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The genesis and age of karst caves in Xinglong National Geopark, Hebei Province

Abstract: [Objective] Karst caves, as an essential part of the Earth's Critical Zone, hold significant scientific and scenic
value. However, previous studies have largely overlooked the tectonic factors influencing cave formation, and quantitative
constraints on the age of cave formation remain scarce. This study aims to investigate the genesis and chronology of the
Xinglong Karst Cave in the Taojiatai area of Hebei Province, elucidating the controlling factors and temporal constraints of
cave development. [Methods] A comprehensive investigation of cave morphology, stratigraphic attitude, and tectonic
characteristics was conducted, supplemented by mineralogical analysis using X-ray diffraction and geochemical element
analysis. The study analyzed the relationship between cave formation and fault activity, while the geochemical composition
of red clay deposits inside the cave was compared with external weathering crusts to constrain the formation age of the
cave. [Results] The cave developed within Middle Proterozoic dolomitic limestone containing flint nodules, influenced by
two major faults that facilitated differential dissolution along fault planes. The red clay deposits inside the cave share
geochemical characteristics with external weathering crusts, indicating an exogenous origin. The enrichment of iron in red
stalactites suggests leaching from surface water, further confirming the post-weathering deposition of the red clay. Regional
comparisons reveal that the residual red clay outside the cave corresponds to the Tangxian planation period (3.1-3.7 Ma),
indicating that the cave must have formed after this period. [ Coneclusion] This study provides new insights into the fault-
controlled genesis of the Xinglong Karst Cave and establishes a minimum formation age of 3.7 Ma, significantly younger
than the Middle Proterozoic age of the host rock. The findings correct the previous misconception that the cave formed
during the Proterozoic and highlight the crucial role of tectonic activity in cave development. [Significance] This research
enhances our understanding of the tectonic control and chronological constraints of karst cave formation, providing
valuable references for the study of karst landscapes in other regions.
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Fig. 1 Location and plan of Xinglong Cave

(a) Topography of Xinglong County, Hebei Province; (b) Geological features of the area surrounding the cave (compiled from the 2000

geological map of Xinglong County); (¢) Map with characteristics of the Xinglong Cave
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Fig. 2 Photographs of different rocks sampled inside the Xinglong Cave

(a) Flint nodule; (b) Dolomite; (c) Limestone; (d) Stalactites
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Fig. 3 Photographs of different red soils sampled inside and outside the Xinglong Cave

(a) Red soils poured inside the cave; (b) Native red soils inside the cave; (c) Weathering crusts outside the cave
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Fig.4 Geomorphological features in the Xinglong Cave

-
Al

(a) Stalagmite collapsed in the center of the main hall; (b) Triangular supporting structure at the top; (c) Infilled red paleosoil; (d) Reddish

stalactites
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Fig. 5 Characteristics of the faults, including the first fault (a-d) and the second fault (e-h).

(a) Fault fracture zone; (b) Straight fracture surface; (c) Fracture surface perpendicular to the bedding orientation; (d) Stalactites developed along

a fracture; (e) Tensional fault; (f) Thickness difference of rock layers on both sides of the fault; (g) High-angle fault gouge; (h) Blocky rock
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