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Table 1 Grain-size composition (%) of different sedimentary fades of the megainterstadial sequence
A bk b it & bk EiikR g piap
HiA2 (mm) 1. 00~ 0.50 0.50~ 0.25 0.25~ 0. 10 0. 10~ 0.05 0. 05~ 0.01 0. 01~ 0.005 < 0.005
b UrfivalE 0~ 7.26 1.39~ 43.16 | 36.60~ 80.81 | 0.81~ 41.35 0~ 11.41 0~ 1.26 0~ 2.62
T35 F = 0.23 14.99 63. 56 17.90 2. 66 0.22 0. 44
FL Ur Al 0~ 5.10 0~ 35.44 29.41~ 60.45 | 8.72~ 44.88 0.91~ 22.42 0~ 2.30 0~ 4.85
- 1) 5 & 0.61 11.34 49.25 28. 89 7.51 0. 80 1. 60
LS (3 Afi ¥ ] 0 0~ 16.58 13.00~ 66.78 | 18.52~ 43.65 | 2.98~ 44.12 0.05~ 9.38 0~ 12.99
T35 F = 0 2.07 34.53 31.47 23.25 3.44 5.32
S UrfidilE 0~ 0.07 0~ 13. 64 14.93~ 54.92 | 11.44~ 47.41 | 5.99~ 41.83 0.59~ 12.70 1. 06~ 18.01
JFi’/Jﬁil 0.01 3.36 40.09 31.27 16. 82 3.42 5.03
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Fig. 2 Grairsize composition and parameters of the megaint erstadial sequence
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Table 2 Contents of major elements (%) and trace elements(x 10~ ®) and (Al,Os+ TOFE )/ SiO,
of different sedimentary facies of the megainterstadial sequence

7 Si02( %) ALO3(%) TOFE(%) V(x10~9) Sr(x 1079 Cu( x 10~ %) kR
b Uy AiYa | 73 14~ 90 35 4 86~ 7 93 L 31~ 237 | 18 30~ 53 90 |96 00~ 155 00 | 1 20~ 12 10 0.08~ 0 13
P15 B 81 58 6 17 L 79 29 73 127 86 7 34 010
FL A TE | 67 33~ 80 92 6 16~ 8 99 L 74~ 2 65 | 26 70~ 64 00 [123 00~ 184 00| 7 60~ 13 90 0.10~ 0 17
735 E 77 22 7 72 225 42 17 150 77 9 89 013
LS Uy A Ta | 59 67~ 81 13 | 6 21~ 10 65 1 82~ 3 87 | 32 40~ 76 60 [106 00~ 315 00| 5 90~ 18 90 0. 10~ 0 23
T EYEE 70 99 8 84 2 77 52 00 181 98 11 97 017
S Uy A Ja | 57 70~ 81 19 | 7 55~ 10 86 2 25~ 375 | 39 80~ 65 40 |135 00~ 285 50| 6 30~ 17. 60 0.13~ 0 25
S 74 18 8 50 2 66 48 80 181 98 11 48 015
*“.",(IIEH,]-]{"KM\ I:w“ 65 75 85 95 ALO(%) 1.0 20 30 40 wiq0*) 105 150195245285 330 Cux10*) 0,05 0,10 0,15 0 J‘f 0 -'_;"l
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i 218 .ﬂ ﬂ”
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46D
47LS
48D
49FL 28+ 128
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Fig.3 Major elements and trace elements and ( AL, O3+ TOFE)/SiO, of the megainterstadial sequence
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Fig.4 Triangle diagram of continental chem ical

weathering during the megainterstadial sequence
| — Rl DU 2— R EEG58; 3—8)1130 L Ly - Les 4—I% )1k 3%
So= Ss3 5— BN Y FLWb; 6 —VHAR; 7—IRTALAH; 8 —ity 3% 9—
N g o IR AL B 2 10— KEfifb 22 ML a 3 R H R
I S 25 11— ORI 9 725 31 T AR 2 TR UK 1 2 XA 3 2 (i Sk A
A Ak 22 KAL)
1—Continental shales; 2—upper continental crust; 3—loess layers
of Lj — Lg in Luochuan profile; 4 —paleosols layers of So— Ssin
Luochuan profile; 5—pales- mobile dune sands; 6—lacustrine
facies; 7—fluvial facies; 8 —paleosols; 9—chemical weathering
tendency of loess paleosols in Luochuan profile; 10—continental
chemical weathering tendency and its reverse extending curve;
11—chemical weathering trendency during the megainterstadial
sequence of Milanggouwan stratigraphical section (the arrow

pointing to stronger chemical weathering )
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Table 3 Mollusk fossils from lacustrine fades of the
megainterstadial sequence

