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BAEY, 230N 3.11%F1 3.43%, Na,0O. MgO fifts>  Mg>Ca,

£ 1 ZK2 7L AMS™C FE R EHE{E TR [26]1550)
Tab.1 AMS!C data of core ZK2 (from reference [26])

S G REE /m WA AL K IE JG AR % KBS AR iE h E
ZK2FA-1 433 N15% 2 320—2 040 cal a BP 2 180 cal a BP
ZK2FA-2 5.4 Ny 3 140—2 800 cal a BP 2970 cal a BP
ZK2F39 5.6~5.7 AALH 4 770—4 390 cal a BP 4 580 cal a BP
ZK2FA-5 7.42 N5 4 820—4 500 cal a BP 4 660 cal a BP
ZK2F54 7.8~7.9 AALH 4 420—4 120 cal a BP 4270 cal a BP
ZK2FA-3 9.96 N15% 5 560—>5 280 cal a BP 5420 cal a BP
ZK2F75 9.9~10.0 FALA 5940—5 690 cal a BP 5815 cal a BP
ZK2FA-4 10.72 Il 5% 7 590—7 410 cal a BP 7 500 cal a BP
ZK2F85 11.1~11.2 A AL& 7 160—6 880 cal a BP 7 020 cal a BP
ZK2FA-6 12.9 e 8 100—7 850 cal a BP 7 975 cal a BP
ZK2FA-7 13.05 I5% 8 410—8 190 cal a BP 8 300 cal a BP

x2 ZIK I 2HtMEPHEETRTRESN

Tab.2 Major element contents in the Holocene strata of core ZK2

- ET BEREY  wRpRs HE ®/x107?
DURRSE s e .

4%—7 | m ?Elﬁ SiO, Al,O4 CaO MgO Fe,05 K,O Na,O
LE=/AMFER E1—E6 6 0~2.5 WKRME 67.15 1393 1.33 1.96 4.84 3.05 2.12

W/AME 6532 12,67 1.17 1.63 3.45 2.93 1.80
FHME 6585 13.60  1.24 1.86  4.53 2.98 1.88
T=/AMFER E7T—E17 11 25~52  HRfH 7227 1381  1.86 2.08 4.90 3.22 2.75
W/AME 6535 11.01  1.17 0.96 2.07 2.94 1.85
SEEME S 69.71 11.63 135 1.23 2.65 3.16 2.57
=MIMETZ% E18—E31 14 52~8.6 IKIE 7453 1247 235 1.63 3.43 3.42 2.94
/ME 6626 1039  1.19 0.82 1.74 3.13 2.44
SEHE 7043 11.03 1.36 1.11 231 326 2.63
R =AM E32—E39 8 8.6~103 I ARfH 6733 1327 1.59 1.97 4.39 3.21 2.37
/ME 6543 1230 1.34 1.57 3.24 3.06 2.25
FHIME 66.78 1276 1.48 1.73 3.72 3.14 231
BRI E40—E44 5 10.3~11.5 H®ARME  69.13  13.75  1.62 1.75 4.43 3.13 2.37
Ww/AME 6549 11.62  1.47 1.23 2.70 3.03 2.11
FHME 6760 1268  1.53 149 344 310 224
PR E45—E49 5 11.5~13.1 I KfE 67.06 16.09 1.70 2.22 7.56 3.09 2.12
W/AMAE 5957 1334 133 1.59 4.22 2.91 1.66
SEEME 63.88 1449 155 1.84 5.47 2.99 1.93
AT E50—ES5S8 8 13.1~14.45 fR{H 69.37 1489  1.40 1.91 6.54 3.03 2.44
/ME 6276 1234 1.17 1.28 2.91 2.80 1.76
SEEME S 6717 1338 1.30 1.53 4.17 2.92 2.15

Marine Sciences / Vol. 42, No. 9/2018 41



e IRkE REPOATS

SR F ST B oG R AR AN R B I A A pk, kAT
O T ARG T R B S [B) Y AR AL R B I (B 3). Ui b
TCEBERGEME LS LR, £FTENET
AL S B AR AE, BARRB LT .

EIAHDURR UL Z PR 2R AR, " ERi2
e, RGN, HH R TR BRI o 2R
B H—J2& Si0,. Na,O. CaO il K,0 Y% & 2 3
RS, T2 ALO;. MgO. Fe,0; B H 4
S R

TEARILAR U2: AHXTT UL R, PR TR, R
JEASKL, JKBh 1 AR B . K ULRLEA TG ALO; .
Fe, 05 Fll MgO £33 [ 9 AR fb 4 #5, Si0, .Na,O F K,0

AR

=AU EDUR U3 MIXE T U2 )2, R ek
Fhim, RLEEAR, KB J) 55 IEs . 45 F TR & it
AR, FIA BN, (HBHN R 0 v A Hb 2 R
SiO,. Na,O Fil K,O WA 7+ &% ik />, ALO;. MgO Fl
Fe,O (1 & 3 .

