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Table 1 Distribution of dissolution rate test sites in the Qinba area, Shaanxi Province
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Fig. 1 Distribution of the buried sites of the dissolution test pieces in the Qinba area, Shaanxi Province
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Table 2 Summary of the weight loss of standard test pieces at different strata in different counties of the Qinba area/g

MR 8 LB fIBH S TR B £ R 1] A

z3th 0.0353 0.020 3 0.020 6 0.018 6 0.022 4 0.016 5 0.008 6 0.0199 0.0156
i 0.078 5 0.047 0 0.0194 0.0209 0.042 6 0.0209 0.004 9 0.027 2 0.0107
20 em 0.149 5 0.113 6 0.0593 0.0314 0.1222 0.003 1 0.090 3 0.026 2 0.0397
1 F50 cm 0.173 5 0.144 9 0.068 6 0.0370 0.107 6 0.004 9 0.117 6 0.009 2 0.044 3
5 F100 cm 0.216 8 0.148 3 0.073 4 0.008 4 0.254 4 0.063 1 0.028 5 0.008 4 0.031 4
V45 0.130 7 0.094 8 0.048 3 0.0233 0.109 8 0.0217 0.0450 0.0182 0.028 3

B, R TR

MFE 2 AT LUE ), 4 iR H S i R AR B3R
B A 25 v B b AR U3 3G 1 R B, G i g XS
HEIHLT 50 cm 4b SR i3, {H 100 em 4b 2% 5 /)N
FH A 27, 1 O F R R SR, MR
MO R, BAORES TP SR ERERA
B, A RS T 258K, 50em KU
S Z A R G Y O iR, 100 em 4b TR
HeR, A% b DX P 34 2 EE R R RO 0.130 7 g,
R EAE R 0.0182 g B 715 £ .

TEH T o R - A A B R
WA FE LA S B A AR ) BH =, AR
PER) = FAE SR o R 1 b (3R 3) . R
AESE T B 25 5 I B, SRR R R A E T,
2% v b R DU S AR 1.514 9 mg-em Ca ' K,
IR 0.319 3 mg-cm “-a ' Fe/)y; Hi I b i A LA
BAEEWEIN 3.463 3 mg-em *a ' ek, AT FHIEM 0.094 7
mg-cm -a | e/ HI R 20 em ¥ i R DL E 2 HE
6.1313 mg-em *a ' ek, WEFITHEM 0.047 6 mg-em *-a !
B/ HTR 50 om i B R D)BR 2 BROHE 6.391 3
mg-em -a ' B K, IGEEHEN 0.025 1 mgrem Ca | B/
R 100 em ¥ s R LU 2 A 10.985 mgrem *-a
R, B EEHEM 0.114 1 mgrem >a ' Fe/h
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Table 3 Dissolution rates of different vegetation types and strata in Zhen'an, Xunyang and Luonan

DXk FEHEZEAY =12 W, W, KSR AR /g AEYA AR /mg-em a !
Gl — — — —
ik 113275 11.2869 0.040 6 1.103 7
A I H1F20 cm 10.990 0 10.793 9 0.196 2 53302
150 cm 11.348 5 11.158 7 0.189 8 5.158 3
1R 100 cm 11.463 5 11.156 6 0.306 8 8.337 4
Z 11.9189 11.901 4 0.017 5 0.475 1
ik 12.3950 12.267 6 0.1275 3.463 3
A I H1R20 cm 11.805 4 11.579 7 0.2256 6.1313
150 cm 12.005 4 11.8229 0.182 4 49579
1R 100 cm 11.936 9 11.532 7 0.404 3 10.985 1
Z3 11.686 0 11.6303 0.055 8 15149
ik 11.6723 11.614 2 0.058 1 1.579 3
B m 120 cm 11.760 1 11.537 6 02225 6.045 3
150 cm 12.192 1 11.956 9 0.2352 6.391 3
1100 cm 11.963 5 11.6552 0.308 3 8.378 2
23 — — — —
i 12,1111 12.074 0 0.037 1 1.006 8
pt) | H1F20 cm 12.2259 12.112 7 0.113 3 3.0774
150 cm 12.051 3 11.8529 0.198 4 53918
#1100 cm / — _ _
5 12.346 2 12.3345 0.0117 03193
gk 11.464 8 11.4573 0.007 5 0.203 8
pt) I H1F20 cm 11.785 4 11.783 6 0.001 8 0.047 6
150 cm 11.574 8 11.5739 0.000 9 0.025 1
1100 cm 11.975 4 11.971 2 0.004 2 0.114 1
Z3 12.2559 12.2403 0.0157 0.4257
ik 12.590 4 12.563 0 0.027 4 0.744 6
batt) m H1F20 cm 11.743 5 11.677 8 0.065 7 1.786 0
150 cm 11213 8 11.198 2 0.0156 0.423 9
1100 cm 11.650 4 11.640 9 0.009 5 0.259 5
25 12.376 6 12.360 9 0.0157 0.426 0
ik 11.2389 11.196 9 0.0420 1.1427
G| I 120 cm 11.984 1 11.820 1 0.164 1 4458 8
150 cm 12.254 2 12.026 5 0.2276 6.1852
1T 100 cm 12.364 4 12.141 1 0.223 3 6.067 5
Z3i 10.771 8 10.750 3 0.0215 0.584 2
gk 12.138 4 12.1349 0.003 5 0.094 7
G| || 20 cm 12.4349 12.380 7 0.054 1 14710
150 cm 12.599 8 12.585 5 0.014 3 0.389 5
1100 em 12.296 0 12.262 8 0.033 1 0.900 8
25 11.930 6 11.915 4 0.0152 0.4139
gk 11.804 0 11.784 7 0.019 3 0.524 5
G| m 120 cm 11.5379 11.5199 0.0180 0.489 8
150 cm 12.203 5 12.1859 0.0176 0.479 6
1T 100 em 11.5355 11.502 3 0.033 1 0.900 1

