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Migration and Enrichment of Heavy Metals During the Weathering Pedogenesis of

Rocks in the Ningzhen ore cluster area
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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
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
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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

(ZHANG Mingchao et al ., 2018), (b) simplified geological map of Ningzhen ore-centralization district and sampling locations
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Fig. 2 Eco-geology profile of the study area
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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
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A 2000 013  87.80 4120 0.039 13500 35.60 8630 5.58 0.83
B 2280 0.2 96.00 49.90 0.035 173.00 4340 101.00 5.53 0.81
KA AR KY7
C 2960 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 2070 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 11 034 953 883 001 5630  6.65 1380  — —
Sk ) i B 224.00 537 19400 4450 031  221.00 111.00 36.80 835 0.89
P KY9
& K R 470 026 13.10 135 0022 876 1.74 1.99 — —
?%ﬁ%ﬁ&bﬁe}j(lsofvzoocm) 113 0.094 84 29 0.03 69 38 245
Hely StE (B R A, 2004 ) : : : o o
A FH b, - 358 IR 9 28 1B 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 — —
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Fig. 5 Variations of contents of heavy metal elements in weathering rock profiles
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ME 4B TR 5 A & AR (R O RlAL,
AALY IR W AR B2 A i AR 5 B (CIA) 52 ),
50T & A2 T NayO, K,0 & i 5 CIA {2 B 3%
TR &, AH 5 2 505351 4-0.963 F1-0.621, & B k2% h
AP BOB I, KA R BE 15, Na,O Fl K,0 iE RS bk 2k
# 2 ; ALO,. Fe,0, 5 CIA {H 1Y & R 500 51 R 0.695
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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 0342  —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

5 FE 0.01 K CRUMD B RZFEARSE, * 78 0.05 K ORI B 23 ARG
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Fe,0, % Wi+ &5 pH {E{L 5 CaO. MnO £ 1F %
KR, RYKEE pH AT, Ca. Mn th o] 1 H} 8] JE AR
ANFLIE R R A, iR AR E R (K HL S /R 5R,1979)
4G F R IUER UCC prifEfb ik M (& O LU, A
WH R R AR TR ER R S KL R 2
IE L, MR A TR TR RE ) 5 A2 WAL R B 5 I L,
SR AL R A Mo Koa HIERE TR &S K
AR G RPN TR — BRI A 55,1999)

Cr. Ni 5 Fe,0;. MnO, CaO % 1E #f 3¢ (7> 0.6),
As. Cd 5 MnO, CaO &£ IEAH X (»>0.7), Hg 5 MnO,
CaO & 1F M 3% > 0.7); Zn 5 Fe,0, & 1E # %
(r=0.776); Pb 5 Fe,0, £71E— & AH & K& R AHAH KA
B .(7=0.532); Cu 5 FeO, OM S A XK R (| r|>
0.6), As, Cd, Hg. Zn, Cr, Ni 55 Si0, & & & fi 1 3¢
(| ¥ |>0.9), Cr, Zn5 Na,O(| r |> 0.6)F1 Cr, Ni 5
K,O( r|>0.)WRE AR, ik Bnit, 750
AR - o, Bk S 2R A B I B X Zn
Cr. Ni & FE BN HIEM, M Cr. Ni b 525 19 &)
W BfF 42 46 s As. Hg. Cd. Cr. Ni JG % B& 846 09 24k 9
W B 5 2 Rl DT 3E B AR A, A 2 Bk R 2k W Bff k5
Ca kKRB HAET Cat ¥, I As ] 5 Ca &
T2 5 T8 BOME T PR 1 iR Ak P s ES AL L vE , Cd 5
B i 25 1Y Ca S AR BB R £5 DT TE (40 CdCaOs), Cr.

