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Modes of occurrence and pollution risk of heavy metals within the carbonate-
type tailings of the Huangshaping Pb-Zn ore district, Hunan Province
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Abstract: Pollution index has limitations in assessing the pollution risk of heavy metals in the carbonate-type
tailings (i.e., carbonate-rich sulfide tailings). In this paper, the authors probed into this problem by investigat-
ing the carbonate-type tailings in the Huangshaping Pb-Zn ore district. The study included the modes of occur-
rence of such elements as Zn, Cd, Pb, Cu and As, which included tailings profile structure, distribution of total
values of elements and water soluble fraction, combination of secondary cement/lepidocrocite and elements, and
mobility (water extraction percentage) and pollution index of elements in the tailings. On such a basis, the au-
thors have reached the following conclusions: @O A layered (banded) structure has developed in the tailings,
which exhibits the order of strong cementation layer/hardpan (moderate brown, oxidized/acidified) — weak ce-
mentation layer (yellowish brown, sub-oxidation) — sand-like layer (olive gray-gray green, weak/non oxida-
tion) from the surface to the deep part of the tailings; in addition, the elements are concentrated in the hardpan
and weak cementation layer; @ The cement in the tailings consists mainly of lepidocrocite. The difference of
binding force between lepidocrocite and elements may affect the stability/mobility of elements in the tailings; @

Due to the high mobility and pollution index, zinc and cadmium are the major pollution factors; therefore, pollutions
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of Zn and Cd should be especially prevented and controlled in the mining site. Arsenic is regarded as a minor pol-

lution factor, as it possesses lower mobility despite its high pollution index. Lead and copper have less impact on

the environment, because their mobility and pollution indices are low. In conclusion, the combinational analysis

of the pollution index and the modes of occurrence of elements can help avoid the limitations of the use of the pol-

lution index in assessing the pollution risk of heavy metals in the carbonate rich sulfide tailings.

Key words: carbonate-type tailings; tailings structure; secondary cements; heavy metals; mobility and retention

of elements
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Fig. 1 Layout of tailings reservoir of the Huangshaping ore

district (Google maps)
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Table 1 Characteristics of Huangshaping tailings profiles
FES EE/em B AR5 RN
A

THS1 10 P, S YR 3/4  IRETEEIMLZE, 20 em JE
THS2  20~40 T #H#E, 10 YR 5/4 95 108 &5 9 IR
THS3  40~60 IKHHIT, 10 YR 4/2 GRS N
THS4  60~80 FIE#I(, 10 YR 4/2 59 4 IR
THSS 80~100 IKHHT, 10 YR 4/2 CE)EAPUYAEIN
THS6 100~120 HMEAKE,5 Y 4/1 [/NHETEIN
THS7 120—~140 MM (5,5 Y 4/1 [NTSUEIN
THSS 140~160 HHHi#te,5 Y 4/4 FA B IR
THS9 160~180 kMMt t,5Y 5/6 FARHRAR
THSI0 180~200 ¥kMiMikta,5Y 5/2 [/NHEUEIN
THSI1 200—~220 ¥RMBiK{h,5Y 5/2 FA TR IR
THSI2 220~240 4K f4,5GY 6/1 A B IR
THSI13 240~280  ZRKf4,5 GY 6/1 s IR, Vi
HIT B

HSI1 7 P, 5 YR 3/4  IREHELZ, 15 em B

HS2 20~40 K, 5 YR 3/2 §9IR 4 R

HS3 40~60 KA, 5 YR 4/1 95 158 &5 9 2R

H4 60~80  AIHIT, 10 YR 4/2 FA TS IR

HS5  80—100 ¥R#E#(,10 YR 4/2 AR

% fR# Rock-Color Charts Munsell(r) color chipse

FH I 285 Al i — 559 J 4 8 J2— R U S — R 7K R T
WO AR Ak, AT e 4 £ — 35 4 8 — BIOHE Ak (2
LRI A S R B A AR A e WA A A
) AR AR RS R K T I, TR RR
AR CREAD BIDIRES
3.2 BUHESESERHEXM

WYL EE R S m e R, A E
[P 4 3 B B R MK IR ZnA~As>Pb>Cu
>Cd, Zn~Cd~ Cu 1 Pb 7% & A2 AR B/ (A R
$0.35~0.47), 1M As & &2 B E K 1L R %
1.23), R As BATAB S (R 2D 5 =4 H bR
CHEI IR RS, 1995 A0 EL AL, AT As P 3@ b 2
MY, PbyZnCd P H bR 1 DNEE YL, Cu 1°F
Y5 o hR e BT

RV ESESEYS pHEYW R MM S
Fe,05(Fe ™, o 8 5 R (A AL FE B 95) . SO,-S
(BRIR A, I 2 5 R0 1 HyS0, A X%
R RS, PP AsvPb 5 Fe,O5+ pH~ SO, -S A%
PECIE O T B B (383D . IX R W Bl 5 AL/ R 1k