AR RE VKB AR S RIS [33LS 35LS 39LS 7R 35
i & FLAS i 2
1 F B
Vallonia p atens Reinhardt( fili 2E) i i M
Z MR Gastrocap ta b 57 b
armigerella (Reinhar dt) (B 4) i i B
/;Il?.£ R
AR R I
Succinea er ythrop hana Ancey( fili 2E)
R F 2 B
Discus pauper ( Gould) (Ffi4E)
Hh AR AR IR
b B
Cochlicop a sinensis (H eude) (BfiA) v
H 2 AL B R
NS
Pupilla muscorum (Linne) (Bfi4) R
2 )P LI
B
Kaliella rup icola Moellendorff( Ffi4) " sz
M SR Gyraulus .
ERRY
convexiusculus (Hutton) (7K4) i v EmE
7N o
i % 7K 1
Galbapervia (Martens) (7K4) i i F A
75 1 I e e
Gyraulus sibiricus (Dunker) (7K4E) " * R

4 e

4.1 .
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57 NRIFE M a5 8, AR R D B b kL 4
B CARY A =, e 27.91% ~ 92.60%, “F1
56.27% ; UM AIRY, 4345 i 6. 38% ~ 63.96%,
F3527.09%; HRP AT 0. 99% ~ 40.32% ,
%112, 63% ; & A/ mIHAD, ¥ 3.85%, % Hikf
RS JE AN S RIS o RS M2 Al
T 2.13 ~3.48 , “F¥ 2.8 ; o4 T 0.35~
1. 03, *F15 0. 68

16 MRS D P, &' ZEICER Si0: P
) 81.55% , ZALT 75.20% ~ 90.22% ; Al.Os F15
7.85%, AT 4. 62% ~ 9. 13%; TOFE V3
2. 15% , Bt ¥ 1. 51% ~ 2. 09%; ARk, 040
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DAAEXS SRR ; A5 3E — Wk a] KR MK 2, Hh R AR
R0 M T KR AR b0 5, P i SRR AE R
Al203 . TOFE. TiO2%5 #H 570 2= L [R A 7] LLRE 7K It
DR . BT AR X A R HRH &1
P 2, R R B A R B ST, A A
KA ERE W IR AR, I g AR
B K u TR A 5 WA A U A, P AR
B R AR AR A O HAE . X HVE A A 2 R
AR E B AR R s R E A AL Os.
TOFE.Ti02,Ca0 MgO %70 %&; R 2, A% T4
VA RTINS, AH A0 2 3 DY T R T R
R 5T R, S8R bt Bk TR A&
AR 4 B, ALLOs —CaO+ NaO —K0 =£f
AR H IR GRS ke U B 2 (o) I 1)~ AT T 1]
T b — oty R AR KR KUk R AL (b) a5 T
PR

N 3, 51AH BT X e AR B M R B AR
i, Br/N L8R Galba p ervia (M artens) 4b, 2 TS
FFIE 40°N LA 0 =R R R PR 8, R A
B AE B8 K aliella rup icola M oellendorff %
DL TR AR T T e S A R I I ) FA B,
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PHJiE B8 Gy raulus convex iusculus (Hutton) 32 EAE 1E
TR EHC VTR S ARSI Ry — R el =i i
KIS, AR I T OR AR A e % . =BT
ik AR R AREY AAT T e BRI AR RS ) B B 2]
AR R AR B A V)0 R PR AL, Bl 2R 3K
YR TR RE J7 A 5 55, FL A A7 32 BNt i b
(RE A, AZREE A L AR R R R W), Hk
B R TS W A A X T I PR R
B (PREB RS, 1997) o TEBE B TR Ak, WAVA AR
Lt gt b oE oA AR, Toiee A A Bl
ek B, A AR P FNER B B AR s, I &
B2 BRIR A, X B A R T Bl A AR B ) £ WV A
Ay LIEARAR X A A
4.3

