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Grain size characteristics and source enlightenment of the Wushan loess in the Yangtze Three
Gorges area
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Abstract: Background, aim, and scope The Wushan loess in the Three Gorges region of the Yangtze River is
located in the wet area, and its source and genesis have important paleoclimatic significance. Previous studies
have been conducted on the formation, provenance and times of Wushan loess, but the origin and provenance
of Wushan loess are still controversial. Different scholars choose different locations in different regions to
study Xiashu loess, which may be the main reason for the debate on its origin. The grain size composition of
the sediment directly reflects the dynamic condition, sedimentary environment and transportation direction of
the transport medium, which is often used as a discriminant index for the origin and origin of loess. However,

in the past, studies on loess particle size of Wushan mainly focused on a single section, lacking systematic

RS EHA: 2018-11-28; EABH: 2019-03-26; MZEHAR: 2019-04-01

Received Date: 2018-11-28; Accepted Date: 2019-03-26; Online first: 2019-04-01

E&WMB: BXaRKXAFELAA (41991321, 41690111)

Foundation Item: National Natural Science Foundation of China (41991321, 41690111)

WSS %% X, E-mail: liulw@nju.edu.cn

Corresponding Author: LIU Lianwen, E-mail: liulw@nju.edu.cn

SIS RIGER , XESC, d5Esk . 2019, AR DX =288 L U AL ERAAE B IR S 7 (). HEERERGE# R , 10(6): 579—589.

Citation: Zhu XY, Liu L W, Meng X Q. 2019. Grain size characteristics and source enlightenment of the Wushan loess in the Yangtze Three Gorges
area [J]. Journal of Earth Environment, 10(6): 579-589.



580 Mo ERFREE-A 4 #10 &
comparative studies in space, and lacking comparative studies on different sedimentary types. Based on this, this
paper systematically analyzed the grain size of three loess profiles with obvious changes in elevation gradient
in Wushan area of the Three Gorges of Yangtze river in China, and discussed the origin and material source of
Wushan loess. Materials and methods This paper collected three loess profiles of different heights on both
sides of the Yangtze river in Wushan area, they are the Jiangdongzui profile at the bottom of the east bank of
the Yangtze river at an elevation of about 190.4 m, the middle Shengquan profile near Chengnanjiu wharf in
Wushan county at an elevation of about 248.6 m, and the top Wangtianping peak profile at the south bank of the
Yangtze river in Wushan county at an elevation of about 1413.5 m, opposite the entrance of Daning river and the
Yangtze river. These sections are developed on the limestone of the Triassic, and the lithology of the sections is
relatively uniform, mainly composed of brown and yellow silty sand and sandy clay, containing a small amount of
calcareous nodules. Soil weathering degree is weak, no obvious ancient weathering layer. According to the data,
the loess in the study area belongs to the late Pleistocene loess. The three sections have a vertical span of 1223 m
and a horizontal span of only 5 km, which may represent different loess accumulation types in the Three Gorges
area of the Yangtze river. Based on this, this paper analyzes the systematic grain size composition of three loess
sections with obvious elevation gradients. Particle size testing was completed in particle size analysis laboratory,
key laboratory of surface geochemistry, ministry of education, Nanjing university, with the Mastersizer 2000 laser
particle size analyzer produced by Malvern, UK. The testing range was 0.02—2000 um, and the error of repeated
measurement was less than 2%. Results The results show that the average particle size of the top Wangtianping,
middle Shengquan and bottom Jiangdongzui sections is 9.9 pm, 30.8 um, 73.9 um, respectively. The particle
size frequency curves of Wushan loess mostly show asymmetric multi-peak characteristics. Discussion The
characteristics of the particle size distribution on the particle size frequency curve of Shengquan section indicate
the aeolian genesis. The source of the material is mainly from the near valley. The particle size frequency curve of
the Jiangdongzui section shows two completely different peak shapes may be mixed by two different causes. The
first peak type is basically consistent with the Shengquan section, showing similar aeolian genesis; the second
type shows that the coarse grain content is high, which may be affected by the later river reform, presumably
except for the near-river valley dust and the later river sediment. The contribution of the material; the particle size
of the sediment in the Wangtianping section is much finer than that of the sediments in the middle Shengquan
section and the bottom Jiangdongzui section, which is presumed to be a distant source of wind. Conclusions Based
on the above analysis, it can be concluded that the distant source of dust in north China may be the main source
region of loess in the Wangtianping profile. While the Shengquan profile is mainly the near source valley eolian
deposition, the Jiangdongzui profile is mainly the near source valley eolian deposition and/or fluvial facies
deposition. Recommendations and perspectives In this paper, the grain size analysis of three loess profiles in
Wushan area of the Three Gorges of the Yangtze River, which have obvious changes in elevation gradient and
may be different in origin, is carried out systematically, to explore the origin and material source of Wushan loess,
this study will help to identify the location, properties and transport routes of sediment sources of dust, and is of
great significance to explain regional and global climate and environmental changes.

