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Parametric end-member analysis of the grain size distribution of the Xiashu loess and its
provenance tracing
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Abstract: Background, aim, and scope Determining the provenance of the Xiashu loess deposition located
in the middle and lower reaches of the Yangtze River is very important for understanding the evolution of the
East Asian monsoon circulation in the subtropical region of China. This issue has induced widespread concern

and controversy in previous studies. At present, the provenance tracing methods used (such as elemental
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geochemistry, detrital zircon U-Pb age spectra, etc.) have certain limitations. The grain size composition is
closely related to dynamic sedimentary conditions. Parametric end-member analysis (EMA) based on grain
size distribution data can quantitatively decompose components representing different sedimentary dynamic
processes and sources and has great potential in extracting information regarding the transportation and
provenance of the Xiashu loess. In this paper, parametric EMA is applied to study the provenance tracing of the
Xiashu loess. By separating and extracting the grain size end-members of the Xiashu loess from two profiles
in the Dagang (DG) profile, Zhenjiang City, and Madang (MD) profile, Jiujiang City, we identified the source
of dust material. Materials and methods A total of 325 samples in the DG profile and 332 samples in the MD
profile were collected for grain size testing. After pretreatment, the grain size distribution was measured by
a Mastersizer 2000 laser particle size analyser produced by Malvern, UK, with a detection range of 0.02—
2000 pm. The results were analysed by the AnalySize programme based on MATLAB software provided by
Paterson and Heslop (2015). Ninety-six Xiashu loess samples were selected from top to bottom in the MD profile,
and X-ray fluorescence spectrometry was used to analyse major element compositions. We calculated the chemical
index of alteration (CIA) of the above samples and quoted 34 CIA values of the DG profile to assist in the
determination of the source components. Results The results show that the grain size composition of the Xiashu
loess in both profiles can be decomposed into four main end members. The modal grain sizes of the four end
members in the DG profile are EM1=0.7 um, EM2=6 um, EM3=25 um and EM4=44 um; in the MD profile,
they are EM1=0.9 pm, EM2=6 pm, EM3=28 um and EM4=45 um. Discussion EM1 (modal grain size <<1 pm
in both profiles) is the secondary weathering and pedogenic component, and the proportions in the two profiles
are close (9% —10%). EM2 (modal grain sizes are 6 pm in both profiles) consists of a distant-source aeolian
deposition, and the content of the DG profile (38.33%) is higher than that of the MD profile (27.59%). EM3
(modal grain size is 25 pm in the DG profile and 28 um in the MD profile) consists of nearby-source deposition,
and EM4 (modal grain size is 44 um in the DG profile and 45 um in the MD profile) is a local-source deposit.
The proportion of nearby sources + local sources was higher in the MD profile (63.35%) than in the DG profile
(51.79%). The change curves of fine-grained end members (EM1) of the two profiles are relatively similar. The
change curves of coarse-grained end members are different while still being interrelated. The variation curve of
the nearby-source component (EM3) in the DG profile is similar to that of the distant-source component (EM2) in
the MD profile, and the variation curve of the local-source component (EM4) in the DG profile is similar to that
of the nearby-source component (EM3) in the MD profile. Conclusions The above results and discussion indicated
that the Xiashu loess is composed of secondary weathering and pedogenic components, as well as distant-source
deposition, nearby-source deposition and local-source deposition. Although the proximal dust materials (including
nearby-source and local-source dust material derived from the beaches of rivers and lakes in the Yangtze River
and Huaihe areas) are mainly components of the Xiashu loess, there is a certain source connection between
different locations, rather than each having an independent source area. Recommendations and perspectives The
Xiashu loess in the lower reaches of the Yangtze River is a complex mixed sediment formed by different material
sources under variable sedimentary dynamics. Neither can the Xiashu loess simply be interpreted as the result
of the southward invasion of aeolian materials from the northern desert-loess region, nor is its provenance
completely derived from nearby-source materials in southern China. The Xiashu loess is composed of not
only regional nearby-source and local-source components by the winter monsoon but also distant-source dust
transported by long-distance suspension from the northern desert-loess region.

Key words: parametric end-member analysis; provenance tracing; Xiashu loess; winter monsoon; dust deposition
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U B IC %, MR R mAE R, K
R W IR AR O A i A e R AR5 R
() — A~ 25 ) FF o A (MRS, 1995
REAL KRN 22 4E, 1998; Guo et al, 2002; Sun,
2002; BRIGFIZEE4L, 2011) .

T % A RIS D28 LR KT R i I K
B RRSEE L, AT IR E RS R B 2R
R R EFWALA, SR ER X EEAE
VU2 b2, AT R BT Hh Xy S R 45
WA B R (B akiR, 19915 AR AR AR,
2018) o P &EE LR FORIE TT4L, R
SLHXTMHEAT T KRB, (A FEERI F 8
WEFTIA AT & B 4 R =4Ok B A 2= XU A
A6 5 L X 242 R 1 S B i , R G 5 DY
KRR R AR (%,
1983; Rinz, 19855 HFZKE, 1988; AEMASE,
1999; Z#AESE, 2001) o MMiTSeeERk, HE2EH
INRAL T TR IX B IE R 2R AE T &5 8 08 il 72
W TTEREE S A T, JFHETT & 2 A A HE AR
FERVE TV IR I (3 A Rk . Tl
WA R S R Y Bt (Hao et al, 2010;
Qiao, etal, 2011; Liuetal, 2014; % 5% 55,
2018; Wangetal, 2018; Hanetal, 2019) ,

H T & 8 4 U5 R B TRk H R WE 92 O ik 32
AW, —FRITEIRILREE (Hao et al,
2010; Qiao et al, 2011, ¥ #8585, 2018) , %
—Ff S BART W) 5 A7 U-Pb 4E 1315 75 8% (Liu et al,
2014; Wang et al, 2018) . JC % # Bk fk 2% 7 i
Mz, RIS T K2 T R IR A
TS R ) 43 DX P b A A 8 R 2R R U
AT ok — S G X Fh s 5 A R BR T B AR 2
B, TRV B FE B R A W) UR T SR
TIRKMEH (Liet al, 2020a; Liet al, 2020b;
Wu et al, 2021) . {HFEF]HICE ML T Bos B i
TR, V2w R ERFE AR A RN (R
J14riE ) FTRUE RAEVER (R RREE ) T4k
W, DTS MR B 4 R A AT SE 15 [RIE, B8R
1R AR 4 o0 2K M ER b 25 4L AR 22 5 X A3 U AR A 1
FERZRUR X, (HAnR T &8 2ok g A (e
() B B 5 3 YR R YR 2H 43 ) sk 2N IE X TR & 8
ZRYTRR, R R 2 (8] 6 0 S I 1 U & R
M, (ARG R EA ZMEMATENE (PRI
MZEmE A, 2011; H 4, 2020) o 85448
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R R IR AR KRR, /EhER
PEEW 4, WPk ke 1 s A AR B s Ao ) F 22
B = I 5 A S = e ) i 8 T N
AW L YIRAE S, W B B AL %) 4k
W ARRERAETERINE (BRI FIZE 4L, 2011) o

R KR TR Y i W Y B bR 2 —
R VTR B kL B B2 2 S SRS s, s
¥ iz E = 45 5% (Pye, 1987; Tsoar and Pye,
1987 ) o PRI, 4 AR EE 41 R A BB I ek R it
RS 19 IR\ 7 i 559 R R X5 BB A 8 Ak, T o -1
L RERHIEAG Bl T4 75 83 22 W Jo 1) o s S AR Ak
] B SR A2 4852 5 ORI DA B it ik oy <A 1)
At R, EE A ERA M T, E W
7 2H AR I B ) RS AR 2 —
IR LTEA, 1997a; T HFLAE, 1999) o JE4F
K, BLEE U IO TR AR R, 2RI
TURR ) A7 85 43 A 2 P AN [R) 90 18 B 8 ol R e
SO RS9 S 3 GIEU B o R ST [ DYNIIW AL/ L0k TAE 4 e
P rh oy i — 2 LB R R A A, R os. R
FEAE 3 70 AT 8 78 DURR ) P 268 2 i 0 R N e AR 3
{58 (Weltie, 1997; Weltje and Prins, 2007 ) .

