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Geochemistry and genesis of zinc-rich soil in Yao’an County, central Yunnan Province
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Abstract: Based on the geochemical survey data of land quality of four counties (Dayao, Yao’an, Nanhua and Shuangbai)
in central Yunnan Province, this paper studies the soil geochemical characteristics and Zn enrichment genesis in Yao’
an County. The results show that the Zn-rich surface soil (with Zn content greater than or equal to 84x10°) covers an
area of 713.68 km?, accounting for 41.94% of the total area. Influenced by factors such as geological background, soil
parent materials, and pH levels, the high-Zn zones are primarily distributed in the flatland areas along Taiping Town-
Dongchuan Town-Guanglu Town, exhibiting a nearly north-south belt. Taking the Yao’an flatland as an example, the
study on Zn enrichment genesis reveals that Zn primarily originates from the weathering of minerals in Zn-bearing rocks
in alkali-rich porphyry areas. Through river transportation and subsequent clay adsorption processes, secondary Zn
enrichment is completed in the Quaternary central flatland areas.
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Geological sketch map of Yao’an County

1—3E %R (Quaternary); 2—#E & (Neogene); 3— I FAEEGVTIKIIZL (Upper Cretaceous Jiangdihe fm.); 4— F 14 5k L4l (Lower Cretaceous
Matoushan fm.); 5—F [1 245 5 B2 4 (Lower Cretaceous Jingxing fm.); 6— I [13:45 3% 2 /41 (Lower Cretaceous Puchanghe fm.); 7— F [ 2E4% i <
20 (Lower Cretaceous Gaofengsi fm.); 8— FARZ Gt Z M40 B (U. mem. of Tuodian fm., Upper Jurassic); 9—ZM 4 T B (L. mem. of Tuodian fm.);
10—ZA0) 2 K 43 BE (Tuodian fm.); 11— FARZ Gilg)E 40 (Upper Jurassic Shedian fm.); 12— k% 45k 20 (Middle Jurassic Zhanghe fm.); 13—}
PO IEKBEA (Himalayan orthophyre ) ; 14—% SHi fEAREALE S (Himalayan alkaline trachyte); 15—HEEA . ~AHEBEA K (lamprophyre and
kersantite dike); 16—#%" (Cu deposit); 17—HEEH" (Pb-Zn deposit); 18—#kW" (Fe deposit); 19—W7 )2 (fault); 20— 4 1 HE3E il (Zn-rich soil)
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Table 1 Classification of soil parent materials in the study area
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Table 2 Characteristics of Zn content in the soil of Yao’an County
gEiteoc AT THfE LIRS bR 2 A8 5 R RKAE HR/ME
ALY 503 85.9 81.7 29.31 0.34 336 22
ES S ARE 473 81.1 81.2 15.59 0.19 127 346
REARZE L 6178 96 86 41 0.4 218 6
HAREY 137 87.3 835 25.03 0.29 256 452
Wz SR AR AE 133 84.6 82.9 18.04 0.21 137 452
REEW)E 1624 92 84 35 0.4 197 22
* RS A SRS ] & B 10 (BT 4350,
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Table 3 Distribution characteristics of Zn in each statistical unit
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B IEN 4 84.23 82.9 6.61 0.08 93.4 77.7 0.98
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OB X 4 149.08 130.5 79.69 0.53 260 75.3 173
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Table 4 Zn content in irrigation water samples
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Fig. 5 Evaluation map of Zn nutrient grades in surface soil of

Yao’an County
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Table 6 Correlation analysis statistics of soil physical and chemical indicators
pH SOM TFe, 05 Mn AlO; Pb Ag Zn
pH 1
SOM -0.018 1
TFe,0; 0.194** 0.145** 1
Mn -0.129** 0.337** 0.467** 1
Al,0; 0.003 0.110* 0.806** 0.382** 1
Pb -0.058 0.082 0.094* 0.266** 0.174** 1
Ag -0.079 0.139** 0.014 0.258** 0.152** 0.941** 1
Zn 0.090* 0.244** 0.457** 0.474** 0.481** 0.540** 0.471** 1
* TR p<0.05; ** FIR p<0.01.
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Fig. 6 Diagrams of Zn vs. physical and chemical indicators of soil

