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TIEEAR DR ET LA X LA E R,
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E 5 I 8] YO B R A A 72 0 ) 3R T ). g A
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HE, BHYRERSER PR A e v 78 HA R R R b stk AT £
BEE M, BRIV AE AR A KA TR B SCEE AN
BIER, $RH I 2 — R 2 N R AR
T2, BRIEmEMLIENAEFR, S TE0 B EL
BEMFMER, Bt RZERRe%y Bk — e el
B e LR R, 22BN R gy BB L
PSSR, REBIEELE 30%~40%, #3588
FIEALRREE . WA BOK SR, BFEEEPCmEEE R
RN AFE R LK RERY, RN i
N TR AT DL 25 P R - XS i, LR, i
R EEEREMEKEKERMNBERE, A8 THEY
WeRERI . SRT,  H AT TR R AE S e R RIS
- $e 0 T S A AR S D, AT e e X
IR R rb b 1 5 B A FH 35 THD S R PR R A 5 20 B R
“30 cm F 1420 cm BT R AP+H20 em JE &7 FAIE it
REPRIEEW IR KK E, 2T EX T2 21
ey i - S T (01 FRATL R Rt A e AR AR X e A A A

BRI TENAY R, A ARTEE (2022
FEEEY T REEESITR) PR ER, LTHEE
W IRAE RN 39.55 14 t, AR 4, Hi-ATRE
B FESE AR ER 15.29%. KESY RIS &b
Joim Je i g, MR METAESCHEEE =T, SO
AR R AR AR R O AERS; A, IR SRR B YR
HEZ. AR S B E LR A 1358
AR, K3 “—26247 MR, KT, mrEd
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o0 R T IR OCEE R R, DU SR R RS S
BRI A X S AR B R AT R R R

1 HRSE

1.1 ARXER

B 8 XA T3 5 48 VA EB A P T @ P BN, M
FRAAFR S 119°29'~119°41'E, 41°35'~41°45'N (& 1),
JEILTE i B BE X, 82T 5 RGP )% . ]
Z, LA 7.6 'C, FH B % 2 850~2950 he
SEPEREKE 6147 mm, ZHEPIE 6—8 Ahr. HEKM
FLRNG R, XFHRATIALR, KRR, XIS LA
ML vE 2 T R X, BAAR HBHEZE B #E (L 10~
15em), THEFHEE, KoWRNEZE, $FBUKRHAZ
NF H. TREXERHREMNFEERAORER. &
SFEEE N AR AR BT BHIR A 55 Fh, Hdr, &)
W= 27, bR 28 B, SR LN E, &
W HRAREEAN 6021 i t, AR R 40 17t BREK
7R AR R R BB B R e I8 i R B W YR Ak 4 A A F A
BRI B Tt 5 BREES G e B LN S i A
SRS DL S R AT LRI A —— 3 P Al
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Fig.1 Geographic location of the study area

1.2 RIEHR

U234 B kAT R ok B AP B8 HOF A
PR w2 I i i B R T HER R T B ) T HE 2R 2
W, RIARTE 025 mm A4, Jo 1~2mm PL_ERRS R
Bko T 2023 4F 4 AE RGN IEN] 1 THEEE ARV HER
LT 3R B, AR E L kg A4, KRG
HARRT, Fiid 2 mm 5545

SRR R R o FR 1 (X 8 IE AR SR H Ak
TEEIEN T2 500 m B —HRIEFE AR H (N, T
2023 4F 4 HTERH NI EIAR L 3 AN RAE L, SR s E] BE
KF 10m, BAKFAESFZE 100 em IR0 5850 TH , 3%
& 0~20. 20~40. 40~60. 60~80 FI 80~100 cm ¥+
JEURBE AT TR . IR SR EE BT, AR
AHYF 2, oL 2 mm §F4& .
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1.3 RIEWFFE