B 5T E R RE S oG TR R A R
K2, IR &AL REHES UL A k. R
Bt Ze LG 1R N B — Bl ) i i TORR A ke
TEBUTFHRE AR B SR A0 F b oA R, X T
Z R HEMTURY, "SRG 2 B RS E0k
B OB E S ik 3% SR PG 3 A, A5 E kL
FEL 4y, B FH B PI Rl R AU G 5 1o IE S 31 R
B4 (Qinetal, 2005; BAEHEZ, 2009; X
FE 4, 2017 ) Fl Weibull BREGUE (IMNRIAAE,
2000; PMRIFZE, 2001; PNAME, 2006; Lietal,
2014; Wang et al, 2015) . #MRMAE (2000 ) 4R
PR 2 3 AR (BRI FN AT IS 1Y A 3, HED 2
R AR S Weibull 20258, HXUZSEH
Btk S A S 1) B XU KGEE IR AN Weibull
PREUME (IKFEZ, 1996) . TEAH ] Weibull p&i%L
Xof B e SR R A A LA T R, LA
SRR R A A, LUK & oy Bl
Oy AR T SREUE, FE LIRSV fid /N A B
e, IHEHANSEUE, 5B AREEH 15
AT PRECRTE 405 8. RS R R Weibull pREL
o3 A LA ORI T Ho M R A, EURLEE 4 71> 5K
3 EF, LA R, RIVEE R T o A
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53 B BOR A1 bR KR 114 28 HR S 30 o WL J8E 3 5%
a3 A Mt e LR BORE BRI E Y, FIRES 2
FIRE AR SR AN 9 3 L Y52 ( Weltje and
Prins, 2007; Paterson and Heslop, 2015) , {H H:
BB AT LA AR 25 T R T R AR g, T
DAFE R TOAR g b F Le Az . dES 4k sy
i 2 FR T AR IR 23 1] 43 A X6 L A o R 4
A EHE AT (5 BB, TR BE 43 A7 43 i 31—
P2 Lol sk b . Weltje (1997 ) HEH T 47
i LR 7L (end-member modelling algorithm,
EMMA ) , i Esr ot e, JEfix
7N e A A TR AR R BE AR 43 R X T AN
[F3h1 ZAkimot, R ITTRIER . A& Al
SRR THAIR AL, AT AN RBE, BeRL
X e — i, DX Y — o TR B 1 KA TTC AR W i 5l i
TR B4R, F7EE 4 S R e e AR AL A
Ho e IR 5e RS20 - ( Vriend and Prins,
2005; Prins et al, 2007; Prins et al, 2009 ) ., Ff)5,
WOITEGA RS, il 7 BUE TR R
BiAEE E M ( Dietze et al, 2012; IJmker et al,
2012; Yuetal, 2016) , {Eff Fli% 5 0 iR &
TREERS S IR A, HELB2 53 AT GBS B AR 2,
ANEGF R E DU I R S AT RETEAAR AR i
M2 WG, a2 AR S YRR, ANRE
HE <1 pm B AR ST (FMRIE, 2006;
Sun et al, 2011 ) . Paterson and Heslop (2015)
P T —MRESS A LR A A A S e
EMA (end-member analysis ) J77%, PFfJ57F 8% 1
R BT L TR PP — YR LA VT R b
XA KR TR IR 5 rh A5 3 1)z 8 (Jiang
etal, 2017; ZE004%, 2018; XiE4E, 2018; FIKIF
%, 2018; Jiangetal, 2020) .

WA BRI IE PN S R, T
SRR IR DAL az e B DL SR s B S DA ]
/9 77 X & 4 ( Vandenberghe, 2013) . % H b B
Ui TG 3 B 5 X TR B AR B A O [ AH 5 )
F AR IR A B AT B AR, A SCR S e
B i TG T 7, XYL il DX P A SRR
B P HE T A B SR, 45 A XA A SR H
FURRIE FNTTAR B0 g 2 I PR By T &5 35+ 25hr
UG RR TR, DA T %) 8 YR BR PE L 1

ISR VNS

& A TE B AR R R i
fe, ZUURF IR B My 0O B . Al bR
Flpd MM AT o AR . WL —Le i 18
FRIE “BH8 L7, VLA Mgy “JLin
AT VLA TEY (Mat - B - 0 HiX
2R %) 8 o0 A B AL R by . JR )20 T A i
+ FFPORUFAR L Fr B 0% L7 v A2 LR a1
JEREFIA 20 —30 m B R (XIZR2E, 19855
K, 19915 ZEtRE, 2001) o
1.2

AR SCBEHL 2 AT B ¥ 4 F O S 4 ——
VLMV R s ) (&K DG ) FIVLPY JLIL
el (AR MD) . DG #lif (32°13'14"N,
119°41'12"E ) 7 F 48 71T DL AR 29 20 km A8 K #E
B, TERMEI 26.5 m, ETHGHX T & HE 1+
AR 2 — (haE 5558, 2008; 2R/
A5, 2018) o VT AL AL BT Z KUK, AEHIR
15.7°C, 4EFEKE: 1053 mm ( Hr S 58006 R b
M i BARE A SRS (1981—2010 4F ) |, http:/
data.cma.cn ) o %X & AR AR 9 54
Mo, B EBERVIE OB R A S A, TERLH
SRAR TSN T2 T . DG i T VL
TEE AL, M By — TR A,
PO RGN 43 A 2 TR L bk, # SR 59.5 m, £
TG E, BT 0.78 Ma (22
WA %, 2018) , I3 T Hh g 37 R0 )y i AR b
HEST T ZEE AR R (R85, 2020)

MD#HIfi (29°59'29"N, 116°39'44"E ) fii F I
FEE JUT T2 5 B D, BRI, FilEan it
AR TR BEBA A T4 60 ko 1) 1 BT 7R A2 56 B Ak
HERGH R X X, AR 17.1°C, AFEREKE
1485 mm (1 [EISCG A58 90 v ] b T SRAT (A A (5K
PEfE (1981—20104F ) , http://data.cma.cn) , ¥%
X FZLL R HIE N &, TR R 29 30—60 m,
A F B AR 20—50 m AN ZERY M E L Hb
P 7R 1 [ P b2 T KRG, ) AR R R AR b
IR X, ZREBEZpEFm A, hEs Ll
Frbe =i, HOEEMREK; JCHH L4 i o
SEJEA N, YR 20 m, UFVLAE K SOIRIG
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—, BEER20m, EH0—132mliEmE, T
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430 ka (BEERE, 2017)
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A F X b, DG T [ R G 2
430 ka DIERURE S A TRIEE 7387, IR T MRy
S JE AT AR LA ST Y DG FIHAEAAR IR, X7 (1 Hh
JBRE R 0—34 m ([ERAEF, 2020) .

