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Abstract: [Objective] This study aims to systematically investigate the spatial distribution and driving factors of silica
neoformation accumulation layers in the Northeast Black Soil Region, which significantly affect soil physical properties,
impede plant root penetration and water transport, and exacerbate slope erosion. [Method] Taking Liaoning Province as a
representative region, a total of 333 soil profile samples were integrated, and advanced machine learning techniques were used
to quantitatively analyze the spatial distribution and characteristics of silica neoformation accumulation layers. [Result] The
results indicated that silica neoformation accumulation layers were predominantly distributed across Shenyang, Tieling, Fushun,
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Benxi, Dandong, and Chaoyang, encompassing a total area of approximately 4 261 km?2 with a model prediction accuracy of

0.42. Notably, the layers exhibited deep accumulation in the central terrace and hilly regions, whereas they were relatively
shallower in the eastern mountainous areas. Specifically, the abundance of silica neoformation peaks in the central region (6.66%
to 27.35%), with higher densities observed in the central and western regions (132.7-611.9 g-dm3). The depth of occurrence
was greater in the central and northern regions (21.06—74.06 cm), whereas the thickness was thinner in the eastern region
(31.78-97.71 cm). Furthermore, the distribution of silica neoformation accumulation layers was significantly influenced by
annual mean ground temperature, relative humidity, and precipitation. In the eastern part of Shenyang, frequent groundwater
activities and favorable climatic conditions contributed to the formation of profound silica neoformation accumulation layers.
Conversely, in mountainous areas such as Fushun, limited groundwater influence, higher terrain, affected by biological
enrichment processes and precipitation patterns, resulted in limited silicon leaching. Furthermore, the depths of leaching and
deposition were shallow, and the silica neoformation accumulation layer remained superficial. [ Conclusion] This study
provides an important solid scientific basis for understanding the spatial distribution and influencing factors of silica
neoformation accumulation layers. It also offers practical guidance for developing effective soil improvement strategies,
highlighting the importance of addressing the issues related to enhancing soil health and sustainability in the Northeast China
Black Soil Region.
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Fig. 1 Schematic diagram of the location of the study area (a), the distribution maps of sample points (b) and the sample
points containing silica neoformation accumulation layer (c)
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Table 1 Descriptive statistics of the silica neoformation accumulation layer

F Content R Density/(g-dm™) HELEE Occurrence depth/cm JE% Thickness/cm
%= Number 61 61 61 61
f/ME Minimum 2% 132.7 5 18
 KME Maximum 40% 611.9 103 146
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FrifE % Standard deviation 11.67% 259.2 23.16 28.44
777 Variance 1.362x10°° 6.719 x 10* 536.6 809.1
W% Skewness 1.08 1.01 0.76 0.88
UERE Kurtosis -0.09 -0.25 -0.36 0.81
A5 53 74 Coefficient of variation 0.89 0.87 1.78 1.95
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Fig. 2 Typical silica neoformation accumulation layer
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Fig. 3 Prediction map of regions where the silica neoformation accumulation layer exists
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Fig. 4 Characteristics and uncertainty distribution of the silica powder enrichment layer (a. abundance of silica neoforms, b.
density of silica neoforms, c. occurrence depth of the silica neoformation accumulation layer, d. thickness of the silica
neoformation accumulation layer, e. uncertainty of the abundance of silica neoforms, f. uncertainty of the density of silica
neoforms, g. uncertainty of the occurrence depth of the silica neoformation accumulation layer, h. uncertainty of the thickness
of the silica neoformation accumulation layer)
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Table 2 Summary of the accuracy of characteristics of silica neoformation accumulation layer