F2 HEHIPHEFTES (wy/% ) pH ESHTMIKE R
Table 2 Analysis and test results of the tailings composition and pH values
FE5 Zn Cd Cu Pb As Fe,O3 SO,-S! pH{H
A
THSI 0.34 0.0013 0.050 0.32 3.03 49.13 3.94 3.39
THS2 0.92 0.0037 0.104 0.42 0.75 34.24 3.58 5.04
THS3 0.52 0.002 1 0.057 0.23 0.22 20.95 1.94 5.91
TH4 0.73 0.002 7 0.060 0.24 0.33 23.41 1.84 5.84
THS5 0.87 0.003 3 0.084 0.32 0.87 28.21 2.50 5.69
THS6 1.07 0.004 2 0.083 0.19 0.40 20. 04 1.92 6.22
THS7 0.73 0.0029 0.067 0.18 0.51 24.02 1.52 6.01
THSS 0.27 0.001 0 0.031 0.13 0.29 16.22 1.68 6.63
THS9 0.40 0.0015 0.034 0.17 0.33 20.98 1.94 6.57
THSI10 0.35 0.0013 0.051 0.16 0.26 20.34 1.35 5.79
THSI11 0.28 0.001 1 0.040 0.14 0.19 18.14 1.19 6.34
THSI2 0.27 0.001 1 0.037 0.16 0.30 19.01 1.02 6.78
THS13 0.25 0.0010 0.021 0.18 0.24 16.66 0.75 7.01
HIH B
HSI 0.67 0.0027 - 0.37 0.37 40.08 2.90 4.66
HS2 0.47 0.0019 - 0.23 0.30 31.57 2.56 6.20
HS3 0.39 0.0015 - 0.19 0.30 26.49 1.43 6.46
H4 0.38 0.0015 - 0.24 0.35 35.95 2.22 5.83
HS5 0.68 0.002 7 - 0.20 0.23 18.74 0.81 7.37
EHME 0.53 0.002 1 0.055 0.23 0.51 25.79 1.95 5.99
b 2= 0.246 1 0.0010 0.0233 0.0793 0.6335 8.8531 0.8612 0.8935
Ak R H 0.46 0.47 0.42 0.35 1.23 0.34 0.44 0.15
=R L bR UES 0.05 0.000 1 0.04 0.05 0.004 - - >6.5

e 1 SO,-S MBI S & i PR R KL = brdE 22/~ 3 LA TR AR HECE R IR 1995).
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Table 3 Matrix of Pearson correlation coefficients

Zn Cd Cu Pb
Zn 1
Cd  0.998 1
Cu  0.913 0.919 1
Pb  0.497 0.508 0.711 1
As  —0.003-0.014 0.146 0.464 1
FeO; 0.133 0.141 0.409 0.775 0.711 1
SO,-S' 0.325 0.326 0.582 0.830 0.684 0.869 1
pH —0.179-0.176—-0.433-0.726—0.777-0.871-0.878 1

As  Fe,O; SO,-S' pH

e 1SO,-S AR R S & i .

3.3 BHHEEENESE

R A H R, Bl A S R AR AR B
H5RCRY Fe, Oy F1 SO,-S 7 f 44 il pH E FEAK), Zns
Cd~Cu~Pb S As sk B T 10 i il A 135 3 R R
i THS6 ~THSI, & 2); [AlFf, BB TcRKIKAS
T BN ARSI G KR 4. EeEoT
IR E AR AN B A R AE
FHBG 5 A O, 1M HL I mT 68 55 2% 5 A7 e 45 W 10 kB A
5 TRk o B IR e 8% A R T i 3 g 4 22 1) T il o
RN I e &5 )2 T AR O A 4 s ot # It
(sink)”, X EEAL R T (0 3 42 vk AR 4 e AR B
{EH (Blowes et al.» 1991; McGregor and Blowes,
2002)-

FERAT T P R g6 2, R R F
RIKAER P60, 25 L GREROR, IR LR (B 205 IR 45
WIAE RN UKL R I A T 25 (Bl 2b) o R A
THREF TR, G £l Fe-O Lo, IF
HEH AsZn BLI PbaCuCd %5 (] 2¢.2d). 5
TR &5 2 R g vy T B 2 A b ) 00 3R R i CFE
THSI, &£ 2DAHIE, &% 7o 2= & E iR,
v Cd 2 NMEE S, P Cu ¥ 1 NGRS Zn
il 2 s As BUBUIK (A LLAE 2 2 N BT As %
AR R 20 B 2d, 3R 2D, BoR R E
&8 TEE T IR Fe-O RG22

