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Keywords: When detecting epikarst water using the self-potential method, the actual location of the anomaly
Self-potential method center often deviates from the prospecting result due to the interference of the regional back-
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ground field, which is comprised of geological noise and artificial electromagnetic fields. Ulti-
mately, this makes it difficult to locate the detection target accurately. To address the potential
offset of the anomaly center location, in this study we introduce the differential filtering method
into the data processing procedure. This method has smoothing and low-pass filtering effects,
facilitating the extraction of meaningful anomalies. Meanwhile, based on the anomalous features
of different physical parameters, we propose an integrated method system based on differentially
filtered horizontal self-potential gradient data, the composite profile method, and the high-
density electrical method, which can effectively improve the accuracy of anomaly localization.
This newly established method system was applied at the Xiaguantun test site in Longzhou
County, Chongzuo, Guangxi Province, China, and its effectiveness and feasibility was confirmed.

1. Introduction

In some karst areas located in Guangxi Province, China, loss of precipitation is significant due to the unique hydrogeological
conditions associated with this type of landscape. The resulting shortages in water are one of the main reasons for the poverty
experienced by many in these regions. Many geological studies have shown that epikarst water is generally preserved at a depth of
0-30 m in the karst regions of Guangxi. Although epikarst water occurs in the shallow subsurface, the conduits and space for
groundwater storage are small, with complex distribution patterns. As a result, water stores can only be effectively explored using high-
resolution prospecting methods.

The self-potential method is widely applied because of its low cost, high efficiency, and simple operation process. It also has the
advantages of a high accuracy, good operability, and wide application range when detecting small-scale, non-uniform water flows.
Based on the fact that self-potentials are generated when hydrodynamic conditions change during the seepage and migration of
groundwater in the epikarst zone, this study focuses on applying the self-potential method to further explore the vertical migration
pattern of epikarst water down to the deep aquifers. The self-potential method has been widely employed to detect the direction and
rate of groundwater flow in loose aquifers. For instance, Fagerlund and Heinson [1] applied this method to measure the direction and
rate of horizontal groundwater flow. Similarly, Bumpus and Kruse [2] monitored the sinkholes (sandy collapse conduits) that provide
concentrated recharge to the underlying aquifers in Central West Florida, USA, using the self-potential method to evaluate the
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temporal variability of water flow and determine the recharge rate of an underlying aquifer through the collapse conduits. Based on the
self-potential method sensitive to water fluxes in saturated and partially saturated porous media, Jougnot et al. [3] adopted a coupled
hydrogeophysical modeling framework to simulate the self-potential response to precipitation and saline tracer infiltration. Chalikakis
[4] overviewed the contribution of geophysical methods to karst-system exploration, particularly emphasize that a karst area remains
a very difficult environment for any geophysical exploration; selection of the best-suited geophysical method is not always straight-
forward, due to the highly variable and unpredictable target characteristics. Simultaneously, Binley et al. [S] documented how
geophysical methods have emerged as valuable tools for investigating shallow subsurface processes over the past two decades and offer
a vision for future developments relevant to hydrology and also ecosystem science. Slater et al. [6] findings suggest that the estimation
of contrasts in K in coarse sediments may be achievable through measurements of electrical properties after appropriate consideration
of the cobble fraction. Essa and Elhussein used a new approach for the interpretation of self-potential data by 2-D inclined plate [7].
Ikard and Pease [8] identified the preferential channels of groundwater seepage in porous media from self-potential data. Thibaut et al.
[9] proposed a new workflow to apply the Minimum Gradient Support (MGS) to real case studies where heterogeneous structures are
expected. More recently, Hermans et al. [10] put forward 4D imaging techniques thus to advocate a more systematic characterization
of the dynamic and 3D nature of the subsurface for a series of critical processes and emerging applications. Laurence Jouniaux et al.
[11] wrote a review on the use of the self-potential method to address various problems in hydrogeology and contaminant plumes.
Then Revil [12] made a comment on it, Affirmed its positive influence and put forward the existence of several problems. Jardani et al.
[13] Detected preferential infiltration pathways in sinkholes using joint inversion of self-potential and EM-34 conductivity data.
Roubinet et al. [14] present a highly efficient two-dimensional discrete-dual-porosity approach for solving the fluid flow and asso-
ciated self-potential problems in fractured rock. Talking about the Theory and Applications in Environmental Geosciences, Two works
must be mentioned, “The Self-Potential Method: Theory and applications in environmental geosciences.” Wrote by Revil [15]and
“Advances in Modeling and Interpretation in Near Surface Geophysics” Writed by Biswas [16], both of them described a large number
of SP research progress and application examples.

