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Distribution and mobility characteristics of lead in critical zones of
black shales in Western Hunan
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Heavy-Metal Contamination and Ecological Remediation, Hunan Normal University, Changsha, 410081, China)

Abstract This paper reports the results of a geochemical study on the so-called black shale critical
zones by analyzing the concentrations of major elements and heavy metals lead and others in fresh
black shales, weathered black shales, and soils derived from black shales of the Lower Cambrian in
western Hunan province of China. The results showed that the black shales in this area was relatively
rich in major elements SiO,, Al,O; and Fe,0;, and heavy metals Pb, Zn, Cu, Cd and others; and

depleted in mobile elements in MgO, Na,O, and K,O and others. Concentrations of Pb in the black
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shale critical zones varied from 2.3—80(mg kg "), suggesting Pb was heterogeneously distributed in
the rocks of the critical zones, and the enrichment of Pb in the critical zones was insignificant
(EF<1.5). The enrichment degrees of Pb decreased from those in the fresh black shales, to the
weathered black shales, and then to soils derived from black shales. Results of the mass balance
calculation showed that Pb and other metals that were enriched within sulfide minerals of the black
shales displayed a strong mobility, for which Pb and other metals were released form the critical
zones during the oxidization of sulfide minerals (e.g., pyrite), with release proportion in average of
—21.9% (n = 36). Moreover, Pb and other metals were further strongly released out from the system
during the pedogenesis followed the weathering processes, with a release proportion in average of
—29.8% (n =36). The release of Pb during weathering and soil formation processes was associated
closely with the low contents of CaO in the black shales, because such a low concentration of CaO in
black shales would hardly lead to the neutralization of the acids produced during sulfide oxidization
during weathering.

Keywords Dblack shale critical zone, major element, process of rock weathering and soil

formation, Pb mobility, the western Hunan province.
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1 MRS 7 (Materials and methods)
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Fig.1 Map showing the distribution of the Lower Cambrian black shales in Western Hunan

(modified based on existing research®'**!)
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Fig.2 Photos showing the weathering profiles and sample locations in the field

a and b are the sampling points of Meicheng in Anhua and Huaihua in Chenxi respectively
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TCE S ATAE T E RSB ) M IR Ak A 0 52 T [R) 40 28 b Bk A2 B 8 o T S & e i o, i T
1 PW2404 B X 5 2658 56 53 BT AL (XRF) $EAT 43 A1, A i A B2 07 0 35 40 A A B 46 5 L SR
[2,16].

fi i T 2 /3 BT 7 Perkin-Elmer Elan 6000 7 %5 25 1 5t i (% (ICP-MS) [ i#£17. 40.0 mg ¥y K FE & T
Telfon A 2545, il 1 mL % HF F1 0.3 mol-L'HNO,(1:1), #H I 4R % J5 Tk 28, RI5
A 1 mL ¥ HF 1 0.3 mL HNO;(1:1)F 100 °C F 2 £ n#k 7 d. £ 525 T )5 Fi 2 mL HNO5(1:1) 161
24 h J5 25T, in 2 mL HNO, (1:1)iFf#, SR)5 H 1% 1) HNO; ¥ #E i B2 & 50 mL 258, /il Rh N g
Wi, LA 1% HNO; Fi Be#5 ICP-MS 23 #r . TAFE 441 RE ZhE& 1000—1100 W, AL 48 7 1.14 L-min™', %
B RGEASE 15 Lomin !, BBV 1.2 Lomin ', B85 8 E 0 A sh B A, 3657 2 Bk, Bt
6] 100 ms, JEWFR 10x107°, FHFRAERE GSR-3 FEAT 7 YCFATINAE , JC K4 HHS B (A b vfE s 22, RSD)
INF 5%.

2 ZER 54718 (Results and discussion)

2.1 FHILER

VG 8 40 S S SR B i JR (5 5y | WU TR (0 0 R (0 U 3 B RO R T4 R Gk |1
7.