RSk UL, FER I A LY ALO; . Fe,0;
il MgO ZEfb KA —5, H R E KB
T U - 4 R A T L AR At O AR R Y
J& Si0, Fll Na,O, ‘EfiTE#E /R TRAM AL, X
FE IR BT AR LR 1 N - T VR O AR
HE AT 32 DX 9 A 2 AR B S T S 25440 .

w(Si0,) /% w(ALO;) /% »(Ca0)/% o(MgO)/% w(Fe,05)/% (K,0)/% ©(Na,0)/%
06070 U3§0 0,10 1.5U3 20 1 2 - 01 gU3§ N 5 — 0 283 3_.23.34 o2 83
e it 4 1 i< i< 2 >
) ;UZ-S 5 { 25, ; U5 ,| Q s, 25 }Uz-s ) 7U2-5
& 3 3 3 3f 3 s T 3 3
Ep zum . ; v, v | ; w4, w4, %2-4 . ?U2-4
=
23 TU2-3 5 7 23 > U2:3 I3[ 7U2-3 5 ? 23 3f ﬁzs 5 ;/ U2-3
56 ; v 4\ 22 O ? v Of <\ 22 @ <\ 22 © g 22 0 ﬁ U22
7 7 7 7t 7 7 7
N U2l g % U214 j U2l | f U214 ﬁz-l N ﬁ U2l g ? U2-1
? X u /Ul 9} u /Ul ? /Ul of x u k Ul
10 10} 10 10 10 10} 10
11 1t 11 1t 11 1t 1

B3 zZK2 fLasfriih = b i W oo & s e 26

Fig. 3 Curves of major element contents in the Holocene strata of core ZK2

32 LFERALEE

AR 3T 12 B 48 7 Ak 2 KUK R B Y b sk
2 bR Ak A AR FE B CIA, B/ Nesbitt 25171
) R VE M DR A 2 KA R A 48 A, L3R
KAH:
CIA=[n(ALO;)/(n(ALO;)+n(Na,O)+n(K,0)+n(CaO*))]x

100%,

R n (ALOs). 1 (Na,0). n (Ky0). n (CaO*)¥ N
AALY R, Hid CaO* W rERRERH ) h CaO ¥y
JB A R, AN FE B TR 2 (R T AN R £ ) P
) CaO &k W THB/AE al I R P48 T kPR
FEZEN, I Nesbitt®3 V838 — 2 7 i LIAE IE,
DATEBR RS & S AR MG 00 TSR HL CIA 3 g 2
1 CaO* , AR T McLennan*YrfE #0772, o
7T T AR IE, Bi: n(CaO')=n(Ca0)-10n(P,0s)/3,

PG n(Ca0)<n(Na,0), MEAJ n(CaO*)= n(Ca0’);
EHBEFH n(CaO'y>n(Nay0), NEAK n(CaO*)= n(Na,O),
ARICH A n(CaO*)H I I 7 3K15

CIA FREUREA S dE 7~ KA KA L ES £ (an
ISR E, NMEEITR TG M E RIS,
FEAR 1 iy s B UL R TR 1 A 2 AR A i 1> 39
n(Na)/n(K) (P15 1) 1 2 b2 Al i A 5 b RHS A XUk
FEPE (W I bR, [FRER] DL TR A HE R 1 fh 2
WAL E . BHA PR LMK A2, MK A,
PRA Mo & Kl TR A AR A Je1s
P, T n(Na)/n(K)5 KA B R e, n(Na)/n(K)
b5 CIA S8 £k B I A 2R FR AR

P ZK2 fLAefth a4 w eooRw8dE, fEi ClIA S
n(Na)/n(K)BE RS 8] 1928 T th 42 (5] 4), 258 Bon: Wit
DU A5 FE A5, H: CIA A 56.50~64.56, F-

42 TEPERLF /2018 4F / 4 42 45 / 45 o 31



e IRkE REPOATS

YA 59.55, IF HEEXIZAiT CIA B K,
n(Na)/n(K)Z #risi /)N, 22 B Ak 2f KL AR FH % 74 o
T AT A AR A I Ab 2 KAL R B, n(Na)/n(K)iZ i 2
TR R, R A K R e, B
IR R BEEUIARAY CIA iy 57.73~65.40, “F-H1{4
1 61.00, I HAEAHF )2 b, %20 B R4k
YEFIABXT R thi e, VR UTRLY CIA 7E 53.15~58.84,

651

60T \ﬂ

1 AT

CIA

<
>

SEME R 56.27; B =AY CIA R 55.31~ 57.20, F
YA 56.33; = MAMFTZA CIA 1 49.27~ 56.32, F
YIE N 51.63, ZIZN0) CIA 7E4 5 it 2 bk 3] T
A%, T =MUSEIRR CIA R 51.38~62.28, “FH{A
9 53.50; 2T =AM IR DURAR B, n(Na)/n(K)
R, Abop AL R 5, CIA iy 58.17~ 62.43, F-H
i} 61.29,

Ul—— AR

U2-1— IR

U2-2—— IR

U2-3——Hii =M

U2-4—— = FAiMaiTZ

U2-5——F A PJs

U3—— F A ps

50
Lab U3 u2-5 U2-4 U2-3§ U2-2 U2-1 Ul
g 121 /\/\/\A J\/\/ﬂ\/\/\/
=
s /\J\
T 10f \/\J
0'80 1 2 3 4 5 6 7 8 9 10 11

B IEAE W% /cal ka BP

Kl 4 zZK2 FLA#T LR E CIA il n (Na)/n (K)ZEfL i £ 4]
Fig. 4 Variation curves of CIA and n (Na)/n (K) in core ZK2 since the Holocene

ZK2 FLASE L2 9 CIA Fil n (Na)/n (K)Z B
BOSE, WE S, Bk, CIA i 50~65, Z X 1L
SR SRBE N, SR FES TR B S SRR T AR
b2 KA R B AR ORI o A B8 AR, Ak
2 Rk 5 B A i T RO o A B, A AR

2 TR A AL A, (BRI ARk B4
S RARAE A T i, LA A IR R Tl R R T X
o T AR A WAL REE ; A ECIPFCR, Peie Dt
B2 1AL S ARV E FRZZ 55 15 = A RS 70 A1 2
e, e AR AR, NIER T BRI R

1.5
o LE%‘{JI‘I%ZJ?\
14 x _FE%QHZJ?
al 4 o —fIHHTS
= H AR

13+ o {RIFIIBL

00 . v WU

S oo o AT
12+ (Y o o o

[0
g ¢ o %
% 1.1}F ° o, gf v
1.0F o
VD ob
0.9+ o o
| AR v
O8I o
Rk AR UL rhEE b2 AL
‘7 1 1 1 1 1 1 1 1 1 ]
0 48 50 52 54 56 58 60 62 64 66 68 70
CIA

