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Fig. 1 Geographic location map of the Cele oasis-desert ecotone and distribution of sampling sites of nebkhas and echo dunes
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Fig. 2 Particle size fractions and their percentages of the materials in aeolian sand and dust movement
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Table 1 Correlation analysis of fractal dimension with grain size composition of aeolian sand and dust materials

Type?iiii?dust =g S 4R L i i
materials Index Fractal dimension Clay Silt Sand
TE VD HE I i $iFractal dimension 1
Nebkhas Zi+ Clay 0.9033% 1
Krbsilt 0.351 0.379% 1
i Sand -0.417* -0.453* —=0.997%* 1
B S IE 4% Fractal dimension 1
Shifting sand dunes % 1-Clay 0.590%* 1
b Silt -0.028 0.262 1
#bSand -0.026 —-0.346 —0.996%* 1
BT Vb b S B 4% Fractal dimension 1
Bare flat sandy land Z 1 Clay ~0.206 1
P silt 0.386%* 0.383%* 1
#bSand -0.360 —0.441%* —0.998%:# 1
oKV ¥ B B 4% Fractal dimension 1
Transported sands Zi +Clay 0.713%:* 1
B b Silt 0.434%* 0.455%:* 1
bSand —-0.552%% —(0.499%:* —0.764%%* 1
KRAFEA 3 IE 4% Fractal dimension 1
Dustfall Fi-Clay 0.086 1
MbSilt -0.444* 0.103 1
#bSand 0.267 -0.189 -0.227 1

M #FRIRTE0.05KF (XU ) I B, **FLRFE0.01KF (WU ) I 83 H & Note: *correlation is significant at the 0.05

level (two tailed ) . **correlation is significant at the 0.01 level ( two tailed )

BT R, S o P (1
VP UL AR A0 FIARRD S = o A SO
AR TARIAE SR, BEAVDHE . BOF UL WS
b T 2 100 V0 W) o L b 3 i 0 4 T DR AL B e A
by, ORI VDAY T LUK A RO
Kb oh 3 o

EAHHFT R, KD H R — AN IR (1 43
LA, 7 (R RN REPR B TD 35 1Y 1 AR AR
B VDRER /N IE AE BRI Rt L &5 B 1 3% T AT
KKFR, S-SR crEEs, Suk& s
BEROAIICR P AR R, WA
HE OB M RRE VYR AR i S

T YRS 25 IR ARG, AV S S Sh VD ek
THT Y00 J5 A5 R 5 3 2 R 8] G 3 A SR
M, KAL) TR FIRED & & 5 0 45 (A
To R FE R RNE . SR ER YN A I B A FH AR R A 22 53
X e HERLAR 3 A 7 A H B, i S (A AN (]
A FH R AR 25 ) S0 A S R e/ L 2
SRR EEY R AW SR E S Rt UR S ORI ZE SN
SRV 22 Wy JFORE A 25 [8] 3 A e AiE A () T 2% A 1
5, MRS 5B gE e R D), AN
5 3l AT LA KV kiAo A s PR e v . oR
A 5D A RS 1 P (A5 S e R o B 7
BB AR, INIRLTD FIT Sk 2 S U 3 25 3t 3R V) T o
A4 L E D M R T YD R R O 57l R
Wizghb LY b iR 209, IR I (L i

http: //pedologica. issas. ac. cn



96 + %

Eild 55 %

Ko —ETT T, U7 2 09 v b B 5 4 3 o e
A, MRAET MR T AR AR W 4 43 R AR
SR T . v R R v R, R
T HEshme Ik, MK EwRE, W
I, A5 2 R RELRS T AR KL D 5 3 K T Ay 4l
WIDZ SR T, W LR . BTV
W DA VD HE 45 5 0 R []32 I 20 19 10 2B W B4 T AT
ZH, RIUYRAOR SR WS R
SEVP LI R TE A . Hb g XUBE L % 8 T LR i
R 5 P I RS, SRR R XV s v b W T
OB YRR 25 S B R IR o RN — 0 T A Y R AR
HLBERERT KU v | Bt XV B R A2 8 1 i e
P, PRI, RIS B A R AR BN TS A 58K
Y — V8 o Y A R BT S P, N AR N A AR 2
YRS,

