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Abstract: The evaluation and quantification of aquifer structure in the Earth Critical Zones (CZ) are of great significance to the
hydrological cycle and water resources management.  Objective However, the characterization of complex CZ structures at
spatial scales remains a huge challenge. In this paper, research was conducted on a small karst dolomite watershed (1.20 km?) in
northwest Guangxi province, China, to quantify the distribution characteristics of aquifer media in CZ and analyze its influencing
factors. Method A total of 21 electrical resistivity tomography survey lines with a total length of 12, 605 meters were set up and
combined with hydrological drilling at the watershed scale. =~ Result The results show that tectonic movement and dynamic
metamorphism resulted in the development of multiple fault zones in the small watershed. This provided the material and
dynamic basis for the spatial distribution of karst water-bearing media (including soil, surface karst zone, and surface karst
spring). The fault zone was concentrated in the depression, which has a good hydrodynamic and dissolution environment. As a
result, the soil and epikarst thickness in the depression was higher than that in hillslope, and there was a significant (P < 0.05)
negative linear relationship with elevation. Besides, the spatial coupling degree of soil and epikarst thickness was high, showing a
significant positive linear relationship (R* = 0.63, P < 0.01) between soil and epikarst thickness. It was related to slope erosion
and confluence, and special water-CO,-rock interaction in the soil-epikarst zone system. Karst aquifer flows out of the depression

or down hillslope, and its hydrological characteristics were related to the distribution and water storage features of the

soil-epikarst system.

Conclusion This study provides data and technical support for the characterization of the karst aquifer at

the catchment scale and construction of the land surface model in future studies.

Key words: Geology drilling; Electrical resistivity tomography; Tectonic movement; Lithology; Peak cluster depression
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Fig. 1

Geographical and geological description of Mulian watershed
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Table 1 Element contents of bedrock at different positions/%

el SiO, AlLO; TFe,04 CaO MgO K,O Na,O TiO, P,0s MnO
Slope position
#EHb Depression 0.48 0.32 0.06 31.15 21.54 <0.01 0.02 0.06 <0.01 <0.01
FaY% South slope 0.36 0.26 0.04 32.19 20.45 <0.01 0.03 0.03 <0.01 <0.01
4t North slope 0.67 0.16 0.09 30.91 21.54 0.01 0.03 0.02 <0.01 <0.01

T R S R SRR A R S M R 294 40 m. Note: The samples were buried rocks with a depth of about 40 m from the surface.
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North slope drilling

F: (1) wEafEt; (2) BEEEDRE L, (3) BmRUbA RS (4) mRULEZ AR (5) PRIEA=E; (6) fEFE;
(7) ®FLWITAE ; (8) W2 pe K Hwg (R B3 74 . Note: (1) Brown planting soil, (2 ) Yellow hard plastic clay, ( 3 ) Strong weathered
dolomite bedrock, ( 4 ) Strong weathered fault breccia, ( 5 ) Moderately weathered dolomite, ( 6 ) Silicalite bedrock, ( 7 ) Profile of dissolution

pore, ( 8) Dissolution fissures and yellow argillaceous fillers.
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Fig. 2 Geological drilling profile photos of depression, south hillslope, and north hillslope in the study area
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Bk, W ORISR EER T4, HFAEEY
B BTBCAECRH PVC B H3, T 20 m IREEL
T AR AR A, BEs R MBI 0~20 m
38 [ s AR 3 2 ) A B A AR (L 1.2
5 )o

(2) Bk LRIE. BUAE SR S5S
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ZEAEHBAYEES (% 3), WIFREEE
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Table 2  Statistical of geophysical Chigh-density electrical
resistivity) profile in the study area

ENENES EZNERIES
Lengthways profile Lengthways profile
e g ys p e g ys p
L/BLIIY L/BLITY
Number KB Number KB
Point Point
Length/m Length/m
number number
Wi 645 127 W13 595 117
w2 565 111 Wwi4 595 117
w3 595 117 W15 695 137
w4 535 105 W16 595 117
W5 540 106 w17 850 168
w6 550 105 W18 895 177
w17 550 108 w19 655 129
w8 520 120 W20 850 168
w9 445 87 w21 895 177
W10 295 57 S1 300 60
Wil 445 87 S2-1 300 60
Wwi2 295 57 S2-2 300 60
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Table 3 List of physical parameters of main media in the study area

LB = AHX A HL R BIE HL T e e 2
I B
Resistivity Relative dielectric constant Density Electromagnetic velocity
Medium
p/ Q'm & p/ (grem™) V/ (mns™)
23 Air — 1 — 0.3
7K Water 50~60 80 1 0.03
Ft Clay 10~6x107 5~40 1.60~2.04 0.06
% Dolomite 50~6x10’ 6 2.80~3.00 0.12
fib# Sandstone 10~3x10’ 5~15 2.42~2.77 0.09
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Fig. 3 Inversion of resistivity isoline (a ) and soil-epikarst system profile (b ) — take W17 as an example
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Fig. 4 Distribution of soil, main karst development features, and fault at the study area
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Fig. 5 Distribution of soil (a) and epikarst (b ) thickness at the watershed scale
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Fig. 6 Relationship between soil and epikarst depth with elevation
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Fig. 7 Electrical characteristics of spring S1 in the study area
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