Key words: Three Gorges area of the Yangtze River; Wushan loess; grain size

= B o AR, MERRE RS, DTARE
2L, A F RS A A E DU, Jdsk T NRE T
A S R ZFERAZ T P s (X AR A, 19855 Ji
etal, 2001; Guoetal, 2002; Liuetal, 2006; An,
2014; Meng et al, 2015; Meng et al, 2018 ) . MV

DOI: 10.7515/JEE192023

] PN &35 X6 A A L A b DX 8 B PR ok
TEHAT T RGMSE, TEASIE 1 1 5 i X 1
TR (XA Az, 1985) , Hoby 24 5 il SR R
AR, B 2R A T a0 Z1m)
T 52X (X4 4=, 1985; Sun, 2002; Chen et al,



RIERD, 2. AR X =28 H DU R RLEERRAE S D IR 7

2007; Maher et al, 2009; MRIRAIZEEZE, 2011;
J7HA%E, 2014; Fennetal, 2017) .

R B 4 S v A, VT R T X A A A
TREME LR, EEM AT &HE L.
BRI e = 0 i e a1 D T w48
KALH T - L SR IR A R 2%, W+
FER A TRILLALM I T35z X (Hao et al,
2010) 5 &y e 4 FEYFON VLI A SR KB
8 (Liu et al, 2014; Lietal, 2018; Wang et al,
2018; Qianetal, 2018 ) ; iR ME, WA
T OB DX ) 4R IR A 2 8 18 8+ S 2 Yy 4y o
Ui (Guanetal, 2016) .

P 0l b DX %) AR 1 8 2 2 D 20 8 - C
i) —Fpa ey, R E AR 5
[T T LU X, HA BRI A sy ety
I (AR, 1985 ) o R AT AR L2 - T L
PR B T T — S5y ( EEEBIAE, 2009;
WHEYE, 2010) , (HARLLE 4 R S5 A
418 (Zhao et al, 1995; )y {EF1F 3758, 2011;
Zeng et al, 2016) , — L2235 58 AR 1L BT 4= (1Y 4 40
My ORLEE . SR HLERIL 2RI SE A TR Y, I
AL b FECA RS, FEXOIERT, T2
PR AL, (A58 4 i SR ARy 2 AT ) e 750
Pk, FERILZIRFEDOE A T 8 HRHERY) (K
A, 20105 SKEIFAE, 2010) 5 3 Ab—LLHFSY
AT = el X AR L1 8 S AR, 222 ik
ALK HE RS, HE 22 M DX 8+ 2 28 i K Wz 1
RAEMHURI R A 8+ (R T SCAE, 2007 ) 5 ]
(1991 ) WA RIT =0k ith X AR 185 A 5 7n] {2 i
ARl AR, I, WEX AR L+
H L SR X T RCAIRA RIS . B2, T &
TR EEE AR, BARIEBLRAERAR T . AS[F)
BRI B, 85 T AFE AL ERMFIE T %8
+, TR SBOL R A G R — A TR, DH:
WG B ERE 15 lE . FIRE, KIes—
DEE, TR R EE A, BRI R, AR 32 (A
IRFEE, 2002) .

