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Fig. 1 Geological background and sampling site map of the study area (YPMO1-12 is fresh bedrock collected from a quarry near the

section).
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Table 1 Composition and physical and chemical indexes of trace elements in weathering profile of alkali-rich porphyry.
WALz . W% As cd Cr Cu Hg Ni Pb Zn Zr Ti SOM CIA
%53 e (cm) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (%) (%)
Sz YPMOLOL 30 7170 0.6  142.00 5240  0.05 6040 241.00 147.00 756.00 6076  0.40 93.04
YPMO1-02 90 70.10 0.16 128.00  41.00 0.05 50.60  201.00 119.00  754.00 5896  0.53 90.50
YPMO1-03 200 7410  0.16 13400 39.50  0.04  51.10 20400 141.00 735.00 5681 034 91.69
R YPMO1-04 270 63.90 0.10 105.00 18.30 0.03 48.40 168.00  152.00  957.00 6398  0.28 8I1.18
YPMO1-05 320 6.81 0.09 58.40 12.50 0.02 60.00 108.00  192.00  827.00 4252 0.17 72.82
YPMO1-06 370 7.45 0.08 53.70 11.90 0.01 46.20 123.00  145.00  899.00 4316  0.14 64.20
YPMO1-07 440 512 020 5230 1730 0.01 5140  117.00  171.00 894.00 3813  0.16 62.55
YPMO1-08 530 2.25 021 6120  21.70 Y 4940  108.00 183.00 891.00 3471  0.14 59.96
WEZE - YPMO1-09 700 3.19 0.12 57.80 15.90 ¥ 52.10 84.00 196.00  833.00 3817 0.10 58.65
YPMO1-10 820 3.34 0.18 59.90 17.60 0.005 50.60 88.80 182.00  854.00 3960  0.07 58.88
YPMO1-11 900 1.40 0.09 79.70 13.70 0.01 59.80 93.40 142.00  864.00 3639 0.24 5556
A YPMO1-12 1000 2.41 0.14 10.20 8.36 0.01 10.40 118.00 94.40 584.00 1757  0.12 46.08
ucc 1.50 0.098 35.85 25.00 0.0123 20.44 20.17 71.00 190.00 3000 A A
BRPER A X R)Z 1 5.10 0.11 3200  13.00  0.06 13.00 3600 6500 311.00 3571 214 A
BHEARZIE 10.60 0.27 91.00 40.00 0.07 38.00 39.00 96.00  336.00 6193 248 A

W CATFRRTRENR, v FORTCICEE, UCC $di i I T 30#k [26], WERAAXFEZ . W2 HHEEERE T SCHk [27].
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Fig. 2 Correlation diagrams of weathering profile Ti-Al,O; and Yb-Y. (a) Ti-AlLO; relationship in weathering profile; (b) Yb-Y

relationship in weathering profile.
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Fig.3 Evolution characteristics of weathering intensity in weathering profile. (A) Variation characteristics of chemical weathering

index (CIA); (B) Variation characteristics of SiO,/Al,O; ratio ;

(C) Variation characteristics of Al,O,/TFe,0; ratio; (D)

Variation characteristics of desilication aluminum-rich iron degree.
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ASALIEFE N 10.2 ~ 142mg/kg, 5 As BIZRALERAEARAL,
2P RE 2 IR & & 0 3 T Cu & AR RE
[l 8.36 ~ 52.4mg/kg, 5 As. Cr AL, FE P A Fifi X
FEFR I I35 5 128 5, 762 KUK 2 38 (200em) 7%
D E AR He o B AR A R e, I Rk
0.05mg/kg, 7F 4= KUALJZ A% & 4 Ni & A8 1k v
H10.4 ~ 60.4mg/kg, 7F A HA B AR, 7E48 KALZ
A AL AR R s Po % AR RS L R 84 ~ 241mg/ke,
FEI A Bl AR 2 A 3858 1 128 55 Zn S i AE AL
JE R 94.4 ~ 196mg/kg, 780 A Fifi JRUAL T2 B ) 4 55
A e w5 AR R REIE
3.2.2 HAJEIEN SRR