WA (R (CE=R0) PR (iR a
SIS RN PP R R B HH 3R
Pk, pHAE. HFE. AR 770 DL RPN
JCR S ESEARHE AT E, BAEMT: 1) Bk
YRR P SO RE BEACI 5 s 2) pH B AN H S ORI ) 250
K¥Z S 1 BILBNRIRIG, 430 A pH vHHT L 3 284000 5E 5
3) AHRSERHAEKRERRENE; 4 HiEes
55y AERM A ICESHAINE, 448K NaOH K& -
KGRI, AWK A NaOH &/l — S8 pith taik
WEs 5 THEAAFE S WA ECR AR H0E e ,
TSR R NH,OAC 3 - K MEE FEVR I, A XU R
F 0.5 mol/L 1] NaHCO, Z#E-4HBR Pt kil g s 6) &k
WP G 3 & 2K A ICP-AES ¥ElE

2 R REATIREIEAEM BRI ER IR

2.1 S EREARSMERF ARTHE
2.1.1 By

RIESEE R (USDA) i3], 2 BT
BRI RL T 2 B0 591 66.11%~71.64% Fl 28.49 %~
33.23%, FARESENT 1.0% (K 2), IEFHRHE%
EEERTH () RFELSFEL, HEK SR
+ 2R BEER NG AR K. B AR B LR
B, GERESE, RIFSLBREAE, MR IRIERE S5m0,
WLk A /b, RIRFLER K, BRI KA 55
N, Bk A E K, EARKARIERE SR, kgt g
FR AR R, BRI R, ROy HRAR ) 0,
AJ 2% BB R A D B R 5 4 R S B E K AR IR
WA S E TR RS R I

100 ¥ kA R HPIron tailings
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Fig.2 Texture type of iron tailings and the soil of control farmland
212 pH/iEL & FF

BT RO ANIE AR K pH B 2 8581 (& 3). £k
R pHME N 8.1, SIEWKHS LEEZRAEE

(20~40 cm BRAPM) o ILPET 2 X EERAEY A K.
RIS, X EAEY) — MROE BLAE pH EN 6.5~8.5 )
dEE ARG KRR B RN Dy e B A AR,
pH EFFA L RAEMRIAEKT R, HEE (EC) &R
FIEM K EGR R, SRR SENFIERN
174.38 uS/cm, KT IEH A H 0~80 cm &2 HEKH T
K, HIEHEKHE80~100cm MHESFRLEEER (K4,
3 SR T 2 000 pS/em B A2 WHEY) A K AN B
A T R MO T R R K L T e N TR AR K
LA RAE
9 A K3 X )

Suitable zones for plant growth

"Aa a0

pH1H pH value
~

N N N N N S
& ¢ ¥ ¢ 8 & S
Y é\& » » S &
LN
\QQ

X HE Ak H 2 Soil layer of control farmland/cm

W ARVNEF RN A EELE 0.05 KF FEEREER, FH.
Note: Different lowercase letters indicate significant differences between
treatments at the 0.05 level. The following is the same.

B3 4ka RAFast R @ L3 6) pH 1A

Fig.3 pH value of iron tailings and the soil of control farmland
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Fig.4 Electrical conductivity of iron tailings and the soil of control
farmland

2.1.3 AHARK

BRET R WL & RN 2.03 g/kg, T IE % A4S H &%
EAEOEYRS B ST 10 gke. 1EHAHHIERA
BILJ5R 25 2 B 1 T R R 3G g 9> (3R 1D o ARE 4 A
TR A R MU 4 bR, IEH R H 40 cm LA
WYL SR =R, BT EAKE, 1 40 em
PUR B3 UR & YA, 8T SRR K
B B RIENUR & AN H, R T IREAKTE. F,
P AR R E B - R pRL R B A ALAE .
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Table 1 Organic matter content and grading of iron tailings and control farmland soils
SUH Ttem B }%M X} B4 I + 2 Soil layer of control famland/cm
Iron tailings 0~20 20~40 40~60 60~80 80~100
A HLF 75 Organic matter content /(g-kg ') 2.03+0.06e 21.13+0.08a 20.83+0.35a 15.19+0.06¢ 17.31+0.04b 13.67+0.30 d
4344 Grade N = =t WE4 WE 9%
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xof 4 B R R R A bR e, Bk RO
R AR, aW. ERE . EREAE BN S &
AETVIZ. VIZ. V4. VIZ. 1 HMVIZUKT,
Praxish, HRFSEBHWEMTERKHSZE -