TURR Y 7 8 4 Bl B 4 R B T iz A A 5
15 VIR ARz 7, W VR R B 4 A
SR JERHBFERR (Ding et al, 2005; Sun et al,
2006 ) o {HiFE0 AR LT A FE R ATHY B e
A F T, B 2SR RGN LIESY, XA
DURRE B XT LU A . BTk, X)L

e AR Ly b DR BAORS BE I S AR A Y L B BT R
A I XY = AN B R T R GRS A
PRI AR L8 - 1) 1 R B P Bk R

1 H#m5AH=%

1.1 HmRE

A AT ARINEEEN, B HA R,
e, B E 2, bl 96%, B -
i 4%, 4 BN 73.1 m, fiem ol 2680 m,
FLAy MRl (e iR AR, 32 b DX S A 2R KU
e, AEYIEE R 18.4°C, AFHIRFEKE A 1040 mm
(HEFESE, 2010)

R4 AR L M XK VTP AN TR e R A
HFE L A SRR VAR B 2 190.4 m 1Y IS
BT A WE ) (31°04'N, 109°53'E) . AR I B
8 U Sk B T VAR 2 248.6 m B F R 3% SR T
(31°47'N, 109°53'E) Az T Ak 1 B VTR 2 1E
X R TH 5K A A DA 2 1413.5 m (1T
HREERFEIL T (31°03'N, 109°54E ) (&l 1),
XEEH MR BEAER AR - AEZ L, E
ZREMWEAM MR AR, SH E
ISR, HIREATZM, EHTHAT,
PRI IR RS, R UL ) X
1b)Z . PEAEAREE, BT IX 8 4w T 0 B v
+ (RAT4E, 2014 ) 5 —=ASHIH TSR 1223 m,
KBS EEAY 5 km, AT REACER T QUL = ki 75 IX.
ANl 8 A HERH 2

106°E 108°E 110°E 112°E
Daba

Z Z
o o
AL { &
e )
Z Z
o o
= 1o
I3 I3

106°E 108°E 110°E 112°E
A VLZRMERIT  Jiangdongzui profile
A XIEFIM Shengquan profile
A BRIERII Wangtianping profile

1 A R = e AR Ll X 7 1A
Fig.1 Map of Wushan area in the Three Gorges of the Yangtze
River in China

DOI: 10.7515/JEE192023



582 HOERIRIE 24

IO 2R R 5 T P VTR 2 1L 00 SR e
BT IGEYE b, SIREZ) 2.5 m, %] T
H3EE A i I R, LR AAAER,
IR IR, L 20 em [IFEIESLERE, Hhop4E
Feah 13 45 hERE IR SRR ZY 17 m, &
MO, SH RS, TR
R, FENRFREEL, DL 50 om (AR LEEURE,
HORAERES 35 /1 ICHEBVLARME ) 1 )B4 24 3.6 m,
P i AR HE R, T IR,
H A 40—80 cm 4b H 1B, FHPEI vk
hE A, IR AR MHITE TR T 4R
DL 5 om [RIFRE S RE, HEORBERES 72 1.

1.2 RENRK S

B A 7E B o K 2 R A b R {2 B B
TSI R AT IR e, AN e
Malvern 2\ 5] 7= i Mastersizer 2000 3556 ki B 1Y,
HINASEE 2y 0.02—2000 pm, H5E iR /N T
2%, B AT ELSGRE T A T AL BEAT LB, K
SRR SRR TG TR A 15), BUE S
HRFE S THTAL

HIARERRE R . RS TP 10 mL 10%
) H,O, B IR B EA A -4k, fEd
", WIR LB AR Y InA 10 mL 10%
() HCL 4k in#hah, #ra i, W FIEW;
FFIA 30 mL Z&B/K i i — I Bl 5 IS, B
WP UL Ca® BT, EALINKZ ATmA
10 mL 0.1 mol L™ WXL AN ((NaPOs), ) X
aHEAT AR, R B VE VML 10 min, K
BIFRUMENGR . B 5 XA TR LI,
BRI 3 K,

SR FH v I o] - 49 UK 23 bR U R G A L
B ARLEEARE , 43 BRI LAEAE N 50 pm ., 10 pm
5 um AE R /MRS . ALY / Aik i DL I
D / BRI AT LR