K5 ZK2 fLAHTH LR CIA-n (Na)/n (K)JC F B ]
Fig. 5 Scatter diagram of CIA-n (Na)/n (K) in core ZK2 since the Holocene

Marine Sciences / Vol. 42, No. 9 /2018 43



e IRkE REPOATS

TR AT = #0 N AT 2 B A ik T4k 2
KA B4, 2 A i B0 R A 8 A7 A2 KUk
fEH, 8 T 28t rh KA i 55 9 i, T = 4f
YT AT b Ak 2 KA A R0 8, fHL L = A 0 i
S R AbsR BERS R, b = AU IR A7 i Ak 2 AL
VEF, 3R = HF ROk 30 B 5 10, AR TI%
S5 A2 AL R, H B 3 38 I 45 XUAL AR S B B
4 it
4.1 g XA

R Al o A R KA A B ) 2 SR
Yk E e S 2431, Nesbitt Fl1 Young 5B 3614
vy N 5 k= 2 I e T L SR =< i D
A-CN-K(AL,O3-CaO*+Na,0-K,0 —ff[&)Fl A-CNK-
FM(A1,05-CaO*+Na,0+K,0-FeO+MgO =i [, I
R AT LS e A2 IR A 38 DA B 2 IRV A it i v 32
AT R AR AL

Nesbitt ZEB7HR 0 2 16 S M0 4tk 27 XAk i
FER 5> I Na, Ca, Wl 2 K FIBRIDINE Si 45
3B, A 6 Won, ZK2 FLUTERY B KA # Lk
HALE A-CN P47, 1608 A2 11k 2 KAV AR
55, FEAAL TFb2E KA AR 3 B BE o I HL B A5 ST
A-CN —ll], K,O My & AR, X2 K 7EXfL ™
A ARG b AT B S RN R B 25 R, R i A
TP A AR 55, (RS A 205 T 8585 i
Ca Fll Na g RUILE A2, T4 K A AR A TRk s Atk
A B E WALVE R4 T, Ca A1 Na BT i, Al
TR AEEEE, HibRKHEAR K BB, 3FHAZ
Ml Sm-IL ELFEIT Ak, R XA R KAk
JE B 4 i 412 ol 52 i R I A S RS I BT
AR T At R AR R U, T A DT AR 0 SR DL AR AR 2L
PR AT A S, AHC A Na, Ca BAREEE NP
=, AR L AL, fERRERT Y& 1
TR KAk FE, v REAE A BE s B Rt
NACFRRE, X5 CIA fb2# XALFEER n (Na)/n (K)T5
IRIIEE WA . AT AT = A 0 5 A S
MAE PI-Ks MYIEZ b, Ui P04k 2% XA AR FH B
55 o WAHUCRR L SRR = AR DO, Bl
S UJLFYS A-CN AT Ry fa% e A-K HEE, i
VE S PI-Ks 2E28, 17 W AR Sm-IL &L H %, X ik
MTE b2 KAL), BT RERR R Y2 0y T S B g
B XAk, BHE A I Ca Fil Na i #2508 i 3, (HAIK
ARRALARSS, Bl KRB, iR EAR Fas Rk

AR s AL B B, T34k T4k A AR 1 2130 B
B, oAbz KA My LU R AT RS A1 o 3, Rk
B LA 0 £ A =K B A0 o BRI BE

o £ AT
o F T
o AT
AT f

* LR

+ WAL

x WA

Ks

0
100%

Elh ik da b= Kb, A=A10,, CN=CaO"+Na,0, K=K,O;
FHITEYNEEIR L, Ka=id A7, Chi=2tJe 17, Gi=— /K481,
Sm=5E AT, IL=(HAI1T, Pl=RH AT, Ks=f K A7

El6 zK2 fLa#itit A-CN-K fb2: KUkt 3 =/ &l
Fig. 6 A-CN-K ternary diagram of core ZK2 since the Holocene

A-CN-K &I AT LS s 4 J& Fi AL 9 3 A8 1k
DA 28 5 i Ak 2 AR FR B, {HORRR S Bt Fe . Mg 55
TCEMNIEB AL S RE . BT LA, AR H T
EH5ERMEE A-CNK-FM(AL,05;-Ca0*+Na,0+K,0-
FeOr+MgO) = &, ‘&0 LIE /R O ¥ M G
VI AL a3, FF It Fe, Mg 45 Hifth 4 J@ JC & 04
FER, WK 7 AT, Fe. Mg ZrSREEEH R, kEALER
Pt S AR A BT, eh e nT DA R S ) i LA
KAk, JF BRSSO I il e, U R
A TFARE L AR B . = MRS T —ff
PP SRR CNK Tisi, &A1) Ca. Na il K 5540
BT YT REZ, AR RAR KA &R
Z, UL AL F DL A KAk Sy i R B B i L
AR IO A A URUE ST FM TH,
WO PRI A . AINA . A RUR AR & 8
X%, UL XAk = h ke A 4 v S AR VR
Vi mit 22, fhsf RV Tk 20 B0 i B B 1260,

Zr LTk, A UUBAHAL T 1h 2% XAk 0 S 9T B B
BRI 2 E A R, 8 A7 00 A R R B 4
o ZMMBIZI T = MM VIR Ca, Na ik
PE, AR, W KEAT T, LD IR
FESS, =MW DR AR O & A Y
Ca. Na fll K JTE AN, fe2e RUAGVE A, X

44 TEPERLF /2018 4F / 4 42 45 / 45 o 31



e IRkE REPOATS

5 CIA Fil n (Na)/n (K)5 04518 —30,

A .