R1OMPER G TUR SCHA B XU 6 DU K 3 TR (%) M R (mgkg ™) A i o4 21

Table 1 Statistical results of concentrations of major(%) and trace elements(mg-kg™)in fresh and weathered black shales
and the soils derived from the black shales in critical zones of black shale in western Hunan

i B TR (n = 49) R ETE (n=36) BETUA 13 (n = 36) GES
- Fresh Black Shale Weathered Black Shale Black Shales Soil Background value
LR e e " b TR
Blement UM BOAM 90 SMIL ORI A0 BUMI BRI | LISt dbestE T
Min Max Mean ~° Min Max Mean ~"’° Min Max Mean -~ ° UCC2 NASC® CASET
SiO, 522 8141 6347 3694 2247 7733 6530 18.68 5595 8539 70.68 9.50 65.50 64.80 65.00
TiO, 0.04 083 039 5085 0.17 086 058 37.68 028 1.14 082 27.87 0.65 0.70 0.72
ALO; 1.58 1548 8.00 4508 408 1753 11.96 3298 441 2096 1193 31.87 13.65 16.90 12.60
Fe, O3 0.62  11.13  2.79 8031 1.14 3744 740 9886 3.01 7.85 534 2630 5.35 5.66 4.60
MnO 0.00 0.01 0.01 5190 0.00 022 0.02 21196 0.00 0.10 0.04 5993 0.10 0.06 0.08
MgO 0.61 4.69 146 76.87 0.17 450 129 5887 025 6.03 1.11  83.54 2.52 2.86 1.80
KO 041 450 221 5136 0.08 418 263 4873 046 434 211 34.62 2.58 3.97 2.50
CaO 0.06 4526 656 23648 0.07 1893 1.87 25249 0.08 044 0.17 47.60 3.31 3.63 3.20
Na,O 0.10 034 013 5321 010 0.11 0.10 287 0.09 023 0.13 2420 275 1.14 1.60
P,Os 0.02 040 0.09 9893 0.03 1.90 0.27 169.68 0.07 0.51 0.16 62.86 0.15 0.13 0.12
LOI  6.10 41.18 1453 7445 386 29.01 833 6733 490 1063 7.16 20.06 0.91 3.28 291

SBE 99.64 10001 98.63 034 9934 100.12 99.75 023  96.56 99.99 99.66 0.56
Pb 231 8023 23.85 61.80 13.07 54.58 25.68 32.08 21.34 68.57 33.03 2656 18.00 20.00 23.00

Cu 436 260.60 38.62 111.85 6.56 366.40 85.73 108.58 28.40 124.70 54.94 4385 32.00 25.00 24.00
Zn  11.62 2352.10 136.68 242.55 46.55 34220 107.97 59.74 29.30 227.00 101.67 41.73  70.00 71.00 68.00
Cd 0.07 1044 1.09 21041 025 3230 237 259.06 0.17 126 054 4729 0.079 0.30 0.09
ICcv 069 6010 8.00 18.00 0.65 1030 1.750 226 0.62 3.13 089 039 1.77 1.46 1.56
CIA 5250 76.40 7230 7.00 7480 9630 79.80 499 7630 8580 8140 253  53.55 67.74 61.25
WIP 11.20 31.20 1820 60.50 31.50 29.20 19.60 73.50 3850 32.60 1630 5590 4145 36.83 31.90
WB —130.00 —=7.70 —29.80 36.40 —26.50 —0.44 -8.82 584 219 880 -—1.15 790 2286 —15.04 —13.48

MR IELOIN & UCC — _FiFel; Hirp, CIA, WIP, WBZEEEAR R FH 43 ALY i BE AR 43 He

The total amount includes the content of LOI; CIA, WIP, WB and other indices are calculated using the molar percentage of each oxide.
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Fig.3 Variation diagram of major elements against SiO, in fresh and weathered black shales and the soils derived from the

black shales in critical zones of black shale in western Hunan

2.2 Pb AR HHE
HTRAT AT, Pb 5 Cu, Zn, Cd S H 4R —EIRA TRV PhY, X e 4 Jm 7 B0 70
A AL TR TS SRS AL T ) 0 S AL A i A RS, AR SO Ik B 4 Tl — B EA T BT KT — Y
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FRAE T A B R DU | WAL R A TS | RO TUA L P SR E &8 S g R g it gk 1
FiE7s. 26 1 A1 UL, BEA0  5 JC T | P & B AR TE 2.3—80 mg-kg ' Z ], 7E 8 . KAk B8 €0 0T 5 1R
s R B AR (CV>20%), H A Fif R A us — KRGS - BETUS 185 Pb &
BT, e B R IK K 23.85— 25.68— 33.03 mg-kg ', {H B (4 514 143 rh Pb (1 & A8 (bt T
R, Cv EHIRAE 9 H 61.80%— 32.08%— 26.56%. 1 W [ 97 BB (0 71 5 — XML 2B (0 0T A — BB (5 151
4, Pb 1A R T AT —.