2
2.1

DG 1] 0— 34 m [RGB ILE 325 MRk ik
APRLEEIR . MD 1 0—20 m A[RIREE LA 332
ASFE IR EE NN, SCE AR . A 05 g
RSB 10% XUEUK 853 OB, 500 A 10%
FiEh iR W], ot FH A SO I n B4
S BN . SRR ER . PR AR I i 2 0
K, HE—KI5E, B EE®R, A 10 mL <k
BERREN (MREE R 0.05 mol- L) fEN4MEH, 1EkE
P RZ AR SD 15 min J5 FHLIGE (AL 4
A, 1997b) o AN #8830 [E Malvern Instruments
Ltd. 2\ 7] 4 77 it Mastersizer 2000 350566 BEAY,
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Shaded relief map of the middle and lower reaches of the Yangtze River and the sampling locations
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Xt i 045 8 FH] Paterson and Heslop (2015)
fe Y 5L T MATLAB #0141 AnalySize F2 7 #E47
5341 AnalySize F2 )7 8244t T 4E 24k EMA F1 DY
280k EMA Jrid, AR R Ba e sSUR o B 25
R, AR SCHEFE Gen Weibull ZH0A 1T EMA
S, X RO EETE Weibull 4375 pR AR S Al 1 1
T —AMHnf &S5, ATERRERE LA EKR
M) R IEVE, BB R A M AR O . B v oA 1Y
b — i 2 45 4 R (linear correlations: 2 75 J5

TR BE R A S 4G wi T AR Z A AR OGHE ) |
EM R’ (end member correlations: % 715 ¥fif 7C 22 [i]
MARCRR B, BUHN KFERAESEUS) . 0
(angular deviation: i GG 5 k7 BE it £k 53 A5 I
BB ) ESH VA TR I TR 24 M R R R
Pk, FERLG BCRES . TR B LG R AT 4




T, BRI R TR
2.3 CIA

RECA IR, 75 ARAFAR R T KA AR
i) Ak 2% il 28 8 % ( chemical index of alteration,
CIA) . MD | 1 A 45 BE BE BL 96 A #F & #F 17
WRITE S, HMAARRNTE, SRR
A5 B THKWHEPEE20HUT, £
TR 2E AR A B 0 B XS 2Ok 6%
R s R . IF R A TR CIA=ALO,/
(ALO;+KO+Na,0+Ca0*) X 100, A= HIE Y
LI RN B, CaO* SHUTERY) P Y RERRER ™
P Ca ik, ANOIEIRIRER FIBEIREL 5P i
Ca 5 (Nesbitt and Young, 1982) . K& HIfE
0—34 m IRFEEEHL 34 4> CIA B, 51 A2 %%

(2007) .

3
3.1

AR AR - YR fE4E  ((Udden-Wentworth scale )
SR G T iR R Aok 4l (AT WA R TS B,
1981) : <4pum (Fit) . 4—63um (Kpib) |
>63 um () , IEEBERI IR A (4—
8um) . HFEF (8—16 um) . F#ab (16—
32 um) FIHLE AP (32—63 um) . DG 1 MD )
TR EE LR oA, R0 A3 AR 43 3R 0.27 —
126 um F1 0.34—137 pm, ¥fid (4—63 um) J&
EFihi g, DG I P& i 68.7%—79.6% (F
¥IMH 75.7% ) , MD #I1i K 71.6% —79.4% ( F-#
5 76.1%) , ARKORLAE 43 %] 4 30 pm 1 32 pm,
DG HlEFHRL (<4 pm) FEEE (22.1%) WE
T MD i (19.5%) , AL (> 63 pm) & HAH
MK (DG 2.1%; MD 4.3%) . M FEHKRHE,
DG #|fi (9.9 um ) AHX}F MD §ifi (12.2 pm) %%
w4
3.2

PO BB AR K 3—5 NIRTTHE, & E S
BN 1 N 2 fios: e iMin=3 1, EMR'<
0.02, R*>0.98, IARCRELF, (AW e 04
AR TRE s Sk n=5 if, DG HIHif EM R
fEA R (0.5985) , FIRBAFAE ERLG; Mkt
Hen=4 i, PislEg R EBEET 1, 0 HE/NH
TR E, KB MD HE Y EM R (H 48 n=3 At
R, HIFAFESEREGNHS, PGB T

ISR VNS

FasE. SREAEAK, P EI T Y RLEE $HE 78 3 o0
Bon=4nf, MEHCRERL. WE 3 PR, DG
T 4 31 7C 19 AR BORL A% 23 591 2 . EMI1=0.7 pm
EM2=6 um, EM3=25 ym. EM4=44 ym; MD |
I 4 i TG AECR A2 K. EM1=0.9 pm, EM2=
6 um, EM3=28 pym, EM4=45 um, ¥i#76C EMI .,
EM2. EM3 53] 540 BE AR 03 A1 i 42 v i = A AR
WOEFARI I, T EM4 LEMR A7 4 73 A FF A
BN, il o Y s AR B G T, PR,
ASORE T &R 403 B WA AN R ORL BE 3 T, 43
B4 AL (EM1) | 410k (EM2) | HokL
(EM3) FIHLR. (EM4) 243 LIR X5

1 RUuH S D R Gen. Weibull #1& 24k
Tab. 1  Gen.Weibull fitting parameters of DG and MD profiles
Wl T SICAHORHE RPEAROGHE AR

Profile ID n EM R’ R 0/(°)
n=3 0.0168 0.9947 2.9301

DG n=4 0.1310 0.9986 1.4815

n=>5 0.5985 0.9993 1.0458

n=3 0.0185 0.9897 4.7953

MD n=4 0.3669 0.9996 0.9913

n=>5 0.2650 0.9999 0.4416

33

Vi G T i B[]y 50 AR AL A E] 4 7R . DG
I, EMI B SRR 6%—17%, FH4{H 9.88% ;
EM2 &0 29%—52%, FHI{H 38.33%; EM3
72 DG HIARLRE B FBLA N, SN 32%—49%,
FHIME 40.39%; EM4 & iR IX A1 0% —27%,
SEEME 11.40%, 7F MD #iH, EMI1 40 & &5
b 6%—13%, “FIME A 9.06%; EM2 45 &+
b 23%—32%, FHIME 27.59%, 291 DG i) i
10%; EM3 ZH 432 MD 31 [ 4 32 22 20 i a4,
Al X ] S 47% —65%, F 218 15 B 56.62%,
29tk DG # Il = 16% 42 475 EM4 & & 5 ol
0%—15%, FIIH 6.73%.

4

4.1

4.1.1 EMI 4R IC —— B 5

P HTE Y EML 50 RiAe . i 22 BIER R,
ARBOCRARIT <1 pm, &H 9% —10% (£2) o K
T AR AR S ORI, — AL R 2 LA
BT R RO Bl UKL 2R & A IR X bz TURR Y
(Pye, 1987, 1995; Derbyshire et al, 1998; Qiang
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etal, 2010; Vlaminck et al, 2016) ; 5 — Fp W &
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HGREE (9% —10%) , "feRH R T %
- A RS Z R X, SRR 7T HR K
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J B AR AL A PR AR, R R &t
2 pum LU BB T RERR T U SIS, ASHE
WA /DR A AR AN 2 LA RS B R A S TR X
[ e [T

15
< 101
P
1=
"5
&'
1 23456728910
Ui 7640 Number of end members
15
dg
Ll
>
< 101
B
Bl
=
=5
&’
MD 5oy
1 234567 8 910
5764 Number of end members
_ FEAH/

Specimen box & whisker

K2 & Gen. Weibull S8 ki e & i T A i I
Fig.2 Gen.Weibull parametric EMA fitting and end member numbers choosing for each profile

4.1.2  EM2 4kt ——giig 4y

W 5 T EM2 1Y AR BORL S — 3, 340 6 pm,
J& T 4 by b Rr g, ~F- 345 543 i ok 38.33% FI
27.59%. Sunetal (2011) X #& 4 & 7 8 + 17k
FE v oo, 55 2 AR v oo Y 25 2R 5 AR SC EM2
BoMART, HAEARECRAE N 5.8 um, XA

DOI: 10.7515/JEE212015

$938.5% (HiSun et al (2011) Fig. 2 $tdigeit3k
%), IR B SR . IR iRz
MY IS 2R o 25 Bl T S BEADURT TR R 25 SR 3k
B XA N A AR TR RAL . BERAIR
T3 = IR R TRIRE, T KR ik
( Pye and Zhou, 1989; Pye, 1995; Shao et al,



i BE T B IR

2011; Vandenberghe, 2013 ) . Kitt, EM2 4%
T 2 DUE TR IR S TR 20 A 7 32 i B i ik ) SR AR

205y, BE W I ok RN AR R,
HAR %2 3 B/ FH B9 0 (Lu et al, 2001 ;

k. CAMRMEHX R R IR Vandenberghe, 2013) .
6 6
a DG b MD
28 pm
1 —em 1 —em
£ 1 —EM2 25 um £ 1—EM2
= 41 —EM3 = 41 —EM3
g 1—EM4 g 1—EM4
3 34 S 3]
1 , 3 I, ]
41 2 4 2
44 um 0.9 pm
17 0.7 pm 17 ‘
0 . . . > 0
102 107! 1 10 102 10° 1072 10°

i Grain size /pum

3 Gen Weibull ZH{L3TLAEORE 55

*1)# Gra1n size / |.1m

M

Fig. 3 Distributions of modal grain sizes and contents of end members by Gen.Weibull parametric EMA in each profile