e ARSI 3
o T MITH

o UM

o T fH

* IR

« WL

x WIHTDLRL

Chl

100% 0
CNK 0 100% g

A=ALO;, CNK=CaO*+Na,0+K,0, FM=FeO+
MgO (FeO fXFR24K), FLITTHEINE/RIL;
Fel=KA11, HAWA T S5E 640

K7 ZK2 fLAaFii A-CNK-FM fb2: KUk tads = 1E
Fig. 7 A-CNK-FM ternary diagram of core ZK2 since the
Holocene

4.2 RIJEALE AZE

HITH R ATF A2 RIS E CIA . n (Na)/n (K)
1 A-CN-K ,A-CNK-FM = i J& [ fif X 12 = £ 1 4=
B LR 0 A 2 WAL R AR SE AT T 8198, BR R U,
L IX IR b 2 AR R B R 3028 7 T 380 s - e i - 0 3 -
VRS - YR A A . 11.0—8.8 cal ka BP: W AH TR
W1, fee KRR B B v, ELTZ R 309 A XU AR B 3%
W5 ; 8.8—6.9 cal ka BP: I FFUTFREI I, XUALAR B 5L
AT IR F A B R B B 6.9—4.6 cal ka BP:
KB WUBAA BRI 5 =M, e e b
KALTRBE A MR AR 55 fr ka3 4.6—1.3 cal ka BP: —ffi
TS . T =AM EURURY, M il XU BE AR,
A S TAapt e KL S5 B B 1.3 cal ka BP—
A SN ETHESE, TR L =AU R, Kk
5 B i

ARITJR, A AR B AZ i R B IS0 . <
o | IR A Z A R R SR, i A B R g R K
AR R E B OCHEIEN, —BOoRYE, fEEY
TSR, A KARPE RS, [z, TR
W W ) S AR R, A2 XA s . PR,
TR FE — A~ Hb X BT 48 5 (R Ak 2 AL R B, X T fi
H22 g 1) St A8 ok A R A B o AR S rh, FRAT
R XL S50 CIA Fil n(Fe)/n(Mg), 5 E#E K
i1 55 6"°0 JH AL 2R AT TR A 47 5 0'°0 h £k
FAEER 420N A BH 5 POWE Fug, I T g ) =
Fa YA T Dok i S i AR i R (B 8)

M8 BT ILI = ZK2 FLAHi Lok
b2 AL S5 CIA F n(Fe)/n(Mg) 5 i [ 2 3R 7 45
00, AL TWEFIR A5 680 Bl ik sh e AR —
H, I HHPNREIGRS 1. 2. 3. 4. S5TER
] ]ROBE F A ARGF B XTI OC &R, AU T I 4F R 22 &
BAELE 100 F 24 M2 o Bk, FRATTAR 4 £k 2= XAk
B LA S 2 IR A By 6 2R, TR 285 6 i A 7E
T2 DX FH 4600 B0 Xt A R BT 1 BIF 5 2, i IX
SR DIk i SR AR A B A A R A B B

S it FL (11.0—8.8 cal ka BP): &A1 %4
Bl AR FAE(YD)ZSHAIS 1] (11.5 ka BP)E Jg 423
P TFER, T 2 R R A SR BT %R
W de ek 2 2ok PR g i, B X aE, i
EAE R 2 AR X, R E ZE R0, iR
FETT EIE N, I HL AR PR A5, Ui W]ty
Z TR AT KRR RS, PRI XA 5 B %
F, b AT E B g ok, CIA B 56.50 3K 3|
64.56, 0'°0 B i, A FLA IR R SR
Wy s, SAEE D IR kS R, 22
SRR 45 Bt A T 0 RN, S Pl RS T
1) L R R T AR

i Borh 4] (8.8—6.9 cal ka BP): i T iz}
(b 2 R 5 2 0K PH 4 S AR SR e, TR BE SR 2k 1T,
A% 00 il i, AL Rk, s
EPIRTT, LI IR VR B B N, SR B A
M, Pk TR (8.5—3.0 ka BP), FEUULHTAY
R NALFR R =, CIA SFIS{EIAR T 61.00, S A%RE
Mo ARR SR AR ST UE S A T tH B 0 A 2 — AR
W30, BXCHIRIA 22 IR B A S AR s AIFE S S
5 v I BT 4 55 680 KU, #F 8.4—8.1 cal ka BP 1]
], ZHL 6"°0 B, IR, TRk R 1k
JEALKPEPEVKGE 00 15 1Y “8.2 ka BP {40 32
XA SRR, SRR = ANt 8.1—
7.7 cal ka BP M), Bz 04k 2% KA R B A ik
. TREE REW BT, ERIEEZE;Y R, 1E
7 cal ka BP 74y &Hit i KR —=& IR,
RN T R ORI, A IR A, S L = A
WITE 7.2 cal ka BP Zify, b2 XUAKIR 3] T 5k .

SR (6.9—4.6 cal ka BP): I [ B 1
Ak Lk Tt L E s I, = N IR S O 1) I
ek, DUFERR S FAT AL B S R Bg n, A L e 3= B A
fay By S A, RS A Y, CIA SFHI(E N
56.3, UL am BEAK SR Ao, IR . H i A

Marine Sciences / Vol. 42, No. 9 /2018 45



e IRkE REPOATS

520
510
# 500
490
480
470

B Z242°Nk B
S R B /W om 2

0 stM s

-85 )

1

-8.0 \0 i
-

-7.5m T

6"°0/%o

-7.0
-6.5

-10.0 [

6"°0/%o

CIA

n(Fe)/n(Mg)
e
wn N ~ o]

