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Abstract: Weathering pedogenesis of rocks can release heavy metals to soil, and further accumulation of heavy
metals in soil may exceed the national standard for safety soils. To understand the source, release, transport, and

enrichment of heavy metals in the process of weathering pedogenesis, we systematically studied the migration
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and enrichment of heavy metals during rock weathering in the representative weathering pedogenesis profiles
(carbonate rock, magmatic rock, and clastic rock) of the Ningzhen ore cluster area using a combination of field
survey, rock and mineral identification, geochemical analysis and statistical analysis. The results showed that the
soil of each profile has a provenance inheritance relationship with its underlying parent rock. The heavy metals
in the soil of magmatic rock and clastic rock profiles showed similar chemical composition and content charac-
teristics to the inherited parent rock. In contrast, the carbonate rock profile showed the geochemical characteris-
tics of a low content of heavy metals in rocks and a high content in soil. In particular, the contents of Cd and As
even exceeded the risk intervention values for soil contamination of agricultural land. It was revealed that the
migration of heavy metals in weathering profiles of rocks under the same climatic conditions is controlled by
multiple factors, such as rock lithology, the degree of chemical weathering of the profiles, and the occurrence
state of heavy metals in rocks. The migration ability of heavy metals in magmatic rock and clastic rock profiles
is proportional to the degree of chemical weathering, while the migration ability of heavy metals in carbonate
rock profiles is inversely proportional to the degree of chemical weathering, leading to a higher potential for en-

richment of heavy metals. Based on the above research, the release and migration pattern of heavy metals in the
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processes of rock weathering and soil formation was established.
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Fig. 1 (a) The distribution of metallogenic province in mineralization belt of the middle and lower reaches of Yangtze River,

(b) simplified geological map of study area and sampling locations
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Fig. 2 Eco-geology profile of the study area
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different rock weathering profiles
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THEEANIER SOz 2, 2HE G AR
(RO mE RN EEEAEKE TSR, H
7 H XA i B B - 48 v B 4 J8 % it R AR T i IO ARR AR,
L5 [ R O R R £ A b IX T 4 i BBVERAE AR DL (2R A
&%, 2021)
333 ABE M

M4 B e R 5 E Y S AR OGO R (3 4) AT,
ALY YIRS B AR AL S 48 B (CIA) 52 1)
A0 A )2 Y Na,O, K,O &5 CIAH 5 B %

*3 HARULIEESE (mgke) BIR(% EEX pHE

Tab.3 Characteristics of average contents of heavy metals in soils from rocks Concentrations of heavy metals (mg/kg),

organic matter (%) and pH value in rock weathering profles

N 48 T % .
5 il T 2 pHfE A MK
As Cd Cr Cu Hg Zn Ni Pb
A 3.51 026 3860 61.00 0.024 9930 1740 71.00 638 1.26
B 476 0.0 4450 5830 003 5730 1880 26.80 5.06 0.98
A KBS KY1
c 349 007 3850 5120 0.0l  43.80 1420 19.50 5.45 0.35
R 177 013 7860 6320 0.003 110.00 61.70 1630 — —
A 6.05 0.7 345 327 0035 827 207 233 7.13 225
B 546 009 297 332 0024 763 214 208  7.83 0.71
BN KBS KY3
c 12.1 0.11 267 469 0.018 685 22.1 58.6  7.44 0.47
R 3.65 005 2210 2510 0.003  73.00 176 1230 — —
A 2000 0.13  87.80 4120 0.039 13500 3560 8630 5.8 0.83
B 2280 0.2 96.00 4990 0.035 173.00 4340 101.00 5.3 0.81
KA A Srb A KY7
c 2060 028  63.8 5620 0.033 239.00 31.50 140.00 5.66 0.40
R 2600 028 612 509  0.029 240 353 159 — —
A 189 056 475 292 0051 101.00 20.70  48.10  8.09 2.51
o R KYS B 4900 037 953 533 0.04 183.00 47.80 4630 8.15 0.77
R 11 034 9.3 8.83  0.01 5630  6.65 1380  — —
Sk ) i B 224.00 537 19400 4450 031  221.00 111.00 36.80 835 0.89
PR KY9
0 & K R 470 026 13.10 135 0.022 876 1.74 1.99 — —
TP BB EZE (150~ 200 cm)
e B OB B 2004) 113 0.094 84 29 0.03 69 38 245 — —
3 B2 7z JA B
A% A 198 XU 7 16 {E 5.5<pH<6.5 30 0.4 250 50 0.5 200 70 100 — —
(GB 15618-2018) 6.5<pH<7.5 25 0.6 300 100 0.6 250 100 140  — —