W2 E A BT B e AT S e R,
{7525 S EL 0 5 b () ) O TR 2H BURRALE , S
G DR 55 R i XUAR 7 T AR REAE A DX 531, TRt AR
SCIEFE EREFEICER T AR S IR B XA TR
JCEPH AR, TR YPMO1-08 5 YPMO1-09
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() Hg & s A TR B, 8 (8 FVE IR, B 31X 54
A E SCOM RS INR FRAE 0.0005mg/kg. As. Cd. Cr.
Cu. Hg. Ni, Pb, Zn iX 8 FH 4 )& CHR UCC #nififk
()T 1) S AR Q] 4 s, 2 XAR)2 (4802 ) 8 F
BB SRYBES TS REHESEAES
JB & U E AR LT B 1.14 ~ 2975, TUHE As 5
Cr fEENALZHIXS R A I i E 4 . fEXEHIm A T
i E A R, B T Cd, AT 48 e R Mkt
PRI T IR AR

&l 5a TR AL ST 3L 7 UCC frifife S5 4
RARJZ BB (R A X 22 6T A bR AL i
R b 4 8 JUER UCC b ek (8 1Y 28 1k 3 R
0.28 ~ 5.85, H A As, Cd. Zn &M E T UCC, H
bRl (2235 Fl ol 1.33 ~ 1.61, Cr. Cu. Hg. Ni fik
T UCC, HAriEfb (a2 Lw ol 0.28 ~ 0.81, Pb 123
T UCC, HbrefbE N 5.85, Wb & Bt s T
SV TT—3 E 1L  BE B i B, REA S
B KO- KRR VI A ) Ph-Ag Z & R -
PRI, PR B Bl - T I 5 & P, Zn 25
JLE, Cd M EZT WA RS (CAS), A T4,
YRR A AT PRS0 Th U, BT A b Cd Stk
Xt UCC . Wb )2 (52 SibE R A # X
FZ Y S EA (& Sb), 3L A He & HEREIK
TR AE X FR)Z 1, FLHE R 0.83; Cd. Zn &
T TR R A X 3R)ZE 48, (a2 Ay [l
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Fig. 5 Standardized diagram of heavy metal elements in
bedrock and full weathered layer. (a) UCC standardized
diagram of heavy metals in bedrock; (b) Standardized
diagram of surface soil background values in alkaline
intrusive rock areas of heavy metals in full weathered
layer; (c) Standardized diagram of surface soil
background values of heavy metals in full weathered

layer in Yunnan Province.
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900cm 114 ¥ B i L P ) 2R B0t B 8 /) 43 SRR 4IE, Cr,
Ni R R EE R RHE (7, 0528 2.77 5 1.78),
AT 4R T R R A IR B A Ik 2 it R
(7, AT H—0.72 ~ —0.21), JuHE As. Cd. Pb,
Hg i 2 35 k2R (1, B0 H 5 -0.72 ~ —0.52); Cu,
Zn BEMK (¢, ZAIEFIH-0.38 ~—0.21)
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Fig. 6 Distribution characteristics of vertical migration coefficient of heavy metal elements in weathering profile. (a) The vertical

distribution characteristics of heavy metal migration coefficients in weathering profile; (b) Local magnification of vertical

distribution characteristics of heavy metal migration coefficient in weathering profile.
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ARG Bl —0.98 ~ —0.54), It H it 2 Hh B 4 B AT
0, BRI 2 b, 7R XU BE AR X B B AUk 2544
BROEMIE T, BiEdion Fiarih, NEEETHR
k22 5, fEREE Cr. Ni (s M HA TS E T
RIMRRLE

e KA )2 (370~200em A9 TR BEI EL Y) H 4 J@ ot
R EEDEN T, As L REE P R
R, e ERR B A (g, BRI 0.17 ~ 8.51),
T W R A AL, IFTE 2 KA Z T A S
SEFR I IR B A5, Cd, Pb, Zn RILH R E AT
(AL (1, 2B AR R—0.80 ~ —0.16); Cr, Ni 55U &
4 (7, BALTE N 0.28 ~ 3.06), Cr St 3 51 H 162
AR 2 00 5 B i 3k 31 fie ikt ; Cu. Hg AR AL AFAEAH
o, BRIy by v R AR A I SR AT ) B IE AR
ARV AL, R BH B 28 A Ui, AR MR 4 5 0.86
F10.41(;,, BAIEEH-0.59 ~ 0.46) . BEWITE KL
SRR TR AR , KGR B AR 5, S A AT
YRR BT Y R R Ok R, KA A KA LR
Y, FEREE SR R B SRR, YRS