4
3(NCCO)
7,

2 =
AFANKN
AT/ W

1.0 20 30 40 50 60 7.0 8.0

|
|
I
|
|
| . .
9.0 10.0 11.0

W IE 4 /cal ka BP

UL-WIAID0RL, U2-1-1 BRI,

U2-2-FR UL

U2-3-Hi A,

U24—ﬁw)llwz“x U2-5- F = FFIE, U3 L = Pls; 41, 2

3(NCC). 4. 5% 5 K& Sk Flt

Bl 8 ZK2 LA Lk A2 AL S E S 5 M 0 41 9% 61°0 Btk 285

B i 5 2 20T LE A

LT WA A7 5% 6"%0 M PHAndr e akok

Fig. 8 Comparison between the chemical weathering parameters and the evolution curve of the stalagmite 6'°0 in Dongge Cave,

Guizhou; P Nuanhe Cave, Liaoning; (381

532 R BH R S 0 A R 55, 4% 2 O PHRR S g ik, IR
BT TR, A KRR A R s A R L
T 2 3 EEL 0 A FR A 1 57 B i Ak 3R S A R I
878 T asgr iR B i R, 6'%0 (8.8 % 1E 1,
A A P R R TR 1] AR, ELTE 5.5 cal ka BP £ 47
BT — KSR SR, Tl 4,
AP i (4.6—1.3 cal ka BP): %I B =

and the northern hemisphere isolation

[26] in the ZK2 core since the Holocene

YAk S ) VA, A L H T B RN R A R R A,
B S R B B R AR i R A
K BRGE S W 55, 4 22 R PHAR S 1 o, I B AR,
It B AL 22 AR FE A% 0 8 T e B B, CIA 39{E
B2 52.565, S M T o I HL 4k 3 O A4 55 6'°0
B R, X R A LK R B KA, g o
WA 1L 20 3, BORFUNIE K ETE 4.4—3.9 cal ka BP

46 HEEERLF /2018 4F /58 42 4% /55 9 ]



e IRkE REPOATS

WIS, PPN R — R 2R H 22
JEFERA A T A R Z RIS AN,
AR R E SR R TR, BET
B, T X UK AR S S 30T T BB A R SCH(NCCO)
M, S =AM EER 4.5—4.1 cal ka BP 1]
[i) £l 2 AT R B 2 53 ) R TIE AR AT

S (1.3 cal ka BP—&4Y): ZAHHE =
K PR 5 38 20 de 59 B B, (U2 445 A
SR, %R R O A RS T, TR A T Il
Ft, LR B3G5, CIA SA(EI 2 61.29, JEMIA FL &
AR ARG AT B I, AR T 4 R
TR 55 0"%0 Bl o, ZIHN & A T — IS S,
5 oA 0, (I H T ZK2 8L LA kg, ASC
AKX UM A AT RS

SR T, % DX R A b ik B A b XA
Ry g 4 R AR — 3, R AR A R
S R (11.0—8.8 cal ka BP): fh2f KL FEE %
Wryhag, SBEE D T 0 R R, AR T e
(8.8—6.9 cal ka BP): fb2# R ILFR B o, SMERR IR
4B I (6.9—4.6 cal ka BP): RULSREERSHE, (HA
SSRas, SARE; Al 4.6—1.3 cal ka BP):
b2 KL R B 6 % B R T I 59 B B, R T
ST (1.3 cal ka BP—&E4): Szl T, Xk
PR AT BTG

5 i

1) FERIBIEB Y E LY ALOs. Fe,O5 Al MgO
AR R AR 2, B REC - -
HR R TS E R LR SRR SiO,
Al Na,O, EfiTE&fn TRAM Sy . NITRVIR
i PR AR R VR - - T AR

2) FI Ak 2A AR R B CIA A G T B R iy 45
&, WAL KA R R, L CIA hy 56.50~
64.56. MEAHUTAIH CIA A Z#s/Naas, £
I A2 KA R BE TR 5S, BARR I Wi
[) CIA 4 57.73~65.40, fhf KAKAE FHAHXT Sk Ui B ok 5
DU CIA b 53.15~58.84; Fi =YK CIA Xy
55.31~57.20; —MNATZ K CIA i 49.27~56.32, %
JZ0iH) CIA HTE2F 2 k8 T /A% T =4
PISEIE ) CIA g 51.38~62.28, =AM EJE Y CIA
k1 58.17~62.43, CIA 2B K, fh2@ XUk as B 3 g . Gk
KVt X AZ B A AR B 28 10 T 3o — e i —
R — I S — I R R L R

3) WFSR X 2 B Ak KARVE AR SS, UURHE
A2 TR Ca Al Na XL, FEALT
b2 AL IR B . = MM T 2R R =7
BB Ca. Na k™5, &R, 1 K AT
T, SDI R E RS, = AR PR
TR AT A ) Ca. Na Fll K JCEMXT &P, 1k
= WAL R0,

4) W58 K Bz X AR 5 4 S e 4 14 I
VTG BG5BT AR DC R o At 40
(11.0—8.8 cal ka BP): fb2gXUILFERE B, <M
ARy I AR AF R 1)(8.8—6.9 cal ka BP):
2 AR B o, Sz, 4t i (6.9—
4.6 cal ka BP): WUfkom BEAesm, (HAWETHI@EHE, <
i, At i (4.6—1.3 cal ka BP): fh2# X
R AL E T8 B, AR T ittt
(1.3 cal ka BP—24Y): [T, WALFEEEA P .

S Xk

[1] Davis M B, Shaw R G. Range shifts and adaptive re-
sponses to Quaternary climate change[J]. Science, 2001,
292(5517): 673-679.

[2] Sandel B, Arge L, Dalsgaard B, et al. The influence of
Late Quaternary climate-change velocity on species
endemism[J]. Science, 2011, 334(6056): 660-664.

[3] Vandergoes M J, Newnham R M, Preusser F, et al. Re-
gional insolation forcing of late Quaternary climate
change in the Southern Hemisphere[J]. Nature, 2005,
436(7048): 242-245.