AN S E (B S . BIAKRE, IEHRHTER
ER AW TR E NG RS EAR AR, A
HEAH S BN R . AT RSRERY, L
TR X IR E R AL Tk R D B o A RORE
LR,

L4 51364 Clasificaion standard 1.6 FUT— 30 1. a
. a 16-2.0) 11(15-2.0) o b = ﬂt%hssmmmﬁfﬂi‘frﬁ, = Pk
I + 7‘ I (1.0~1.5) V (0.75~1.0; en Z;? 0. V (0.4~ i standar
an 1.2 b \r'<(u.5~u75) L\]:(g;l ' < 31‘10020»00‘43)) OIE.U\‘SZO,M ,ﬁc 25 : ?1?'(‘25) 77 a A 2
4 &0 R 11(20-25) V)
5 1.0 fF () <m/ 1.2 én TM(15~20)
= d = a 20 IV(10~15)
= % d = = 5~
508 7 Bl i 2 wes
£ 2 08 g 15
E 06 2 &
El / o s 10f b
S 047 £ 04 a a s
® £ A £ s
& 0271 e B bt
2 H H
0 0 0
Fe ® » & & & Fe H » & & Ve H S S
% N ¢ ¢ ¢ ¢ N
PSR SRR eV Yy ¢ é@{\@% Yoy Y ¢
G & & & o
& & &
< & &
X Bk B -+ 2 Soil layer of control farmland/cm X A& B 1 2 Soil layer of control farmland/cm X A& B 1 ZSoil layer of control farmland/cm
a. B b. 41 c. A4
= a. Total nitrogen b. Total phosphorus c. Total potassium
0 = ~
T 0.08 a Rkt ep 0.0025 Kbt Ty 015 a 4yblE Classification standard
= Classification standard =2 Classification standard ) 1602) 110.15-02)
7 0 a >
§D 0.07 b ‘I::Oolzlaé 5 g 00020 7_ b ;5‘0%«;42)04) & s 101(0.1~0.15) IV(0.05-0.1)
-0.12 2 0. - = 0.12 /(0.03-0.05 VI(<0.03
£ 006 b [ e £ - CET e
= V(0.03~0.06) = V(0.003~0.005 7] C
g 0.05 VI003) § 0.001 5 \,v:(r:u.oig) ' E 0.09 d d
N =}
= 0.04 e s N
L —_—
:; 0.03 § 0.0010 ® ¢ .F::E 0.06
= 3
= 0.02 S z
El ;;; 0.000 5 = 0.03
Z 001 g g ¢
£ o= § 0 5 oz
= N N S \} \} &N N N\ \} QS Q : N N \ Q Q N}
B Y& & & o ¢ N W& > o o NS e & > o o A
G Yy oy & ¢ RS N & ¥ ¥y & ¢
RN & F & &
& & S
$ A ~

Xt E AR HH =+ 2 Soil layer of control farmland/cm

d. TR

X HEAR B =+ JZ Soil layer of control farmland/cm

e. 1 3w
e. Available phosphorus

X HEAR B =+ JZ Soil layer of control farmland/cm
£ R

f. Available potassium

d. Alkali hydrolyzed nitrogen

B 5 ke RAFARRE LRGN SE
Fig.5 Nutrient content of iron tailings and the soil of control farmland
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BRAT RS A o E A AP, Si0,. CaCOss
A1,05. Fe,0;. Na,0O. MgO. Na,CO;. K,CO;. BaCO;,
IR, HF R FHA Ry B £ 85 Si0,. ALO;. Fe,05.
CaO Ml MgO, b4k, i&H /D& K,0. Na,0 J& Sl P4