HEN LR — VDI A KD 1B Bl VR W T 4T
2 K7 1) 53 A R A 7T LA 7R AR ] Vb AL B B A7
SR s ()25 5, AT LR LK A R 2 —
Y A KD 1 BIBIA SR AR

4 %5 B

T S SR A % D — V0B Y A VDR R AR B i R
A A D FRCRL R 0 e o L) B, AU VD i 2%
BN % R ER A, 2] P IR R
L= NG St/ ViR U e s ROK [ FEI R (s i
1188.02% . Wiz sh5Rh b A W) Bk i 73 E 4 2K
HATF0.25 ~ 2.25, FIE KN KR FZHNEND
ME > KRR > BOE V0 > W R BV R > Hish b
Fr, BRuEdm 22 (R /INAR S o VN VD e ST V0 ) o
o TR HER S ik R, WS KB 4 M IEAH 5,
S B R A OG s T shvb e R E U o R 4B S
WL A8 b 2Z [RAH MR 35 o W N VD M T U ) o
A m, EANDHE . W . sk
DOk T A S RS R S L A G E Y T E Y s
RARERY D & i 5508 AR 2 A G,

WY R IR LT BB RIRY . 5 A
R O
% & 3wk
[ 1] Mandelbrot B B. Fractals: Form, chance and

dimension. San Francisco: Freeman and Company,

1977: 1—365

[8]

[10]

FOEE. B S TE LR T T S R
bR, 1994, 22 (1) : 1—10

Li B G. Application of fractal theory and the prospect in
soil science (In Chinese ) . Advances in Soil Science,
1994, 22 (1) : 1—10

Burrough P A. Multiscale sources of spatial variation in
soil. T. The application of fractal concepts to nested
levels of soil variation. Journal of Soil Science, 1983,
34 (3) : 577—597

Armstrong A C. On the fractal dimensions of some
transient soil properties. Journal of Soil Science,
1986, 37 (4) : 641—652

s, Bk, AocHE. RPRIAR M oA R +
HEOME AR, Bl 1993, 38 (20) : 1896—1899
Yang P L, Luo Y P, Shi Y C. Represent soil fractal
features by using particle mass distribution ( In
Chinese ) . Chinese Science Bulletin, 1993, 38
(20) : 1896—1899

WK, E—ifE BUE 53E BOS e YA e s 5T T Y
M. R EVE, 1995, 15 (2) @ 175—180

Zhao Y P, Wang Y M. Graphic fractionation and
its application based on quantitative research of
desertification ( In Chinese ) . Journal of Desert
Research, 1995, 15 (2) : 175—180

frade, W, e, A I T R I SO R
WA B, T X5, 2001, 18 (1) :
35—39

XulJ H, AiNS, JinJ, et al. A fractal study on the
mosaic structure of the landscape of northwestChina
—Taking the drainage area of Heihe River as an example
(In Chinese ) . Arid Zone Research, 2001, 18
(1) :35—39

trRate, Sl e, S VBN B RHEDEST.
TRETbEE, 2002, 22 (1) @ 6—10

XuJ H, Ai NS, Jin J, et al. Study on fractal
characters of desert and desertification (In Chinese) .
Journal of Desert Research, 2002, 22 (1) : 6—10
JEAEAE, FeEAL, WO, & BSRE RS R
L ST DR A 0 o3 I Atk R b SE 2003, 23
(4) : 361—365

Qu JJ, Chang X L, Dong G R, et al. Fractal behavior
of aeolian sand landform in typical megadune area of
Badain Jaran Desert ( In Chinese ) . Journal of Desert
Research, 2003, 23 (4) . 361—365

TR, BRI R I0 VD A FH VD A 8 7 o - S
KL TERFE. AEZS%4R, 2004, 24 (1) : 7T1—74
SuY Z, Zhao H L. Fractal features of soil particle size
distribution in the desertification process of the farmland

in Horgin Sandy Land ( In Chinese ) . Acta Ecological

http: //pedologica. issas. ac. c¢n



TR WS R AR — U B B A8 st AW BokiAS e TR ARSIk 97

[12]