0 DG EMI DG EM2 DG EM3

DG EM4

MD EM1 MD EM2 MD EM3 MD EM4

450

50
1004
< 1504
=
£ 2004
<
“ 2501
¥ 3001
350
400

5 9 13 17 29 41 53 30 40 50 0 10 20 30 6 8101214 23 26 29 32 46 56 66 O 5 10 15
Content/ % Content /% Content /% Content /%  Content/ % Content /%  Content/% Content /%

P4 2T Gen. Weibull Z £l ot 2 e B 1] Fr 51142 fk

Fig. 4 Contents of end members by Gen.Weibull parametric EMA varying with time series in each profile

H MR BB R KA B TR X — AR
ALK, PR A2 o B AR AR B AR
— A B B XA SRR T i - DR
T B Ly AR O B B ) DI . AR S ) 1T
EM2 40 H 90% LA E i Feki /N 16 pm, Hi
4— 16 pm 1Y F- 3 5 5 R 60%. X5 ERAE
(2009 ) WFFEHI R BACEZ “Jem” FEd (3
Ry ) MZERTArAaRL C U™ ARk
7.68 um, < 16 um 4155 91.91%, 4—16 um
Hor i 61.86% ) o dHIEXT “YFN" B4 THIA
FROEMIBESY, 256 RKATNE shad B T DUH e H 3 2

VR T AUy 22 B sh A I IR AR Ry 2, FE
BRI A A L 3Rt T3y, KT
T U BV S X AR 2 11 3 o DU A T R
R (ZERAE4E, 2009) o A, X 50 X
PARRR A K IER LBL, BRES RN B
BEREAN (K 6a, Bl 6b) , mIRKEIRFELL “T
R 7 UK g i 26 AR VLR We b XK UTRE,
. 2010 4£ 3 A 19—20 H #iJ5 db 75 KB b
”ﬁm&#ﬁﬁﬁmaﬁﬁT,@ﬁﬁaﬁiT
FARRAS BT (El6c, El6d) o
AT, ok A IV TR —EE 4 XA I PR A

DOI: 10.7515/JEE212015



SRR FF B

2B N YA I S DU 22 T & A SR i H
RIEAEBAR SR AT, XA AR R, Jm iR
Bk AT FRAR SR DL /D BTG 3 + JE IS B R
17+ TR PR T, 27 0, ARSONE
T & A EM2 53 FECR IR RCREA

2 KU I AN By 2 T 25 R YR 20 B o U

Tab. 2 Proportion of each provenance component in

DG and MD profiles
_ . [t®E  Proportion/%
Y IG WALy o -
A I L T
End member Provenance component
DG profile MD profile
WAL
EM1 Weathering and 9.88 9.06
pedogenic
EM2 . el 38.33 27.59
Distant-source
EM3 i 40.39 56.62
Nearby-source
B
EM4 Rl 11.40 6.73
Local-source
TR+ R
EM3+EM4 L 51.79 63.35

Nearby + Local-source

18+
<
EIS‘
f=1
512 DG EMI 78
s 91 .. O
e 75
6_ e
t72 &
14- DG CIA fg
F69 3
N Elly
< 121 =
5 MD EMI “66
£ -84
8 10 <
O
i 8 1
<o 78 &
6 . =
MD CIA k75 é)(
H
72
~
9

0 50 100 150 200 250 300 350 400 450
i Age/ka

K5 RHERITEIAN S R H CIA 54511 EMI & X b
Fig. 5 Comparison of CIA with contents of EM1 in DG and
MD profiles

4.1.3 EM3 Hokig sy —— iRl oy

DG F1 MD 1) [f () EM3 2H 43 A BORLAZ 23 51
25 um 1 28 um, JEFHREIRIGL, TSR
40.39% 1 56.62%, &= I &) #E £ 1) FEEH R o

DOI: 10.7515/JEE212015

B As EA R, EE RGBS, >20 pm
B 2R R 2ETE 100 m LLUT BIR=s e Rl iz
SRR SR BT E WA 1 km; >20 um
() K3 242 — 2 g PR S AN M 30 km,  FE 5RO I 4%
W, HEEEE A A E] 500—1500 km ( Tsoar and
Pye, 1987; Pye and Zhou, 1989) . [HIt, i%4H4)
FEPEINE L AR K Pk, shih e
TR A 0K ) B 19 5 77 4 FH RN i 26 2 i XU
SRIE . X5 L TR T TGS, BR Vriend
etal (2011) WX —HH 5B A W4 351,
22 B 53 R 3 — 85 i T i T Ry i P S I A R I
Wz k2L (Sun et al, 2004; Prins et al,
2009; Nottebaum et al, 2015; X1 i %5, 2018)
DG il MD #ifi i THRIL TR &, HAFEX K
C % i < A S I RTE b 3 A KW (75 3 o NS ) W
WAL T 7 R IR IR T . MD T 2 BRI,
BER IR/ L7/ hi N - s S & B WA TR SRR ES DY
KATAC A R AIa e, 1 DG ) f2h T S, )
B EE R A, A AR IR AL IR
WAL, FIREISA W s R IS A . &5
b, FEE - EM3 4R s i IR i Al 4y,
[RIBFIZ AL S WA AL T 28 i =20k IR

Fl6 FHT20064FE3 H 11 H(a) 200744 H 15 H (b) “Ie
FI” WEREZR AN 2010 4F 3 20 HYRAE RS (¢) .« TR (d)
Fig. 6 “Mudrain” (wet dust deposition) on March 11,
2006 (a), April 15,2007 (b); floating dust weather (c) and dry
dust deposition (d) on March 20, 2010 in Nanjing City

4.1.4 EM4 HLRmc— R M4 o

TEH FLARLEE M 32 50 A 6l |, EM1. EM2 FiI
EM3 25 90 A A S Y 3 IS, i EM4 U e
£ EM3 895041 th A 55 . 3. DG 1 MD 1 1
EM4 41 53 B AECRLAR 73 531 R 44 pm F1 45 um, &




TR MRS, R EM3 B A AR 1)
A, SFEE RS HIN 11.4% F1 6.73%. HRAEES
SRR, >30 um 4 H R — R HA L
TEPJLE TR, — el iR vb b ZR e 2 1]
I 1 TR 2 R[] P Ak R T 1 7, DR IX A 4R
T XA LA Ry 5t (Pye, 1987; Prins etal,
2007; Vriend et al, 2011 ) . Sun et al (2004 )
F ] Weibull & %073 2 H o - g I b 3 3 4y 51
HORLRL A o AR B AR R T 40—50 pm, JfE X
FURLLH 73 A B R XS A T NAE T T, 2R B Atk ek
R, 7 3 b T S R 1 ) s Ak P 4 A
Vandenberghe (2013 ) A A k7 7E 25—65 pm {5
FEL A Bk 2 ( RIS SC EM3 Fl EM4 2143 ) A AR
kR, KUODREE . R HIE A5 AT
SRAF B2 3k BT HOR B A R 22 S o UM R
ZH B S R 13X — HE R v e R A 2 A B R
TR B AR B 3 1 #2028 3 77 (Gao et al, 1997;
Shao et al, 2011) . HEHHEEY: DG Hl MD #i
I EM4 47 & i 545 A 1 >63 pm kLS A8
i #—3, HREMEE M IEAHSE (P<0.001)
(E7) o BPRi i FRARROH, 8w Hae AR
BRI A R E R s sk, Wb
VR T DU IR, Hodan 2% B 2 Bk T U8 X ) o
(RS /DN L DT I (4938 5 RN XUBE I 38R 55 25 PR 3%
Z W IRAET &M 5 AR = ( Tsoar and Pye,
1987; Vandenberghe, 2013) . JEF I, ASCAHK
EM4 2 432 Jay 1o 5 49 Jo 22 53k 20y JX\ T3 W ok i 5 4
B, TEDMER 4 S 5 R, ek
SPEAE A B B ok, T SIERA B 1E
—iE11E (Sunetal, 2004; Sunetal, 2005) .
4.2