238 ooJdb oMb BE NORTHWESTERN GEOLOGY 2025 4
AJEL al AR bl ARt cl AR ° d
Bt A Bz BJET A| B ]
Y/ e kvl
© - KY3
CEL o o= cE} = o
A~ KY9
RJZ | iR RIE RJZ RJZ K 3
10 100 1 000 0 20 40 60 80 0.01 0.1 1 10 100 10 50 100 150 200
As (mg/kg) Cu (mg/kg) Cd (mg/kg) Pb (mg/kg)
AR el AR} . fl ARt gl ARL o o h
1} y
I b
| |
B2 B2t A BJEf B2+t ; LA
)
i -
oL
Hd
2 ci2f CIZt CEf She
Y T
RZK XA ) ) R P ) ) ) RJZ T X ) R )2 L )
0 100 200 300 400 0 50 100 150 200 0 0.01 0.1 1 0 50 100
Zn (mg/kg) Cr (mg/kg) Hg (mg/kg) Ni (mg/kg)
Bs EARUTIEESETESEINESM
Fig. 5 Variations of contents of heavy metal elements in weathering rock profiles
*4 EGEEFETRSEBEXRHG)
Tab. 4 The correlation coeficient () between heavy metals and major elements content
SiO, AlLO; Fe,O, FeO MgO CaO Na,O K,O MnO oM pH CIA
As —0.975%* 0.226 0.564 —-0.079 0.164 0.960%* —0.486 —0.542 0.711%** —0.091 0.458 0.512
Cd —0.948** 0.114 0.435 —-0.010 0.042 0.983%* —0.380 —0.477 0.670%* —0.004 0.459 0.397
Cr —0.901** 0.328 0.738** —-0.113 0.164 0.814%* —0.703* —0.772%* 0.596* —0.150 0.256 0.710%*
Cu 0.108 0.346 0.356 —0.642*  —0.055 —-0.167 —-0.357 —-0.126 —0.048 —0.580*  —0.531 0.394
Hg —0.949%** 0.087 0.456 0.023 0.050 0.978%* —-0.390 -0.522 0.657* 0.024 0.447 0.403
Zn —0.634* 0.460 0.776%* —0.140 0.444 0.446 —0.622%* —-0.523 0.328 —-0.202 0.144 0.633*
Ni —0.965%* 0.330 0.701* —0.106 0.272 0.886%* -0.572 —0.623* 0.709%** —0.150 0.400 0.612%
Pb 0.039 0.310 0.532 —0.266 0.264 —-0.229 —-0.325 —-0.117 —-0.129 —-0.269 —-0.383 0.325
OM 0.050 -0.659*  —0.664*  0.971**  —-0.329 0.117 0.508 —-0.105 —0.153 1 0.342 —0.624*
pH —0.564 0.015 —0.100 0.416 0.487 0.583* 0.264 0.08 0.674* 0.342 1 —-0.245
CIA —-0.481 0.695%* 0.839%** —-0.574 0.104 0.291 —0.963** —0.621* 0.202 —0.624*  —0.245 1