FFEIX E 48 Cu, Zn, Cd 03 & A i B A TUS | KL TS B A TUA 58 8
i E T AR 638 TUA R RN [ P84 R (I, HA B R A TS S KB R A TS SR A
VU B0 T RAG. (R ff . KL SR i f R G iU IR i SR A8k (Cv (H) 5 Pb AL, &
NABEERATS > KALRBRAIE - Bans B8, ovEB TR, i Cd i) CvEH 21041 45
259.06, P45k 47.29, Ui BIX SEHE 4 i AF A 60 0TS T A W T ARXT ¥ A) . X 5 B A pFgE e 15 2]
45 AR — 3
2.3 BAATUA RS ST TR L

IR AL T KA SR A T A 1 e R 0 A AR R, SR A ST I B
A% R T HR NayO. CaO. MgO. LOI S5 Atk B Hh ARG Ik T &R TiO,. ALOs. Fe,O3. MnO 55 IR
A B R EAAE R, 4 s QAR T S A i B, X BT R RE S WA A R R A AR Ak Y
feEICV (EP, Hat AT

ICV = (Fe,0; + K,0 + Na,0 + CaO* + MgO + MnO + TiO,) /ALO; (D

TR U SR BT i SR B TUA L WL SR A T | SR 0 R ICV R4S gt an s 1. ]
UL, i A8 T 1 ICV HAR L K (FE 0.69—60 Z[H)), HZ KT 1.0 CF# 8.0). fa/nHrfif 7 A 0 W4
B AT R TR U R ICV EAR /N (TR 0.62—3.0 Z[H]), HZ/NT 1.0 (K4 0.89).
FE7R A T e A A R, H A 2 R T AR 3 — . XU BRSBTS ) ICV A K AR
AV A T 2 5 S AR U e 2 ). BR80T SR AR B R A TUA — KB R AT
— BETUS T ICV B TREL, R0 Y& ST &, /L2 it T3 —. SO & 8 651
A WAL BREA US| BATUA F R ICV (H35 78 2A A TUA SCHEHT Y BG4 ks F 1 6+
WG A . XA A0 2 PR AR U ) KA - 1V FH I 45 22,

Ry 7 S BREHT R R AL KA T, 3 AR UER AN T 2 O SR0R B R A U . KU R U |
{0 U SRR B G CTARY, WIPEY, WBE 45 XAk F5 $5 (A

CIA = 100 x [(ALO;)/((AL,O;) + (CaO") + (Na,0) + (K,0))] ©))

WIP = 100 x [(2Na,0/0.35) + (Mg0/0.9) + (2K,0/0.25) + (CaO" /0.7)] (3)

WB =28.8 x In(Si0,) + 16.67 X In(TiO,) + 10.52 X In(ALO;) + 5.62 x In(Fe,0) — 2.01 x In(MgO)+
4.10x In(Ca0") — 4.24 x In(K,0) — 5.06 x In(Na,0) + 5.07 x In(LOI) — 158.13 4

K CaO" MK IE J5 iR Eh  CaO MY & i, K IE J7 5 R: 4 CaO < Na,O i, CaO"HI2h CaO 1Y & fit; 4
CaO > Na,O Hf, CaO"H Na,O 1) & BT 5. IH A A R gtk 1.

AL, BB R TS KA BT | B TUE 3R CIA [ERIRASIAE 52.5—76.4, 74.8—96.3,
76.3—85.8 2 [u], SEHIMIK N 723, 79.8, 81.3. Won ABEERATUA — KNALBEA TS —» BATUS T
B, CIA T T+ AR L 3. 78 A-CHN-K B2 (18] 4a) I, Bt B0 | WL R E T | Ba
IR I TS BERE AR SRR, MR LA T e SR 00 U A Y O RE SRR T T —
K CaO. Na,O i 4] 70 i 2%, RV ERG8 TUA 2 38 /0 28 7 — W b e [ml AR/ (T ) A iR 2., L
A BB A2 00 A RE S 130 05 22 T i B0, e R S e SRR B R S 2 (), R e R
AP U SR T AL IR B U KB AE ST CaO., Na,O 2535 PE4H 43 ik 25 I, X481 K,0 |
W (& 4a), RIERAA DU KUAREE AR hy - 300 i f op AR 7E 530 K,0 WK TT ALO; & A ML i /2.
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Fig.4 A-C*N-K and A-C*N-FM diagram of chemical composition in fresh and weathered black shales and the soils derived