HRAE DL B AT, nTLARE e & N &
KRIEHFPT A ILE (£2) o BIENE, T
W DUEYR + RHRZH 5 (EM3+EM4) i3, W
LAY S 34 2 i 4 R 51.79% (DG ) Al 63.35%
(MD) ; HUCHmEAS (EM2) , P& ES
3k 38.33% (DG ) F127.59% (MD) ; F Ik N
AL 5y (EML) , & #4351 9.88%
(DG) #119.06% (MD) . #5200, &0 1
EMI1 {382 53 % 2 i i . DG Fil MD 1) [ 5
SRAAZE 2 DNERBE, ARRIRAHZEE 2°C, AREREK R AR
Z£2) 400 mm, {H A B8 32 1 T A s M b 5 7K 3L
MG ZHZ NI, P CIA $5 41

ISR VNS

IR I (4300 70.5 1 72.8) , HabT
Ak 2 A KT, 100 BH 33K 1 A 50 T 1 o i
BARBEONHIT, X ATREEFH B EM1 4140 &
PR R BEAh, Wi EMI 4157 i i 4k
(AR fb R A AR, RO T YT T i b X
AEARL A DX 355 A2 AUk B B RN B 7S 5 (3B AR K A
AT ) o MR, MWKHIEMRE, nTRL LM
P H T EM 3 TC2H 3 7 St i ) S W23 %of LU AT
—EMAEN (L S) , EAR R MK SCR A 2R
25 53 AT BB 2 0 T A9 Ak 2 KUPR RN i age ot i = A 5
M, (HX—HERATGEE 2RI MK LS L
MU 2E S, A RS R EEAL, A SCIA R ik
AT 2 A S A T AT A R A T AN [R] T

FATEMAEACIRZE T R B30T
6
o 5-
IS
5 4
=
S 34
=
5
(2B
]
4o
2
= 01
. R=09224
0 5 10 15 20 25 30

AL

b4 Sand content /%
wn

R*=0.7857
0 2 4 6 8 10 12 14 16
Ui G4 & EM4 content/ %

K7 DG i Al MD il il EM4 5 55 >63 pm 75 i
HUEIPSS A
Fig. 7 Correlation between EM4 content and sand content of
>63 um in DG and MD profiles

Bt R - TN I IR A WS R R DT
Y (e fnT g0, 2017) o FEBELMHE
LIRS 02 IR + R IR 4 3, LA b
TSR SN 4 = W RIZ 3 T o ST Ry 2 Bl ) 2

DOI: 10.7515/JEE212015



520 HOERIRIE 24

A ( Tsoar and Pye, 1987) , fhi%# + &k iR
XGPS, A& BRE oK IR X — DU X iR
2 340 km,  JKIIHRIX — VTR EE & /N (2
100 km) ( #FRK%E, 2016) . DG ) 1 Fil MD
Flm AR TR, ERE MRS ( HZREE
BT 400 km ), BEVTRTJLTL PG H G S UR + Jey b I
23 I 24 3 0 4 A ST AR X . I TR R — KR
) I ) AR e K/ N Bk 37 X IR 4 4 2 XU JBE 5
M Ah, 12532 2| X HHIE 520 ( Tsoar and Pye,
1987; Pye, 1995) , MD i) ifii 1 Ak %5 5 K 2445 B
S, e KM RN AR L e 22 8] A XU M, T M
AT A 78 UL B R, 3T R S 3k i MID 1) T 3 U5
W25 (EM3+EM4 ) & @A,

X} E i e AR AL R B, 2 400 ka LK DG ) T
I MD H i Z [BIFEAE “SFooMil” g (E8),
R DG I I 414 (EM3) 5 MD 1 i 19 i
U415y (EM2) BYZARfLHRZEAAML, DG FITH 9 )5
Uil 5y (EM4) 5 MD 1 i 3c YR 415> (EM3)
AL AL (52246 0, P I 9 AR
FRUZ SR AN R 9 7 i i g vy, HLRAEAR T e b
BAFIE—E W ZE ) o HBE R4 B X B,
TR DX A 058 X 17 B A A ket B R 11 5 i
Sy (AT ek, 2017) o Hi ST
T h—MlRg T IR + RHR ) iz o))
F1RZ Ty =Xk 3 T B R SR A s,
BLE) 3 Ry DX b TR A T A R, H UL
R H T BUX T ], B B R X B Y 3 A
MAEFS 40 ( Tsoar and Pye, 1987; Ding et al,
2005; Vandenberghe, 2013) , &R AR A
BRI B RA, Z K RANIE AR IR Y
M, AU AR . SRR M - 34 KU
WoR (K 9a) , sZHbIK [ w0 ) 5 R 52
P At & 2 KU B 3K K VT i b X 3% 8 5% R AR B K
], FEREATARILAZE NIRRT, K2R 9 K
AR ESY NI TSN (18 S W ey W (1K 115 S )
Zr i AR R E, DG i T A A T X R
R W, T MD TR B LT X AL T
TFRITTH . DG )15 MD P 25325 400 km,
X — AT AR DR PR R IXT Rk
TR AL 2 Bt 6 P B R AR 4 (A7 4 08 A
T AL, 2017) o AT DI,  — Ok ML XU 0
R, Sk A TR L X YR X S VR S XA
1z, RO AR FREA B0 A T b T Ak ok AR TR
YLK — 7 SRR VE OB, 1T o8 41 ) Ry b gk 2

DOI: 10.7515/JEE212015

#1285

PREIE, AL IR R KRR B
X A AT BEAT R B A s YT AP Y
2 S Bl I R 25 e PR R W SBCOURR R
K, MIME R LR “SeooMl” B4, 2L,
A b BAR SR LUE IR AR IR 3, HAS R
b 5 Z AR IR A A — E RO IRIK 2R, AN RE— AR
MEHIA A5 F A S8 2L A IRIX

501
°\\° DG EM3 =25 yum
E 44
=
o
O
| 32
L 130 <
324 =
28 2
o
5 26 ©
- MD EM2 =6 pum L4 i
< 244 Qi
§ 184 “22
g DG EM4 =44 um
O 124
i 67 o
<4t 0 B
0- F63 =
Q
F59 £
(=
L55 ©
MD EM3 =28 um L51 O
4

r T T T T T T T T 4
0 50 100 150 200 250 300 350 400 450
iy Age/ka

K8 R (DG) A EE (MD)  “SIoHfl”
X OREITEN AR, REITLN 5 s s )

Fig. 8 Misplaced similarity of end members in DG profile
and MD profile (Gray polylines represent all data points, and
color polylines are 5-point moving average data)

WAER, DG HImTEA s (EM2) FRIE
ATREMIX G M —, EE Rk A F b —ig
+ XA IR AN (. R ) 5 mIARYE
WXT “SEICARL” 043 B4 S nT LAAEI MD 51 i
(A Y 2 4 B PG AL Vi — 2 - X K IR B i A1
WA — 2 Fe i A U A A2 T RSk A 1 B XU 1] 1)
KA R AU B TTHE R 2R R IX 3 EM2
IR SR T 10% L [, DG # & &
BE, FEEEIT R T R XA
X 7 L ) A 1 25 S AR BT 3K, v T MID T P
Je A0 1149 R 550 L X b T Y P — B A DX R A % 1)
WA P ER, MBI AZR 850 hPa
& (1500 m) WXk E, hFI—&Rm
A WA R AIL R BEEY, LT B2 1 R4 T
Hi X E/MRZ



W, % TR SR moc b S YR g

110°E 115°E 120°E 125°E
| Il

+ S a 35°N

v ok v e e v } \ L
oy ok L O\ -
F{Ol /DGpr&l@ﬁl,

b

v
v
v
/

F30°N

30°NH - P
| . P4 :
o ’ "Dp‘nroﬂe S //
N N ol jé/ // L
P j l v j J v f?// L
A N P / |
25NA—————t L A ALosn
110°E 115°E 120°E 125°E