TE: % AE 0.01 KGR B RFEMISE, * 1E 0.05 K-GO b B 3EHI

TR O, HH 56 R 505 5 -0.963 F1-0.621, # W fk 2%
Tl A5 5 BB, UL R B ER5ER , Na,0 il K 0 BB ik 2k
M %£; ALO,. Fe,0, 5 CIA {f 1 4 3¢ 2 %k 2 5
0.695 11 0.839, & 1EAH ¢, & W Bl & KU AL F2 BE A 38 5,
ALO,. Fe,0, 7 & Z ¥ 7} i ; pH {H1X 5 CaO. MnO &
EMI S FR, KWREE pH (E TR, Ca. Mn 7] i
]I AN W] V5 0 0 0 7 Ak, T 3R AR B 4R (KL S KR,
1979) . 454 F I E UCC brfE bk W (7 4) nr LA

o =HAHa

B AR A E AR T R IR ) 5 2 KAk
FREE R IE L, WK 5 e RiF R ) 5 e KA R B 2
R, 5 E R KA XA K s R TR =
55 Rk U8 5 R F AR — B (R 45, 1999) o

Cr. Ni 5 Fe,0;, MnO, CaO & 1F # 5& (7> 0.6),
As. Cd 5 MnO, CaO & IEAH ¢ (#>0.7), Hg 5 MnO,
CaO & 1F M £ (> 0.7); Zn 5 Fe,0, & 1F M € (=
0.776); Pb 55 Fe,0, £77F — 7 A 0 3¢ R (HAH AL A B
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(r=0.532); Cu§ FeO, OM £ Al KX R (| r |>
0.6), As, Cd, Hg. Zn. Cr, Ni 5 SiO, & i 2 i #f 3¢
(| > 0.9), Cr. Zn 5 Na,0(] r |> 0.6)#1 Cr, Ni 5
K,O(| r[>0.6) 2R R, IR, 725 A
AR R B v, R S A A B B X Zn
Cr. Ni & 2 2 #HI/E ., 1 Cr. Ni i 5256 1) A b4
W2 B 45 s As. Hg., Cd. Cr, NiJC % B85 i A1k
W BiE T 5 22 IR DTE & 4R A, b e Bl ik R £h W B sl
Ca BERFRFEI LA Ca b, W As 15 Ca B
T 255 T8 WOHME T PR 1 B Ak ) 8 AL W D vE, Cd 5t
HerfriE B3 Ca WA= BB R A5 TTE (41 CdCa0s), Cr.
Ni 5% DL i 2 1 T2 2 A7 76 1 2 B8 0 0855 77 A 4R
Pb 5 Zn 2L, & 4 32 Bk 0 A A /A SE AR A Y TR B 4
il A HLEA RT3 Cu BB B, HIEIERT Fe
e P Tt 2Rl Cu AT wkbE B 5, (45 1 e
Cu 1 Bl i &1 T 77 2 4 B A A LT (OM) 5 Hi v
SJEITCEM AN, RHUAGHIFIEES RN E
BEWRAF A, X H 4 Ja o0 R MR Ak 2547 R 145 2 A
X o
34 BEITBESERERETEHRY

T T T R A (o) i AT A A 2R R
Al 2o AR A T R R RS R R AR AL,
1182 K (Brimhall et al., 1987) H:

7;=(Cju/Cjp) / (Cin/Cip) =1 (D

K1 hESE mETEREG G, MG,
FTRILEjELEWMIEE P& E; C,MC,
NEJEHIESFBIIER (Y S 8, AR IREL A
A R PR e e PO R Ze(GE RGN, 2018)7E
ZIItER. M r,>0, WHITER j X LR X EEE &
w1, <0, RORITCEK j FEZ L Z AN LS 1 AZ Tk
K8, =10, RIITTE j CEBEL2MEIRIS;
7,=0, ULIIU R j X R A A KA T al w4

JAH T 3 (C/B/A )2 ) H 4 i o 2 ot it V-1 R 4K
TSR (3R 5) FOLRETR EE A2k (1] 6) AT Al