LR (R . S R IAREERSENEKT (&
98 A 85 o R AR FH M R 3RS g U AR e GRATO )
(GB 15618—2018) T35 YL ik (E . shah, 2k
TR E S S EMAE KA SN MECER, W B,
Mn. Cu. Zn %%, BESSIEHERIEMAK LR SCEEY) SR -

x2 B EOHUFRSRIESE

Table 2 The chemical composition and elemental content of the iron tailings %
B RS B e B S RS E BRI B TS gy RS
Name Content Name Content Name Content Name Content Name Content Name Content
SiO, 67.83 K,0 0.82 Zn 67 As 1.10 Mn 970 Mo 0.50
CaO 4.38 Na,O 0.82 Cr 41 Cu 67 Sr 660 \' 70
Al1,0, 10.56 S 0.03 Cd 0.06 Ni 37 Ba 540 Zr 10
MgO 3.22 P 0.10 Pb 9.00 B 83 Se 2 Co 18
Fe,0, 8.91 Ti 0.26 Hg 0.02 Li 14 Sn 0.50 Sc 17

gL, BRI WKL R R > BN 28.49 %~

33.23%, BRI ES BN 66.11%~71.64%, TTHELHFH &=
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SIHUNT 1.0%, 0] R FH R L 45 R (] FLFR SR SR & 7K
TRIGVERT ;s pH EFNH 5 2 3 BE 2 R 2 BUEMIIAE K
PR, EERSEEET (HERERE A IES
Je K& bR GR1T) ) (GB 15618—2018) )+
B Je ARG TR, AR Y. BB SR Fi,
B RS F RAL it R 3 A R AT AT IR
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TR RS EE AR T T R, AR B AT
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A EMBE AT AT . HEETE Bk S 25, 8
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P 3 H I IR A B . R AR RN [ 2 IR iR
BAFBIRE, A LRI b REEAFRMER.
DAL, A b g8 ) R R B LR R 22 e, PR AR
AThEE, Mk s BRI,

HARES R3St 3 AN EARZHNR (E6),
BIRLZE (ABE. L1E (BE) MEFHE (CRE),
REENFE “BHEE”, AYU I R K TR 1%
By R TRERH TR, B B
JRENMF LZE T, s TIEAy R, 3N

SRR

Basic concepts
H AR e T R
Schematic of the natural soil profile

b e ] PRI
PR x+

ERIE I
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FIEA R

Construction material

DXARILR
Regional status

RtBR [
AR YRR |
System for
reconstructing BT R
profiles
%+ [ ik iz

“Cppgpr POMIgpaE, SRR QU MERL SR <R A
O A CLHEOCRET 2 NS, WELE BIER T
8 ) 1 A AN RGBT R E I 2 R,
BRoEa B e T SRl 7 AR AR S S, e, Y
BAEBA” RHE S LR P E LS
FHR LR E R RAAAHEAEH . AFAESAR L EAE
KB . AR A IS 55 T TN R A AR K
MEERAEARMIEHR. NLEESAKE (B 6,
ARREMAKREEERET R LZ, KN ARHGR
gir, HESBRmfaIR. ERMBEMEKE, 5
TAEVMR R A KAE RN B Z /5 E NN R 524t
FIGHR AR T KT IR, R W EKE,
CE— MRk oy L3, 1 (a3 4% .
RIS LR R D e AR A R A S B
BRI, ROCH R RARAE BB R LR,
— L R R I - R G I B A T R RN AR 7 g i BT,
AR ERRESEZRBOR, ThaEsRA M. W LKL
BOCHREEAA 3R D REJR, HEWBCVEAINR:
2) EKE, HA—E FE R ROK R KR & A b=
3) WEKIZE, B pKokiE . A R LR e
Fo VLB RN, ISR E T L EASAIL,
MR R IE AR R FER DY Re AN F e L3 oCs 2, Wit
AN 30 T A Y I A

ALJE (ARG EKEAHR KL E &

HRIGER, RHER S TR REK)

B2 CAEIAR AR 8] LUK Kk
g EIR, (RERIR R REWILER)

CHJR (MARZEEMA LI, T+
BIRZENL, AR RS 4%)

L BAESB (3% LHR4T711E )