110°E 115°E 120°E 125°E
35NF— s~~~ 35°N
NN
VNN
LAV
e )L -
30°N— ONOF30°N
- —
~
N
1A
25O N—+———+— —— ——+—125°N
110°E 125°E

Fl9 1981—2010 AFRILH FIEHLIX A Zhi (10 m) K75 AAE (a) . 850 hPa (1500 m) XU7537il&l (b)
Fig. 9 Mean near surface (10 m: as shown on the left) and 850 hPa (1500 m: as shown on the right) wind field of
middle and lower reaches of the Yangtze River in winter from 1981 to 2010

BELYT RS RN LVT B B PR A5 1 19 2 8 3
AN 4 AR RO (Al Aik . ik, rh
R SR IC ), Hod EMI 40y (AE<1 um )
U5 TRy AR UG U AE AL BEVE A s EM2 (A
BN 6 um) BN KR B i I IR 4
EM3 ( ARELS3 50120 25 pm 128 pum ) 2 XA
17 2% 25 K2 19 3 U 425 EM4 ( AEUr 31N
44 pm A1 45 pm ) WK B F UK BT A9 R b )R
Moy

VIR A IR AL 5 (EM3+EM4 ) #4 R T i
R e i A - = R e T T R s N =T
T A s 1) T %) A28 058 2 3 O vy s TR 50 T A O
JTCH LT AR “FIooMR” Mg, XX
VR R A TE Wz o i v i s R R A [ 1T A
B EE 1 4 e VR A Y. DA S T X R
B IR ANA 2R, XA —E =3[
K&

VLR Uit XY T 4 v 2 AN [ 4 Jo ke Y RN
DU B IE T IE R B 24 R G 0T, BEA
RE A FL 1T B A B Ay by Y T — B 4 DX A2 ) S o
RIS, WARERR & Y o8 42k 3 TR E
7 DX Bl P ] b Y b S5 IR A . T v B 2 AR
WE A 30T b 17 A% 25 XAt >F 118) DX 3l 0 1058 R g e D 241
g5, WA SRR B TR A R A
AL FE A A TURRE KA IS5 AR T B Ok 26 Rk
Moy,

Wy, B R, Tk R, L 20200 ALK - B RHERUA
FRICR MR A AR SO0 3 - W) I i 7 3 ().
FEPILEHFGY , 40(1): 203—213. [Cao X M, Zhong W, Zhang
Z, et al. 2020. The systematic variation of geochemistry in
Furong-Zhouxi aeolian sand-dust deposital cell in middle
and lower reaches of Yangtze River and its implications
for provenance tracing of loess [J]. Quaternary Sciences,
40(1):203-213.]

PR 3R, R4 2010 KR RGEHIIRAL AR ER DTS [T].
T - HERES , 41(9): 1211-1232. [Chen J, Li G J.
2011. Geochemical studies on the source region of Asian
dust [J]. Science China: Earth Sciences, 41(9): 1211-1232.]

TARAL, PhAkE, RIZRE L 1999, BE AR VL - B AR
R G QR UL A8 b5 (3], 7 [ FF % (D #),
29(1): 82—87. [Ding Z L, Sun J M, Liu T S. 1999. A
sedimentological proxy indicator linking changes in loess
and deserts in the Quaternary [J]. Science in China (Series
D), 29(1): 82—-87.]

HRK, A, BEASE, 5. 2016, 2T 8 LA A8
AU IX—IURRIXER RS B3R ik (). A [EF 5 - A ERF
#,46(10): 1406—1412. [Dong X X, Yang S L, Tang Z H,
et al. 2016. A grain-size-based model for dust source-to-
sink distance reconstruction: a case study from Chinese
loess [J]. Scientia Sinica (Terrae), 46(10): 1406—1412.]

T, R, WRIEHT, 45 . 2008, BB 53 ik BT
1878 B AR SR AR IR (). k) PR
i ,51(6): 1835-1843. [Han Z Y, Li X S, Chen Y'Y, et al.

2008. Quantification of magnetic coercivity components

DOI: 10.7515/JEE212015



522 BRI

reveals the cause of anomalous decrease of magnetic
susceptibility of the Xiashu loess [J]. Chinese Journal of
Geophysics, 51(6): 1835—-1843.]

Ui, B, GREE | S L 2018, T 9 R AR R B AR
G3 A s TS [J]. HEER GRS, 46(4): 331-338.
[Li S, Yang S L, Liang M H, et al. 2018. The end member

+t

model analysis on grain size of loess in the eastern Tibetan

Plateau [J]. Earth and Environment, 46(4): 331-338.]

Ay AR XSS, 45 . 1983, JA LA DU 4L FRE AR A
M50 % & T (0], R (B8 ) , 13(8): 734-745.

[LiJ J, Zhang LY, Deng Y X, et al. 1983. Problems on
Quaternary environmental evolution and geomorphic
development in the Lushan Mountain [J]. Scientia Sinica
(Series B), 13(8): 7347745.]

U, BT, PRIEH , 45 2009. 2006 43 7 11 H R
oY R AR FZ&E*’""EH? RNl
29(1): 43-54. [Li X S, Han Z Y, Chen Y Y, et al. 2009.
Characteristics and source of rain dust in Nanjing on
March 11, 2006 [J]. Quaternary Sciences, 29(1): 43—-54.]

PR, w55 . 2018, R & B LR YA
e HX DA T 7R (3], AR - HERF
48(2): 210—-223. [Li X S, Han Z Y, Lu H Y, et al. 2018.
Onset of Xiashu loess deposition in southern China by
0.9 Ma and its implications for regional aridification [J].
Scientia Sinica (Terrae), 48(2): 210—-223.]

R, w2007, VLR E A ) 1
e AR 5 0 AR RS R AL [1]. A PE# A, 62(11):
1174—1184. [Li X S, Han Z Y, Yang S Y, et al. 2007.
Chemical weathering intensity and element migration
features of the Xiashu loess profile in Zhenjiang [J]. Acta
Geographica Sinica, 62(11): 1174—1184.]

2R, kTR, REARHE . 2001, VTR &85 4R EARAE
FORNAAR (V). HEH RIS PIZE A, 21(1): 2532,
[Li X' S, Yang D Y, Lu H Y. 2001. Grain-size features
and genesis of the Xiashu loess in Zhenjiang [J]. Marine
Geology & Quaternary Geology, 21(1): 25-32.]

AR . 2001, KT LA 55 DU 28 XU AR SRR 91 45 B0 T SR
WF5E [D]. B &L : B 5L K2 . [Li X S. 2001. Quaternary
aeolian-dust accumulation sequences to the south of
the Yangtze River and their environmental records [D].
Nanjing: Nanjing University.]

GRS,k B BE®E 2018 STRMIERILFHER K
AN R T i 7 YN 7 5 S S B W

DOI: 10.7515/JEE212015

240 %124

42(3): 328-335. [Ling C H, Zhang Z, Jia Y L, et al. 2018.
Geochemical evidence for provenance of Xiashu loess in
the middle and lower reaches of the Yangtze River and its
environmental implication [J]. Journal of Stratigraphy,
42(3): 328-335.]

Xk, B MR, BB R, AF L2018 W e 5 ORI
I3y 8 e HAD SR R IR oK S e 8 [9). TR X
H, 41(6): 1260—-1269. [Liu H, Jia J, Lu C C, et al. 2018.
Multi-components separation of loess grain size in Zeketai
and the recorded climate fluctuation during the last glacial
period [J]. Arid Land Geography, 41(6): 1260—1269.]

XA . 1985, w5+ 538 [M]. dbat: Bhaz i gt 191-
379. [Liu T S. 1985. Loess and environment [M]. Beijing:
Science Press: 191-379.]