T OMHERRE, 17 ®s; “I7 SHEMs “I7 bkl @ “— ik ZRTCHE .

Note: DVegetation type part, " I " represents grassland; " I " represents brushwood; "l " represents forest land; @"—" represents that test pieces are lost, no data.
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Fig. 2 Relationship between dissolution rates and soil depths

under different vegetation types
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Table 4 Dissolution rates under different vegetation types/mg-cm”-a '

TR 23 H i H1F20 cm HF50 cm 1100 cm Hi T S-S o R
LX) 0.546 0 1.004 9 2.5649 29172 2.991 4 2.8245
N 0.558 3 1.0174 23976 29039 3.733 8 3.0118
M, 0.8322 1.874 1 3.060 4 3.676 9 45175 37516

*®5 BREEH.JHFEMNEMIKEARARERMEREILLR/Mg - om? - a”

Table 5 Comparison of dissolution rates at different depths of field dissolution test pieces in South and North China/mg-cm™-a™

Hh[X. Zs o HiL R 20 cm H#1 R 50 cm H#1 R 100 cm SCHERRIR
Kbk 2.245 1.288 2263 3.095 \ [45]
EEA \ 2.837 3.035 4.156 \ [45]
HAK \ 6.766 6.236 7.462 8.846 [14]
E[A \ 1.134 0.142 0.121 \ [45]
[ER2 1.502 0.879 0.281 0.141 0.050 3 [63]
*6 RESHMBEMEZRSER.SRLCS
Table 6 Summary of dissolution rates, rainfall and temperatures in various parts of China
HuIX S s #E /mg m > d AR A /mm AR/ C
IR 215.56 1897 15.0
M 111.79 1752 153
=R 96.37 1100 15.0
PR A 128.11 1 000 15.5
P 101.44 759 7.0
HRE 33.69 421 9.5
L P Il 19.91 400 8.5
B PE LR (RAF5T) 106.07 804 12.2
B PG L BA (A 5% ) 72.07 709 13.1
BepE IR (A 5T) 81.79 893 14.0
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Fig. 3 Relationship between rainfall and dissolution rates
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Fig. 4 Relationship between temperatures and dissolution rates
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Fig. 5 Comparison of dissolution rates in different counties
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Karst dissolution rates of carbonate rocks in north-south geographical boundary of
China—the Qinba Mountain Area

YANG Zhiguo', CHEN Qingmin"***, CHENG Xing', HE Kaikai',
ZHANG Yu’, TANG Li’, AlHao', ZHANG Wenshuo'

(1. Shaanxi Experimental Center of Geological Survey, Shaanxi Institute of Geological Survey, Xi'an, Shaanxi 710065, China; 2. Key Laboratory of Mine
Geological Hazards Mechanism and Control, Ministry of Natural Resources, Xi'an, Shaanxi 710054, China; 3. Postdoctoral Research Station of Shaanxi
Geological Survey Institute, Xi'an, Shaanxi 710054, China; 4. Qinba Research Branch of China Society of Natural Resources, Xi'an, Shaanxi 710054,

China; 5. Shaanxi Mineral Resources and Geological Survey, Shaanxi Institute of Geological Survey, Xi'an, Shaanxi 710068, China )