2 R e BRI RS R USROG PERHAE

WP AL 845 Cd. Pb. Zn k2T H, As BEE LT
SR FUE 4R, Cr, Ni BEXLEE A s & 4E, Cu, Hg
P XA S A A s R R R I E . XUk
JZ(90em % %2 AT ) A BRI RS
e RAL)Z B B RS B R
412 WEEEICERTBEENERHEE

I8 R 4 SR O R R R B R T B AR A
KAEAHF (3 2), AVE 4B TR KA L FE v
HUBRAL AT A AR o AT R07E & BRBE A KR+
IR, As, Cr, Cu, Hg 7£ p=0.05 /KF I & % 1IE A
X, Cd, Pb, Zn W TE p=0.05 /K F | B FHIEH X, ik
B As. Cr. Cu, Hg il Cd. Pb. Zn 435 A ALY b
BRALZEAT

X E A R IR 5 HAL TR (Fehn) A TAH G
PEA T, A58 1 48 T R KL B i
BENLR L HE R R . % 3 UL E 48 oo
Z5FEITE. AL, CIA, BESES: 250 2 /K i
FHSEME ST, BT AR AN [R) 5 4 J o0 2 A 52 i [H) 38
FEEESE, f32 B ITRIT NI R, 3822 KAk

Table 2 Pearson correlation characteristics of heavy metal migration coefficient in weathering profile.

JLHR As cd Cr Cu Hg Ni Pb Zn

As 1

cd 0.422 1

Cr 0.634" 0.538 1

Cu 0.603" 0.175 0.594 1

Hg 0.818™ -0.220 0.364 0.529 1

Ni -0.610" —0.119 0.174 —0.246 —0.652" 1

Pb 0.137 0.639" ~0.365 0.341 0.477 -0.663" 1

Zn —0.889" 0.680" -0.661" —0.349 -0.722" 0.444 0.101 1
e R RIRTE p=0.01 KV R 7 FIRAE p=0.05 KF L BE; n=12,

3 Wb e B T A 5 AR R BRI G PERHIE

Table 3 Pearson correlation characteristics of heavy metal elements and other indicators in weathering profile.

EiELN As cd Cr Cu Hg Ni Pb Zn
Sio, —0.895" -0.211 -0.973" -0.942" -0.874" —0.542 —0.872" 0.094
AlLO; 0.938™ 0.055 0.925" 0.851" 0.929" 0.447 0.907" —0.145
TFe,0; 0.888" 0.155 0.907" 0.922" 0.929" 0.394 0.912" ~0.260
MgO —0.684° ~0.240 -0.439 -0.615" -0.675" 0.432 -0.782" 0.758"
Ca0O -0.338 0.021 —0.588" -0.376 -0.281 —0.899" -0.236 —0.581"
Na,O -0.879" —0.033 -0.899" -0.805" -0.871" ~0.546 —0.832" ~0.001
K,O -0.975" ~0.086 -0.884" -0.871" -0.975" -0.213 -0.967" 0.375
SOM 0.8717 0.043 0.864" 0.816™ 0.929" 0.283 0.860" —0.468
CIA 0.931" 0.054 0.926" 0.850" 0.921" 0.469 0.895™ ~0.117
Si/(Al+Fe) —0.876" —0.071 —0.939" —0.835" —0.866" —0.606" —0.833" 0.004
e RRIRTE p=0.01 K ;¥ FRIRTE p=0.05 K ERBE; =12,
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a2t

