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Table 1 Testing data of water samples

Jivg= FEMHE F/mgL’ FEEPIE F/mg L TDS
iV + + 2+ 2+ - 2— N -1 pH T/
(DAL K Na Ca Mg cl so? HCO; /mg-L
G35 17.73 474.16 255.23 12.20 333.61 1072.16 105.97 2316.00 7.80 55.0
YZ1 13.10 305.68 238.08 18.51 272.95 705.23 214.96 1783.00 7.78 58.2
ZK1 14.18 397.97 208.32 21.72 302.49 947.33 160.23 2065.18 7.51 60.2
ZK2 9.50 415.00 218.44 66.88 336.82 1078.27 158.65 2240.32 7.10 31.0
T 18.26 447.55 270.11 13.01 329.27 1131.44 100.98 2322.53 7.10 29.0
%K 1.08 46.60 151.53 21.93 115.32 141.02 264.63 690.99 7.66 21.3
JibgEs W TEE /mg L /B L™
(AR F Br- Sr Li HBO, HiSiO, Ha B *Ra *Rn
G35 3.59 1.09 8.26 0.67 1.05 61.67 0.54 0.70 0.19 82.60~260.00
YZ1 2.22 0.50 6.49 0.42 0.65 46.73 0.30 0.48 0.13 110.52
ZK1 1.87 0.93 9.16 0.54 1.58 68.45 0.51 0.67 0.21 182.00
7ZK2 3.25 0.90 10.25 0.54 0.82 32.50 88.09
TR 4.00 0.88 5.25 0.52 0.86 62.40 640.00
Bk 0.39 0.16 0.68 0.01 0.37 22.80 0.06 0.06 0.02 3.40
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Fig.3 Durov map of hot and cold water in geothermal fields
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*2 HIFEMPEUKGCKEET MIEINEL (SI)

Table 2 Major mineral saturation indexes (SI) of hot and cold water in geothermal fields

RS WO G KEG BB a6 WA G At [ e b
G35 —0.44 1.56 -0.10 -1.23 1.99 0.01 -0.45 —5.49 -0.89 0.31 —6.60
YZ1 —0.55 1.91 -0.28 —1.48 2.86 -0.41 —0.59 =5.75 -1.14 0.58 —6.81
ZXK1 —0.49 1.63 -0.05 —0.68 2.55 -0.67 —0.55 —5.60 -0.35 0.49 —6.75
7ZK2 —0.77 1.65 -0.10 -1.43 3.05 0.04 -0.54 —5.51 -1.02 0.73 -6.75
TR —0.67 1.51 -0.37 -0.84 1.99 0.37 -0.41 —5.49 -0.43 0.22 -6.47
Ak —1.63 1.97 -1.87 -1.99 3.27 -1.59 —1.28 —6.85 —1.55 0.14 —8.03
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Fig. 8 Na-K-Mg equilibrium diagram
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Chemical characteristics and genetic mechanism of karst geothermal
radon spring in Anjiazhuang, Feicheng

BAI Xinfei', HU Caiping’, SONG Jinyu', YANG Shijiao', QIE Liang’, ZHANG Jun',
YU Chao', HONG Huanren', WANG Tao', SONG Liang'
(1. No.1 Geological Team of Shandong Provincial Bureau of Geology and Mineral Resources, Jinan, Shandong 250014, China;
2. Shandong Provincial Geo-mineral Engineering Exploration Institute, Jinan, Shandong 250014, China;
3. Shandong Fifth Institute of Geology and Mineral Exploration,Taian, Shandong 271000, China )

Abstract The Anjiazhuang geothermal field, the only karst geothermal radon spring discovered in Shandong
Province, is located at the contact zone between the Wenkou depression and the Dongping uplift in Feicheng City. The
geological framework of this geothermal field is based on a Neoarchean granite basement, which is overlain by
Cambrian—Ordovician carbonate rock strata and Quaternary loose sediments. Geothermal water originates within the
tectonic fracture zone at the intersection of the Anjiazhuang fault and its secondary faults. It surges upward along the
fracture zone and is stored in the layered karst fractures, forming a belt-like and layered thermal reservoir controlled by
the fracture structure.