from the black shales in critical zones of black shale in western Hunan
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Fig.5 Plots of CIA to ICV. CIA to WB and CIA to WIP values in fresh and weathered black shales and the soils derived from

the black shales in critical zones of black shale in western Hunan

FAN, HEAR R A AR LT S SRR ICV S CIA {88 A 6t A B B (& 5a), 168
ICV 87~ B2 10 ) & SERHIE A REAR 4T b 7 BB 68 U5 B KU R B ik, A SCOGHHRIEF 2 e 4 it
Oy A ST Y T SR A KR R B WB (2, 455 (36 1) KW, At B s - Kk
BT — B TUE 13, WBE A H AR b B R (R B E-130—-7.7, —26——0.44, —21—
—8.8 ], ifii H. 7 BH I 55 1) 28 Ak 345 CF- 34Kk —-29.8., —8.8., —1.15). 4, WB H 5 CIA H 2
B I 0 1EAH 5G C 2R (J&] 5b). 136HH WB 338 & F T B A 0UA KAL) i WB 5 CIA [HZ5 &, BB
AR -t o TR TUA A KA B, 48 7 Wb B2 v i Ak 2428 Ak i WB (B BE 5 BTG 1 41 53 B Ik g B
5 R TUS KALRREE 1 5C R, SUKEARTE R L5 0 AL & AR A0 XUIL R BE 945 B, ok LA e P
TUA . ARS8 5T BB G2 30 = 5 A-CHN-FM %52 18 (8] 4b) . a] U, B0, 55 RAKAE & 7 T
CaO. Na,O MYtk 5 17] A-FM L5230, SR )5 BR4E 1) s sl ACHD), S48 i o FMCIV), BR800 XAk
B BEAMEAL SR CaO. NayO. K,0 R bl 72 (K 4a), 4% ALO;. Fe,0;3. MgO 541 73 Ik AE
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w2 R (K 4b B9 I, VTSR L) . KL, BB DUA ST B L2 D1 T CaO. NayO. K,0 %%
B 53 AR BE T ALO;. Fe,O5 SE1EPEL 73 MR A B 42 4 A 2= 2.
2.4 SCHERT Pb 4R BOE ShERAE
2.4.1 SEEENT Pb K SRR
& 2K F (EF, enrichment factor) /& [E fr J5 T RENLA LRI H FIEm 13 IR E &R & SR E
FIFEFR AR E g I, HatE AR R (5):
EF = (X/M)umpie / (X/MDbackgrouna (5

K, (M) gmpre AFERTHES IR X 52 MOTR M &80 HE, (VM) paegoms N EERIE X 5% IR
MAEF PSR E. 70, 2 OTE A S E MW EEOR JUE 1A 45 EF (B2 A 5% W52 bRy
FERNR. XEEFER OIS SRR A RUR TSR . T B R A ARITER Tio, 1Eh
Z MU R, DIVE X8 A 505 (HBS) F3ME (n = 37) P 5 5e{E K153 Pb S5 B 4 )R 1) EF {8, %
TIE B i SR8 U . AL PR 0 A AR (A DU T8 rh Ph SR 8 4 @ 1Y B SR REAE, THR ARGt TR 2 M
& 6a.

R2 M RATUR AR KL B DU K B DU 4 P % 4R B AR 7 (EF) FIAS (L 43 H (%)

Table 2 The enrichment factor (EF) and percentage change (%) of heavy metal concentrations in weathered black shales
and soils derived from black shales relative to fresh black shales in the black shale critical zones in western Hunan province of

China
R AL TR (n=49) WAL RS 5T (n=36) BAATUA +HE(n=36)
Fresh Black Shales Weathered Black Shales Black Shales Soil
JTFE  R/ME RKE CFHE Cor% wME B P Ci% B/ME BRE CFHE oy
Element  Min Max Mean Vi Min Max Mean Vi Min Max Mean Vi

Pb 0.37 4.14 1.28  58.04 047 2.49 1.00 48.04 0.47 2.74 0.92 58.01
Cu 0.10 4.59 0.72  105.76  0.05 9.70 1.34 140.20  0.19 2.20 0.57 85.10