LT U2 N B )iz i R A b 9 43 2
( Wentworth, 1922 ) K48 5 FIIK se{E AR 2% ( Folk
and Ward, 1957 ) Z8&cit, 193] 7 AR 1L kL
R SAFEFHkiE (M,) | drifEwZE (o) |
g (SK,) FEREE (KG) ENIRESE

2 #R

2.1 RRLE T REFE
LR — ] DUAE Ry i 1 Wiz iz DU A
fem 5 IR — MR, —ms,

DOI: 10.7515/JEE192023

#5105

RO Z BT SR VIR S IR T, 4
ROV Z L TARRE DU Z I AR T

AR LB TR S R R A A AR i A
PR AKIFRIG ZZIEREAE (] 2) , Tk Al oS AR
FEANTRI IR LA A [l ) iy KU o = Pl A e, /D
B ERe s B (& 2) , RUEZHIEN
MrEE ISR (FNVRMEE, 2000) o 7EA[A] B TR0
AR AR I 22 AR, B RS
[ R RE AR LR, Bk R R PRI IR
1413.5m ) RLEEATRANZE I AT IR B
LA B BITERIAR ~1 pm, ~10 pm &b, PR
9.9 pm; HERSESLHII (HEARCH 248.6 m) R
BRI =08 BRT LU EMIEZ AL, AR
TR ~50 um b —14; SEHPRI#Z K 30.8 pm;
TR VAR M T (VA 1904 m) I E
FRI CPUIE” , BRT LI E =R AN, FERIAR LAY
~250 pm AbIA A —i, SFHAPRIAE R 73.9 pm,
2,11 BERIFHIH

1o TR AR R B (W 4R 14135 m)
7 BE TR 2R R BRI R X", SEHAE
#H99um, EZLIFR N E, HBHBPIRZ,
FUCN Ak ab, Wk /D, 81 AR B 5 —
20 pm, PORIAA; KR <2 um, FEGHBUINE,
RS 2 K, X DX ] B URERS Sm Al A Ak
b, TR i s K B L TR mOAK BT O R
Pz ik, WAL R EEH (X4 S, 2010;
FRGES, 2010) o %) &5 6 E ¥ ok
JE 3k B XU REAE (PR TR AE, 20005 PR
FIEILSE, 2007 ) .
2,12 R

HhIR SRR T (TR 248.6 m) ki BEAT 34 M
Lol =R SFEPRIAE A 30.8 um, DIHLEYES A
F, WEPRIRZ, FRCHERRL, b, A
1 ARECTIAE 15— 63 pum, ARFCRLAR AL 80/
1SR L ) Atk R, R WIS 3 s, M
WORLY A /2, A A A iR i FERLAE > 100 pm
AN, ATREA R AR TP R ORI TR A 5
55 2 ARBCH BLAE 2—15 pum, 3 X [A) UKL A 3D
M, fEES &SI, A FEERRI IR IE X
%, MRRZEKR, iz REE/N, EESHPRE
SRRk 2E; 5 3 AEHE B <2 pm B,
i, ATREAZE oA (&, 2012) .
ZH I MR A U b gk i & o 3, Uikl
FE RS ( Pye and Tsoar, 1987 ) .



RIGERT, &F: ALK = 2R L TR BORLEERAIE S D IRA 7

] axmw
4~ Wangtianping

Content/%
(V'S
1

e

T

0.01 0.1 1 10 100 1000 10000

Fif%  Grain size/pm

X IR
4 4 Shengquan

Content/%
(V'S

G

r . .
0.01 0.1 1 10 100 1000 10000
¥if2  Grain size/um

LR
4 4 Jiangdongzui

Content/%
(9%)

G

T ’ T S
0.01 0.1 1 10 100 1000 10000

¥if2  Grain size/um

K2 AR oL AR 2k
Fig.2 Grain size frequency distribution curves of
Waushan loess

2.1.3  VTARME R A

TR AR T ARSI (G 1904 m)
TN ) “Ug” | SEEPRIARA 73.9 um, LA
bk 3, MK, HE2ZERHN, FRK
SRR AR RN E S, Rl —HE AR
TREE H BB AIORLRE S i 2R, LIRAEIRTE 180 cm
AT R, BRI AR A B S T — 2, kL
PRI N 10— 50 pmy 5F5 Flde Y 5 o4 0k
WK, >50 pm Pkimz, WAL TR R

