-2 41
R T B i A 0 AN AR AERERS &, AN AR ZE AN R
{8 XKH-3 B ML 0 5 51 43.7%~68.5% , F-YI{EH K

55.1%, K T XKH-1 (40.3%) F1 XKH-2 (36.8%) ,
XKH-3 FLH A 4 5 i IR 2 = e R, PRI A St
) S B 22 1) XKH-3 YU YCs TURLGHE /N T
XKH-1,{H 3 iy F XKH-3 2 2 #F 2 H XKH-2 3T, FLiT
TR BT B A XKH-2 /)N, il ¥ Cs TR E 5 b XKH-2
FER o BRIL, DSEIUIAUT A AL v (1) 7 Cs TR 2
Z IR A K BN 1 SR DL R TR R A T R 5
R

33 DAFURZFES R

SABRFIXT LY T B, 24U Z TR
YIRS AR G2 |, Cs 2P 3 4F 45 R R A
— &, MW UTBAERE SR Cs LT B2 437 1B (&
3) ] LA B, XKH-1 FLE ¥Cs I 7E 8 om T T
ST AN R A ) BRI XA 1963 4T, FH LAl
At 1963—2019 4F 19 F- DR R Ol 0.143 em/a.
BRI XKH-2 1L, ZETR B 4.5 em MEEAEE—1
WA, ""Cs B LI 2l 3.58 Barkg, AR IR Cs I ,
WBr 4.5 em AL FOIEAR XF I 1963 4F , 41 A5 HE TR 0~
4.5 em IRPE BSR4 0.080 cm/a. XKH-3
B Cs I (E H PR AE £ )2 2 em &b, B1 0% VCs B FHIG AR
R M 1963 4, i AR 5 H XKH-3 L. 1963—2019 4
AR %4 0.036 em/a.

ST RERE T XKH-1 FERE 1963—2019 4F
ST R K, S A T R R
A Ko H E T LIk PRI s e ) R AR R
SIS, S B0z XK 3R YDA
K, BT 1 XSRS R & . A TR X AR
HR A XKH-2 F1 XKH-3 #:#f 1963—2019 4~ F- ¥ IR
HOR XKH-1 618 2, 22 ARG sh fKsh 11 %%
PRRFEM . XKH-3 AAF T A o7 5 1 3 55 3L i AR
AT, B AT AZ 55 R R S AR K R R K I A o
T FNAR Esh A R o A5 X S LR A5 AR T LR 1)

R AN, POREEE 73 26 R (3% 2) IR ] & 1), XKH-
35 E AR, PRI R K, TR LUK A
Wk 3, etk s R B K S ) Sk, AR
DU R HE AR, i XKH-3 BIF7E X 35k 1963—2019 4F 1)
ST R A . XKH-2 B B A5 — Mk ) 4551
H A 32 55— 55 it e S KR TORE i 1 [B) 2 5
U B e T= I R LT 1 = b 8 4 U ) @
TR, S R WK B A IRV T A
MU R AT . TORHE ", 1960 4F DL 24 B
DL 3 B R e Tl O Sl A 5 R A K R PR RRAR
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Sedimentation Rate in Lake Xingkai, Northeastern China, Based on
'Cs Dating

LIAO DongXia,GUO HaiTing, WU MengMeng, PAN ShaoMing
School of Geography and Ocean Science, Nanjing University, Nanjing 210023, China

Abstract: Lacustrine sedimentary records are very significant for gaining an understanding of basin erosion, since
they reveal regional climatic and environmental changes and the influence of human activities. The '”’Cs dating meth-
od, which has been widely used since the early 1970s, has greatly promoted high-resolution studies of climate and en-
vironmental changes recorded in lake sediments. Based on '"’Cs dating and particle-size analysis for Lake Xingkai sed-
iment cores, the distribution of ’Cs was investigated to calculate modern sedimentation rates and the reasons for the
different rates. An inventory of '’Cs deposition was compiled for the sediment cores, and the modern sedimentary en-
vironment of Lake Xingkai was analyzed using C — M diagrams. The main findings of the study were: (1) The estuary
region of the Bailing River west of Xingkai Lake is under the dual influence of terrestrial input and sediment distur-
bance, causing uniform and higher 'Cs concentrations in the upper part of the vertical profile. This differs from the
typical "’Cs global atmospheric precipitation model. In Lake Xingkai the global '”’Cs fallout peak (due to atmospheric
nuclear weapons testing in other parts of the world in 1963) is smaller than in most lakes in northeastern China, main-
ly influenced by the grain size of the sediment. (2) The deposition inventory and average activity of “'Cs in the
Bailing River estuary region in western Lake Xingkai is higher than in the central area. Deposition in Lake Xingkai is
affected by basin input, hydrodynamic conditions and sediment particle size. (3) The average sedimentation rates in-
dicated in cores XKH-1, XKH-2 and XKH-3 are 0.143 cm/a, 0.080 cm/a and 0.036 cm/a, respectively, from 1963
to 2019. Due to the influence of the particular wind/wave conditions and human activities (e.g., release sluices) , the
regional sedimentation rate in central and eastern Lake Xingkai is lower than in the west. (4) The particle sizes in all
cores from Lake Xingkai indicated by the C-M charts are located either to the left of the III region or beneath it, evi-
dence that mostly still water was the historical sedimentary environment of Lake Xingkai. The cumulative probability
curve has two segments due to the two modes of saltation and suspension. The C value of core XKH-1 is relatively dis-
persed because of the influence of human activities in the upper reaches of the Bailing River. The strong hydrodynam-
ic environment near the second release sluice causes a larger C value for core XKH-3 than for cores XKH-1 and XKH-
2, on the whole. (5) The vertical variation of grain size distribution and parameters in core XKH-1 reflects vegetation
destruction and soil erosion in the Xingkai Lake Basin since 1963. The mean particle size and sorting coefficient of
XKH-2 fluctuate frequently with depth, indicating that the hydrodynamic conditions in the lake bottom varied at dif-
ferent times. The grain size of XKH-3 sediment is coarser at 0~5 ¢m depths, evidence that the shore of Lake Xingkai
has silted up continuously in recent decades. This study provides a theoretical basis and scientific reference for fur-
ther research. The annual gross accumulation of sediment can be calculated and the internal load of pollutants in lake
sediments, lake evolution and environmental changes in the lake basin can be studied further.

Key words: Lake Xingkai; 'Cs; modern sedimentation rate