. Zn 028 4156 267 22276 055 844 166 10837 034 350 093 6277
cd 017 2138 207 20623 025 6359 527 27601 016 157 051  68.03

Pb —62.04 6628 2199 —153.13 —61.57 5118 3412 7339

Change/% ~ Cu ~9203 7084 2248 -23499 -72.72 9773 2986 —150.68
(FBS) Zn ~7730 6689 —51.15 —61.87 -86.10 4477 —61.53  —39.25
cd ~87.08 70.59 6630 -59.63 —91.95 -19.14 -73.93 —23.99

Z MR Sutherland 5¢F EF {H X} 70 2 & 42 8 & 0PI BR #ED, BT UL, Pb 1 Cu 7 JC 8y BT fef 2B €4 0t
o WUERETUS | BETUS 1% I BEF 2/ T 1.5, BEAEI W B R arls . AR e
U M0 I PR IR A 22%. 19%. 11% HIERE S, H: Pb i EF > 1.5, (KK 5 WA 8%. 28%.
6% [ FEfh I Cu 8 EF > 1.5([&] 6a). 5B Pb., Cu 7F S {0 TT - S AH AT T fof A0 T 45 JRUAb B 2 BT 2
O G IRy B o0 AR AN —, TR R & S I RRAE.

1M Zn, Cd 7E KA B i L 70 A . KL BRas | BEATUs HIEEN TP EF H2> 1.5, BB
fif R TS . KALSR AT | R TUS R R A 43%. 25%. 11% R 5L Zn (4 EF fE> 1.5,
H 22%. 22%. 6% HIEES T Cd () EF {> 1.5(/& 6a). W78 Zn, Cd Wi 5 4 J&@ 75 B0, 5 s AR )4
5 T B AR B AR B4R HER 3, H Zn 5 Cd W] REA R AN B AR A Sh AR AL

ItAh, Pb. Cu, Zn, Cd FHEEAEA AF B ATUA > KALR AT S - B s 1, 51
EF {E 8 TR AR A A AL R, UL 4 Fh 4 Ja AN UAE BT 6 2B 60 DU b 3L W IAE T Ak - 4 (Can 2k
W4F ), 1 HLAE B TUA KA B A AR AL A5 Sl AR AR, BIVER S T 7 XAk A il bk i e i, 76 2R
{6 U 3 rp R TR X A0 40 A . w4 R Pb BT, BB N 1% 4 PR 4R e S EE S AR P
SRFE.
242 KHEEH Pb i shERRE

FRAD GUA SRR T 4 0 SN R IE 2 B DGR I A B L AR A 1) A T X TR 8, A KAk i AR
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Hh 45 iR 19 Sl — A B B A 7 AR, S 5 R R S FRAK (reference) FIZ BROT R (D), THE XL A
A1 TP 4 Ja I B AN e S B Y22 A6 0 e (Change ) , R & B R AE KA FE rp H 42 ) 193 3
PE R AT (6):

Change = ((X/Dsample/ (X/ Dreference — 1) X 100% (6)

T, (XD sampter (X Reference IKUCHIUTTHH N TE 4 )8 X 5 S MOTR TTERE S (UL R A0S | BB A 1T
A ) AS IBAK Gt B0 i Us ) WR & i ol 2 IBOC R TR k£ Tio, S %o R 545
gt 2 fE 6b.

555 (a)
3.0F -

2.5r

2.0r

Borshbo------ | — Jﬁ 77777777
1.0-
054 :

' 1 1 L : 1 ' 1 ' : 1 ' L L
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AL 53 L () F AL K]
Fig.6 Box-plots of EF values(a)and percentage change(b)of Pb, Cu, Zn, Cd in fresh and weathered black shales and

the soils derived from the black shales in critical zones of black shale in western Hunan