ARV A AR s A T O B RS R ) K
9 KY8(—0.42) >KY7(—0.17) >KY1(0.81) >KY3(1.29)
>KY9(1.81), [a]— A [F] 5 4 J& oo &R 1L F8 g
WA [R], £ 5 A BE A H (5] 6a)Hg. Pb, Cd. As i
) Y JE S 1) b 2R T 4R, Cu. Zn, Cr., Ni #kJe; 3
PN BE S ) 1 (1] 6b) Cd, Hg P TR ) TR (A Z)
B e AR, A 4 A 0 3 T R A 0 B I iR
8y, RAEA W BER; KA A g fb s #m (&l 6c) Bk Cr
TR B RS, AT R EEA b LU AR IE i ok 3,
LR 1) TR0 bk SR AR B 2 ) T v TR K A T
(1l 6d) T 4 J& o 2= B AR R B bk e i M ARAE, A B
JZE 1) A JE b SRR R DR A B T 4 R T R

x5 IETESEEETEREFEHRY
Tab. 5 The mass-balance calculation of heavy metal elements in profiles
HA i T Tas Tea Ter Teu Tigg Tun Tni Tpp, S
KYI1-A 1.26 1.28 -0.44 0.10 8.11 0.03 -0.68 3.96 1.70
KY1-B 0.63 -0.53 -0.66 ~0.44 5.07 -0.68 -0.81 0.00 0.32
A KB
KY1-C 1.48 -0.32 -0.38 0.02 3.19 -0.50 -0.71 0.50 0.41
M 1.12 0.14 -0.49 -0.11 5.46 -0.39 -0.73 1.49 0.81
KY3-A 0.29 1.75 0.21 0.01 8.06 -0.12 -0.09 0.47 1.32
) . KY3-B 0.28 0.60 0.15 0.13 5.84 -0.11 0.04 0.45 0.92
AN K B
KY3-C 221 1.22 0.17 0.81 482 -0.09 0.22 3.62 1.62
B 0.93 1.19 0.18 0.32 6.24 -0.11 0.06 1.51 1.29
KY7-A -0.45 -0.67 0.02 -0.42 -0.04 -0.60 -0.28 -0.61 -0.38
KY7-B -0.25 -0.63 0.34 -0.16 0.03 -0.38 0.05 -0.46 -0.18
KA B b
KY7-C 0.19 0.04 0.09 0.15 0.19 0.04 -0.07 -0.08 0.07
T H -0.17 -0.42 0.15 -0.14 0.06 -0.31 -0.10 -0.38 -0.17
KY8-A -0.80 -0.81 -0.42 -0.62 -0.41 -0.79 —0.64 -0.59 -0.63
IR KY8-B -0.28 -0.82 0.62 -0.02 -0.35 -0.47 0.16 -0.46 -0.20
B -0.54 -0.82 0.10 -0.32 -0.38 -0.63 -0.24 -0.53 -0.42
G 82 K % KY9-B 3.50 0.95 0.40 2.11 0.33 1.38 5.03 0.75 1.81
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Fig. 6 Distribution of mass-balance calculation of heavy metal elements with sampling depth

BT BT 0, I AR
4 HHg

THHNZ &R EX, B4R FEWATESER
AW FIRERR ER 07 W) A% b, 40 Cu, Pb. Zn. As Z LI
eWIE XA (X, 2010), Cd 2 228 T A 2 A7 T
INEEE™ . BEH 8 Ca i 9Hh (R DL HLAE, 2004), Ni
TERR MR85 T B R m k(8 B4, 1998), Cr 7Rk 5
IV 1o B 308 85 2% A S s SR B 1, Hg S MAA 7R
FERRERT Y ag T (E =5, 1995) . M T hR 5 Flim
AW 1 A I fife o 238 L R R h T A LA B i
(Morse et al., 2002), BCBK BR TR A BT AL 4 St A% N A T 4
&S TRERRER T WP i S E B . ik, 7ER—<
AT, Ea BT A A WAL R B iy & AT
feJ), W B REE AN TR A SR RS AT
IR G R R W, A U], FT a1 1%
P T i Ah IXUAR B B B A [, 4 ) B 53 B A 27 20 L2 Ak
FREEATA], PrE BB R A R b2 | g A A .
AR R E R WA