Ni 5% DA i 2 6 T2 =X A7 76 10 38 78 68 1 0859 77 A | 4R
Pb 5 Zn KM, & A 2B A AW /A R AR I R A
il AHLEA RT3 Cu WR 3h, HIEIEROT Fe™
W B TR L 2 AR Cu A ks o, (145 + 3 rp
Cu ¥ Bl i H & T 3 2 B A A LB (OMD 5 Hox &
S BICE AR, RUTG LT AEE S8 1) &
BEWRAF AR, % T 4 R JC M BR AL AT O A5 2 AR
POETEE
34 BEEtESSERAERETFEHERY

3 2o T T R R o B BT A A
AR i TR A R T R R . iR R R A LA,
1% /A 7 (Brimhall and Dietrich et al., 1987) A:

7;=(Cj/C;p) [ (Cin/Cip) =1 )

L1, hESEREFEREG G, MG,
FRTE jIELEW RIS (& C ., M,
KA Z AP SHITER (WS a, R IREE
KAk it 2 b e e B 1 e R Ze G R NI 2018 7E -y
ZWILER., H1,>0, TR EZ LR RS K
AR 7,<0, RRTCR j TEZ LJZ B2 Tl
KT, Y =18, RWTTER j CLTEMEIRIT;
7,=0, LU R j X R R R AT Rl 4

M 85 (C/B/A J22) T 43 J& JC 3R i T R 4
AR (R 5) SRR B AR 1k (& 6) AT Al

5 AELEEEETERETEHRY
Tab. 5 The mass-balance calculation of heavy metal elements in profiles
HA i T Tas Teq Ter Teu Tigg Tun Tni Tpp, S

KY1-A 126 1.28 —0.44 0.10 8.11 0.03 —0.68 3.96 1.70

A KBEA  KY1-B 0.63 -0.53 —0.66 —0.44 5.07 —0.68 -0.81 0.00 0.32
KY1-C 1.48 -0.32 -0.38 0.02 3.19 -0.50 -0.71 0.50 0.41

A 1.12 0.14 —0.49 -0.11 5.46 -0.39 -0.73 1.49 0.81

AENRKKTESE  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

KY3-C 221 1.22 0.17 0.81 4.82 —0.09 0.22 3.62 1.62

A 0.93 1.19 0.18 0.32 6.24 -0.11 0.06 1.51 1.29

KAARDE  KYT-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

KY7-C 0.19 0.04 0.09 0.15 0.19 0.04 -0.07 —0.08 0.07
FE S -017 —0.42 0.15 —0.14 0.06 -0.31 -0.10 -0.38 —0.17

e KA KY8-A  —0.80 -0.81 —0.42 —0.62 —0.41 -0.79 —0.64 —0.59 —0.63
KY8-B -0.28 -0.82 0.62 -0.02 -0.35 —0.47 0.16 —0.46 -0.20
A —0.54 -0.82 0.10 -0.32 -0.38 -0.63 -0.24 -0.53 -0.42

WG 82K 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
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PSR AT R BT Ry S, EL S 1) TS bk O AR R A i
s OB VA ST (B 6d) 5 4 & ot F B AR R BNk R
iE AR, HH BJZM A JZ R B K W KA
T 43 J O R B VA R AR T 0, RN E &

4 HHe

THN Z &R EX, B4 F LML SRR
W FIRERR EE 07 M) A A% Hh, 40 Cu, Pb. Zn., As Z LI
AW T XA AE (X B ,2010), Cd 22 228 i 7] 4 W A7 T
NEED . B A B0 Ca i 4 v G OB 45,2004), Ni
TE R PEFREE T HAT SR 4 1 O I 4E,1998), Cr 7518 I
IV 1o B 308 B 2% T A S s R B 1, He S AA 7R
FERRER W i As T (CE = 55,1995) . H T ik R £ F i
16 1) R Ak 5 i 8 26 L RE TR ER B ) DR LA 2R )
(Morse J W et al.,2002), ik iR £& FN &% 16 9 & 4% P9 19
HE R TR Yoy E SRR P, 78 [H
— AR FET, ER R A A WA R Y A
TR, Z R R A T TR A B A
AP IR S R . A A SRR R,

- S i BT Ak AR B8 B BEAS TR, 3 1y B Ak 2 4
AR BEOR ], IR G R A R 1 W Fh 2t | R 4
k. KA BT

(DAEE_RKBEAHmOELD TR L Ca,
Na BB, SEA R L K B AT KA. Batk,
N SE IR TE L = B L S S5 R A9,
B Na, Ca. K. Ni, Cr, Cu, Zn %Bl/K TR Tk,
3 MEFES ) 5 (Fe, Mn 25 A AL/ S ALY 2R AR
WY AT RS BEK I, pH A FEAK CHl 1 21,2010), K3
SMEVE I CA 3 R LY RS L AR BR B AR
JE IR A, Fe. Mn 25 A4k M/ S AL P B BRI BTG As.
Cd. Hg SRtz 78 B & 5. Pb 784 A WAk il t i 72
TR B R Ok, K43 Po A5 OR B 7E 1 v HLAH
fm TREBTRES & CE = 46,1995)

