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Fig. 1 Map showing the location of the studied loess section
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Tab.1 OSL dating results of the samples in the Zhanggiu section

S o MR U Th K S HBIRERR SERGhR A
%' %5 (em) (Bgkg) (Bgkg) (Bgkg)  KiE(%) (Gy/ka) (Gy) (ka)
16-OSL-523 HYOl 100 28.1£1.9 48.5£0.5 65910 115 3.42+0.14  0.90£0.04 0.264+0.017
16-OSL-524 HY02 250 28.742.6 46.0+0.5 656+10 1845 3.13£0.12  49.1+1.1 15.7+0.7
16-OSL-525 HYO03 370 26.5:1.7 454+0.5 65410 1245 3.27+0.13 67+3 20.4+1.4
16-OSL-526 HY04 470 27.442.6 45.0+0.5 653+10 1745 3.10£0.12 73£3 23.6+1.4
16-OSL-521 HY05 717 31.3#2.1 48.3+0.5 602+10 1045 3.2240.13 1015 32.042.0
16-OSL-522 HY06 1260 31.1£1.6 47.2+0.5 61710 9+5 3.23+0.14 1265 39.042.0
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Fig. 2 Age-depth models of the Zhangqiu and Buxi sections
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Fig. 4 Fitting characteristics and number selection of parametric end elements
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Fig. 5 Grain size frequency distribution curves of end members in the Zhanggiu section
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Tab. 2 Parameter characteristics of end members in the Zhangqiu section

il SEYHIAE (Mz/um) SARE WEGSK)  IEEKe) (%) WP (%) (%)

EM1 1.06 1.66 0.64 3.25 98.93 1.07 0.00
EM2 6.01 2.08 0.24 2.76 32.38 67.53 0.08
EM3 12.66 2.04 -0.27 2.89 6.89 92.71 0.40
EM4 29.84 1.67 -0.52 3.29 0.06 95.95 3.99
EM5 56.20 1.44 -0.73 3.82 0.00 63.86 36.14

BORiAE o 35.48 pum, AHKAPAL Sy, FEONMKRSA I S A TR o, K R 415 L
SEATEAE ;s EMS IIAECRIAR 4 63.10 um, AW ANEPALSy, EZ MU S HEZH
AL oy, NSRS, [RIRHZL o r A5 i Hoar vt ke
4.4 FEHRTIAEE X DT

EMI1 G +4145 . WF55ilRy, B Hrokifd< 2 pm Bk H 40005 M E A ¢, IR
W T EE A HERR AEA TR AR AR Y R R I TR e R, B
IR A P R AT AR RAS N 0.4 um 22 AT ORBARRIZH 4y, IR I A H ) Ak ik
K55 AFAE R B UIAROC™ i A AL v 5 ¥ 1t Ui s AR B0k A% o 0.8 um HL 32
BLHR R B e oy, IR AL B AR Y FIRTA TSR R, B AR
+ 243t RE LA SR AR T X OR R S RO 2 T 2 A T2 0, Sl X oedl 45
(ERAR Z (B AR AT AR Y (23), EMI 5 ERiid Z AIfE R i AR ek, 229
EM1 4143 1] e TC ik iz 30 ) 45 A A5 2575 1 EM1 5 EM2 4153 2 [RIAF A AR X 38 =5 1)
IEARCME, 5 A ICA o 2 (B AR D R S A AR5 R i R DG e T BB R I, &5 o]
T RG  2HA3BR T A S R E F AR AN, A AR A A SR A A TR X i
BUEAE =R, RS RRE EM2 404306 25 ik ik .

EM2 WA K D2 43 o 3 R F 5 AT 118 = PP R AR < 20 pm (4 40 0 2 23 4 XU
EERE G I T e LT RSN R, IFEREREA N T L TAR
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6}.@ T%L' %ﬁy\ j‘\] 5 r% flz le. {ﬁ ﬁ % %—‘f —[g] Tab. 3 Correlation between end members and Md
E,‘J?‘é%m_m] i Vandenberghe[‘“”ﬂﬂ»j E\:j: in the Zhangqiu section
R BRI R0 2H 43 o 15 2 S ML EM2 BB FM4 EMS Md

VRS B 229 55 Nottebaum 20 FM! 1m

TEARE L — &S o i s P2 0 T

ﬁﬁﬁ*ﬁﬁéjﬂ 9 um E]/‘J éﬂﬂ*ﬁgﬂﬁj\ ) j_JF EM3 -0.318 —0.246" 1

Ik EBAME 620 um i gsgon BN 001 oA e
éﬂﬁ}‘%%%@ﬁﬁg%(@%é E’J?F)’}Q% EMS5 -0.152 -0.330"" -0.641"" 0.550" 1