[4] Lin H L, Peterson L C, Overpeck J T, et al. Late Qua-
ternary climate change from ¢'%0 records of multiple
species of planktonic foraminifera: high-resolution re-
cords from the Anoxic Cariaco Basin, Venezuela[J].
Paleoceanography, 1997, 12(3): 415-427.

[5] Wang Y, Cheng H, Edwards R L, et al. The Holocene
Asian monsoon: links to solar changes and North At-
lantic climate[J]. Science, 2005, 308(5723): 854-857.

[6] HERTF, WXy, wAEK, 5. WAL E L RE & 1

P TET KA R i B X A A A Al ity 1oz [, o b i
2015, 35(3): 610-615.
Cui Tianyu, Pang Jiangli, Huang Chunchang, et al. Pe-
dogenic characteristics of Liaowadian Holocene loess
profile in the oupper Hanjiang River valley of China
and its response to climate change[J]. Journal of Desert
Research, 2015, 35(3): 610-615.

(71 EH2, 0, XM, 55 NS K DT
WYwg A2 5 REEE B T PR B SC[0]. T E R, 2012,
32(3): 661-668.

Wang Junlan, Li Hui, Deng Wei, et al. Paleoenviron-

Marine Sciences / Vol. 42, No. 9 /2018 47



[12]

[13]

[14]

48

e IRkE REPOATS

mental significance of magnetic susceptibility and grain
size of lake sediments from Gaxun Nur, Inner Mongolia,
China[J]. Journal of Desert Research, 2012, 32(3): 661-
668.

Miao Y F, Fang X M, Wu F L, et al. Late Cenozoic
continuous aridification in the Western Qaidam Basin:
evidence from sporopollen records[J]. Climate of the
Past, 2013, 9(4): 1863-1877.

ZierE, FEE, BRBER, & g AL S KT
R At f by i S S Uk (0], TR ETDEE, 2011,
31(4): 855-861.

Jiang Xiuyang, Li Zhizhong, Chen Xiuling, et al. Late
Holocene climate and environment changes inferred
from pollen recorded in Takelmukul Desert in Yili Valley
of Xinjiang, China[J]. Journal of Desert Research, 2011,
31(4): 855-861.

R, 2=, Eokde, 45 KIL=MM 120kaB.P.LIE
FMTC 53 S W A oty A 8 e B 5 S T AR £ 0],
HEFER, 2009, 33(2): 68-73.

Chen Jing, Li Xiao, Wang Zhanghua, et al. Paleoclimate
and sea level fluctuations in Shanghai region: sporo-
pollen implications during the past 120000 years[J].
Marine Sciences, 2009, 33(2): 68-73.

e, EEO, WA, SF. B SRR L IR
R AL SO0 R R LIRS [T, W R S
S VUZE MBI, 2013, 33(4): 183-191.

Li Guanhua, Xia Dunsheng, Liu Jiaobo, et al. Chara-
creristics of major geochemical elements of Tacheng
loess deposits in Xinjiang and its paleoenvironmental
implications[J]. Marine Geology & Quaternary Geology,
2013, 33(4): 183-191.

TR, FER A, TV, % A0 A AF KU AR S
HIRBE R SC)]. M B 5 50 U 22 35, 2013, 33(5):
163-171.

Zhang Wei, Dong Yingwei, Yu Yang, et al. Chemical
weathering of the loess in the south of Liaoning Province
and its implications for environmental change[J]. Marine
Geology & Quaternary Geology, 2013, 33(5): 163-171.
WOCRE, FRER, BET, SF R R R HERR Y
o AR A B ety AU T SC[D). M B ) 2 2 4l
2013, 19(1): 26-34.

Tan Yuanlong, Qiao Yansong, Zhao Zhizhong, et al. Che-
mical weathering characteristics and Paleoclimatic sig-
nificance of the eolian deposits in Chengdu Plain[J].
Journal of Geomechanics, 2013, 19(1): 26-34.

wOlgE, ek, BTEIE, AF. HrACHD WM X 4
T 565 DO 200 21 1 b 3R Ak 22 AR AE Sty e R L), ol b
B4, 2015, 17(5): 699-708.

Ling Chaohao, Long Jin, Jia Yulian, et al. Geochemical
characteristics and palaeoclimate significance of the
Quaternary laterite of Tutang section in Poyang Lake

[15]

[16]

[17]

[18]

[19]

[20]

(21]

region, northern Jiangxi Province[J]. Jounal of Palaeo-
geogaphy, 2015, 17(5): 699-708.

Nesbitt H W, Young G M, Mclennan S M, et al. Effects
of chemical weathering and sorting on the petrogenesis of
siliciclastic sediments, with implications for provenance
studies[J]. Journal of Geology, 1996, 104(5): 525-542.
BN, R¥y, EA#, 55w W SORHETURY YR
3 A R R s LA P4 T I O AR I BT R B
ST, BURAEAR, 2011, 29(5): 835-841.

Cao Yingchang, Song Ling, Wang Jian, et al. Application
of heavy mineral data in the analysis of sediment source:
a case study in the Paleogene lower submember of the
third member of the Liushagang Formation, Weixinan
Depression[J]. Acta Sedimentologica Sinica, 2011, 29(5):

835-841.
RN, TEME, BERR, A IR E TR

i B 0y A AR S W IR 0], I M 5, 2008,
35(1): 123-130.

Li Xuejie, Wang Pinxian, Liao Zhiliang, et al. Distribution
of clastic minerals of surface sediments in the western
China Sea and their provenance[J]. Geology in China,
2008, 35(1): 123-130.

TrEAE, W, ~Foll. v i v R R G O LR JC
R ER AR AE 7 PR SCT). R M TS 4 Y
0I5, 2006, 26(4): 59-65.