(2> 3 [N BE 5 ) 18 Ak F B &6 JE % 9 2% Na.
CalfrBe. BEFH L A 13 4h R T BEA A9 0 4 41
L2 205, B Na, Mn & 2 B 0 bk 2 41, Hofl 3=
HICE AR B2 KT, B Hg. Pb, Cd Ak
(4R TR WA AT E 4. Hg, Cd 56
Mn 1) 48101 36 438 0% BFF T 5 4

KA1 JErb 25 30 T E A 25 K B BLJR 1, Bk
SAE SR AL, WET YW =B A S — A e
JI 1 U A7 T STO,(RERR ) o AE Mt B e, BBV TOK &
S RE T HhIE (K, Na, Ca) KB40 ME Y 5 (Fe, Mn
S A /B AR ST0,) S RV TR 56 7K N+ 8 rp
WK o TBE Feo Mn S5 A0 /40 S8 10100 R s 04 A T
fE 428 As. Cd. Hg. Zn, Cr. Ni % U 5 H A E 7 )
Jo— L 5% BA AE B b w4 o AR A ML A 8
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Fig. 7 The release and migration pattern of heavy metals in the rock weathering process



12 o4t o# R

NORTHWESTERN GEOLOGY

XxXxX 4

As. Cd. Hg. Cr 55 0] 5 7 42 Ml 175 ) Jog — A 5% B8 76 it bt
AR BE WAL VE TR R 22 17, b R4 &
SIRASEA . KR R RS, DAL AT S
TR GYFIE A, G RAR T BRI A B A7 T
PR B R WEKAR, IR I H 5 B R ok .
5 e

COFEHAE L WRJE A B R 1 A ) i 3 & 4 s
TERRZE T TEGRE LT FE, Kbk s
il 17 € As, Cd, Hg & Bl kB4 3 8 19 10~ 50 17,
S5 XU A I, R CR AR 5. o il
(RHOE S LN BRI AR IE . 2K 5 A WA L
B 58, AETE T AE B PR XURS: , 7 T T 5 I
SIEE, IPIX 7.

(DA A WAL HAEX L E & R TR F 4%
Wil 5 o B TR R A KL B A B v i R D
FHEOLA FERRE &4/ RAEY A, I X B
P 1 3R A 2% e, S T (S A7 0 ) it A% [R] 1% 0 46 Jes . 3%
RO A, AR S ALt BN B #8 ik
%o EEIRTESRE MG S WAL LB g, —J7
T4k AR 1 B A R o s AR, 3 — 7 R T Ak
AR EE B TR RS, Ea R /e R, O
AF N 38 /2

GOl —S M T, TR TS A WALt 2k
BN BERGER, SEEAM . TRAES AT IR
ARSI AL S KA BE | B A= 0 2 AR = ) f
T I A S () R AR 2 UIAH G o 45 Y A b B i) A,
ST 4 R TR A A KA 2 AR i A AL AR

(4) T AR 1A DL 5 54 8 A SR A ]
W, A AR S R E S BT R NI
AR, R B Y X AR IE R A

ol B B E BB R R G -E R R R SR
Bl K # .0 Chttp://www.geodata.cn) HE AR 37 7%

2 % L #k (References):

Wi A, RS, XES2 10, S P EAREAE R A . K RE A K
b RO TR & A 1 4 e (0], RIS RBE, 1999,
(3):161-167.

CHEN lJingsheng, HONG Song, DENG Baoshan, et al. Geographical

tendencies of trace element contents in soils derived from gran-

ite, basalt and limestone of Eastern China[J]. Soil and Environ-
mental Sciences, 1999, (3): 161-167.

WRE 26, 3K H Bk S DUARY A & A K AS L (8] Fe 91 B B 4 —
PEHRE 5 R L], 324, 2009, 46(5): 753-763.

CHEN Liumei, ZHANG Ganlin. Parent material uniformity and evol-
ution of soil characteristics of a paddy soil chronosequence de-
rived from marine sediments[J]. Acta Pedologica Sinica, 2009,
46(5): 753-763.