B;:; Sun%m]xd_ﬁir%—)ﬁg/l\ﬁji%u Md -0.094 -0.610""  -0.499"" 0.730"" 0.805™" 1

T AT 38T AN e PR3 — R 2 20 4 e TFRTE0.01 KOF B G

(I ANEORIAR I AR TE 2~8 um JEFEIN, FFAMIZZL s S P9 IfF e e &, 7Edt
FRRERE b A8 2 25 P VT AR 5 A 7] A0 05 T 2 A 7 0 e 5 b 8 - P B 3 I 4+
RSB R, JRR IR VR S s P XU R R 4, B B T OR EM2 21 5055
A ML X AL A A AR b, kAR /N H B s i s AR B, HEM T RE SRy R Wy B R S
iz b A PP XU E VG IR X 1] AR SR UTAR X A W 55 4 O, [RIAsHZ AL o0 1R o e R
ZERIL T A i s S A IR A R . A5 A DMENFIE AT AL, PEdL N i X
B 2R o rT UG I s AR B AR M X PRI AS SCIA A EM2 21 434 5 25 1 XU
18 BRI

EM3 WABSHVLHSY . BIRIZLH - E R AR /N T 20 pm, {HiZZH 435 EM2 41432 [i]
P B SR S R A 3 T RE TR R R — 2 3 1 P R R, SRR, KR
T 20 pm BRI T AT BER H 2 i B M R MR X Ak, e a] BER H AT 1 A 2R YR XS
EM1 4153 W R 1A 5 WARAE 7 A (RPRG 140 0 A 38 o RG B 7R EM2 21 73 3% 1T I 25
ik, ik, EM35EMI1., EM2 405 2 [ B0 4 A0 S HE AT BEFE /m i A DR IX 2 [
255, BARREA IR R, 25 S B ANRH D 40 43 B8 LASURL AT 3K % AR TR LK 20 40 1Y)
B TR 2 B ] A T NS 4, A RO AR B Ok S oG A A U A Bk
4 15.02 pm [3HTCAL 3 HEVE RSP AR RIS A DR 4L 5™ EM3 S
R 2 7 (EM4 FITEMS) Z 8] B 5 () (AR DG AR IR T e s pLi i 22 5, 456
EM3 40 RS 25 1433060, AN SCIA K EM3 20 4342 DA TR 2D I RAFAE A8 XU 8 el 55
a5 1k 5 R AR DU ORI 4y o H SRS AL AN DAL oA B, 55 F T i
P2 B AECR AR 5 /N HLAS AR A/l X AT RE -5 70 Ml 2 2% A4 1 ke AR o 5 i BE A7 A
ZRE R,

EM4 IR b4 43 . 75 + A S EPRIARTE 20~70 um PRI 4R/ D REXE 2 S P BT IR
PR, =T RIS F R B R IR S AR AR B s AR e R A L AR Y
B RS SEAT 3 TC A R I SR I AR LRI 2 4y, % A4 B VR 25 s Hh F 07
Poaz ok AW 5 [ A T R g i AR S O g T A i P e R AR R v T L 7
F HF A 5 i 2 X Bl Ry B PR A2 i A Rr 2 2 00 . EM4 21 o8 B el T Ay 2R i)
FORPEIE . CPHE RN 36.96%), CANFTERI, b XA 3N 7 i R A T
KE (e R BT RUX, 32 IXH 4 322 RS H o7 KR Gz 104 30 50k 242 0 Jo 3 AL
B, ORI A S T 07 S R AR BCTER PP, IR SIS EM4 41 432 3 75 XL
FAE AR ZS i 2 i s Ry 2R W

EMS W ANAP AL 73 o KL DA 5335 3 A7 A 4 0 T ol 4 1] 3 o b 7 o = TR
FFN AR VE - GE B R DR -, AR A 7 B R B, s iz 3l




1170 i B 2E 76 %

1855 A%z BB ARG T LA s DAk B 4 o IR R R R Al o R A B R R
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IEA SR 2 A4 o Z (M A AE AR LB 92 T X, AR o il 2 SR ml e i T XU s
AFS, 5SEMAMLL, EMSHFRATEAE, WA Bkt iar, RV EMS 450z
T SHEE R IR, Hit, EMS 41430 BEEA 2 KB RS T DL 2R 22X H i
BRMEE R R WG RIA, AR A 20 XA I X6 3T b 1T A0 A4 58 B ke = S
I FL¥E 4 v A R, G2 0 %o A 2 XU S8 5L A et (R A s e S 129 B ) T LR A 1 A
WA (EM45EMS) 59 ERAR 2 A7 AE e i e A S, A B2 o 1) 1 ) KA 2%
ZH R A 2 R R AR A B BBURRZH 43, o EMIS ZH A0 A DGE T v, 3R] EMS 2H 4 4 2
A B B AR A B SR R s

4.5 WEFH N EMRAERTHH

b T OB B e R AR — A i 2RIz o 1 25 B 1E DL R R A2 A H
SRR 2 B, TR I 0 S A EMLZH 0 R RT ARG FFEFE EM2 4043 U0k - #E Y
iz Ry L E, T LAGE S EM AL 20 A 75 1 RE L 328 HH ok Sz e i S A FH Ay i B AR 1k
SF A SCIE LA HF EMT/EM2 H BB VE EMI 2043 bl bR B B9 40 2 &1, ATl %
N EE P ) T R AR R P R R B AR A . RIS R AL R RN € B HE AR AR b 5 s 22 )
FEEE VIR, MK B VR a1 F 2 KR B R hR0>>) . BRI, A SCl s iioo
Iyl g5 ARG AL R L FR bt 2 o) T ME R AR ook Az h ) 5 SRR
BEEAT /0T o W B o I 2 AR RN A AR AR AR A 5 B AR 2 T g, B e
PR R A FZ505 T MIS3 . MIS2 FIMIST A3 B (Kl 6).