(DAEZRKIEANHOLEZ) TR ZE Ca, Na
BB, E AL KB, AT KA. Babk,
AN G5 IR IE 2 = B SRR SE IR AT ),
e 1 Na, Ca, K. Ni, Cr, Cu, Zn ZFfi /KT 2%,
HB 4 MEVE ) BT (Fe, Mn S5 58P/ S0 B AR
BOB AT BEK TS, pH (ELREAR (il 1] 2, 2010), KT
STME YT (A 0 SRR E LY B YA SR B A
JRHLER AR . Fe. Mn 5 & (LY Z 8 ALY BEML I 1) As.
Cd. Hg St pliZ 5% B W 45 . Pb 784 A WAL Al - 2 72

HOS B Bl BRI ke, KRR 43 P AT 4 B A - 1 o LR
PR A & R (R 2%, 1995) .

(2) 7 H2 P BE 2 ) T A 1 i R 37 301 25 Na., Ca
Wy Be. BF BT R0 4k R T BE S 590 4 4 RN
P2 AT FR R, B Na, Mn & A2 W S ik 26 41, Hifth 324
TR A KA ik 2E KALITE RS, Bk Hg. Pb. Cd 41
FEHBTRWEAHEWERE%E. Hg. Cd5EH
Mn ) 48Tk 490 16 455 5 B 17 4 o

()& A A P fib a0 T ik A 2% KO Bm 0, ik
FAE SR A, AT Y =B 52 U — 2 A
G 1 U A7 R SIO,(RERR ) o AE M FR vy, BBV TOK Y
SIRE T $h3E (K. Na, Ca) & #0437 Y) 5 (Fe, Mn
AL S B AL ST0,) S AR W BB K M £ 4
WRIG o MMk Fe. Mn %5 5014/ S8 Ak 4 s 064 4 W% Ff
R 48 As. Cd, Hg, Zn. Cr. Ni &0 5 H A MEAEY)
e ik B e w4 . (0 R T A P B A8 i N
pH {A (5.58~5.66) [ K A%, S Bk A AL P 0 4 R
TG ZR 114 W A I8 AU T A A 1 FH 38 58 (F = 5%, 1995),
4> 4 J8 4N As. Cd. Zn, Ni % 3 EAR Rtk ok

(4) 50 T o 4 T 11 4 5 i 1R 4 A Rk i
BT B B P (25 S R 45, 2021) B U0 A G i TR IR 1
KA B R I B TR £ JL A B0 2% £ (Morse et al.,
2002), DS AE AR ) A 2 AT, O A A RN AL A 1 5
T b P K o i, I R R A /N, IR - R
T T B B BR 1k 27 B (pH=8.09~8.15) , fifi 15 31 3 |
Fe. Mn, & JEGER KR AEY (A9, B %) —ik
BLAR R TR 5R B8 R A Bt 4% B 1 R AR Vs iE AR
B B B, 3 A RS KA A B e KAk R e AR A
L, LR TR TR IE IS (E 6c. Kl 6d) . KA
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AR B T — B B 4 T R R i T R R Z R
MRS TR, AT RE S R B B R . 1T B
5 — B B R, WA VR T RS 1 T, HF A 25
Na, Ca BB, A @Mk . WK A H 3B 2 K
HESEEERE R, RHEEE: Of T A EAE, i
B R YRR E KA, MR E e s (4 &K
FONCEE RS . G RS Ak XA )
Ji%, - HE pH 5 &, B 4 f#JF i Fe. Mn 8 4L#) 51, i
2% SiJE S A AR B, A N Hb T B R B 2 AR
QWG B K 4 B R I 25 1(0.56%) i A% T 5 e K
(7.88%), FTIE B - F 50K Si. Al Fe 253 I fif;
SEAH N TCFR T B KO, B IR 0 A R R A i
FEXT R, B METE AL T 4R AR 2
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Pb, As FFHE &R 1L, Woa Bt A 35 B, fiE
T KR E G Jm B | $h Ik B AR o M W o A AR
BB AT IR, T4 R il SR A0 0 552 M3t A 8 B ) 4 )
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Fig. 7 The release and migration pattern of heavy metals in the rock weathering process
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