LR ETIR, Z )2t b IR A b AT A
R A TR BB TR R s A AR Ry
TEAEAR R ARRE b S e 1 AR IRIE UK B 2R 0 4% B 2R X
TEGE F.5 DRI BT R (1 B2 22 v B AH BN | A%
BB Y. Mk U, WAL Mz( )\ Si0:2,
ALOs+ TOFE S8 N, FT 30 frd 2 i
(b5 R (ka BP), i shib hb Mz( ) B 1E. Si02 &
HIEE.ALOs+ TOFE FEASEER T 4T NXNE
SR B FAAE, bRl e C FHAE, KR R Cl
(23. 47~ 23.77 ka BP) .C2(24. 70~ 25.04 ka BP) .
C3(25. 41~ 26.23 ka BP).C4(26.47 ~ 34.59 ka
BP) .C5(39. 55~ 43.10 ka BP) .C6(43. 77~ 45. 50
ka BP).C7(47. 58~ 48.98 ka BP).C8(51. 80~
53.53 ka BP) F1C9 (55. 06~ 57. 48 ka BP); R,
T AN 7 3 M) WE(ESI0: B R A A ALOS
+ TOFE & BTN TE =X EI, SR
TR B, AR id N W S, KIS W(23. 07~
23.47 ka BP). W2(23. 77~ 24. 70 ka BP).W3
(25 04~ 25.41 ka BP). W4 (26 23~ 26 47 ka
BP) . W5(34. 59~ 39.55 ka BP). W6 (43. 10~
43 77 ka BP). W7(45 50~ 47.58 ka BP). W8
(48 98 ~ 51. 80 ka BP) . W9(53. 53~ 55 06 ka BP)
AW 10( 57 48~ 58. 85 ka BP) (& 5). & 5, i%
R IRIET UK 2 D 2275 1 9 IRATFF0 10 IR BRI
SN, BLAE DR S A IR B R B 28 5 AN
Bt: MMIS3e(58 85~ 48 98 ka BP), & W10/C9/
W9/C8 /W8, W fF4E5. 72 ka, C %24 15 ka; @
MIS3d (48. 98~ 39 55 ka BP), & C7/ W7/ C6/ W6/
C5, W ¥F4E 2. 68 ka, C FF4E 6 68 ka; @MIS3c
(39 55~ 34,59 ka BP), & W5, # 450 ka; @

MIS3b (34. 59~ 26 47 ka BP), & C4, Fr4: 8 12
ka; ®MIS3a(26 47~ 23. 07 ka BP), & W4/C3/
W3/ C2 /W2/Cl/W1, W FF4k 2 029 ka, C FF4:
1. 654 ka.

A, W B MIS3e. MIS3c. M1S3a LLHE 3 14
(W) SR> AR (C), BEHFRFEEN T8> ¥ 14
B MIS3d Al MIS3b PARE F (W) Siik< ¥ SiE
(C), BRFHF < A M. XEE5REGE
VKO AFIAL R 18 F & 59~ 50 ka BP.40~ 32 ka
BP.26~ 22 ka BP ffE Ml 50~ 40 ka BP.32~ 26 ka
BP fICAE AITHE 7B 1 R VA S0 1 Jo3 A A A7 #18
NHEERIYIA( Yao Tandong et al., 1997); @i
xS AT B BR 2 5, 5A6KPEEE v23-81 4
P A L 8 59~ 44 ka BP .35~ 30 ka BP. 26~
23 ka BP f&{H F1 44~ 35 ka BP.30~ 26 ka BP &fH
BT IR (I8 A AL B BN 2Bl ( Bond et al.
1993) .