R 42" R? RMSE MAE
A A R R 0.60 11.07 11.07
TR A R R 0.56 296.6 243.2
FERY T4 2 A Y 0.74 24.23 21.88

R R R 0.57 18.95 16.67

vE: R, B RM RMSE, ¥IU5iiR2%; MAE, FH4ixti% . Note: R?, Coefficient of determination; RMSE, Root mean square error;
MAE, Mean absolute error. (D Characteristics of silica neoformation accumulation layer, @ Abundance of silica neoforms, 3 Density of
silica neoforms, @ Occurrence depth of the silica neoformation accumulation layer, & Thickness of the silica neoformation accumulation
layer.
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fith 8 AN SeBE BRI R IL A 4l 1R 63% ) L EE L] X 8 PRI AAEAH A ) (10.19%) 3
(7.92%). =ifE (6.67%) HA (5.51%). AR (5.45%). Hii (5.45%). FHJiESE (5.38%)
AELIFEKE (5.24%). A 11 DMEARIAD HEPERMRT 5%, M, AR g S
WiFE (r=-0.26", P<0.05, n=61) & & fiHx,
A B AR SR IR BER T M B, BROKRURR S LA 7.920% BN B SR Ay, 5 AR 11
AN SR B PR 2R AR B o B R T 71%. 3K 11 AR AR AT (7.42%) . FEEIREK
B (6.41%). FHAHARE (6.24%). HH (6.19%). H— bR EE (5.99%). HE (5.77%).
NIH (5.54%), FZE KRR (5.13%). mifE (5.10%). ¥R (5.09%) FIHR (5.02%). MMiflR
9 MEFRAIAR X B ZAE IR T 5%
Tk & 522 R BERE Y (R 3 A 4 R s, HbJT LA 8.8506 I AH N B M e Js i A, 5 HoA 11 AN OC
DRI 2% (RO B B 5 Ll RS T 78%. 31X 11 MR AR (8.82%) HJ% (8.14%).
TFE 7R B (7.05% ) AR FH A 775 77 (6.80% )« 44 B /K B (6.77% ) N 4 (6.58% ) i F£(6.22%)
IR (5.12%) Bl (4.84%). BE/KRIEE (4.84%) FUFERIHLIE (4.69%). TiglS 9 MEFRIIAH
X NG T 4%, AT WL, SRR SRR 1A R R B AR R B AR IS R i i SR B A
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Fig. 5 Ranking of the relative importance of influencing factors for the distribution of the silica neoformation accumulation
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JR I I B CA T NN R R 55 22 T0 26 A (1 W R B2 o T /K FE LIS RE Hh e 7 B G B A
AW R, AR A A P 2 P 5 B IR P P S B 3 PR 2R M 7R 9555 &R (r=-0.35%, P<0.05,
n=50), XA JJHIIE B T H T /KB 71 SRR AR AR R Z 500 o LAk 5 I PR KR PR RS /N T
4.70 km (X IR 32 FAKVE S B e B2, SR B € E. DL AR v (K 6a), H
SCARVEN], R KIS S HIEERDS, AMNHE R KA R I EERR AL TE T il ®e, B et T
M EERENRERTE, 615 S rEE AR i X s 2B = =R 5 RS E . 2%
55 7 RIS RO TSR AR &, JE— DR S T R KA E R R BT B B A (R DGR
RS, BEEHAIaTE, T R R KR A DK B4Rl fE, BPHAN
FALEEM ARSI E R, ML, X (& 6b) B E L, MR KKEEMENER, HeEmE
LRI R I 8 H SRR AR 55 I BAR, ZEF /A Aopamosnul?UHh T 7K 2215
PITRE o

SAEFAIT R & SRR AR R A R, HHpm e k2 AR, SR HERMEHE
LR R, ML TRMBEELZCRR ARG NESEN. CTFEMTEBENSEX, B, K
TR SR SR A R & R T Rt 7RIS AFFEER T, SR (5.08~12.61 C). 4
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Fig. 6 Photographs of on-site investigations in Shenyang area (a), in Fushun area (b) and in Nianniling Village, Caoshi Town,
Fushun City (c)
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AL 5N M S BRI R, BRI R/, LA RO IR B, el 8 R Rk
W, AR ARG, N (BI3). RIS, BEEUH AL AEEIR DL N E S A AN
[FIRERE EARRI T I A DX I ZE 5, SR RIEENE 130 T a R o SRR A 22 B 1) DXk AT AL
3.2 HEHMEREN XA RIS S R X R

TRy B R R RUR SR, A IR RGR, XHEMIR R IR & 5 M K T 5.2 RS .
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