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Fig. 1 (a) Cave site plan (Adapted from Qin Zhengjiao et al., 2011), (b) Geographical location of

Zengpiyan cave site, (¢) Cross-section of the cave site A-A’
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Fig. 2 Variation curve of CO, within the cave with the change of four seasons
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Fig. 3 Variation curve of relative humidity within the cave with the change of four seasons
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Table 2  Statistics of observations on cave temperature, humidity, and CO, levels

FahR/ AL @® @ ® @ ® ©® @

T/ C 22.6 222 21.7 21.4 21.1 212 22.8 22.0

AETIE RH/% 73.6 74.2 775 75.0 81.7 78.0 72.6 83.1
CO,/x10° 509 633 575 469 583 520 429 1042

T/ C 293 28.0 27.8 27.9 275 27.4 30.7 27.9

ERRME RH/% 93.7 91.1 92.7 94.6 94.5 94.3 95.3 99.5
CO,/x10° 617 1097 1264 519 787 642 456 2789

T/ C 13.7 12.7 12.1 115 11.8 115 8.0 15.6

AEIR/IME RH/% 452 50.4 46.8 443 572 46.7 46.3 55.6
CO,/x10°° 410 419 421 415 478 471 394 448

T/ C 15.6 153 15.7 16.4 15.7 15.9 22.7 12.3

AR IR RH/% 48.5 40.7 45.9 50.3 373 47.6 49.0 43.9
CO,/x10° 207 678 843 104 309 171 62 2341
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Table 3 Vertical distributions of T, RH and CO,
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T/ <C 27.0 27.9 28.1 27.8 275 27.4 27.1 275
7TH29H RH/% 86.1 82.1 82.9 84.7 83.8 82.6 87.2 81.1
CO,/x10° 530 730 493 562 529 568 592 787
T/ C 26.1 272 264 26.7 259 26.0 25.8 25.7
8H25H RH/% 943 91.1 93.9 92.7 93.0 943 96.3 945
CO,/x10" 861 1097 896 1264 658 642 605 786
T/ C 26.1 26.6 26.7 26.5 26.4 26.7 259 26.2
9A26H RH/% 86.4 83.9 86.0 88.0 85.5 85.3 89.1 87.7
CO,/x10° 645 788 552 612 457 556 464 711
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Fig. 7 Comparison of mean values of T, RH, and CO, between the top and bottom surfaces of each exploration unit
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Changes of air environmental factors in Zengpiyan cave site and
its influence on the cultural layers

ZHANG Peng'?, GUO Fang’, JIANG Guanghui’, LIU Fan’, JING Baokun’

( 1. Hunan Province Geological Disaster Survey and Monitoring Institute, Changsha, Hunan 410004, China; 2. Institute of
Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China;
3. School of Civil Engineering and Architecture, Guangxi University, Nanning, Guangxi 530004, China )

Abstract The Zengpiyan cave site is a significant Neolithic cave site in Southern China, yielding complete human
skeletal fossils as well as artifacts related to the diet and tools of ancient human inhabitants. This cave site provides
essential evidence for understanding human activities in Southern China between 12,000 and 7,000 years ago. The
cave system at the site consists of three distinct areas: the main cave, the water cave, and the low cave. The main cave
retains an intact original cultural layer, featuring clear stratigraphic sequences. Cultural layers, representing the area
where artifacts are preserved within the cave site, embody the most important cultural content of the site. Previous
research on karst caves has shown that temperature, relative humidity, and carbon dioxide (CO,) concentrations inside
the cave exhibit markedly different temporal and spatial variations compared to the outside environment. These factors
influence the formation and degradation of carbonate deposits such as stalactites.

To understand the temporal and spatial variations of air environmental factors within the Zengpiyan cave site and
their influence on the weathering of cultural layers, this study acts as a crucial supplement and extension to the
environmental research on the Zengpiyan cave site, with a particular emphasis on the microenvironment of the cultural
layers of the cave. The study specifically examines environmental factors such as cave temperature, relative humidity,
and CO, concentrations. A hydrological year-long observation was conducted in Zengpiyan cave with the use of
various air monitoring devices, along with the sampling and analysis of cultural layer deposits from different
excavation units.

The results reveal that the air environmental factors inside the cave exhibit three distinct seasonal stages: in
winter, both temperature and humidity are low with large fluctuations, and CO, does not accumulate at the cave floor.
In contrast, summer, brings high temperature and humidity with small and stable variations, resulting in CO,
accumulation at the cave floor. Spring and autumn serve as transitional phases between winter and summer. Spatially,
temperature and humidity show a gradual variation with the increase of cave depth. CO, concentrations exhibited a
banded distribution with high-concentrations in the eastern section of the cave, suggesting that the water cave plays a
significantly role in evevating the CO, levels within the main cave. The primary source of CO, in the cave is the
overlying soil, with rainfall events identified as critical triggers for peak CO, levels within the cave. A comprehensive
analysis suggests that ventilation effects are the main factors influencing the temporal and spatial variations of air
within the cave. Additionally, cave morphology and tourism activities are also recognized as significant contributors to
the air environment within the cave. Observing and combining X-ray diffraction analysis, it was found that there are
significant differences in the degree of weathering of cultural layers near the entrance of the cave, water cave
connections, cave middle sections, cave bottoms, and the upper and lower parts of the exploration area, which are
related to the spatiotemporal changes of air environmental factors. For example, there are more dissolution cavities in

the upper cultural layer at the cave floor, mainly due to the accumulation of water vapor in the upper part, which
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condenses and dissolves, transporting easily soluble components away from the cultural layer. In contrast, the cultural
layer at the cave entrance is characterized by loose and powdery cementation, which is associated with the significant
temperature fluctuations and frequent cycles of drying and wetting at the entrance.

This study has documented the temporal and spatial variations of the main air environmental factors at the
Zengpiyan cave site, which is characterized by a shallow, wide-open entrance. It has also explored the potential
influencing factors and their impact on the weathering of cultural layers. These findings provide a scientific basis for

the improved preservation and utilization of cave sites.

Key words cave sites, air environment, weathering of cultural layer, CO,, Zengpiyan
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