i Lh W/ C R (AR F, X Lo /A F A K 3
15 8. 2 ka, FIM A 240 a, Z HHE 500~ 2000 a, B
ZHR IR BN VK 2/ 22 5 7 19 IR T3 4F B30T 4%
ZREERERRRAA TRERE ). K, iZith
KT 26. 47~ 34 59 ka BP.39 55~ 43. 10 ka BP.
51. 80~ 53. 53 ka BP #b e ib HERLFH A+ C4.C5.CS8,
AR ESAEEER (JLHIERPEEHLIX) 8 2
W72 H 36 7R 1 B 2 A« UK 95 1 H3. H4. HS
(Heinrich, 1988; Bond et al., 1993), H¥7ix'*C il
3 5H 26~ 28 ka 35~ 36. 5 ka.50~ 52 ka( Bond
et al., 1992) , 53RE & A FifiE 30 ka BP.39
ka BP.48 ka BP ¥ it J2 B A — FHI ( Wang et
al., 2001) . [FIAE, X0 T F 4 RS RN ER
% = GRIP JKCr il 5 I 45 55 ( Wang et al., 2001)
LRI — R 5| ) UK BRI vk B 30, B D/ O R &
(Bond et al., 1992; Dansgaard et al., 1993;
North Greenland Ice Core Project Members,
2004) o AN 5, 1R VA UK B SR B S BRs B A
GRIP ¢KLxBond et al. ,1992; North Greenland Ice
Core Project Members, 2004), 1540 125 e AR
Z BRFEAFE W ORA F: C #AT DAZE GRIP Kt —
— AR EXE R 1A UK B AVKEE o a0, FESE2 5. 0 ka.
2. 82 ka 1 1. 53 ka M5 EIE FH4 WS, W8 Al W9
73 R B GRIP UK € % & % Denekamp (1S8) .
Glinde( 1S14) FIl Oerel (1S16) BEFH 1, §5REFH/F W6
XT 8T Hengelo(1S12); £F %2 1.73 ka C6 Fl 1. 40 ka
C7 K Font B 1) vk BE 18124 1813, 1814 2 ] () vk BL
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{15 45 H 2 W B MIS3c Rl MIS3a. F B
MIS3c J& Tt K& 2 () 30~ 40 ka BP “ i 5
HEKZEM (Shi et al., 2001) I B i W5 F4F,
] 55 e S MR FEL D 5 A5 s A LI — I B
P, 5 b JRTE K2 35~ 42 ka BP [ B2 3 &
S0 e E =l IR FhE R, 2005), 1T AN i
TR IE 1,65 m HIHIAH LA & = R A0 Jie i
Gyraulus convexiusculus ( Hutton) 55 F|Wr, 25 /K
MEFARAR G AT B MIS3a 7E3RE 8 L m
JiHh Xt 3t 3 A /SRl R, UK 22~ 27
ka BP, Z i fR K B — 2 KAl L A (b 2,
2005) , 3T U P 2 TR RE 25 A TR 1) S ) A LR
Kaliella rupicola M oellendorff F1\'™ igh# Gyraulus

convexiusculus( Hutton) o
4.4

FIH Redfit38( Schulz and Mudelsee, 2002) X}
AT Ma( ) BEAT D23 20 #r, #8575 21 70 kas
1. 05 ka- Q0 64 ka.0. 50 ka 25 (B 6). H o,
21. 70 ka JEIL 2L MR 90% HIKE 0K P, FUE bF 2%
ZEFE BA( 19~ 23 ka) [)°F3{H (Imbrie et al., 1984) .
1. 05 ka<0. 64 ka.0. 50 ka &Il it 1. 75 999% )6
55 7KF, 1 05 ka AR5 Jb R VUV 0¥ VK SAF 46 7R
] 1450 a K (Mayewski et al. , 1997), Q 50 ka
5 B A6 R PRI AN FGE T 512 a JJHAH T
(Stuiver and Braziunas, 1993). A, &R T 5
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Abstract

The fluctuating rhythms of the megainterstadial grain sizes and chemical elements for the
Milanggouw an stratigraphical section is fairly coincident with the sedimentary cycles of the pales-mobile
dune sands alternate with fluviaklacustrine facies/ paleosols. The palee-mobile dune sands are compared
with modern mobile dune sands that are products of cold and dry climate dominated by the East Asian
winter monsoon. The fluviat lacustrine facies/ paleosols * particles are finer, their geochemistry and
weathering are strengthening, and especially they contain more mollusk fossils living in warm and wet
environments, which indicate that they are controlled by the wet and warm climate of the East Asian
summer monsoon. Hereby it seems that the megainterstadial climates of the Salawusu valley at least went
through ten wet-warm events and nine colddry events and could be divided into five substages: MIS3e
(58. 85~ 48.98 ka BP), M1S3d (48.98~ 39.55 ka BP), MIS3c ( 39. 55~ 34. 59 ka BP), M1S3b (34.59~
26.47 ka BP) and M1S3a (26. 47~ 23. 07 ka BP). Thereinto, nineteen cold/warm climatic fluctuations
correspond with stadial/ interstadial of GRIP, the five substages are rather consistent with the Guliya ice
core in the climatic fluctuating features and phase as well as the North Atlantic climate reflected by the N.
pachydema(s. ) numbers of V23-81 core. T he notable spectrums of the mean diameter are 21. 70 ka, 1.05
ka, 0. 64 ka and 0. 50 ka, that is to say, the millennial centennial climate is closely related with the relative
growth and decline between the winter monsoon and the summer monsoon of East Asia controlled basically
by the North Atlantic Deep-Sea Current, the ten millennial climate is closely linked to the Suns radiation

under the precession period.

Key words: Salawusu valley; Milanggouwan stratigraphical section; megainterstadial; grain size,

chemical elements; paleoclimate