X544, AR SRR, 4% 2017. EfJ 2 ] - 8 5 B
SR 8 1 % 0 M L S (0. [ R At R,

47(2): 205-216. [Liu X M, Ma M M, Wu H B, et al.
2017. Identification of aeolian loess deposits on the
Indo-Gangetic Plain (India) and their significance [J].
Scientia Sinica (Terrae), 47(2): 205-216.]
%ﬂciﬁ%, LA 1997a. ¥ 1] BT b oRL RE 4 AR A ol A
J]. Bl ), 42(1): 66-69. [Lu HY, An Z S. 1997a.
Grain-size composition of Luochuan loess and paleoclimate

implication [J]. Chinese Science Bulletin, 42(1): 66—69.]

FEACHE: | 220 A . 1997, Fir &k BELT7 V5% 5 A OB Pk
R ISR (). AR, 42(23): 2535-2538.

[Lu HY, An Z S. 1997b. Pretreated methods on loess-
palacosol samples granulometry [J]. Chinese Science
Bulletin, 42(23): 2535-2538.]

FEARKE , AR . 1998, B ey It B b b B 4Ry A

B0 FEFS (D), 28(3): 278-283. [Lu H Y,
An Z S. 1998. Paleoclimatic significance of grain size
of loess-palaeosol deposit in Chinese Loess Plateau [J].
Science in China (Series D), 28(3): 278—283.]

R, £J5%2 . 1981 BUACULRIF B e (M]. Jb 5t
Bl2g i Wikt: 9. [Ren M D, Wang N L. 1981. Modern
sedimentary environments [M]. Beijing: Science Press: 9.]

FERUR, B, #haE 5, 5F . 2020, BT HBRESA AR XS ok
JEAE AR T S B AR A 91 B H oy U R S [0). Ak
YPEZIR , 63(5): 2024-2035. [Ren Y C, Li X S, Han Z
Y, et al. 2020. Chronological sequence of the Xiashu loess
based on the relative paleointensity of geomagnetic field

and its implications [J]. Chinese Journal of Geophysics (in



AR .

INRAR

INARSEC, T ARAL, XUAR A, 25

RIRZ

‘@(%

B, & THESSEAOR

Chinese), 63(5): 2024—-2035.]

1988, KT T IS DU 2 &8 = 9 sl RS (9],
JE X 5 A 7, 7(4): 24-31. [Shao J J. 1988. The origin of
the Xiashu loess in the lower reaches of the Yangzi River [J].
Regional Geology of China, 7(4): 24-31.]

WA JRIRAK, 2001, BT PR %*\7
B4 \67\%519’]5%51 Tk BIERH (0. A 2R

11(3): 269-276 [Sun D H, An Z S, Su R X, et al. 2001.
Mathematical method of separation of sediment grain-size
components in paleoenvironment and its application [J].

Ziran Kexue Jinzhan, 11(3): 269-276]

IV, BEALE , David Rea, 55 . 2000. HV I 47 (140U 53

A Fe T S e 78 S [0, UK L 18(3): 327-335. [Sun D H,
Lu HY, Rea D, et al. 2000. Bimode grain-size distribution
of Chinese loess and its paleoclimate implication [J]. Acta

Sedimentologica Sinica, 18(3): 327-335.]

PRI . 2006. B FREEE T A1 rP ) AR 2 23 SR [J].

fine grain size components in Chinese loess and their

26(6): 928-936. [Sun D H. 2006. Supper-

palacoclimatic implication [J]. Quaternary Sciences,
26(6): 928-936.]

1995. ¥ + 5 +HErE 4l
ey 0 7 7 o A XUXU ) B w020 T (0], A
#’, 40(21): 1976-1978. [Sun J M, Ding Z L, Liu T S,
et al. 1995. Preliminary application of magnetic fabric
determination of loess and paleosol in reconstructing the
direction of winter monsoon [J]. Chinese Science Bulletin,

40(21): 1976-1978.]

EIRAF, BEK, HLEE, . 2018, /N A RE MG 58

T LA B ok BE 48 7 09 W) U5 4 IR K 3 R (D). Al B
Fl#, 38(5): 818—-826. [Wang Z D, Huang C C, Yang
H J, et al. 2018. Loess provenance characteristics and
evolution indicated by grain size since late Pleistocene at
the eastern foot of Liupan Mountains, China [J]. Scientia
Geographica Sinica, 38(5): 818—826.]

1985. B 5t T % 8 b PURURHAEBF 5T (0] 74 7F A
M5 55 P 22 %, 5(2): 113—123. [Wu B Y. 1985. On
depositional characteristics of Xiashu loess from Nanjing [J].

Marine Geology & Quaternary Geology, 5(2): 113—123.]

fEM %, Tl , XUARZE . 1999, Bsdber 1 St mrdBIX B+

U RPRLEERFIEXT LE [7]. FEZE AR , 44(11): 1216-1219.
[Xiong S F, Ding Z L, Liu T S. 1999. Comparisons of

grain size characteristics of red earth from southern China

TEoT B IR

with that of loess and dune sand from Bering region [J].

Chinese Science Bulletin, 44(11): 1216—1219.]

Wik iR . 1991, w25 3500 2R DU 20 K2R 3 AR 5 2 RUAE AT (7]

Bas , THAL . 2017, B b w5 R EE Y 2

BT

quaternary dust-fall accumulation and the monsoon

, 11(4): 354-360. [Yang D Y. 1991. The

variability in eastern China [J]. Quaternary Sciences,
11(4): 354-360.]

S [a) AR Ak S H
WAREE R L [J). B VHZLFIE , 37(5): 934—944. [Yang S L,
Ding Z L. 2017. Spatial changes in grain size of loess
deposits in the Chinese Loess Plateau and implications
for palacoenvironment [J]. Quaternary Sciences, 37(5):

934—944.]

[ //'\ /)ﬂ{EI . no.héﬂiﬂmﬁ %*ﬁﬁfzzﬂn\éﬁﬁ %?E
WF5E (). L #9R , 27(2): 343-351. [Yin Z Q, Qin X G,
Wu J S, et al. 2009. The multimodal grain-size distribution
characteristics of loess, desert, lake and river sediments in
some areas of northern China [J]. Acta Sedimentologica

Sinica, 27(2): 343-351.]

SEIGERE . 2017, YLVGEZ 3 057 1Y 400 ka LUORARZE RS

KT

B AL [D]. Mo : K2 . [Yuan X K. 2017. The low
attitude monsoon climate changes since 400 ka recorded
by the loess in Pengze of Jiangxi Province [D]. Nanjing:
Nanjing University.]

2. 1996. Weibull 734 Z i 105 ik BB 0], T
ZER L 54(1): 108—116. [Zhang X Z. 1996. Parameter
estimate method application of Weibull distribution [J].
Acta Meteorologica Sinica, 54(1): 108—116.]

Derbyshire E, Meng X M, Kemp R A. 1998. Provenance,

transport and characteristics of modern aeolian dust in
western Gansu Province, China, and interpretation of the
Quaternary loess record [J]. Journal of Arid Environments,

39(3): 497-516.

Dietze E, Hartmann K, Diekmann B, et al. 2012. An end-

member algorithm for deciphering modern detrital
processes from lake sediments of Lake Donggi Cona, NE
Tibetan Plateau, China [J]. Sedimentary Geology, 243/244:
169-180.

Ding Z L, Derbyshire E, Yang S L, et al. 2005. Stepwise

expansion of desert environment across northern China in
the past 3.5 Ma and implications for monsoon evolution [J].

Earth and Planetary Science Letters, 237(1/2): 45-55.

DOI: 10.7515/JEE212015



524 H BRI 4R

Gao Y, Arimoto R, Duce R A, et al. 1997. Temporal and spatial
distributions of dust and its deposition to the China Sea [J].
Tellus B, 49(2): 172—189.

Guo Z T, Ruddiman W F, Hao Q Z, et al. 2002. Onset of Asian
desertification by 22 Myr ago inferred from loess deposits
in China [J]. Nature, 416(6877): 159—-163.

Han L, Hao Q Z, Qiao Y S, et al. 2019. Geochemical evidence
for provenance diversity of loess in southern China and
its implications for glacial aridification of the northern
subtropical region [J]. Quaternary Science Reviews, 212:
149-163.

Hao Q Z, Guo Z T, Qiao Y S, et al. 2010. Geochemical
evidence for the provenance of Middle Pleistocene loess
deposits in southern China [J]. Quaternary Science
Reviews, 29(23/24): 3317-3326.