FREE | At B SR T AA DL A 20
HE4JEILE As, Cr, Cu, Hg. Pb 7 p=0.01 /K-
I, 5 ALOs. TFe,0, &2 i & M IEAHC, KR A ¢
FHORT 0.851, 115 Si0,, AR E B 1Y 7k
X, KR AA O R BN T-0.833, U As, Cr. Cu,
Hg. Pb 1Yl & &2 Wik & g i ds il . B4
J&JCZE As, Cr, Cu, Hg 5 CIA, SOM 7£ p=0.01 7K
b EE Y IE AR OC, R RAMAE SE RECR T 0.816,
VI S E 4 Ja 1 B R S A ML s, LA
MU & A 2P B REH, X 48 B A BRI &
MEERe NP, BEAJEILEK As, Cr. Cu, Hg 5
MgO. CaO. Na,0. K,0 B KM 7E p=0.01 /KF I
5 UG, R R OC R BUINT-0.281, Ui FE
AL R o B XA R B 35, As. Cr. Cu. Hg Y&
A 55 Rk R R PH B IR IR R R G I, B BB XU
SRR R A WAL S 2 08, I 4
As. Cr. Cu, Hg Fifi ik F2 b a4 it XA AN [ A5 2 b K
TR, M L0 YR ESR TR LA —
SE W AT
Cd. Zn, Ni 5 -0 R (F®EICE ). SOM,
CIA T4 3 WA DG, i Cd. Zn, Ni 32 0 72
FRICRAT HAA DL AR #55 . Cd. Pb, Zn F
AT TR AT YRS BT Y, Cd, Zn 75
ARG YA S Y B K PR, BRI R L
HREPENIRI BRI FERE T, T Pb 78 3t
FEBE 1305, (HJR % X R 1 1 498 (4= XUk )2 pH ¥{HE
R 4.74) FUSR MK S5 F AT RESS G I Pb 1T sl Mk, B
SR Cd. Pb. Zn 7t b KA T &, (HJRARXS T Ti %
PR TR MRS BERE, H Pb 7ERZ T RE 1A K
Cd. Zn. Al Fe 8L/ 8 F AW 23 4 )& oo
2 Cr. Ni i R AFME BRI, 32 8R40 S ki A S8 Ak ik
s, i DA T W 4 T8 2 A 26 1) A%
K Cr. Ni 7R3 WAk A b 3R B Hh B XA A%
) SR & 4, AR KR e N2 B
.tk UCC 52 XALZ, BRI 5 i
Cu. Cr, Ni, Hg, (B3ZH A Sk 2= 1k B i fk aF Bk
ERR M, BRI R A EE TR L5 Al Fe
Ay E S, BEIERA AR R E I IX 4
HEEJRE IR HERHR P LML As B2
DIBR I ASAEAE, ML Fe S LYW A | HE S 5T
UGS A BE Fe SR W M 25 A ek 2k 1k ) vh
fifl 5 — 52 LB, As B PTIAPERE pHL A4 T8 T AR 58
ST X R PE T SRR T As BTk, As 7TE R
R E 5 Feo ALSS G MEB HEL S, IF5RIX

RAAE SR B, & Bk AE AR, Itk As 5 Fe, Al
TEMERE AL SN = 5, As 5 Al Fe [ 2 3 15
FABVLIA T As 1Y 5 2037 & SRR VE P g il o
4.2 RS

KREW5ERATE L SR X & Fl i 48 Y1
ANTRIRR B () A 25 KU, A Ve b 2% L 7k B AT RED
JE4¢ 1 13 Pb, Zn, Cd Fl Cu V5 YL, 76k
FMAE"IX Pb, Zn, Cd., Hg Fl As N ETGH, 4
BUPVLE XA b+ 8 T 4 R 7 i B 2 -8R
AR /N BT e B A 3, As Fl Cd 75 G 15 Il B oM
i, R Cu Al PPY, SR 4D Fe pu 1 4 2 4
T YRR B 4 SR R UE SE g R I Zn AR DB R BT A
i, HLUOE: Cd Fil Pb, As RGO UE, Wk Zn.,
Cd. Pb, As % B 0 50GA 21.3%., 0.216%. 0.145%.
0.002% . MMFRAECO] He SN HR 204 i 5 B IR
() 2 A= AL IR BB I 52 v R B Zn, Cd 78 KAk 7
PN RN

h T P BBE A KA i ) R
(A RAR)Z) 4 a8 R BREE XU, A8 SCR FH (48R 5
Jo A FH M A 3 S g RS A 45 AR G T) ) (GB
15618—2018) H ¢ F 1+ 3 A [m] pH 454 175 4
DRI G 8 {1 R /85 1 1 A R (L, %o IXUAk 30 T 4 XU Ak
JZ 8 M E & BT R S i TR A (B 7).
H 4 XAEZE YPMO1-01 5 YPMO1-02 /Y pH {E 5 51
h 4.65 il 4.82.

i LA ARITELL
A (AR EL

PRl L

0

As Cd Cr Hg Pb Cu Ni Zn

7 4RI o 5 e XU G e (R R E b o f Pl gt
Fig. 7 standardized diagram of heavy metal risk screening

value and control value for full weathering layer.