)2 LI Zn T ERHER R R, {H
TREK HEBRAEAE T, 32 3R Zn BEAE L RAR R B
PRI N2 B RS, FEE I A RS, T X Se
DURVZ L3 rp R s 4 12, S EUR T L Zn 5 1]
2 T,

LRI, W re X A R T ORI T R B
XN BT R XA & B 8 S 08 D A i R KU AL

IERERTIN % oy (S I eL EL S TN R L B 2 N T N
JE SEAREEAE M. BEHE Kl 198055 , pH THim , JFER
d AHUSTRI T, TORE T k2 B X, R
WA A, S RS B R T 3 R BB (ELIX

5 #ig

(W28 e e R &, FAT B i) W


http://www.fineprint.cn

5% 3 3 BN  FU P kL B B R R AL SRR K b 359

v SR Ao e A - AN 713.68 km?,
hi B R 41.94%, T T AR FE—5)1
BRI O INX, HAR AR &7 1.23%.

()XW FRGZ LR Zn JOR A R IE A —
0, R)Z T Zn JTUEXNIR)Z A BSR4k R,
RSR N el (T YA BUAR (AR e Nea R @ e | b7 8114 (A EOR S S
W Zn JUERAZ LB e B R

(3)EBRBEA 0 5 BEA A0 W R W2 X By
BLYITORIE , 0 S | WIS R, T A
MDA AR b, Tk 3h 0055 , pH THes, i |
B R BT, TR 0O R R Bk A AR

S E 3k ( References ) :

(12, MR 2R, skER, 5. e P il DX B 3o Al Al K

B AT D). MR A SRS, 2019, 42(3): 235-240.
Li M H, Chen F R, Zhang X R, et al. Distribution characteristics and
genetic analysis of zinc-enriched soil in the Dabie Mountain area,
western Anhui Province [J]. Geological Survey and Research, 2019,
42(3): 235-240.

[2]t7%, KW, BRI, 5. SOMIA MR el 438 A & s ) 57 o

PR R )], RIfol K24k, 2023, 54(12): 21-31, doi:
10.19720/j.cnki.issn.1005-9369.2023.12.003.
Yang J, Zhang Z M, Chen Z Y, et al. Spatial heterogeneity and
influencing factors of zinc content in typical tea garden soils in Guizhou
Province [ J]. Journal of Northeast Agricultural University, 2023, 54
(12): 21-31, doi: 10.19720/j.cnki.issn.1005-9369.2023.12.003.

(35K, MREIR, BBIE, 5. STMEFE M A K et ek

Bt o0 AR S B )], PR Al 7 4, 2019, 32(8): 1839
1844, doi: 10.16213/j.cnki.scjas.2019.8.024.
Zhang J C, Lin C H, Yang J Y, et al. Chemical properties and
microelement characteristics of soil for growth of wild Bletilla striata in
Guizhou[J ]. Southwest China Journal of Agricultural Sciences, 2019,
32(8): 1839-1844, doi: 10.16213/j.cnki.scjas.2019.8.024.

[41TRFRE, EAE0E, IMA, 55, RBUM 43986 50k AN & it A i

AR S R R )], HYE R S5 AR, 2023, 29(12):
2371-2380.
Su X Y, Wang J F, Sun N, et al. Temporal and spatial variation of
soil available zinc, molybdenum and boron contents in Dali tobacco-
growing fields and the influencing factors[ J ]. Journal of Plant Nutrition
and Fertilizers, 2023, 29(12): 2371-2380.

[S]EIRA, i, BATT, % TIAE SRR & LR IR AL 2 Rl K
TAKRERF SR A PO ). h LT, 2022, 49(1): 324-335,
doi: 10.12029/gc20220121.