[13]

[15]

[17]

Sinica, 2004, 24 (1) : 71—74

o, XILaL, FERD, % RIE R s
i R ORISR AT A2 N RE. ISR, 2005, 42
(2) : 336—339

HuYF, LiulJY, Zhuang D F, et al. Fractal dimension
of soil particle size distribution under different land
use / land coverage ( In Chinese ) . Acta Pedologica
Sinica, 2005, 42 (2) : 336—339

MR, XK, . S R il R EE S 2
fiE. F3E2E4R, 2004, 41 (2) . 176—182

Yang X C, Liu L Y, Yan P. Fractal dimension of soil
particle size by wind erosion in a short period ( In
Chinese ) . Acta Pedologica Sinica, 2004, 41 (2) :
176—182

TN, aRBRAR. [ SR 2H A O3 R AR Y.
+HES IR 2000, 9 (4) @ 263—265

Li D C, Zhang T L. Fractal features of particle size
distribution of soils in China ( In Chinese ) . Soil and
Environmental Sciences, 2000, 9 (4) : 263—265
settr, XBRE, AT, AF BFZE U R T Y 2 E
AR e O R AR R G R . A4, 2002,
39 (2) : 221—226

Zhang S R, Deng L J, Zhou Q, et al. Fractal
dimensions of particle surface in the plowed and their
relationships with main soil properties ( In Chinese ) .
Acta Pedologica Sinica, 2002, 39 (2) : 221—226
BARE, WM, AT, ORI -a
ANTR) T AT 14 i D 3 e SORLRE 2% AR, TR IX PR S
W, 2014, 28 (2) : 167—174

Mao D L, LeiJ Q, Li SY, et al. Differences of sand
transportation flux and sand grain size characteristics
indifferent underlying surfaces on desert—oasis ecotone
in Cele (In Chinese ) . Journal of Arid Land Resources
and Environment, 2014, 28 (2) : 167—174

EAR, EmE, BET, RGN -1
DD G B VR E I L S, TR IXHER, 2014, 37
(2) : 230—238

Wang C, Lei J Q, LiSY, etal. Vertical distribution
of grain size in aeolian flow in Cele—oasis—desert
ecotone (In Chinese ) . Arid Land Geography, 2014,
37 (2) : 230—238

TR, momeR, BET, & s -1
BT P Hb 2 Vb Wy T B R A ) 25 S T [ VbR
2015, 35 (1) : 136—144

MaoD L, LeiJQ, LiSY, etal. Spatial differentiation
of physical-chemical properties of surface sand materials
in the oasis—desert ecotone in Cele, Xinjiang, China
(In Chinese ) . Journal of Desert Research, 2015, 35
(1) : 136—144

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

TARW, WM, £, 5N -
T A KU AL 45 R R K YD R B REAE . K e SRR AR
2015, 35 (1) : 25—33

Mao D L, Lei J Q, Wang C, et al. Characteristics of
sand flow structure and sand transportation particles in
Cele desert—oasis ecotone of Xinjiang Wei Autonomous
Region (In Chinese ) . Bulletin of Soil and Water
Conservation, 2015, 35 (1) : 25—33

MK S, BRI SR 2 PN — b B e XU TR
Wi BE s (A 4. R AR A 24, 2017, 28 (4) -
1337—1343

Lin Y C, Xu L S. Spatial change of the grain—size
of aeolian sediments in Qira oasis—desert ecotone,
Northwest China ( In Chinese ) . Chinese Journal of
Applied Ecology, 2017, 28 (4) : 1337—1343
TRESAE . B8 S T VDU g 2k — S i D A SR X
ZATRHEBAR SR RE . TRX5, 1995,
12 (4) : 1—9

Zhang H N. Research on comprehensive control
technology and experimental demonstration of ecological
environment district of desert-oasis ecotone on southern
Taklimakan Desert (In Chinese ) . Arid Zone Research
(In Chinese ) , 1995, 12 (4) : 1—9