MR, S, TR B, A5 LR i AR 18 4L (CIA) AR T
AR A R BT L], M2 2%, 2003, 10(4): 539-544.

FENG Lianjun, CHU Xuelei, ZHANG Qirui, et al. CIA (chemical in-
dex of alteration)and its applications in the Neoproterozoic
clastic rocks[J]. Earth Science Frontiers, 2003, 10(4):
539-544.

RSN, KR, sk 223, S5 CdIRREVE KB I CAmME %
H5RBESENGE—LUI SN E T X 0] [I]. b 5 iE i,
2022, 41(4): 533-544.

FENG Zhigang, LIU Wei, ZHANG Lanying, et al. Enrichment and
supernormal enrichment phenomenon of Cd in soils developed
on Cd-poor carbonate rocks: a case study of karst areas in
Guizhou, China[J]. Geological Bulletin of China, 2022, 41(4):
533-544.

RN, XA, AL, 45 BRI EL A X AL R iR T R
B ER AL~ AT D9 5 o A B R A T S 5 B R A (0],
A, 2018, 37(3): 315-329.

FENG Zhigang, LIU Xuanzhi, HAN Shili, et al. Study on geochemic-
al behavior of high field strength elements during weathering of
carbonate rocks: Evidence from leaching experiment on carbon-
ate rock[J]. Carsologica Sinica, 2018, 37(3): 315-329.

e, B, SRR, SE. LA A b DR A A R Y
AL MU BT (7], PEILHL R, 2022, 55(2): 284-291.
GAO Ya, HU Chen, ZHANG Chunlei, et al. Study on the distribu-
tion of selenium-rich soil and the regularity of selenium enrich-
ment-migration in Shitai area, Anhui, China[J]. Northwestern

Geology, 2022, 55(2): 284-291.

JBi2y, B, A, A SN A SRR X R R G R TS Y
fiE K A PR D). HuER 5 FREE, 2022, 50(4): 506-515.

GU Hui, ZHAO Tao, GAO Yue, et al. Pollution characteristics and
source analysis of heavy metals in soils of a typical lead-zinc
mining area in guizhou province[J]. Earth and Environment,
2022, 50(4): 506-515.

e, Bk, BOR A, A5 PYAL i X T 4 Jm Jo R BB K
A gt RS PR 4317 (9], PEAE BT, 2022, 55(3): 318-325.

HAN Baohua, HU Yonghao, DUAN Xing xing, et al. Accumulation
status of heavy metals in northwest China and analysis of causes
in typical areas[J]. Northwestern Geology, 2022, 55(3):
318-325.

AR, S, BInE TS, AF T MRS A X R A AR


https://doi.org/10.3321/j.issn:0564-3929.2009.05.001
https://doi.org/10.3321/j.issn:0564-3929.2009.05.001
https://doi.org/10.3321/j.issn:1005-2321.2003.04.019
https://doi.org/10.3321/j.issn:1005-2321.2003.04.019
https://doi.org/10.12097/j.issn.1671-2552.2022.04.002
https://doi.org/10.12097/j.issn.1671-2552.2022.04.002
https://doi.org/10.11932/karst20180301
https://doi.org/10.11932/karst20180301

% x

R4 T B 4 D A A i e o 8 v o R A 7% o SRR AIE 13

PR 2 g8 b B BVRRAE B HE i [ 2R [T, SR )22 22 4R,
2021, 41(2): 597-606.

LI Jie, ZHAN Mingguo, ZHONG Xiaoyu, et al. Distribution and ac-
cumulation of heavy metals in soil-crop systems from a typical
carbonate rocks area in GuangxilJ]. Acta Scientiae Circumstan-
tiae, 2021, 41(2): 597-606.

2R, BB R AR F AL SO WA AR R G R ST (D). B st
K2, 2015.

LI Juan. Supergenic oxidation of pyrite and the study for microbial
oxidation mechanism [D]. Nanjing University, 2015.

BR AR, SRR, AV, M — T X 2 AR s ER A 2 A A )
AR 1], IS5 AR, 2004, 28(3): 257-260.

LIAO Qilin, WU Xin Min, JIN Yang. Preliminary achievements of
multi-objective geochemical survey in Nanjing-Zhenjiang
area[J]. Geophysical & Geochemical Exploration, 2004, 28(3):
257-260.