Ma X D, YuT, Yang Z F, et al. Geochemical characteristics of zinc

in soil and prediction of zinc content in maize and rice grains in Linshui

County[J]. Geology in China, 2022, 49(1): 324-335, doi: 10.12029/
2c20220121.
[6 155k oR. mmkd 2 T M BURRE 5 T [T ], =i
Jit, 2018, 37(3): 320-324.
Qi Y R. A probe into the geological feature and genesis of Laojiezi Pb
deposit in Yaoan, Yunnan[J]. Yunnan Geology, 2018, 37(3): 320-
324.
[7IR08, #afie, shid, 55 BRI a1 T - R Bk 5y
AERHTRE LT A4, 2019, 35(5): 1489-1502.
Wu P, Yang H, Han R S, et al. Signature and geological significance
of the specularite from the Laojiezi Pb-Ag deposit in the Chuxiong
Basin, Central Yunnan, SW China [J]. Acta Petrologica Sinica,
2019, 35(5): 1489-1502.
[81F M, HLJ7, /&, &, HELIHERAASHIM] JEa:
JBH A, 2020 2553-2850.
Hou Q Y, Yang Z F, Yu T, et al. Soil geochemical dataset of China
[M]. Beijing: Geological Publishing House, 2020: 2553-2850.
LoJehniss, Wi, Ehede, 5. WA KX K RITRY R
SRHE R AT [T ], AR, 2024, 45(3): 332-344.
Huang J Z, Yang M L, Wang X L, et al. Geochemical characteristics
of stream sediments and prospecting directions in Wagang area of
Sichuan Province[ ] ]. East China Geology, 2024, 45(3): 332-344.
[10]ZPHES , LD, ARX4HN. T i M SHR A XK R TR R AL 2
FRAE B it [) ). MBS BT, 2023, 32(4): 418-426.
Qin D H, Hou H X, Sao X K. Geochemistry of stream sediments and
exploration prospects in Qupanglangxie area, Qinghai Province [J].
Geology and Resources, 2023, 32(4): 418-426.
(11 JEER, sBLL, bl )RS R X 4R iR LY R
GHIER AR ). 2SS, 2008, 27(10): 1822-1825.
Cui Y J, Zhang X H, Wang L M. Transfer patterns of metal elements
in soil-plant system in a contaminated area in Guangxi, Chinal[J].
Chinese Journal of Ecology, 2008, 27(10): 1822-1825.
[12]58m e, JE%S, RIFE. | TRAYRES /K SCH B 5 6 o
BRBTIEL ] 7 S5H5, 2019, 33(3): 567-572.
Guo S Q, Zhou J J, Nong Z X. Hydrogeological investigation and
heavy metal migration regularity study of a Pb-Zn deposit in Guangxi
[J]. Mineral Resources and Geology, 2019, 33(3): 567-572.
[13]XIEE, P, BUR , 4. At il 4 S ] fl 1 T 3R 40 A RFAIE
] WS, 2016, 40(4): 713-721.
Liu Y F, Sun B B, He L, et al. Vertical distribution of elements in
soil profiles in Longhai, Fujian Province [J]. Geophysical and
Geochemical Exploration, 2016, 40(4): 713-721.
[1417W, ¥, L5, A/ BN RAE SRR T ]. 2%
AR SE R, 2020, 26(23): 97-99, 117.
Tang M, Dong X, Jiang M L. Distribution characteristics and genetic
analysis of zincrich soil in Shitai County, AnhuilJ]. Anhui Agricultural

Science Bulletin, 2020, 26(23): 97-99, 117. (in Chinese)


http://www.fineprint.cn

360 woom 5 0w W 2025 4F
(15X, 5kB5, #oote, % TH U7 e Bk b 45 E (19 MR, %3, 250, bkt BB AT P2 A U K 1
BN R K L) ], B, 2024, 51(4): 1319-1330, HRW IR ], ZEHE, 2020, 39(1), 20-25.

doi: 10.12029/gc20220705002.

Liu Z J, Zhang X, Dong Y H, et al. Geochemical characteristics of
zinc in soil and prediction of Zn-rich wheat cultivating areas in
Weining Plain, Northwest China[J]. Geology in China, 2024, 51
(4): 1319-1330, doi: 10.12029/gc20220705002.

[16]5k—#, i, UL, % BRI - 24U s L S R b
AT [J]. H BT S5 IR, 2021, 30(1): 62-70, doi: 10.13686/].
cnki.dzyzy.2021.01.008.

