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Abstract: In Earth's surface systems, Silicon (Si) mobilization intricately coupled with key pathways, including rock
weathering, pedogenesis, plant uptake, runoff transport, and atmospheric deposition. These interconnected processes
exert critical regulatory controls on the global carbon cycle, soil formation and evolution, agricultural productivity,
and the balance of marine ecosystems. Drawing on the Web of Science and CNKI databases, this study employs
bibliometric and cluster analysis to systematically review research on Si migration published between 2000 and 2026,

identifying major themes and emerging trends. The scope encompasses the research frontiers of Si geochemical
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behavior, pedogenesis, and biogeochemical cycling. Silicate weathering initiates Si release and mobilization, a
process regulated by climate, lithology, topography, and anthropogenic activities. These factors ultimately govern
the export fluxes of dissolved silicon (DSi) from catchments across diverse global climate zones. Silicate weathering
can consume atmospheric CO2 and significantly affect global climate change. Si migration profoundly shapes
pedogenesis; the desilication process occurs ubiquitously across all climate zones and is not exclusive to the
desilication-allitization processes characteristic of tropical regions. Furthermore, the vegetation-driven biological Si
cycle plays a pivotal role in mediating Si mobilization and accumulation in soils, contributing significantly to the
resilication of Si-depleted tropical soils and to DSi export via runoff. Because silicate mineral weathering inherently
mitigates soil acidification, Si mobilization has emerged as a robust proxy for estimating soil acidification rates. Si
isotopes serve as powerful tracers for Si migration and transformation, providing critical insights into soil mineral
formation processes and identifying the sources of DSi in runoff. Future research should prioritize elucidating Si
cycling mechanisms across coupled Earth system spheres, advancing the practical application of enhanced silicate
rock weathering technologies for carbon sequestration, improving the precise assessment of phytolith carbon sinks,
revealing remediation mechanism of silicon in improving obstacle soils, and developing quantitative models of Si
cycling within the Critical Zone. Such efforts will deepen our understanding of Si biogeochemistry in Earth's surface
systems and provide a scientific foundation for ecological conservation and the realization of carbon neutrality goals.
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Table 1 Global dissolved silicon export fluxes in the different climate zones

Tk o
AR . Rk & -
EER HIF 5T X 45 Dissolved silicon 22 ik
Climatic Rainfall/
Country Study area export fluxes/ References
zone (mm-a')
(mol-hm?-a™!)
ity EH Rio Icacos HilH, 4303 8 067 [37]
Tropics Quebrada Sonadora Jii% 4377 2967 [37]
Quebrada Toronja i35 3147 5350 [37]
Luquillo SZ36 4k 4200 4929 [38]
BB 2500 150~5 400 [35]
ENEYEYIRA Gunung Gadut 7k 4764 14 550 [32]
s ai V5 T /NI 1585 1 789~1 903 [31,39]
Subtropics EH Calhoun 4Gk 1170 616 [40]
Eil Pan de Azicar 3 5, 10 57 [34]
Santa Gracia ¥ /5, 88 750 [34]
La Campana ¥ 5 438 3 464 [34]
WA EH King Range i35, 1250 750 [41]
Temperate San Dimas SZIGHR 678 16~749 [42]
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zone Hubbard Brook ¥tk 1263 628~646 [43-44]
Coast Range i35 1700 3821 [45]
South Cascade Glacier 7% 4500 280~1 090 [46]
Loch Vale Ji5 875 154 [47]
Rl Nahuelbuta 3 £ 1092 714 [34]
H A Mt. Kasuga i3 1316 2714 [48]
Yata Hill iz 1316 2 800 [48]
Tu River #i#% 1957 4133~6 117 [32]
% Montiers ¥ f 1 069 739~979 [49]
iy Vi VK& 19 MM 400~4 000 2 417~14 700 [33]
Frigid % Sagavanirktok i3, 142 [50]
zone Atigun i3, 132 [50]
Slate Ji1% 226 [50]
Tolovana iz / 303 [50]
Chena at Two Rivers Jii% 488 [50]
Chena at Fairbanks Ji 1%, 437 [50]
Salcha ik 448 [50]
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