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Fig. 1 Distribution of karst groundwater sampling points in the study area
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Table 1  Statistical table of groundwater hydrochemistry in the study area
Geitui pH K' Na' Ca” Mg™ Cr No/a HCO3 TDS

F/IMA 6.81 0.69 - 28.10 4.68 0.51 222 109.83 39.80

SN 8.46 2.03 11.70 120.00 25.7 15.30 16.10 378.31 157.00

X HfH 7.84 1.12 2.29 49.25 12.50 2.65 9.09 188.42 76.89
Bt 22 0.44 0.40 3.65 26.82 6.82 4.51 3.95 75.18 31.49

5 S R AL 0.06 0.36 1.59 0.54 0.55 1.71 0.43 0.40 0.41

R/ME 6.94 0.08 - 46.20 2.96 0.45 6.85 167.18 72.00

RORME 8.20 11.80 11.30 87.00 50.00 10.40 81.1 402.71 214.00

M ¥ 7.38 2.26 1.45 66.81 28.66 3.40 21.90 269.75 124.46
PRl 2 0.29 2.66 2.74 10.74 13.69 2.59 18.94 62.13 32.50

5 S R AL 0.04 1.18 1.89 0.16 0.48 0.76 0.86 0.23 0.26

e/ME 6.60 0.73 - 47.50 2.61 224 12.30 128.14 78.10

RKRME 8.11 6.97 6.43 128.00 14.20 13.70 69.40 352.68 189.00

I ¥i(E 7.32 2.23 1.57 87.34 8.17 6.21 34.86 219.93 140.47
i 22 0.48 1.92 2.16 29.23 3.28 3.80 18.97 76.99 42.65

5 Z AL 0.07 0.86 1.38 0.33 0.40 0.61 0.54 0.35 0.30

T pHE I, AR A R Ry (mg L), = FomAftizily

Note: pH is dimensionless. For other hydrochemical components, the units are all mg-L~
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Table 2  Statistics of the SAR value of karst water

[X 45 WiH SAR
ISP NEN 3.43
I X e/ ME 0
EHE 0.67
KIE 0.96
X £/ MH 0
A 0.14
TR 0.78
X, I/ ME 0
FHIH 0.22
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Table 3 Characteristics of 8D-8"°0 in groundwater

ARALIE /%0 SF-E 1R/ %0 3"058DXZ
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Table 4 Characteristics of hydrogen and oxygen isotopes and d values in different water bodies

R 8" OZE L /%o 8" O -/ %o SDZE A /%o 3D 2411 /%o B AL /%0 d P28/ %o
b —8.44~6.12 —6.60 —53.66~—38.47 —40.47 9.24~16.74 12.83
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Analysis on D/*O and hydrochemical characteristics of karst
groundwater in northwestern Hunan Province

LIAO Jia', ZHU Zhenhua', PENG Yi', WEI Shanhu’, LUO Zhaohui’,
LIU Zhuang', XU Qianggiang', XIE Gen’
(1. Changsha General Survey of Natural Resources Centre, China Geological Survey, Changsha, Hunan 410600, China; 2. School of Environmental
Studies, China University of Geosciences, Wuhan, Hubei 430074, China; 3. Langfang General Survey of Natural Resources Centre,
China Geological Survey, Langfang, Hebei 065000, China )

Abstract  Understanding hydrochemistry of karst water in northwestern Hunan is the foundation for reasonable
utilization of water resources. The study on the causes of water sources and the evolution process of solute components
is of great scientific value and practical significance. However, most of the research on this area has focused on the
optimal allocation of water quantity and the evaluation of local water quality in the past few years. There is lack of
research on hydrological geochemical characteristics and control factors based on groundwater systems, and hence a
need of further research on the systematic understanding and utilization of local karst groundwater. This study takes the
karst water system in northwestern Hunan Province as a case, aiming to reveal the characteristics, the evolution law
and causes of hydrochemistry in this area. The research findings are hoped to play a positive guiding role in the
sustainable development, and utilization and integrated management of regional groundwater resources.

On the basis of hydrochemical and isotopic analyses of water samples collected in the study area, the source and
composition origin of groundwater in this area have been explored with isotope D and *O and with the comprehensive
hydrogeochemical research method of multivariate statistics and hydrochemistry (piper trilinear diagram and ion scale
coefficient). The results show that although there is little difference among three study zone on the whole, the sources
and genesis of groundwater components are still quite different. According to the pipper three-line chart and the Gibbs
chart, it can be seen that the main component of groundwater mainly derives from the dissolution and leaching of
carbonate, accompanied by different degrees of the leaching of gypsum and other minerals. Concentrations of
potassium, sodium ions and chloride ions are generally low, which is related to the low content of salt rocks in the
carbonate formation and weak effect of evaporative concentration. Because the alternating adsorption of cations is
weak, it is not the main influencing factor of the groundwater chemistry in the study area. Longshan area (Zone I),
mainly presents the leaching of calcite/dolomite and gypsum. The water abundance in karst aquifers is high and the
interaction between water and rock is rapid. In Yongshun-Fenghuang area (Zone II), groundwater in the Youshui basin
mainly presents the leaching of dolomite and the concentrations of potassium and sodium ions are affected by the
leaching of rock salt. In the Wushui basin, the joint leaching effect of limestone and dolomite that influences the
concentrations of calcium and magnesium ions in groundwater, together with the leaching of silicate rock, augments
the concentrations of potassium and sodium ions. In Shimen county (Zone III), the main source of ions comes from the
leaching of limestone, and there are multiple sources of sodium, potassium, and chloride ions in groundwater. Besides,

the recharge source of groundwater in the study area is mainly atmospheric precipitation, groundwater generally

(TNEE58 481 T0)
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higher leaf litter N (16.1 g-kg ') than the trees with arbuscular mycorrhizal (10.1 g-kg ") and ectomycorrhizal fungi
(10.7 g'kg ). However, tree species with arbuscular mycorrhizal fungi (0.4 g-kg ') exhibited a significantly higher P
concentration than the trees with ectomycorrhizal fungi (0.1 g-kg ') and N-fixer (0.08 g-kg ') trees. The concentration
of Mg (0.51 g-kg') in the tree species with ectomycorrhizal fungi was significantly higher than the trees with
arbuscular mycorrhizal fungi (0.19 g-kg ') and N-fixer trees (0.03 g-kg ). In addition, the C/P and N/P of N-fixer trees
were significantly higher than the tree species with arbuscular. Hence the differences in the chemical properties of leaf
litter among different mycorrhizal types should be considered during the restoration of degraded ecosystems, and

appropriate tree species for restoration will be selected according to the strategies of nutrient utilization.

Key words litter decomposition, mycorrhiza, stoichiometry, carbon cycle, ecological restoration
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(E3#5 435 70)

replenished directly through sinkholes, karst pipelines, karst funnels, etc. The isotope D and '*O of groudwater in the
study area presents obvious continental and elevation effects. It is believed that springs show more closure properties
compared with wells and underground river systems. Since the study area is a karst landform in an arc-shaped
mountainous area, the terrain is severely cut, and the elevation of the sampling point is not very representative of the
average supply elevation of springs and underground river systems. The deuterium surplus reflects that the spring
system is the one with a faster cycle and shorter retention compared with the system of underground river. However,
the underground river has a longer supply source, a wider range of replenishment, a longer movement time and a

longer flow of water underground, and stronger water-rock interaction.

Key words karst water, hydrochemical characteristics, hydrogen and oxygen isotopes, northwestern Hunan Province
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