Tl . S BE 55 2 P P 1 IR XU DG 22— AT SR SR
Bl P, 1990, 10 (3) : 36—42

Yang 7Z T. Relationship between wind direction and
wind velocity in Gobi Desert and oasis: Taking for
CeleCounty in Xinjiang as an example ( In Chinese ) .
Journal of Desert Research, 1990, 10 (3) : 36—42
Folk R L, Ward W C. Brazos River bar: A study in
the significance of grain size parameters. Journal of
Sedimentary Petrology, 1957, 27 (1) : 3—26
Udden J A. Mechanicalcompostion of clastic sediments.
Bulletin of the Geological Society of America, 1914,
25 (1) : 655—744

Wentworth C K. A scale of grade and class terms for
clastic sediments. Journal of Geology, 1922, 30
(5) : 377—392

W, A, R, SF. RIENORDRLAR S A0 BT
I3 QEECRAR TR R 4By X 1. %3, 2008,
45 (3) : 413—419

Yang J L, Li D C, Zhang G L, et al. Comparison of
mass and volume fractal dimensions of soil particle size
distributions ( In Chinese ) . Acta Pedologica Sinica,
2008, 45 (3) : 413—419

TEZE, AR, BOLE. R AR 4R
HAE LR PRI, 3R, 2005, 42 (4) .
545—550

Wang G L, Zhou S L, Zhao Q G. Volume fractal

http: //pedologica. issas. ac. cn



98 S S 55 &
dimension of soil particles and its applications to land 785—792
use (In Chinese) . Acta Pedologica Sinica, 2005, 42 (311 BUans, tfe, . 25098 Hig p il - i 2s
(4) : 545—550 [ —— AN SEH Z 596, HEtsE, 2010,
[27] Tyler S W, Wheatcraft S W. Fractal scaling of soil 29 (2) : 283—290
particle-size distributions: analysis and limitations. Soil Aruhan, Yang C, Tongliga. Spatial structure of
Science Society of America Journal, 1992, 56 (2) : desertified land based on fractal theory: Taking Duolun
362—369 County, Inner Mongolia as an example (In Chinese ) .
(28] Jus&s, 2R, @wne, % Bseniin T b diidih Geographical Research, 2010, 29 (2) : 283—290
R AN V22 XV AR RRAE. TR X [32] HeAH, &nsik, ¥ AL, 45 B HEORGHRE Sai
2009, 29 (6) : 941—947 HT SRR AT TR AR AR S W RS AR SR
Fan D D, Li SY, LeiJ Q, et al. Fractal features of Ab2Ed, 2010, 18 (4) . 730—735
dunes over the high longitudinal complex ridges in the Gui D W, LeiJQ, Zeng F J, et al. Fractal dimension
hinter land of the Taklimakan Desert ( In Chinese ) . of particle size distribution and its affecting factors
Arid Land Geography, 2009, 29 (6) : 941—947 inoasis farmland soils in southern marginal zones of
[29]  ORHH, SRACA, BEWE. AR RS -5 WKL 1Y 43 F Tarim Basin (In Chinese ) . Chinese Journal of Eco-
fE. 3@, 2008, 39 (2) . 244—248 Agriculture, 2010, 18 (4) : 730—735
SuL T, Song Y D, Tao H. Fractal dimension of particle [33] H#:&fE, Hnsw, %I, 2. vk H k20 A
size for different aeolian sandy soils (In Chinese ) . R K HosZ i R R e A —— DL Sha i R . 3¢,
Chinese Journal of Soil Science, 2008, 39 (2) : 2011, 43 (3) : 411—417
244—248 Gui D W, LeilJQ, ZengFJ, etal. Characterizing soil
[30] I, AR5, folisc, 45 BEsahild Tib i Rk particle-size distribution and its variation in farmland of
AR AR —— DA BUR VDI BT ). 5 X F oasis-A case study of Celeoasis (In Chinese) . Soils,
5%, 2010, 27 (5) : 785—792 2011, 43 (3) : 411—417
Sun Y W, LiSY, XuX W, et al. Study on grain size [34] REk, BE)7E. hE sy TRk, b Bleeh