X Eg. T B R A B 2 R AT PR T ) BRI K 4R T
I [D]. Ke¥b: R4, 2010.

LIU Nan. Ore sources and prospecting direction of skarn-typecopper-
polymetallic deposit in the middle of ningzhen mountains [D].
Changsha: Central South University, 2010.

XUMG, kAl 2x, RS, . HRRAE b A AR TE R R AR
FA 030, # JF 381, 2020, 66(3): 699-719.

LIU Peng, ZHANG Dehui, WU Minggqian, et al. Discussion on
magma-hydrothermal ~ formation and mineralization of
granites [J]. Geological Review, 2020, 66(3): 699-719.

B, TS, TP EA, . TR 5 X P R AR 45
T UL ——Lh ) PG b X 481 [0]. A= A5 2 255K, 2021,
40(8):2302-2314.

JI Wenbing, YANG Zhongfang, YIN Aijing, et al. Formation mech-
anisms of iron-manganese nodules in soils from high geological
back-ground area of central Guangxill]. 4= #& 2% 4= i, 2021,
40(8):2302-2314.

K. H. B/R K. BT R RG K GF =) M1, Jtat: # BT
JiAL, 1979.

K. H. SRR 20 RIAZRG R G =) [M]. Jtat: sl
£1, 1979. K. H. Wolfed. Hndbook of strt-bound nd strtiform ore
deposits(Vol. 3)[M]. Beijing: Geological Publishing House,
1979.

i 1) 2. L HEPRIRE A (M. b st i #R R 2 AL, 2010.

QU Xiangrong. Soil environmental science[M]. Beijing: Tsinghua
University Press, 2010.

ASAER, BRGNS AR, LR TR R+
HEI5 Y XU 45 H AR UE (GB 15618-2018) [S]. b 5t: th E AR 1fE
th pitit, 2018.

The Ministry of Ecology and Environment P. R. C. Soil environment-
al quality risk control standard for soil contamination of agricul-

tural land(GB 15618-2018) [S]. Beijing: China Quality and

Standards Publishing & Media Co. Ltd, 2018.

WO, B IR, W, 5F . 4XHOT R MRk AL 2 KOs L
[M]. Jbat: Hu s Rk, 2004

TU Guangchi, GAO Zhenmin, HU Ruizhong, et al. Disperse element
geochemistry and metallogenic mechanism [M]. Beijing: Geo-
logical Publishing House, 2004.

FAE BT VLR IT R AR B X X M R SR G T
Refi5e [D]. B HTR%, 2019,

WANG Haoxian. Study on heavy metals in agricultural land of
basaltic area in xuyi county, jiangsu province and leigiong area,
eastern china[D]. Nanjing University, 2019.

EF, M, BN, ORI X RS R EF RN —
PEHE T]. R HEE R, 2021, 52(2): 253-260.

WANG Xiao, YE Qing, LI Jianwu, et al. Determination for the uni-
formity of parent material of basalt-developed soil in the Xin-
sheng Basin[J]. Chinese Journal of Soil Science, 2021, 52(2):
253-260.

Fzm, BAE R LR CR A (M) bR b E IR
JiAt. 1995.

WANG Yun, WEI Fusheng. Soil environmental element chemistry
[M]. Beijing: China Environmental Science Press, 1995.

M s, T RN, ARGE T, S AR R DR IR e G R kb
2 REAE B AR S KU PP ——LL 5 e R L IR 3R — 4 B b X
B 0], P S AR, 2021, 45(5): 1135-1146.

XIAO Gaogiang, XIANG Longzhou, DAI Dalong, et al. Geochemic-
al characteristics and ecological risk assessment of heavy metals
in granitic magmatic soil: A case study of the Jiucheng-Jiemao
area in Yingjiang County, Yunnan Province[J]. Geophysical
and Geochemical Exploration, 2021, 45(5): 1135-1146.

TRAAE, TRBKET, TRANAE, 55, EHH A A Bl g AR P e
T F MRS R SR A L0 W VA0l 2 4, 2019, 31(12):
2064-2072.