Niche of soil layer (modified from reference [47])

fEdEK
K

TR
T&

AR IUR

Current status of farmland

SN

8t tEpy

“HE-RD-R e TR IR

Schematic of the “loamy-sandy-clayey” soil profile

6 4k BAE 3R 3@ e EAAE TR
Fig.6 Schematic diagram of the mechanism of iron tailings as a soil profile construction material
FT UL ERMPES, RS ER, TRXCR FHEMRL, SREKEREE B, EWERKEK,
ORI DAB Oy T, CVE R R R RS AT E R T . KIEN RS R EMEE . D R
B AR B R E R (L 10~15em), HoARHL R LEMELE, BTHEE: 2 ERRV REK
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Fig.7 Schematic diagram of the technical model for constructing profiles of reclaimed soil using iron tailings
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Mechanism and technical mode of "loamy-sandy-clayey" soil profile using
iron tailings

JIN Wenjuan®, BIAN Zhenxing®™ , WEI Zhongyi' , DONG Zhichao® , QIAN Fengkui® ,
OUYANG Zhaozhuo? , DAI Huimin®

(1. College of Land and Environment, Shenyang Agriculture University, Shenyang 110161, China; 2. Shenyang Geological Survey Center
of China Geological Survey (Northeast Geological S & TInnovation Center), Shenyang 110034, China; 3. Key Laboratory of Black Soil
Evolution and Ecological Effect, Liaoning Province, Shenyang 110034, China)

Abstract: Iron tailings and wastes have been generated by a large number of iron ore mines in the semi-arid ecologically
fragile areas of western Liaoning Province in China. The resulting environmental pollution and the scarcity of soil sources can
also pose a serious threat to the reclamation of abandoned mine sites, such as open pits. In this study, the large-scale
agricultural resource utilization of iron tailings was proposed to construct a reclaimed farmland soil profile in the western
Liaoning Province, China. Specifically, the iron tailings and wastes were also used to fill the mining pits. The iron tailings and
normal farmland soils were collected from the same region. A series of experiments were then carried out on the basic physico-
chemical properties, elemental content, and utilization feasibility of iron tailings. According to the theories of “the niche of
soil layer” and “the critical layer of the soil” , the function of iron tailings was explored as the soil profile material. The
technical mode was constructed for a highly arable farmland soil profile with the structure of “loamy-sandy-clayey” suitable
for the semi-arid climate characteristics in the study area. The results showed that: 1) The sand grain content of iron tailings
ranged from 28.49 % to 33.23%, while the silt content was 66.11% to 71.64%, and the clay content was less than 1.0%. The pH
of iron tailings was represented by the weakly alkaline. At the same time, the conductivity was fully meet the requirements of
crop growth. The heavy metal content was much lower than the national standard of Soil environmental quality Risk control
standard for soil contamination of agricultural land (GB 15618 -2018). It was also rich in the beneficial trace elements required
by crops. Consequently, the iron tailings served as the reconstruction materials of the soil profile. 2) Iron tailings were utilized
as the sandy structure with large intergranular pores for water storage. A soil moisture retention layer was constructed to form a
soil profile configuration system from the top to the bottom of "loamy (topsoil layer)-sandy (moisture retention layer)-clay
(water barrier layer)". As such, the iron tailings were used to store and preserve the water and moisture for crop growth in the
semi-arid areas. Meanwhile, the iron tailings were mixed in 25% amounts into the clayey topsoil, in order to increase the
thickness of the tillage layer with the better soil texture. 3) The specific construction was to make full use of the waste rock,
iron tailings, subsoil red clay, and stripped topsoil produced by iron ore mining. A ‘loamy-sandy-clayey’ soil profile
configuration was obtained with the “large rocks with a grain size of 20-50cm (filled up to 1m from the surface) - crushed
rocks with a grain size of 4-6¢cm (20-30cm) - red clay (20-30cm) - iron tailings (20-30cm) - stripped topsoil (20-30cm, mixed
with iron tailings of about 25%)” , in the order from the bottom to the top. Four reclamation cases were selected in Jianping
County, Liaoning Province, China. Therefore, the area of cultivated land increased to solve the ecological problems caused by
solid waste accumulation in mining areas. The quality of farmland was also improved to increase the yield of maize by 705 kg/hm’.
National food security was maintained to alleviate the contradiction between mining and agricultural land. The ecological
restoration mode can be applied to similar iron ore mining areas, according to the regional conditions.

Keywords: iron tailings; soil reconstruction; soil improve; soil profile; principle; ecological restoration
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