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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] Clay minerals play a crucial role in soil quality regulation. Identifying the clay mineral characteristics of farmland soil in
arid oasis areas is of great significance to soil quality control and agricultural development. [Methods] This study focused on the
farmland soil in the arid oasis area of the Kaidu—Kongque River Basin, Bayingolin Mongolian Autonomous Prefecture, Xinjiang,
and explored the characteristics of clay minerals composition, provenance evolution, soil-forming climatic conditions and their
influence on soil quality through systematic analysis methods including X—ray diffraction pattern analysis, correlation analysis,
triangular diagram analysis and weathering index analysis. [Results] The dominant clay mineral types in the study area are 2:1 illite,
illite/smectite mixed—layer minerals, and chlorite, with a minor presence of kaolinite. The evolution sequence of the clay minerals,
which originate from granite, is illite—illite/smectite mixed—layer mineral—chlorite and kaolinite. The illite crystallinity (IC value)
ranges from 0.35 to 0.62, with an average of 0.44. The chemical alteration index (CIA value) ranges from 51.29% to 62.57%,
averaging 58.24%. The compositional variation index (ICV value) ranges from 1.09 to 3.69, averaging 2.65. These indicators suggest
a pedogenesis environment with low temperatures, aridity, and relatively weak weathering intensity. The total clay mineral content in
the study area shows a positive correlation with soil nutrients and heavy metal elements. [Conclusions] The clay minerals
assemblage in the oasis area of the Kaidu—Kongque River Basin is of the illite—illite/smectite mixed—layer mineral—chlorite type.
Clay minerals play a significant role in enhancing soil nutrient levels and immobilizing heavy metal elements through adsorption,

thereby improving soil quality.

Key words: clay minerals; heavy metals; soil nutrient; farmland soil; arid oasis area; soil quality; environmental geological survey
engineering; Bayingolin Mongolian Autonomous Prefecture; Xinjiang

Highlights: (1) This paper focuses on the typical arid oasis area in the Kaidu river—Kongque river basin, and identified the clay
mineral characteristics of the farmland soil in the arid oasis area. (2) The effect of soil clay minerals on soil quality in arid oasis area
was clarified.
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Table 1 Element testing methods and detection limits

JCEIENE AL BORDVE HEHUE R HBRDL* UK H R

N mgkg  HLIKE 20 19.580
SOM % wEVE 0.1 0.063
AK mg/kg ICP-AES 1.25 1.00
AP mg/kg ICP-AES 0.25 0.20
Cu mg/kg ICP—OES 1 0.952
Pb mg/kg ICP—OES 2 0.650
Ni mg/kg ICP—-OES 2 0.744
Zn mg/kg ICP—OES 4 0.644
As mg/kg  AFS 1 0.112
cd mg/kg ICP-OES 0.03 0.002
pH TR Ak 0.10%* 0.03
Sio, % XRF 0.1 0.05
K,O % XRF 0.05 0.0008
Fe,O, % XRF 0.05 0.03
Ca0 % XRF 0.05 0.03
MgO % XRF 0.05 0.03
AlLO, % XRF 0.05 0.03
MnO % XRF 0.1 0.05
P,O, % XRF 0.1 0.05
TiO, % XRF 0.1 0.05

W * (2 BRI BRI R A MTEY  (DZ/T 0258—2014)
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Table 2 Single determination control limit for standard
substance analysis
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Table 3 Soil element content in the study area

LR FEA KA #E B I SHE R EHERYK, EHRRHK,
N 85 947 680 1117 1.39 0.85
AP 85 19.6 17.9 27.4 1.09 0.72
AK 85 170.4 170.6 127.0 1.00 1.34

SOM 85 1.75 1.46 2.46 1.20 0.71
Ni 49 22.7 24.8 26.0 0.91 0.87
Cu 85 22.71 23.7 23.0 0.96 0.99
Pb 85 19.0 19.3 25.0 0.98 0.76
Zn 85 68.8 68.0 67.0 1.01 1.03
As 35 10.51 10.9 9.1 0.96 115
Cd 35 0.17 0.16 0.15 1.06 1.13

e AR FrEETRES A CPE SRS SH) (EETE,

s R, K=Y/ A L S
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Table 4 Soil main oxide content (%) and chemical parameters

Si0, ALO, Fe,0O, (CaO MgO K,0 Na0O PO MnO TiO, pH Sa CIA ICV

FEAEL 85 85 85 85 85 85 85 85 85 85 85 85 85 85
FRAE 64.5 14.66 5.99 1743 746 335 275 0.64 0.1 0.73 9.19 9.7 6257  3.69
e/ ME 38.78 7.96 2.46 6.18 1.54 170 1.17  0.088  0.052 0.35 8 544 5129  1.09
YIH 51.61 1091 3.81 11.13 424 231 1.74 0.19 0.074 0.48 856 798 57.11 1.88
FREZE 5.55 1.14 0.61 2.22 141 024 031  0.072 0.0078 0056 029 089 223 047
BREH 011 0.10 0.16 0.20 033 0.0 0.18 0.18 0.11 0.12 0034 011 0.039 025

FE: Sa=(8i0,/AL0,); CIA=([AL,0,/ (ALO,+CaO* +Na,0+K,0)] x100); ICV=((Fe,0, +MgO+Ca0*+Na,0+K,0+MnO+TiO,) / ALO,),

CaO* NEER EhH CaOFI BE R & & o

BB R X T YRR AR, A5, T
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Fig.2 X-ray diffraction pattern of soil clay minerals
N—Natural sample; E-Ethylene glycol saturated sample; T-High—
temperature sample; C—Chlorite, K—Kaolinite, It—Illite; I/S—Illite/
smectite mixed—layer mineral; Q—Quartz
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Yy & AR A R BE T RUCE R A
AT FAETE

T A TR AR W ) 43 2 B R AT Y
o A B, HONBEXT 3 0 AR A A TR
] X} b, 3 BB 4SS 43 AT i ok B rh 3G 0 W i Ak,
7z N H TR LW 3 A A AR 5 (B W 43
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Table 5 Soil clay mineral content in the study area (%)

7 > 1l =N =
peas s ® I8P g TR e e
=N 30.1 62 63 21 9
&/ME 5.2 23 15 7 3
YA 85 17.2 36.8 45.1 12.8 5.5
FrifE 22 4.84 7.33 8.05 141 141
5 R 0.28 0.20 0.18 0.11  0.26

E: BETMEBENE LT MELEPIA O, #RMEA

T E RS AR L R R E 4 .
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Fig.3 Triangular plot of clay minerals in the study area
K—Kaolinite; It—Illite; I/S—Illite/smectite mixed—layer mineral
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Table 6 Correlation analysis of clay minerals
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Table 7 Correlation analysis of clay minerals with soil elements
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Fig.4 Correlation fitting between total clay minerals and soil nutrient elements
a—Correlation fitting between total clay minerals and nitrogen; b—Correlation fitting between total clay minerals and available phosphorus;
c—Correlation fitting between total clay minerals and available potassium; d—Correlation fitting between total clay minerals and organic matter
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Fig.5 Correlation fitting between total clay minerals and heavy metal elements
a—Correlation fitting between total clay minerals and cadmium; b—Correlation fitting between total clay minerals and arsenic; c—Correlation fitting
between total clay minerals and nickel; d—Correlation fitting between total clay minerals and copper; e—Correlation fitting between total clay minerals
and lead; f—Correlation fitting between total clay minerals and lead
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