Qiao Peijun, Shao Lei, Yang Shouye. The paleoenvi-
ronmental significance of the character of the element
geochemistry in the southwestern south China Sea
since late Pleistocene[J]. Marine Geology & Quaternary
Geology, 2006, 26(4): 59-65.

BN, XUSETE, SRR, S5, SRVT K BRI AR A Bk
A2 R Y TR 7R B SRR RS L [T]. b BT 4,
2011, 85(4): 576-585.

Zhao Xiaoming, Liu Shengde, Zhang Quanxu, et al.
Geochemical characters of the Nanhua system in
Changyang, Western Hubei Province and its implica-
tion for climate and sequence correlation[J]. Acta Ge-
ologica Sinica, 2011, 85(4): 576-585.

FBCA, 55, R0k, Brg 1L BH b DX I BERD &
A IR A R AR S AR 1 A (], SR,
2005, 40(4): 594-607.

He Zhengjun, Niu Baogui, Ren Jishun. Tectonic discrim
inations of sandstones geochem istry from the middle-
late devonian Liuling Group in Shanyang area, southern
Shanxi[J].Chinese Journal of Geology, 2005, 40(4):
594-607.

KW, ZEHRAk, BAUE, 5. NSEE RIS =&
THAE B 5l o A1 M BR AL~ R AR B A i AT [J].
JRsEAR, 2014, 88(9): 1677-1690.

Liu Jianfeng, Li Jinyi, Chi Xiaoguo, et al. Petrological
and geochemical characteristics of the early Triassic

TEPERLF /2018 4F / 4 42 45 / 45 o 31



(23]

[24]

[25]

[26]

[27]

[29]

e IRkE REPOATS

Granite Belt in southeastern Inner Mongolia and its
tectonic setting[J]. Acta Geologica Sinica, 2014, 88(9):
1677-1690.

VRS, TSR, EIS%@Z. TLAR P L e B A= A b A
B SR, WL S AR DU 2 M R, 1997, 17(1):
25-32.

Xu Kun, Shi Dunjiu, Qiu Kaimin. Late Cenozoic paleo-
vegetation and paleoclimate in the north of the Liao-
dong Bay[J]. Marine Geology & Quaternary Geology,
1997, 17(1): 25-32.

EFL, NAM, BEL TIDAE R R HS S
AT 0], TR, 2010, 28(7): 794-798.
Wang Xiuling, Jie Dongmei, Li Ying. The Holocene
sporopollen assemblages and Paleoclimate evolution in
the lower Liaohe Plain[J]. Henan Science, 2010, 28(7):
794-798.

M, RICIT, AET. IR LHO1 LI SR
1 24ka DI HETEAZ[I]. W FERL L E, 2014,
32(1): 59-67.

Li Ping, Xu Yuangqin, Li Peiying. Evolution of paleoen-
vironment since late Pleistocene 24 ka of LHO1 core in
the northern Liaodong Bay[J]. Advances in Marine Science,
2014, 32(1): 59-67.

FEK, M, sk, VT 33ka LASRITIA 9T
ARZS TR gt '??E%ﬁﬂa%% rl*liﬂzfr% 2015, 42(4):
1092-1102.

Wang Xuefei, Ye Siyuan, Han Zongzhu, et al. The
sedimentary environment evolution and biogenic silica
records of the Liaohe Estuary since 33 ka BP[J]. Geology
in China, 2015, 42(4): 1092-1102.

LiuJ, Ye S Y, Allen L E, et al. Sedimentary environ-
ment evolution and biogenic silica records over 33, 000
years in the Liaohe delta, China[J]. Limnology & Oceano-
graphy, 2017, 62(2): 474 - 489.

fif g, R, E4OE, & D =MAMbX ZK2 £l
W, SE R 14 16 09 LK B 18 A 1 S L R 0. 9 v
TS IUL R, 2016, 36(6): 23-32.

He Lei, Ye Siyuan, Wang Hongxia, et al. Distribution of
detrital minerals in the core ZK2 at the Liaohe Delta Area
since Late Pleistocene: Implication for Provenance[J].
Marine Geology & Quaternary Geology, 2016, 36(6):
23-32.

i, BHRIT,

TH: e 1) USEE’JUUFHH
38(5): 108-123.

He Lei, Xue Chunting, Ye Siyuan, et al. Sedimentary

%, jw{ﬂﬂlﬂimliﬂﬁﬁ?ﬁ
HAL[I]. W), 2016,

environmental evolution of the Dalinghe Estuary area
since the Late Pleistocene[J]. Haiyang Xuebao, 2016,
38(5): 108-123.

skaE R, SKRENE, AR, S5 10 = N
FTE AR [T]. AEASHIE AR, 2009, 18(3): 1002-1009.

[30]

[31]

[32]

[36]

[39]

Zhang Xuliang, Zhang Zhaohui, Gu Dongqi, et al. Re-
search on evolution of coastal wetlands in Liaohe River
Delta[J]. Ecology and Environmental Sciences, 2009,
18(3): 1002-1009.

G W AT ST I R T I DO VR PR R (M.
RIEMFR R AL, 1996.

Jin Shangzhu. Marine Environment in the Shallow Sea
0Oil-Gas Region of Liaohe Oil Field[M
Maritime University Press, 1996.

He L, Xue C T, Ye S Y, et al. Holocene evolution of the
Liaohe Delta, a tide-dominated delta formed by multiple

Kik:

]. Dalian: Dalian

rivers in Northeast China[J]. Journal of Asian Earth
Sciences, 2018, 152: 52-68.

TSR, AR, WTE, SE. he A I LR E
1= R Ak 2 XAkt ﬁ{;ﬁﬁ[ 1. HEVBEEL, 2016, 36(3):
623-635.

Hu Mengjun, Zuo Hailing, Pan Ninghui, et al. Evolution
of chemical weathering process since the Middle-Late
Holocene in the Maqu Plateau[J]. Journal of Desert
Research, 2016, 36(3): 623-635.