TR TR R -, HFR 187 B 208
Ko 7E 180—360 cm A ML i 55 1 Ak BL7E
63 —280 um, 2. 3 REH BT 0—2 pm,
2—15 pm, i XF H AP SAPRLAR I K 5T B AR 2 1 2
>63 pm FURLAY &

SR, AN B R R R BE VR
e VS 1] TOUAR 2 i A2 A, o T B R B
(TR AL Y/R DR G- s R i B S | NTTIN i o i A N
EUNTTRIRAL Y/ NINE TR G | EE S AN TR AN IR 2
YrokL B LA ab R £, FikikZz, HE &k
R, BRI T AR LB A Ak B 4R R
(F£1) .,
3 iTig
3.1 HmAETHHESER

Hh ] SR B SR PR B TR A2 AR W 2R XU )
B 5 DU 20 IR Pl AR 0 4% 28 KUY R 1 3 2R HE AR
TR, AR 04 28 IR ST BT 4 75 R 2R 7
R R BT, R ORI AR A DU 28 S BRI S A
AR E S RIS, BT AU R/ —i
SR AR DT R N BB R . R AR
Shy i m S IZ TR 1A B B i S TR B Y
— MR, —ms, MBI 2 BT
REDLRS) ) IREE T, 1 40 FURE UL AR 22 H B FAIK
REUTRBI IR T . AR AE 2 ST i 5 7 80,
M EBEH RSB RE S, fEEa Kl AT
SR BT R OB B iz ok, & RORAE R,
BRI AR AR R, s RECE/N, TSN
Aedck2E, HAESEIMERT T, MK
7 i 2 A T R AR W s I H T
DXk A 55, R LA iy 3R, BT
VUG AR T8 ok B s N, 2z K )
KN
3.2 X R B SRS
3.2.1  ARILEE iR =

UinETRITI A7/ B P B v <37 D g M 11T SR =
B B T = MR R (B 3) o AEHmT
VA BEORIPHITH A A b, SRR
TUZR M 1w 0 B o 6 B, 58 4 i i
RIXUEE + (XA A, 1985 ) FELI N & 1 5
AL, BH SR F BRI O A, Har gl
Sy, EHLEZLIRP N 35 AR L #E 4 R R
WERIILFE 2, HEEELR, XN

DOI: 10.7515/JEE192023



584 HOERIRIE 24 5510 %

HEIHEAL RS, MR, fE— BN RIS, VLA AR oA S TR TR A
PETORE BT L R A BORLIR A SR /Y. [HA5C ML, BB Im A

1 AR R A HA TR T A L

Tab.l Comparison of grain size compositions between Wushan loess and other sediments

FIBELAL  Grain size composition /%

RIS e >50 pm 10—50 pm 5—10 um <5pum
—_— K Maximum 45.62 37.51 13.04 22.11
Niangdongzui ft/ME Minimum 29.61 22.94 8.34 14.22
FEHE  Average 39.44 31.32 10.87 18.38

25 R Maximum 30.86 46.23 13.43 24.32
Shengquan /M Minimum 19.21 36.61 11.63 18.19
SEYIE Average 23.35 42.93 12.76 20.96

o Bl Maximum 231 46.93 23.44 51.52
Wangtianping f5t/ME Minimum 0.57 26.82 20.82 29.75
FEHIE Average 1.10 35.32 21.79 41.79

T R Maximum 91.60 45.40 25.50 45.05
e e /M Minimum 30.80 2.30 432 5.58
SEYIE  Average 77.40 15.80 16.15 24.60

- 24 ¢4 Malan loess 6.80 53.00 12.50 27.40
S, B4 3 Upper of Lishi 10.00 52.70 11.00 26.30
B T ¥ Lower of Lishi 5.30 50.30 12.30 31.20

AT TR B SR IR T2 K 2245 (2010) 5 3813 EERIE T Luetal (2004) .

Modern river sediment data are from Li et al (2010); Luochuan profile data come from Lu et al (2004).
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