In this study, we systematically reveal the hydrochemical evolution characteristics of geothermal fluids and the
genetic mechanisms of radon enrichment through the collection and analysis of groundwater and geothermal water
samples. This includes measurements of soil radon gas, CSAMT measurement, and the application of hydrochemical
diagram methods, ion component ratio characteristic methods, mineral saturation index methods and PHREEQC
software simulations. The research findings show that the geothermal water is a weakly alkaline, medium-low
temperature thermal mineral water, classified as a hydrochemical type of SO,-Cl-Na-Ca. The concentrations of fluorine
(1.87-4.00 mg-L "), metasilicic acid (32.50—68.45 mg-L "), and radon (82.60-640.00 Bq-L ") all meet the standards for
designated mineral water, classified as a fluorine-metasilicic acid-radon composite therapeutic thermal mineral water,
which possesses significant therapeutic value. The evolution of ion components in the geothermal water is mainly
controlled by the dissolution of evaporite and carbonate minerals, followed by the dissolution of silicate minerals and
cation exchange. The mineral saturation index shows that calcite and dolomite are supersaturated, anhydrite is nearly
saturated, and halite is unsaturated. The enrichment of radon in geothermal water is closely related to the fracture
structure: the radon in surface soil and the high anomalies of radon in groundwater are both distributed along the
fracture zone. The low-resistance zone revealed by the inversion section of CSAMT measurement highly coincides
with the fracture zone and the burial depthes (from 150 m to 350 m) of the karst thermal reservoir. Radon mainly
originates from the uranium-rich S-type granite of the Neoarchean Aolaishan Sequence underlying the thermal
reservoir and the radioactive decay of the uranium series in the uranium mineralization zone distributed along the
fracture. Deep active faults, such as the Anjiazhuang fault, induce the development of micro-fracture networks in

rocks. This process facilitates the transformation of radon from a closed and adsorbed state in granite into a free state,
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overburden layer thickness and water table height on the deformation characteristics of the overlying karst collapse has
been investigated, as well as the migration law of soil particles under the influence of different factors.

The study demonstrates that during the evolution of overlying karst collapse, the contact force between particles
undergoes a series of changes, which can be described approximately as follows, 'stress equilibrium—stress arch
formation—stress arch destruction-stress equilibrium again-:---stress arch fracture '. The internal stress of the soil body
demonstrates a pattern of 'compressive stress gradually decreasing, tensile stress gradually increasing, and tensile stress
disappearing'. Additionally, the surface subsidence and porosity of the soil body tend to increase in conjunction with
the collapse evolution process. It can be observed that the larger the opening of the cavern, the greater the depth and
range of ground subsidence, which in turn increases the likelihood of collapse. A reduction in the thickness of the
cover layer results in a more pronounced surface subsidence, thereby increasing the likelihood of collapse. Similarly,
an elevated water table leads to a more rapid expansion of the soil hole, which in turn causes a more pronounced
surface subsidence and an increased propensity for collapse. The relationship between surface settlement and cover
layer thickness is not significant when the latter is of greater thickness. The study provides a comprehensive account of
the karst collapse evolution process from a mesoscopic perspective, offering insights that can inform disaster
prevention and the mitigation of surrounding karst collapse risks during the construction and operation of high-speed

railway projects.

Key words Kkarst collapse, geological hazard, train vibration, numerical simulation, dynamics response
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allowing it to dissolve in geothermal water.Consequently, radon migrates and accumulates along the fracture zone.
Regional seismic activities and the release of tectonic stress help to intensify the damage and fracturing of rocks,
enhancing the radon exhalation ability. The relationship between hydrogen and oxygen isotopes shows that geothermal
water is mainly recharged by atmospheric precipitation and is formed following the deep circulation and heating of
groundwater through the karst-fault system. Its heat source exhibits the characteristics of a four-element heat
accumulation: deep-circulating hydrothermal convection in the fracture zone serves as the main heat source,
supplemented by the conduction of terrestrial heat flow, heat generated by seismic friction, and heat generated by the
decay of radioactive elements.

In conclusion, the formation of the Anjiazhuang geothermal radon spring is the result of the synergistic effect of
multiple factors including structure, hydrology and geochemistry, the structure system of the Anjiazhuang fault is not
only the channel for radon migration and enrichment, but also provides the dynamic conditions for the exhalation of
radon in rocks; the underlying uranium-rich granite and the uranium mineralization zone distributed along the fracture
lay the material foundation, and deep-circulating hydrothermal convection and multi-source thermal effects jointly
drive the evolution of geothermal water. This study systematically elucidates the multi-source synergistic genetic
mechanism of radon enrichment in karst geothermal radon spring, providing a scientific basis for the exploration,

development and utilization of similar geothermal resources.

Key words geothermal radon spring, compound hot ore water, four-element heat accumulation, fault structure, S-

type granite
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