MAO Donglei" # *

characteristics of dustfall in the Taklimakan Desert—
A case study along the Tarim Desert highway ( In
Chinese ) . Arid Zone Research, 2010, 27 (5) :

JiAt, 1994: 157—179
ZhuZ D, Chen G T. Sandy desertification of China land ( In
Chinese ) . Beijing: Science Press, 1994:. 157—179

Fractal Characteristics of Grain Size of Sand and Dust in Aeolian Sand
Movement in Cele Oasis-Desert Ecotone in Xinjiang, China

CAI Fuyan®

FANG Dengxian'
WANG Xuemei'

LEI Jiagiang® *®

LAI Fengbing' XUE Jie* ?

(1 College of Geography Science and Tourism, Xinjiang Normal University/The Key Laboratory “Xinjiang Laboratory of Lake

Environment and Resources in Arid Zone”, Urumgqi 830054, China )

( 2 Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi 830011, China)

(3 Cele National Station of Observation and Research for Desert-Grassland Ecosystem in Xinjiang, Cele, Xinjiang 848300,

Abstract
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[ Objective) Aeolian sand movement is very frequent in the Cele oasis-desert ecotone in

Xinjiang of China. So it is of great importance to explore rules of the near-surface aeolian sand movements,

in expectation of providing certain theoretical basis for prevention and control of sandstorms in the southern

fringe of the Taklimakan Desert.

[ Method] In-lab measurements and assays, linear regression analysis and

correlational statistical analysis were adopted to explore particle size and fractal characteristics of grain size
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of the sand and dust materials in sand movements on land surface and near surface over different terrains
of the Cele oasis-desert ecotone. [Result] Results show that the sand and dust materials in various sand
movements consist of five kinds of sand and dust materials, from very coarse silts to very fine sands, and
coarse silts are the major component of the atmospheric dustfall, with fractal dimension varying in the range
of 0.25 ~2.25 and the five kinds of aeolian sand and dust vary in mean fractal dimension of particle size,
exhibiting an decreasing order of sand materials on the surfaces of nebkhas > thoseindustfall > those on bare
flat sandy land > those transported near ground surface > those shifting with sandy, averaging 1.03~1.67
in fractal dimension of particle size, while standard deviations of their fractal dimension values are in an
opposite trend. Along the prevailing wind direction from shifting sandy land to oasis, with growing vegetation
coverage, fractal dimension of aeolian sand and dust materials increases, while wind speed declines. The
very coarse silt and very fine sand particles in the air higher above the ground surface tend to get deposited
around shrubs in the oasis-desert ecotone, so the fractal dimension of the sand and dust materials in nebkhas
are the highest in value, while the surface wind speed on shifting sand dunes sparse in vegetation is high,
more coarser sand particles get deposited on the surfaces of the shifting sand dunes, being the lowest in
fractal dimension. Fractal dimension of the sand materials on the surfaces of nebkhasis linearly related to mean
particle size, sorting coefficient and some others. But no such correlation is found with the sand materials on
the surfaces of shifting sand dunes. Fractal dimension of the sand materials in nebkhas, shifting sand dunes
and sand transported near ground surface is positively related to their clay content at the 0.01 significance
level, but negatively related to their content of sand grade of material in nebkhas and sand transported near
ground surface; positively related to content of silt grade materials in sand dunes on bare flat land and sand
transported near ground surface; negatively related to silt content atthe 0.05 significance level in dustfall;
but it has nothing to do with silt and sand contents on the surfaces of shifting sand dunes. [Conclusion]
Particle size fractionation, movement mode, vegetation coverage, wind forces and terrain are the main
causes responsible for the differentiation of characteristics of particle size and fractal dimension of the aeolian
sand and dust materials in the oasis-desert ecotone.

Key words Oasis-desert ecotone; Nebkhas; Shifting sand dune; Dustfall; Fractal dimension of

particle size; Cele
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