Zhang Y H, Yang Z, Dai H M, et al. Geochemical evaluation of land
quality in Muling River-Xingkai Lake Plain[J]. Geology and Resources,
2021, 30(1): 62-70, doi: 10.13686/j.cnki.dzyzy.2021.01.008.

(17 [ 330, XIS, EFe. A LB AR R R Zn IRAF IR 251
FmLT]. HEESR R, 2010, 18(1): 147-151.

Gao W W, Liu J S, Wang Y. Effect of organic matter on fractional
transformation of Zn in black soils under freeze-thaw cycle [Jl.
Chinese Journal of Eco-Agriculture, 2010, 18(1): 147-151.

[ 18 IRy, DOUAERDT X L IE o 43 Ja 43 A RRAE S 4 B A T oA
(D] HUHR: A TR, 2019: 36-69.

Lu J H. A study on the spatial distribution of heavy metal elements
and cadmium, zinc migration behavior in Hanyuan lead-zinc mining

area[ D |. Chengdu: Chengdu University of Technology, 2019: 36-69.

Hou L G, Yuan L, Li X J. The feature and REE prospecting
potentiality of Laojiezi alkaline complex body in Yaoan, Yunnan[J].
Yunnan Geology, 2020, 39(1): 20-25.

[20 el DHESE, Seul, 5. 38 SCT 3o (] A A AR AE RS L) ). A&
B ST R, 2019, 36(3): 298-303.
Zhao J, Shi H D, Wu X, et al. Study on spatial distribution of zinc
in soils in Zunyi City, China[J]. Journal of Agricultural Resources
and Environment, 2019, 36(3): 298-303.

(21135, #ems, BiiJE, S5, R MEH AN [l e A 1 SR o0
TEAYHELT ], RO B2, 2022(6): 34-39, doi: 10.16498/j.cnki.

hnnykx.2022.006.009.
Yang C, Yang W S, Lu Y L, et al. Analysis of soil nutrient
characteristics at different altitudes in Chuxiong [J]. Hunan
Agricultural Sciences, 2022 (6): 34 -39, doi: 10.16498/j.cnki.
hnnykx.2022.006.009.

(22 ]/ttt , Dk, BAMIAT, 45, 7 B 50 X R (b2 R ISR
SRRGUPEAN LT ] MR SYEE, 2022, 31(4): 523-529, doi: 10.136

86/j.cnki.dzyzy.2022.04.009.
Zuo J Y, Fang L, Zhao L Q, et al. Soil geochemistry and nutrient
evaluation in Guyuan City of Ningxia[J]. Geology and Resources,

2022, 31(4): 523-529, doi: 10.13686/j.cnki.dzyzy.2022.04.009.

(_E42% 301 ®/Continued from Page 301)

[18]Floyd P A, Leveridge B E. Tectonic environment of the Devonian
Gramscatho Basin, South Cornwall: Framework mode and geochemical
evidence from turbiditic sandstones [J].

Society, 1987, 144(4): 531-542.

Journal of the Geological

[ 19 |Bhatia M R, Crook K A W. Trace element characteristics of graywackes
and tectonic setting discrimination of sedimentary basins[ J ]. Contributions
to Mineralogy and Petrology, 1986, 92(2): 181-193.

[20]Cullers R L, Podkovyrov V N. Geochemistry of the Mesoproterozoic

Lakhanda shales in southeastern Yakutia, Russia: Implications for

mineralogical and provenance control, and recycling[J]. Precambrian

Research, 2000, 104(1/2): 77-93.

[21McLennan S M, Hemming S, McDaniel D K, et al. Geochemical
approaches to sedimentation, provenance, and tectonics [ M J//Johnsson
M ], Basu A. Processes Controlling the Composition of Clastic Sediments.
Boulder: Geological Society of America, 1993: 21-40.

[22 ]McLennan S M, Taylor S R. Sedimentary rocks and crustal evolution:
Tectonic setting and secular trends[ J ]. The Journal of Geology, 1991,
99(1): 1-21.

[23]Cox R, Lowe D R, Cullers R L. The influence of sediment recycling
and basement composition on evolution of mudrock chemistry in the

southwestern United States [J].. Geochimica et Cosmo-chimica Acta,

1995, 59(14): 2919-2940.


http://www.fineprint.cn