Table 4 Water soluble fractions and water extraction

percentages of elements in tailings profile A

IERE TR 7n Cd Cu Pb As
KA (wp/1079)
THS1 887 0.72 1.12 17.1 630
THS2 254 0.34 1.14 13.2 16.2
THS3 9.5 0.1 1.07 8.1 4.18
TH4 11.8 0.046 0.82 8.67 3.41
THSS 34.9 0.12 0.85 8.48 7.3
THS6 22.6 0.11 1.25 10.1 6.43
THS7 13 0.081 0.84 7.28 4.6
THSS 6.02 0.049 0.93 6.55 4.73
THS9 8.63 0.05 0.95 8.65 6.23
THS10 6.45 0.039 0.73 7.8 4.28
THSI1 5.29 0.028 0.93 7.77 2.59
THSI12 5.58 0.039 0.81 6.13 2.57
THS13 6.03 0.033 0.56 7.75 1.99
FY¥ME 97.8 0.135 0.92 9.04 53.4
0y 2 247 0.194 0.19 2.99 173
KA ELZE (EP/ % )
THS1 25.9 5.55 0.22 0.53 2.08
THS2 2.74 0.91 0.11 0.31 0.22
THS3 0.18 0.48 0.19 0.35 0.19
THS4 0.16 0.17 0.14 0.36 0.1
THSS 0.4 0.36 0.1 0.26 0.08
THS6 0.21 0.25 0.15 0.54 0.16
THS7 0.18 0.28 0.13 0.41 0.09
THSS 0.22 0.49 0.3 0.5 0.17
THS9 0.22 0.34 0.28 0.5 0.19
THS10 0.19 0.3 0.14 0.5 0.16
THS11 0.19 0.26 0.23 0.54 0.13
THSI12 0.21 0.37 0.22 0.38 0.09
THSI13 0.24 0.33 0.27 0.42 0.08
EIME 2.39 0.78 0.19 0.43 0.29
Ji 7% 7.10 1.45 0.07 0.09 0.54

EP=JLEKHES TR/ IUE BT E X100,

AR 5Ot W U 5 8 B XTI o i 4 R 1 e
VL PERY P Fe-O I 45 W) 12 B0 80 (y-
FeOOHD, J& T & 7K i 848 4 # Chydrous ferric ox-
ides, HFO)o I AWFFER W, HROCUI T8k 47 41 8k
B3RS AsvZn PbCd M Cu SR 45 15, (H L4
GIERAAE, B As 7] LOSUA XU 8 G P8 2
JEN HFO M éd A 858 (Jerzykowska er al.» 2014),
HFO 72 Pb** 1 20 B 71 (Rahimi ez al.» 2015);
[lii2 USRS S AN TR ZN W A AR R e e e
HFO H (Jerzykowska e al.» 2014),Cu?* #E HFO [
KA 1N J2 24559 CGinner-sphere complexes) ( Peacock
and Sherman, 2004). 1 5 2, AssPb 5 HFO [ 45
 JVBUR, T Zn(CdD ~ Culs HROM 46 15 J WA
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b EIETER (%)

A 0 Si S Mn Fe
T1 4537 0.24 0.99 0.33 5151
A As Zn Pb Cu Cd
Tl 1.21 0.35 AEH  REH RGN
FTEA: 100%

d BFHRHMHER (%)

=S (0] Si S Mn Fe
T2 il 0.30 2.98 0.64 5175
T3 il 0.22 1.63 0.74 5203
T4 il 0.39 1.35 0.73  48.44
FHfH v 0.30 2.00 0.71  50.74
TS As Zn Pb Cu Cd
T2 1.55 0.87 1.67 0.17 0.20
T3 1.80 0.71 2.02 0.05 0.05
T4 1.70 0.70 1.35 0.06 0.18
FHE 168 0.76 1.68 0.18 0.14

K2 R RS AR B o o i
Fig. 2 Modes of occurrence and component of cements in the tailings
a— A B AR R RE D, R TR R R A0 ) CAF R DAL ZE 2 R BRR, 7 Sk Fi ) BE RS 0% T b—a A T1 BERS AT 45 s o—
o WA BUR O R, R BURL R OB IR AT ) CRIR DG, T D CBL5EDE5 K, Sk 3 e 1] FL P BR T B  25 T2 T3 F1 T4
d—c TN AL T2 T3 M T4 W 7R i 5 21

a—field scanning electron microscope image Coriginal sample), tailings granules encrusted by flake secondary mineral C(lepidocrocite) » forming pom-

pon shape. The arrow points to point T1 of energy spectrum test: b—the result of energy spectrum test at point T1; c—electron microscope image

(polished section), tailing granules (gray) are encrusted by secondary mineral (light gray), forming rimmed texture, and the arrows point to point