XU Yingfei, ZHANG Gengmiao, ZHANG Lijun, et al. Migration and
accumulation of metal elements during formation of soils de-
rived from different parent rocks in subtropical zone[J]. Acta
Agriculturae Zhejiangensis, 2019, 31(12): 2064-2072.

TR IR . B PUBRTE B X H 42 Jm 70 3 M Bk fb A Rf Ak (D
FRBET K%, 2009.

XU Zhengqi. Geochemical Characteristics of heavy metals in differ-
ent media in Panzhihua V-Ti-Magnetite zone[D]. Chengdu
University of Technology, 2009.

TR, PR, SR, A T B DX UL T G SR A B
RAEE T (1], TR M T2 412, 2019, 27C1): 48-54.

YAN Changhong, XU Baotian, WU Chengyu, et al. The stratigraph-
ic structure and stability analysis in gentle slopes of piedmontat
Ningzhen area[J]. Journal of Engineering Geology, 2019,
27(1): 48-54.

B AR VL TR b X TR K 9 Ni, Ti, Mo JE 3R I i J2 H


https://doi.org/10.13671/j.hjkxxb.2020.0235
https://doi.org/10.13671/j.hjkxxb.2020.0235
https://doi.org/10.13671/j.hjkxxb.2020.0235
https://doi.org/10.13671/j.hjkxxb.2020.0235
https://doi.org/10.16509/j.georeview.2020.03.012
https://doi.org/10.16509/j.georeview.2020.03.012
https://doi.org/10.13292/j.1000-4890.202108.006
https://doi.org/10.13292/j.1000-4890.202108.006
https://doi.org/10.19336/j.cnki.trtb.2020060201
https://doi.org/10.19336/j.cnki.trtb.2020060201
https://doi.org/10.3969/j.issn.1004-1524.2019.12.16
https://doi.org/10.3969/j.issn.1004-1524.2019.12.16
https://doi.org/10.3969/j.issn.1004-1524.2019.12.16
https://doi.org/10.13544/j.cnki.jeg.2019-007
https://doi.org/10.13544/j.cnki.jeg.2019-007

14 odb b R

NORTHWESTERN GEOLOGY

XxXxX 4

Sy AR UL (D). VLA RL A, 1998, (1):28-32.

ZENG Zhaohua. Formation and distribution of Ni, Ti, Mo elements
in groundwater in the middle and lower reaches of the Yangtze
River[J]. Jiangxi Science, 1998, (1): 28-32.

KL IR, F 5 T XA R A R A T R M R Al AR AE
[D]. B RUR 2%, 2011,

ZHANG Lijuan. The element geochemistry characteristic of weather-
ing and soil forming processes in tropical soil profiles—take soil
profiles developed from basalts in leiqiong area for
example [D]. Nanjing University, 2011.

TRHIE, BRAT S, iR, SF LT B AR X & AR L AE R TN B
AN b A8 B N 1 85 A U-Pb 4R I8 . HIf W) {7 4RI &
MR SCLT]. MR A4, 2018, 92C11): 2248-2268.

ZHANG Mingchao, CHEN Renyi, YE Tianzhu, et al. Zircon U-Pb
dating and Hf isotopic compositions of the Anjishan granodior-
ite porphyry and Weigang granodiorite in the Ningzhen ore
cluster area and their geological implications[J]. ACTA GEO-
LOGICA SINICA, 2018, 92(11): 2248-2268.

TRARMR, #E, RIUNE. T HLP BOE RO B R R a1
5% L. 5 ¥4, 2010, 30(3): 15-22.

ZHANG Shugen, XU Ying, YU Xuhui. Research on the mineralogy
of plagioclase from the magmatic complex in the middle seg-
ment of nanjing-zhenjiang mesozoic magmatic belt[J]. Journal
of Mineralogy and Petrology, 2010, 30(3): 15-22.

TR, AN, RATHE. LI AR TG R]. A2 AR
H A4Sl A N3, 1987,

JRLIE. 0 i A 2= a4 R R R W5 L] A (bR, 2020,
27(2): 115+135.

ZHOU Zheng. Study on the influencing factors of diagenesis of clast-
ic reservoir[J]. Petrochemical Industry Technology, 2020,
27(2): 115+135.

RURAR, BRE R, g, 5.7 R L Pb-Zn B4 I 4 8 (19 3%
Az W Bk AL AT R BT I R R iR R ], SR B R
2F2E 4], 2005, (3): 414-422.