Nesbitt H W, Young G M. Early Proterozoic climates
and plate motions inferred from major element chemistry
of lutites [J]. Nature, 1982, 299(5885): 715-717.
Mclennan S M. Weathering and global denudation [J].
Journal of Geology, 1993, 101(2): 295-303.

BT, BRI, RIETF, L SN R M X Y X
A T M B A 2 AL S RS LR [0). b A

2012, 31(2): 131-138.

Cao Wanjie, Ji Hongbing, Zhu Xianfang, et al. Contrast
of geochemical features of the typical weathered profiles
in Guizhou Plateau[J]. Carsologica Sinica, 2012, 31(2):
131-138.

Nesbitt H W, Young G M. Prediction of some weathering
trends of plutonic and volcanic rocks based on thermo-
dynamic and kinetic considerations[J]. Geochimica et
Cosmochimica Acta, 1984, 48(7): 1523-1534.

Nesbitt H W, Markovics G, Price R C. Chemical pro-
cesses affecting alkalis and alkaline earths during con-
tinental weathering[J]. Geochimica et Cosmochimica
Acta, 1980, 44(11): 1659-1666.

UL, HAKHE, WFE. SRR R AR
TR AN A1 5% 60 e[ HWamrsE, 2011,
31(6): 990-998.

Wu Jiangying, Wang Yongjin, Dong Jinguo. Changes in
east Asian summer monsoon during the Holocene re-
corded by stalagmite 6'*0 records from Liaoning
Province[J]. Quaternary Science, 2011, 31(6): 990-998.
Dansgaard W, Johnsen S J, Clausen H B, et al. Evi-
dence for general instability of past climate from a
250-kyr ice-core record [J]. Nature, 1993, 364(6434):
218-220.

Marine Sciences / Vol. 42, No. 9 /2018 49



e IRkE REPOATS

[40] Dykoski C A, Edwards R L, Cheng H, et al. A high- Chinese Science Bulletin, 2007, 52(11): 1285-1291.
resolution, absolute-dated Holocene and deglacial Asian [43] XWIEHE, PVER, FEF. P EESHH 4.2 ka BPAEF
monsoon record from Dongge Cave, China[J]. Earth & A R HE Xt SCPBH RS2 R[], Mb BRR B R, 2013,
Planetary Science Letters, 2005, 233(1): 71-86. 32(1): 99-106.

[41] FRIENT, Xzmt, feE R, . W6 B kLR Liu Yuhui, Sun Xia, Guo Caiqing. Records of 4.2 ka BP
B9 R4 M R PR I]. S8 U4 iF 5%, 2002, 22(3): 266- Holocene event from China and its impact on ancient
272. civilization[J]. Geological Science and Technology In-
Guo Zhengfu, Liu Jiaqi, Chu Guogqiang, et al. Compo- formation, 2013, 32(1): 99-106.
sition and origin of tephra of the Huguangyan Maar [44] Wu W, Liu T. Possible role of the “Holocene Event 3”
Lake[J]. Quaternary Science, 2002, 22(3): 266-272. on the collapse of Neolithic Cultures around the Central

[42] £ =, BIEI, XIFEE, 4. 5% s IS0 5t Plain of China[J]. Quaternary International, 2004, 117(1):
AR 1T % 45 7 B AR T B PR AR AR (D], B 153-166.
iR, 2007, 52(11): 1285-1291. [45] An C B, Feng Z, Tang L. Environmental change and
Wang Shuyun, Lii Houyuan, Liu Jiaqi, et al. The early cultural response between 8000 and 4000 cal yr BP in
Holocene optimum inferred from a high-resolution pollen the western Loess Plateau, northwest China[J]. Journal
record of Huguangyan Maar Lake in southern China[J]. of Quaternary Science, 2004, 19(6): 529-535.

Chemical weathering and its implications regarding climate
changes in the Liaohe Delta since the Holocene

GUO Ruo-shun 2, YE Si-yuan®?, HE Lei% %, ZHAO Li-hong'

(1. School of Earth Sciences and Engineering, Shandong University of Science and Technology, Qingdao
266590, China; 2. Key Laboratory of Coastal Wetlands Biogeosciences, China Geological Survey, Qingdao
266071, China; 3. Qingdao Institute of Marine Geology, Qingdao 266071, China)

Received: Feb. 9, 2018
Key words: the Liaohe Delta; major element; weathering parameters; chemical weathering characteristics; climate change

Abstract: In this study, we analyzed a total of 57 samples with respect to the major elements in core ZK2 in the
Liaohe Delta. The results of the research reveal that the chemical weathering of the region has been generally weak
and remains in the early stage, which is similar to the overall chemical weathering characteristics observed at this
latitude. We categorized the paleoclimate changes of this area into five stages since the Holocene as follows: (1) the
Early Holocene (11.0-8.8 cal ka BP) during which the intensity of the chemical weathering was gradually enhanced
and the climate gradually transformed into warm-wet conditions; (2) the Early and Mid-Holocene (8.8-6.9 cal ka BP)
during which the intensity of the chemical weathering was strongest and the climate was hot and wet; (3) the
Mid-Holocene (6.9-4.6 cal ka BP) during which the intensity of the chemical weathering was strong but exhibited a
weakening trend, and the climate was warm and wet; (4) the Middle and Late Holocene (4.6—1.3 cal ka BP) during
which the intensity of the chemical weathering was weakest and the climate turned cold and dry; and (5) the Late
Holocene (1.3 cal ka BP—present) during which the climate was warm and dry with an enhancing intensity of the
chemical weathering. In general, the climate change process reflected by the major elements in this area is consis-
tent with the stalagmite 6'*0 curve, which indicates that the major elements have a certain role in the inversion

process of climate change.
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