T2, T3 and T4 of electron microprobe test; d—the results of electron microprobe test at point T2, T3 and T4

550 ASLCHTR IR K, W R T As.Pb 5
Fe,O5(Rl Fe-O B &5 W)/ A2k 14 AH O% 1k 5% A %
B9, 1M ZnsCdvCu 5 Fe, O3 WISRMPERL 55 (K 3D,
LA IREM S AR TR & Mz R, 1T
S TG AT AL R T AR E P TR
3.4 BEHHESEMNIBMERETETEMN

PN 4 i o0 2 IR A T U AR KA )
A IR R A (A A S S A & S
BT ENAS AL G EMBAY L A8 Kk

BEFTEA, R u R MK, S0 KM E 1
R AT, FGE Ak i, 2 5 M Ll PR B 1 E AL
IS & (Dolds 2003). F, HEICRMI/KBESE
AR ZIC R KR A B TS E o L, BRI K
R EP AL, 0] R W% 2 T B Pk S RS RLN

MR B H T A B EP P 34E KNI (R
SOHEWT, BV PP AT (1 = 5 Je R 7, RIS M o
BRI K ICE N Zn CACo BHE 55 1 128
20, HARAMKIR K Ph As S Cue SR, LAHI AR TG 5
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P M 25 i Bk R A A S R B, BT A LA
5 EP Mg RAAEER (R 5. X EERIAE,
IR 3 R EREOEANG As 1A E BTG R T (R As
(R FE B 35 KD, 10 Zn WIHEAZ T Cd 85 Pb 2 5, AT
BB G RN 1. MRS, WA B E
GBI RIE T CEP D) I VEA 25 B8 o0 5 5, I
@ WiHrSCHTIR, RAE VIR As SRR, 2
T As TER T B3GR AR (As 5 IR B 45
WA I 4 0, B A B, JLRR 5 e T
AIRER/ND, T RAT T Zn A E &, 1 AT B i 1
SR(Zn 5 R M 45 A RS, B KD, HR B
BN IRAN ] N CE T 2258, 2009 41 K55, 2011);
@ FEALFE TV IEAE P11 3 W& T8 B REAT DX, B TR 4k 7Y
AR E ARG R BN Cd Zn(Ph) V5 B (il R 77
85,2013,2014), M E WL As V5 eqiE . A, BT E
W72 Ah, RS EP AR N I8 B VEAN 5ot
AT HZWAF R T A —m g R, B Cd 35108 5
215G, Cu BIF R 2R 5 ¥5 Qe 7 Cevg 44, Ph
BATH 3.4 1512 A1 (K 5D

x5 BAPTFREVESESRITNEREHE I
Table 5 Contrast of heavy metal pollution indexes (average)
P TEER Zn d Pb As Cu
IR EP/ % 2.43  0.819 0.42 0.278 0.192
W R BUREL L, .72 274 1.3 533 -1.5
WD B TR HLP 10.8 209 4.37 148  1.39

RS EH AN TR E 628 21.8 1485 6.92
Lo Muller 55(1969); Pi—#i LLLHEAE(2007); E'—4# Hakan-
son (1980),

10.8

LR LR, X T eV PR IR S R R
Qe PP, BEE5 B Ou R B i, [ I th 225 B ou &R
LA AR 00 &, S R A IR S TR T
FOE WA R o A5 0T DX R #h 2 A HEAT PP AN I
A G R AR L 2R B K G AR G, AT RV
s FEBLIEA 2 B, SRV XA B 285 BN 1o
2, FREATREI S 28 B oo = A # & B, SR
RV LR 7 IoR M s I8 5 Pk L35 i A
B 0 B VPO A R BT I B IE, 4 REAS BIAY
PR TP

P PFRR IR BT AT R R G IR 4, B
RILEEAL = P, AL/ IR AL D — b R 55 e 45 =
R 0, RO TR IR A 2 CHIRE A 2 K 1, 59
IREA) . TR AL RA P R4 = E R
E ey L RV P /R S SRR R TN A R 7R
B e @ oe s 8 & 21, s R 4
JeE R REE T IR

PP Zn. Cd 1075 G485 B G # i
KPR B i, e T2 B G IR 1, W 3 o B 445
As 105 G55 BB B (H LIRS 3 PR AU, D Ik
T5 3¢ 15 Pb Cu 1995 e i BN/ 8GE B 376 1k 24 ¢
%, FLABT R n] BERL/D o

X IR M R CH YRR R ) I B s v G
JEBS, 2007 B8R Ge 47 WM o0 R AR HEAT 25
BRI ARG RedR Bk (o 2 55 ) 347 1 Lk
PRAT A b FREE N B ROu R N T AT TR
PEATE RS T CREIN S ST 0D, SR R P £ 0 1
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WA IE , LRI BN A B PP 4518
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