ZHU Jibao, CHEN Fanrong, LU Long, et al. Heavy metal geochem-
istry behavior during the oxidation of the Fankou Pb-Zn minet-
ailings in Guangdong province and the implications for environ-
mental remediation of the mines[J]. Acta Scientiae Circumstan-
tiae, 2005, (3): 414422,

Brimhall G H, Dietrich W E. Constitutive mass balance relations
between chemical composition, volume, density, porosity, and
strain in metasomatic hydrochemical systems: results on weath-
ering and pedogenesis[J]. Geochimica et Cosmochimica Acta,
1987, 51: 567-587.

Chapman S L, Horn M E. Parent material uniformity and origin of
silty soils in northwest Arkansas based on zirconium-titanium
contents. Soil Sci Soc Am Proc, 1968, 32: 265~271.

Drees L R, Wilding L P. Elemental distribution in the light isolate of
soil separates[J]. Soil Science Society of America Journal,
1978, 42: 976-978.

Fralick P W, Kronberg B 1. Geochemical discrimination of clastic
sedimentary rock sources[J]. Sedimentary Geology, 1997, 113:
111-124.31-33.

Hao, Q. Z., Guo, Z. T., Qiao, Y. S., et al. Geochemical Evidence for
the provenance of middle pleistocene loess depositsin Southern
China. Quaternary Science Reviews, 2010, 29: 3317-3326.

Mahmoodi M, Khormali F, Amini A, et al. Weathering and soils
formation on different parent materials in Golestan Province,
Noethern Iran[J]. Journal of Mountain Science, 2016, 13(5):
870-881.

McLennan S M. 1993. Weathering and global denudation. The Journ-
al of Geology, 101: 295~303.

Morse J W, Arvidson R S. The dissolution kinetics of major sedi-
mentary carbonate minerals. Earth-Sci Rev, 2002, 58: 51-84.
Nesbitt H W, Young G M. Prediction of some weathering trends of
plutonic and volcanic rocks based on thermodynamic and kinet-
ic considerations[J]. Geochimica et Cosmochimica Acta, 1984,

48(7):1523-1534.

Sheoran A S, Sheoran V. Heavy metal removal mechanism of acid
mine drainage in wetlands:A critical review[J]. Minerals En-
gineering, 2006, 19: 105-116.

Taylor S R, McLeman S M. The continental crust: its composition
and evolutio [M]. London: Blackwell Scientific Publications,
1985.

Xu Youning, Zhang Jianghua. Ke Hailing, et al. An assessment meth-
odfor heavy metal cumulative risk on farmland soil in the
miningarea: A case study of the Xiaoqinling gold mining
area[J]. Geological Bulletin of China, 2014, 33(8): 1097-1105.


https://doi.org/10.3969/j.issn.1001-6872.2010.03.002
https://doi.org/10.3969/j.issn.1001-6872.2010.03.002
https://doi.org/10.3969/j.issn.1001-6872.2010.03.002
https://doi.org/10.3969/j.issn.1006-0235.2020.02.072
https://doi.org/10.3969/j.issn.1006-0235.2020.02.072
https://doi.org/10.3321/j.issn:0253-2468.2005.03.025
https://doi.org/10.3321/j.issn:0253-2468.2005.03.025
https://doi.org/10.3321/j.issn:0253-2468.2005.03.025
https://doi.org/10.3321/j.issn:0253-2468.2005.03.025
https://doi.org/10.3321/j.issn:0253-2468.2005.03.025
https://doi.org/10.1016/0016-7037(87)90070-6
https://doi.org/10.2136/sssaj1978.03615995004200060031x
https://doi.org/10.1016/S0037-0738(97)00049-3
https://doi.org/10.1007/s11629-015-3567-x
https://doi.org/10.1016/0016-7037(84)90408-3

	1 研究区概况
	2 材料与方法
	2.1 样品采集与测试
	2.2 数据处理分析

	3 结果与分析
	3.1 成土剖面母质均一性
	3.2 剖面化学风化程度特征
	3.3 剖面元素地球化学特征
	3.3.1 主量元素
	3.3.2 重金属元素
	3.3.3 相关性分析

	3.4 基岩-土壤重金属元素质量平衡系数

	4 讨论
	5 结论
	参考文献