IJmker J, Stauch G, Dietze E, et al. 2012. Characterisation of
transport processes and sedimentary deposits by statistical
end-member mixing analysis of terrestrial sediments in
the Donggi Cona lake catchment, NE Tibetan Plateau [J].
Sedimentary Geology, 281: 166—179.

Jiang H C, Wan S M, Ma X L, et al. 2017. End-member
modeling of the grain-size record of Sikouzi fine
sediments in Ningxia (China) and implications for
temperature control of Neogene evolution of East Asian
winter monsoon [J]. PLoS One, 12(10): e0186153. DOI:
10.1371/journal.pone.0186153.

Jiang Q D, Hao Q Z, Peng S Z, et al. 2020. Grain-size evidence
for the transport pathway of the Xiashu loess in northern
subtropical China and its linkage with fluvial systems [J].
Aeolian Research, 46: 100613. DOI: 10.1016/j.aeo0lia.2020.
100613.

Li Y, Gholami H, Song Y G, et al. 2020a. Source fingerprinting
loess deposits in Central Asia using elemental geochemistry
with Bayesian and GLUE models [J]. Catena, 194: 104808.
DOI: 10.1016/j.catena.2020.104808.

LiY, Song Y G, Fitzsimmons K E, et al. 2020b. Origin of loess
deposits in the North Tian Shan piedmont, Central Asia [J].
Palaeogeography, Palaeoclimatology, Palaeoecology,
559:109972. DOI: 10.1016/j.palae0.2020.109972.

Li Z J, Sun D H, Chen F H, et al. 2014. Chronology and
paleoenvironmental records of a drill core in the central
Tengger Desert of China [J]. Quaternary Science Reviews,
85: 85-98.

DOI: 10.7515/JEE212015

#1285

Liu F, Li G J, Chen J. 2014. U-Pb ages of zircon grains reveal a
proximal dust source of the Xiashu loess, Lower Yangtze
River region, China [J]. Chinese Science Bulletin, 59(20):
2391-2395.

Lu HY, Vandenberghe J, An Z S. 2001. Aeolian origin and
palaeoclimatic implications of the ‘red clay’ (north China)
as evidenced by grain-size distribution [J]. Journal of
Quaternary Science, 16(1): 89-97.

Nesbitt H W, Young G M. 1982. Early Proterozoic climates and
plate motions inferred from major element chemistry of
lutites [J]. Nature, 299(5885): 715-717.

Nottebaum V, Stauch G, Hartmann K, et al. 2015. Unmixed
loess grain size populations along the northern Qilian
Shan (China): relationships between geomorphologic,
sedimentologic and climatic controls [J]. Quaternary
International, 372: 151 -166.

Paterson G A, Heslop D. 2015. New methods for unmixing
sediment grain size data [J]. Geochemistry, Geophysics,
Geosystems, 16(12): 4494—4506.

Prins M A, Vriend M, Nugteren G, et al. 2007. Late Quaternary
aeolian dust input variability on the Chinese Loess Plateau:
inferences from unmixing of loess grain-size records [J].
Quaternary Science Reviews, 26(1/2): 230—242.

Prins M A, Zheng H B, Beets K, et al. 2009. Dust supply from
river floodplains: the case of the lower Huang He (Yellow
River) recorded in a loess-palacosol sequence from the
Mangshan Plateau [J]. Journal of Quaternary Science,
24(1): 75-84.

Pye K, Zhou L P. 1989. Late Pleistocene and Holocene
aeolian dust deposition in north China and the northwest
Pacific Ocean [J]. Palacogeography, Palaeoclimatology,
Palaeoecology, 73(1/2): 11-23.

Pye K. 1987. Aeolian dust and dust deposits [M]. London:
Academic Press.

Pye K. 1995. The nature, origin and accumulation of loess [J].
Quaternary Science Reviews, 14(7/8): 653—-667.

Qiang M, Lang L, Wang Z. 2010. Do fine-grained components
of loess indicate westerlies: insights from observations of
dust storm deposits at Lenghu (Qaidam Basin, China) [J].
Journal of Arid Environments, 74(10): 1232—1239.

Qiao Y S, Hao Q Z, Peng S S, et al. 2011. Geochemical
characteristics of the eolian deposits in southern China,

and their implications for provenance and weathering



W, & TREESER I TT T S IR B

intensity [J]. Palaeogeography, Palaeoclimatology,
Palaeoecology, 308(3/4): 513-523.

Qin X G, Cai B G, Liu T S. 2005. Loess record of the
aerodynamic environment in the east Asia monsoon
area since 60,000 years before present [J]. Journal of
Geophysical Research: Solid Earth, 110(B1). DOI:
10.1029/2004JB003131.

Shao Y P, Wyrwoll K H, Chappell A, et al. 2011. Dust cycle: an
emerging core theme in Earth system science [J]. Aeolian
Research, 2(4): 181-204.

Sun D H, Bloemendal J, Rea D K, et al. 2004. Bimodal grain-
size distribution of Chinese loess, and its palacoclimatic
implications [J]. Catena, 55(3): 325-340.

Sun D H, Gagan M K, Cheng H, et al. 2005. Seasonal and
interannual variability of the Mid-Holocene East Asian
monsoon in coral ¢'°0 records from the South China Sea [J].
Earth and Planetary Science Letters, 237(1/2): 69—84.

Sun D H, SuR X, Li Z J, et al. 2011. The ultrafine component
in Chinese loess and its variation over the past 7.6 Ma:
implications for the history of pedogenesis [J]. Sedimentology,
58(4): 916-935.

Sun J M. 2002. Provenance of loess material and formation of
loess deposits on the Chinese Loess Plateau [J]. Earth and
Planetary Science Letters, 203(3/4): 845-859.

Tsoar H, Pye K. 1987. Dust transport and the question of desert
loess formation [J]. Sedimentology, 34(1): 139—153.
Vandenberghe J. 2013. Grain size of fine-grained windblown
sediment: a powerful proxy for process identification [J].

Earth-Science Reviews, 121: 18—-30.

Vlaminck S, Kehl M, Lauer T, et al. 2016. Loess-soil sequence
at Toshan (Northern Iran): insights into late Pleistocene
climate change [J]. Quaternary International, 399:

122-135.

Vriend M, Prins M A, Buylaert J P, et al. 2011. Contrasting
dust supply patterns across the north-western Chinese
Loess Plateau during the last glacial-interglacial cycle [J].
Quaternary International, 240(1/2): 167—180.

Vriend M, Prins M A. 2005. Calibration of modelled mixing
patterns in loess grain-size distributions: an example from
the north-eastern margin of the Tibetan Plateau, China [J].
Sedimentology, 52(6): 1361—1374.

Wang F, Sun D H, Chen F H, et al. 2015. Formation and evolution
of the Badain Jaran Desert, north China, as revealed by a
drill core from the desert centre and by geological survey [J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 426:
139-158.

Wang X Y, Lu HY, Zhang H Z, et al. 2018. Distribution,
provenance, and onset of the Xiashu loess in southeast
China with paleoclimatic implications [J]. Journal of
Asian Earth Sciences, 155: 180—187.

Weltje G J, Prins M A. 2007. Genetically meaningful
decomposition of grain-size distributions [J]. Sedimentary
Geology, 202(3): 409—424.

Weltje G J. 1997. End-member modeling of compositional
data: numerical-statistical algorithms for solving the
explicit mixing problem [J]. Mathematical Geology, 29(4):
503-549.

Wu C, Zheng X M, Zhou L M, et al. 2021. Quantitative
estimation of provenance contributions to loess deposits
in eastern China and implication for paleo-dust storm
activity [J]. Geomorphology, 373: 107489. DOI: 10.1016/
j-geomorph.2020.107489.

Yu SY, Colman S M, Li L X. 2016. BEMMA: a hierarchical
Bayesian end-member modeling analysis of sediment
grain-size distributions [J]. Mathematical Geosciences,

48(6): 723-741.

DOI: 10.7515/JEE212015