&L 7 AT BFSEIX A 1A A8 A T REAFAE As,

Pb 75 4L 114 KU, T A% 4 T 2 A 15 G i XU,
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— 625 —



HO

534

i

2023 4E

http: //www. ykes. ac. cn

5 Po it e, L T XU e (I
TN HE As S EEAT P i, HEEXETE L
SRS H AR, FESZR AUE AR R, 2
R As 5t fi g, e fa (L T XU i 2k
(AT T (EAE R AR, 1 DX W i Y
S ML, P, Zn SEAE XA i P ORI R n] BERE IR
PRI A% UL A I T, ATAT 52 M 0 70 7 222 ) 1k 22 - 301
XAFERIFX . £ eI ER £ B
DXEREESE M PEAN BF 5 v e B R AR P P JLR
i T ESRE, HAR G Jm e R 5 by, L
Y20 XM ER, FJZ 13 Pb, Zn, As, Cd.
Hg %5 9 & J8 U K S 79 S (E AU s =R H A% .
PRLEE, S DR 5 o g J 37 Bl I ) 0, RS2
SRS Pb. Zn S 4w A W I, [T ESto nsm X A5
X2 AHE As, Pb 45T &) il

5 &g

38 2 % k2w B e KR T 8 AP EE 4R T
R Mo AR oA, A T WUAE R it A v
SEMEREEENH, XX N FRZE T TR
BB A o R T 45 KUK 2 5 2855 4 ook A
[\, WA MR, 7R3 KAt f2 & A AR
TREL A & AR E T, FERZ IR E, A2 A R M
A AR, BR T Cd R T4 B TR B

YR B H B B KA 4FAE, As. Cr. Cu, Hg, Ni 7EJX{
it B R AN W] R E (1 & 4€, Cd. Pb., Zn k2K
T 4R AT BE T iR AR 55 0 T R
Cd>Zn>Pb>Hg> Cu> As>Ni>Cr, As, Cr, Cu,
Hg Il Cd. Pb, Zn 73 5l HA LAY M BR A 271728 o
Cd. Pb. Zn FEWRAF TRAT YA ET Y,
TERRVE SR IRIR 51 T R BT RS R R IR IE .
A IR T Cu, Cr, Ni, He, (H3Z2H [ B4k
Jo RN A B AR FH s e, i XA 2% i 4R
TR Y Al Fe 84LY)/Z 8 Yh . As Y&
B FEZ W AR E IR, BIF9 DR B B A
YERETS As IR AE B R . S P M A
FRERAE RS20, BIFSE IX 1 38 A AR AT BB AEAE As.
Pb 775 4L XU

A5 A ] T T e KA S R
JCR BT EEIH, 5 T AR A W L
HE 4 B TR AT A EIE IR, I8 B BB X A ER
BB PPN B HE T — S BSR4 1)
A b, B R P A R R A T
T () PR A0 5 B O3 , S S 0] BB 25 IX 7K
JE A W, 4R SR i Xt b, Zn A5 T 43 & A9 W, [R)
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Geochemical Characteristics and Environmental Risk Assessment of Heavy
Metals in Weathering Profiles of Alkali-enriched Porphyry in Central

Yunnan

XU Lei'?, ZHAO Mengsheng'*", XU Jie'?, CHENG Yanxun'*, QU Qiang'*, CHEN Weizhi'?,
ZHANG Ya'?, WANG Haoyu'?, BA Yong'?, WEN Fangping'?, QIAN Kun'?
(1. Kunming General Survey of Natural Resources Center, China Geological Survey, Kunming 650100, China;

2. Technology Innovation Center for Natural Ecosystem Carbon Sink, Ministry of Natural Resources, Kunming
650100, China)

HIGHLIGHTS

(1) Alkali-enriched porphyry has the characteristics of high content of heavy metals. Although Cd, Pb, Zn and other
elements migrate and therefore diminish, the content of all heavy metals in the surface soil after weathering is
still higher than that in the bedrock.

(2) There are significant differences in the factors affecting the migration and enrichment of heavy metals, which are
not only controlled by their own chemical properties, but also affected by the behavior of major elements,
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desiliconization and aluminum-iron enrichment, organic matter, and other factors. The occurrence forms of
heavy metals after weathering are also significantly different.

(3) According to the environmental risk assessment, the soil in the study area may have the risk of As and Pb
pollution, and the monitoring of heavy metals such as As, Pb and Zn in the overlying soil and rivers in the large-

scale alkali-enriched porphyry area should be increased to ensure ecological safety.