AL UL, PR T AT XL TUs | BE T R E 48 Pb. Cul Zn, Cd S5 A X B i 240
TUA R Change (HZ /N T 0. KULZE (4 5125 Pb, Cu. Zn, Cd %5 %) Change {6 KT 0 BFE S b HOAK IR
19%. 28%. 8%. 6%, T & 5UA TP i LU BRI 14%. 17%. 3%, 0%. B} 4 F 8 43 J& Change {H K
T 0 BIRESL 5 HL 2K T 20%, B /R SR TUA KA AR o FE o, 3 BE AT T AL w9 v (14 3 4 J8 145 3
PR, B2 R A WIE R R TR B, AU = Ak A E AR B RMERE, AXLBRATS - Bajis
15, Pb 4F 4 F 42 )& (%) Change {6 W ¥ TR AR (141 6b), 41 Pb 1) Change {EF- 44K UK H1-21.9% 728 Hy-
34.1%(55 2, 4 6b). BB A XL f v, Pb 45 5 4 A0 16 shPE g, 78 28 (0 00A KUk f v &2 i
WRUE R T, TER VR FH A rp SRR UE R . XS5 P 45 T &8 MO stk B AZ B AL i Y 0 A R o)
fif A O, T PERERR AL 0 1 A o0 A T SRR bR B B . X — 25 R 5 — LE BRI BB A8 T UL
1L AR P AR AR E AN IE U A AR 37 S [, 3 AT -5 T 43 A A X 3l 28 € 0 i 6 o 5 e i (IO
Rl 2, TR R85 I 1% ke 1) SR T, YR AL B ST o0 A sl JECTRE TS0 %) T2 T R0 65 J 7 fe el 1
i (CO5*, HCO; ™, OH™) Fr v Ail, fiff Pb 45 5 4 J@ 1) 1 MR AT DT ™. AR SC o3 1) 3 5 2 40 D, LA
J i 2R AIK, CaO TEHT i AT | KL BATUA | B TUE E & KRR 6.5%. 1.86%.
0.17%(3& 1), OB A TUA KA B, B4 0 1 4010 43 B0 A TR B mh A T BB AN R, Wi 2 4
JE AT bR D R 177 2 TR A 5 1) 9% s
243 BAATURSCHAT R P IEITE S

T4 A 7E SR DU B e R0 U | WA R TUA | R U 885 T 0 W IR AR AE B L
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A SRR R ST AR IR 1, AR SCAS E 4@ Pb 5 8T R 59 020 M M Pearson 28 AH e
S3HT, RAEH] Po AR REAE S AR Ak B 9% X A0, DU SC Bty B i R L TUA (n=49) . KL SR8 5T
#(n=36), BETUA LI (n=36) M ERITESEERE T RESITE R0 5 HAT E RS 5087, 152
KMO il £ {H 0.762, H. Bartlett BR B 50 AH FEHER K 0, BUASHIFFE A5 21 19 B0 A 2047 2 100 e At 43
BrvH oA 20 e B 0 | KL B ETUA | B srs HEMEE 1 25 PCL. 55 2 £ 84 PC2. 56
3 TS PC3 X 3 A F o 2 m] fz 4 R A5 L 80.21%, WA BB 15 NS i, A B IR F K F. &
BG4 AT (L 7) o, DB i AR A0 Po Bl &8 5 F TR MBS T 738 2 8 X, AP
7 F—-0.5<PCI< 1, PC2>0, -0.5<PC3<0.5 [ A 8 X Ff; T B HAZE AT X (K] 7a). AT UL, Pb A5
%8 5 Fey,035. ALO;. TiO,, SiO, %7 T A # A X, H Pearson 53 #1 45 5 (3£ 3) /K, Pb 55 Fe,0;.
AlLO;, TiO,, SiO, & F £ 43 B 26 1IEAH & (> 0.65, P < 0.01) . 1Jd B 7 fif 22 €5 5125 v Pb RAF T4
ey, B Eu W, B P nl g b A7 A6 KA S kR £ # .

T 6 KA 8 BT T 7, Pb % B4 I8 Pb 5 80 R F 8 4 i 4 85t nl 43 b F-1 < PC1
<0.1, PC2<0, —0.5<PC3<0.5 1 A #fmj X, FHF B B HAZEAT X (K 7b). {H Pb A F A s X,
M &5 K,0. Na,0, MgO. AlO;. TiO,. SiO, % F w4 /0 F B i fr X (& 7b), 5 7m KAk 2B 4 A
Pb 119 43 A AH XS 8 ff SR 0, 50 5 & AR T B R () A8 k. 1T Pearson AH G 1 /3 BT 45 2R R, Pb BR 5 ALOs.
TiO,. SiO, % FHH A —E WA XMESN (r> 0.5, P<0.01), 5 Fe,05. MnO, LOT 25 A &k B i 4 1F
AHIEME (3 3). Ui 2R 0UE KAk B b, 5408 Pb Bl #5225 G Ak W0 7 00 4804k 20 A v PR i B 1 XL
B T P 5 Si0, (I BERPE IEAHCE R (r=0.5, P<0.01), BRI T RERR SR 69 b i