FEMIS3 BB (500~1450 cm), EMSZHr CFREIEE N 6.10%) AT HF-AME
(7.04%) F—MPsh7A8 4k s EMA4 21 53 & B S PR S BT (9 sh A 1k, (B2 415014
S (36.15%) BARTHI M EMH (36.87%); EM3 440k g A8 fbis kK HE & &
(28.91%) X THIE EYIME (29.02%); EM3~EMS & f A8 1k 35 B I B B R 4% 25 XUt B
55 H A B R A ORI . EM2 415 CE3 8 88 20.61%) 276 135 1 V- ¥ E

EM2 EM4 EM1/EM2 a’ 3150
OSLAEf{(ka) 0 25 50 153045 60 0 05 1.0 6 7 8 2 0 2
0__ ) L 1 1 J L 1 ) 1 1 |

< 0.264+0.02

2004 fFoezeeee-R--Rofo o Bt Ko P
< 15.7+0.07

00| |€204+14
€ 23.6£1.4

600 1

T 32 042.0
800

R (cm)
% (ka BP)

1000

12009] e 30,0423

Sgos

1400 -
% §§§ 051015 0 30 60 0 10 20 10 20 30 40 60 80
EE BEE EM1 EM3 EMS5 Md (um)  x (10 m’/kg)

K6 i mitAic -SRI AR A R )

Fig. 6 Comparison of records between the Zhangqiu section and deep-sea oxygen isotope
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(19.05%) —f 3k shAs ik, &0 LR A0 P8 X ER o B2 ik, 3t B B 402 O 0 2 ) T
%, EMI 44y (CF¥ &8 7.99%) B & T35 W -F¥{E (7.68%), EMI/EM2 b {H
(0.40) BEAKFHIMF-YIME (0.43), HHHAUIRELR S B CESAE 590 71.87 F
6.77) FIEFHIRPEYIE (63.84 F16.66), FIZB BN IEME R, B3R iR
B R 5% BRI ST B X R C 2R o EMS AL 43761 Be P H B 4 vk I ik 3
ik sh (T1~T4), HiT1 GERKRECN 33—32 ka) T4 (AEACKECH 41—40 ka) *f
Jof [7] DX I VG B = oty R 3R TR EE, AT 2R B A B S A D 7, WA HE T
T PR S 2 B BE I nT RE IR PR AU AR v AR XUV IG5 I ;. TR T4 IR 8
BIRATEORAJZ R TR, FERPAME A rh R BRI 29 30 m (3 BLBR BRI o
2520 m) A —HHTCERAJZ I, 456 a7 RN I B AR A 2 R AR SGA R,
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Dust accumulation processes and palaeoenvironmental significance
of loess indicated by grain size in Zhangqiu, Shandong Province

KONG Fanbiao"?, CHEN Haitao™’, XU Shujian*®, MIAO Xiaodong’
(1. School of Geography and Environment, Shandong Normal University, Jinan 250014, China;

2. Shandong Provincial Key Laboratory of Water and Soil Conservation and Environmental Protection,
College of Resources and Environment, Linyi University, Linyi 276000, Shandong, China; 3. College of Earth
Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, Shandong, China)

Abstract: The accumulation processes of loess in Shandong Province record atmospheric
circulation changes in eastern China, which is significant in revealing the varied characteristics
of East Asian monsoons and palaeoenvironmental change. In this study, the parameterized end-
member modelling analysis of grain- size distributions is used to discuss the sedimentary
characteristics, transport dynamics and environmental significance for a loess section in
Zhangqiu, Shandong Province. The results indicated that: (1) The optically stimulated
luminescence (OSL) ages of the Zhangqiu section ranged from 0.26 to 42.24 ka, suggesting
that sediments have mostly deposited since the late Pleistocene. (2) The grain size components
of the sediments in this section were divided into five end members: EM1 represents the mixed
clay component of pedogenesis and transported sediment, EM2 represents the fine silt
component transported by the high-altitude westerly wind over long distance, EM3 represents
material that settles as floating dust, EM4 is the main material source of the profile, which
represents the silt component transported by low-altitude suspension under local wind systems,
and EMS5 represents short-distance suspended materials under dust storm conditions. Change in
the EMS5 component is a good indicator of winter monsoon intensity change, and has recorded
all climate fluctuation events since the late Pleistocene. (3) According to the climatic proxies
such as the grain-size end- member content, low frequency magnetic susceptibility (yr) and
chromaticity (a"), combined with the results of OSL, this effectively indicated the stage change
and differences of the sedimentary environment in the Zhangqiu section since the late
Pleistocene and reflected the regional response to global climate change.

Keywords: loess; end- member modelling analysis of grain- size distributions; dust
accumulation; environmental evolution; Shandong Province