Content characteristics é
= S
—
ﬂ Migration and enrichment &
- of heavy metal
(— Ln—/ (— [E— 2 Conclusions
&,
Z

E A N Influencing factor

Ecological risk assessment

Weathering heavy metals Mode
profile determination
ABSTRACT

BACKGROUND: The contents of many heavy metals in soil in many areas of southwest China are much higher
than the national soil background value, and related studies show that most heavy metals in soil are in a state of
“high background and low activity”, which is closely related to the special geological process in the area. Most
scholars have concentrated more on the weathering process and post-weathering heavy metals of granite, basalt,
carbonate rocks and other geological bodies with high background value of heavy metals in southwest China.
However, alkali-enriched porphyry also has the characteristics of high background value of heavy metals, and the
geochemical behavior characteristics of heavy metals in the weathering process of alkali-enriched porphyry are less
studied. The ecological and environmental effects of heavy metal element migration and transformation during
weathering are still unclear. There is a large-scale alkali-enriched porphyry belt located in southwest China. Most of
the alkali-enriched porphyry areas have precious metals such as gold and silver, and polymetallic deposits such as
copper, lead and zinc. Therefore, soil in alkali-enriched porphyry areas usually has the characteristic of high

background value of heavy metals.

OBJECTIVES: For identifying geochemical characteristics of heavy metal elements and a series of ecological and
environmental problems during the soil-forming process of alkali-enriched porphyry, to provide a scientific basis for
the prevention and control of heavy metal pollution in alkali-enriched porphyry areas and rational planning of

agricultural planting.

METHODS: For sufficient hydrothermal conditions and strong soil-forming in Yunnan Province, a rock weathering
profile of Yao ’an alkali-enriched porphyry in central Yunnan Province was selected as the research object. The
contents of As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, Al,O,, TFe,0;, Ca0, Na,O, K,0, MgO, Si0O,, organic carbon and pH in
rock/soil samples were determined by inductively coupled plasma-mass spectrometry/optimal emission
spectrometry (ICP-MS/OES), atomic fluorescence spectrometry (AFS), X-ray fluorescence spectrometry (XRF) and
volumetric method. Multivariate statistics method and mass migration coefficient were used to study the distribution
characteristics, migration and enrichment rules of heavy metal elements in the weathering profile, as well as the

factors affecting the migration and enrichment of heavy metals.
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RESULTS: Based on the analysis of the content and distribution characteristics of eight heavy metals in the
weathering profile of Yao’an alkali-enriched porphyry, the migration and enrichment mechanism of heavy metals
during the weathering process was identified, and the environmental risk assessment of the surface soil in the area
was carried out.

(1) In the weathering profile, all the weathering strata have the same source as the bedrock material, and there
is no exogenous addition. Different degrees of desiliconization and aluminum-iron enrichment occur in the whole
weathering process, especially in the surface layer. In the bottom-up evolution process, all of the heavy metal
elements except Cd show an overall trend of increasing content. As, Cr, Cu, Hg and Ni are enriched to different
degrees during weathering, while Cd, Pb and Zn are leaching out. The order of heavy metal migration capacity from
strong to weak is Cd>Zn>Pb>Hg>Cu>As>Ni>Cr. As, Cr, Cu, and Hg have similar geochemical behavior, as do Cd,
Pb, and Zn.

(2) Cd, Pb and Zn occur mainly in feldspar minerals and lead-zinc metallic minerals and exhibit the
characteristics of migration and leaching under acidic and strong leaching conditions. Although the bedrock is
obviously deficient in Cu, Cr, Ni and Hg, it is eventually enriched in-sifu in clay minerals and Al and Fe
oxides/hydroxides with weathering due to its own chemical properties and the effect of desilication to enrich
aluminum and iron. The enrichment of As is mainly controlled by aluminum-Fe enrichment, and the strong
aluminum-Fe enrichment in the study area results in the in-sifu secondary enrichment of As.

(3) The soil ecological environment in the study area may be polluted by As and Pb due to the high content of
Pb in the bedrock and the effect of aluminum-iron enrichment.

CONCLUSIONS: The risk of As and Pb pollution may exist in the soil ecological environment of the study area,
and a large amount of Pb leaching may migrate into the Dragonling River with surface runoff. It is necessary to
strengthen the monitoring of heavy metals such as As and Pb in the overlying soil of alkali-enriched porphyry and

heavy metals such as Pb and Zn in the rivers around alkali-enriched porphyry so as to ensure ecological safety.

KEY WORDS: alkali-enriched porphyry; weathering; heavy metals; inductively coupled plasma-mass
spectrometry/optical emission spectrometryy; atomic fluorescence spectrometry; X-ray fluorescence spectrometry;

geochemical behavior characteristics; environmental risk assessment
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