Pb i [ R UEFE
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Fig.7 Projection plot of PC1-PC2-PC3 principal components for major elements in fresh and weathered black shales and the

soils derived from the black shales in critical zones of black shale in western Hunan
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T3PS TUA S BT R TUE | KL A TUA MR TR I Py 5 RMEITTEMN
Pearson HFH K [ 7 B 45 R
Table 3 Pearson correlation coefficients of Pb with main and trace elements in fresh and weathered black shales and the soils
derived from the black shales in critical zones of black shale

Si0, TiO, ALO, Fe,0, MnO MgO K,0
Pb(FBS) 0.914" 0.863" 0.825" 0.650™ -0.341 -0.79™ 0.823"
Pb(WBS) 0.501" 0.469" 0.399° -0.366 -0.314 0.384 0.286
Pb(BSS) 0.051 -0.069 -0.092 0.000 0.072 -0.285 -0.126

CaO Na,O P,05 LOI Cu Zn Cd
Pb(FBS) —-0.767" -0.901" 0.270 —0.78%* 0.572%* 0.323* 0.321%*
Pb(WBS) —0.385 -0.130 -0.204 —0.50%* -0.099 -0.236 —0.518%*
Pb(BSS) 0.186 0.060 0.186 0.165 -0.191 0.266 0.384*

T **. P<0.01;* P <0.05.

X FRAETUA L, Po FHE AR S FEITR F U B 8 8O AL 4 A F-0.5 < PCL <
0.5. -0.2<PC2<0.7, PC3>0.5 1 A #fj X, M T B 1 H A AT X (E 7). ERD 0 Hras R Bs
Pb % H 4R 5 CaO. Na,O, MnO i F 7] —#kfif A X (& 7c), {H Pearson A5/ #1455 /s, Pb S5
LB S A F R0 A BRI B LR DG (£ 3), B/RBaTUA L5 Ph (0 SR A
U WAL SRS TUA S5 1 A A AR B AR TR s 7 AR 13 A v, P 45 35 42 @ 16 sh i &2 4%k, B ik
W4 A 110 3 4 B MR e R R A, I8 KA SRR R0 1 TR A7 1Y P gtk g B, {2 Pb S5 4
J& R A B FEANBH . 33K 55 S BT A5 3 5 P 1A 21 19 Change [ELAHWI A, 5 B 40 0T o 45 i
1%, B AL R0 20 A TR %) TR A B R S S S A MT A T A — B 25 b, Y T SR U DA o
W Pb 45 H 4 AR 5L BB M I R H B 3 SRR, ANAE XAk B T B A T A 4 v R A R
(<20% HYFE ) IR AE & 4R

3 458 (Conclusion)

(1) 6 74 B2 T 5 SRy 9 i S (0 D5 . RUTE PR DU AR (6 D 3 R o R o,
o T A E AT T CaO0., Na,O. K,0 551 sh 4 70 1 bk 8 B Al ALO;. Fe,O5 5546 P4 4 Tk
A RS E R

(2) VY B0 55 X HEAE b Pb. Cu, Zn, Cd SFE & JE /- M AN 5], Horf Pb, Cu & EAHE, 1
Zn, Cd &M, H Pb SFHAEE AR A TS > KABROTUE - Banry 3, HEEREl
TFREAR, W% 4 FhE 4 8 LA AE T 26 0US B Ak b, BB 50U KAkt 28 oA AE 4Bl
T SIRFIE.

(3) I PG 2 U S By 1 A b A5 T 4 R TG sl BRI IE RS MR IE, R SRAL T B A AL oy
fife 5 | S B IR UE RS, SR REA RERRER 9™ W /K i 5 | A A Rk R 1 L 8 45 T 4 T 1 X R TG Sl R E 5 TR B T
8T AR, B A A AT B R AR R AR R R A K

i 1) R I SR PRI R A B PSR BRI AR | AR, R IR E LR ESS
I T AT B AP T, o R B Mt R A~ A 5 i R A6 2% 3t B fhe 7 Pl 8 i it S 30 = AR R
MR G AR S D0 o MR L B AR 48 3, FF I B0t
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