Abstract  The karst area in the south of China is one of the three major karst distribution areas in the world. But the
economic development of the karst mountainous area is severely restricted by the fragility of its environment and
unreasonable disturbance of human activities. As quantitative data reflecting the intensity of karstification, karst
dissolution rates can be studied to facilitate the restoration of karst ecosystem and control of rocky desertification.
Especially in recent years, research on rocky desertification control and ecological restoration in karst areas of
Southwest China has been achieved with fruitful results, and hence is widely concerned by many domestic scholars on
karst ecological characteristics and vulnerability, rocky desertification control and other issues. The Qinba area of
Shaanxi Province is an important dividing line between the north and south of China in a climate of subtropical
continental monsoon. It is also known as the "central water tower" and has a large sinkhole group at high latitude. Its
special geographical location obviously differentiates the climate and ecological environment between the north and
south. At the same time, carbonate rocks are widely exposed in the Qinba area, especially in places such as Zhen'an,
Shanyang, etc. Unreasonable human activities have destroyed the karst ecological environment, making rocky
desertification prominent. By analyzing dissolution rates from the aspects of vegetation, climate, and human factors,
we explore the impact of regional environmental changes on karst formation, which may provide data support for
ecological restoration, karst carbon sequestration, and rocky desertification control, and may also fill the gap in the
study of karst formation in the Qinba area of Shaanxi Province.

The three representative vegetation types—woodland, shrub and grassland—were selected in field dissolution
tests in the study area. In this study, we used standard dissolution specimens (square test pieces with the side length of
4 cm and thickness of 0.3 cm) of crystalline limestone from the Late Triassic Wujiaping Formation (P;w) in
Xiaonanhai town, Hanzhong City. Each vegetation type was divided into 5 layers (100 cm in the air, surface, 20 cm
under the soil, and 50 cm and 100 cm under the soil). Three standard dissolution test pieces were places in each layer.
After a full hydrological year from March 31, 2021 to October 20, 2022, a total of 806 dissolution specimens were
retrieved, and the amount and rate of dissolution of each specimen were obtained. The effects of vegetation types,
depths, rainfall and temperatures on the karst process and the relationship between karst dissolution rates and degrees
of rocky desertification were comprehensively discussed.

The results showed that there were significant differences in subsurface dissolution rates among vegetation types.
The average underground dissolution rate of forest land was the highest, followed by that of shrub land. The rate of
grassland was the lowest. It was found that the dissolution rate of forest land in the same layer was higher than those of
shrub and grassland, and the underground dissolution rate of shrub was higher than that of grassland. The organic
carbon contents of different vegetation types and the changes of soil physical and chemical properties by vegetation are
the fundamental factors that affect the direction and intensity of the karst process. At the same time, we analyzed the
influence of rainfall and temperatures on dissolution rates in different regions. The results showed that there was a

significant positive correlation between rainfall and dissolution rates (R=0.84), indicating that rainfall plays a key role
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in karstification. Rainwater absorbed CO, from the air during the process of falling to the surface. During infiltrating
from the surface to the soil, rainwater combined with CO, released by plant root respiration and produced by microbial
metabolism to form carbonic acid after it absorbed CO, in the process of falling to the surface. Consequently, the
continuous dissolution of carbonate rocks by both surface water and groundwater containing carbonic acid led to the
development of rocky desertification. The correlation coefficient between temperatures and corrosion rates is 0.45,
which indicates that the temperature is not an important factor affecting the dissolution rate.

The formation of rocky desertification is the result of the joint action of natural factors and human factors, and
unreasonable human activities are the main factors. A comparative study on dissolution rates of different degrees of
rocky desertification in the Qinba area shows that dissolution rates increase with the increase of rocky desertification
degrees as follows, severe rocky desertification>moderate rocky desertification>mild rocky desertification. This
phenomenon is more obvious in areas with mild rocky desertification, for example, the dissolution rates of Beiyang
Mountain in Zhen'an are three times as much as those of the areas mostly distributed with mild rocky desertification.
Besides, the aggravation of rocky desertification is often accompanied by extensive agricultural production patterns
and severe ecological environment damage. It can be seen that in densely populated areas of karst mountainous areas,
people's transformation of the karst environment is the main reason for the aggravation of rocky desertification, and the
higher the dissolution rate is, the higher the degree of rocky desertification becomes.

The study of dissolution rates in the Qinba area of Shaanxi Province shows that with the forward succession of
vegetation, dissolution rates of carbonate rocks will increase. Rainfall can promote the dissolution of carbonate rocks,
which is one of the important factors affecting karstification. Moreover, rocky desertification is the result of the

interaction of carbonate rock dissolution and human disturbance, and human factors play the main role.

Key words the Qinba area of Shaanxi Province, karst, dissolution test method, dissolution rate, rainfall, air

temperature, rocky desertification
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