As the self-potential anomalies of the water-rich fractures in epikarst zones are weak and superposed with electromagnetic
interference, meaningful self-potential anomalies are difficult to identify. In fact, the center of the self-potential anomaly tends to
deviate from the center of the actual water-bearing fracture network. Such an offset is often caused by the background field or other
noise interference. Therefore, there is a need to modify the data processing method when monitoring water-bearing fractures in
epikarst zones to highlight the signal-to-noise ratio and improve the detection accuracy.

As a potential field, all potential field data processing methods can be used for reference in the process of self-potential data
processing. Least square method [17-23], Particle Swarm Optimization (PSO) [24,25], Very Fast Simulated Annealing (VFSA) overall
optimization algorithm [26,27] . Potential-field separation [28] . field source rapid imaging method [29,30] and Bat optimizing
algorithm (BOA) [31]are some common methods in the process of self-potential data processing. Potential field separation can improve
the accuracy of detection, and the fast imaging method of potential field source can provide relevant information of field source.
Eigenvalue point method is an important technique for potential field separation.

Eigenvalue point method is a method of constructing linear equations to deal with anomalies by using the characteristics corre-
sponding to outliers and eigenvalues. Its application in self-potential method is studied as follows: Radhakrishna et al. [32] presented a
new method of interpreting self-potential anomalies of inclined sheet-like bodies of infinite strike length in there study; Abdelrahmanet
al [33] developed a semi-automatic method to determine the depth and shape (shape factor) of a buried structure from second moving
average residual self-potential anomalies obtained from observed data using filters of successive window lengths; Fedi and Abbas [34]
presented a fast interpretation of self-potential data using the depth from extreme points method; Revil et al. [35] used the extreme
point depth (DEXP) method to rapidly interpret the self-potential data; Chenglianget al [36] separated anomalies of horizontal gra-
dients of the self-potential field based on first-order difference.

Considering the anomalous characteristics of different geophysical parameters, the anomalies can be detected and any interference
can be comprehensively removed to highlight the meaningful anomalies and improve the accuracy of anomaly localization. In this
study, a geophysical method system was developed for epikarst water detection based on the low resistivity orthogonal points revealed
by the composite profiling method, the closed ring-shaped or strip-like low-resistivity anomalies in the apparent resistivity profile
inverted by the resistivity method, and low self-potential anomalies, supplemented by the differential filtering method for horizontal
self-potential gradient data processing.

To verify the effectiveness of the proposed system, epikarst water prospecting was conducted within a typical karst depression at
Xiaguantun, Longzhou County, Chongzuo in Guangxi Province, China. The prospecting results showed that this method system was
effective and feasible for epikarst water detection.

2. The method
2.1. Detecting anomalous features of groundwater in epikarst fracture networks using the composite profiling method

The composite profiling method uses two sets of three-pole devices for joint profiling. Since anomalies are detected with two
apparent resistivity curves, this method is sensitive to anomalies, such that the anomalies can be clearly revealed. The low resistivity
orthogonal point of the composite curve appears above a good conductor, making this method an effective way to detect groundwater
in fissures. The water-bearing epikarst zone has a relatively low resistivity, which can generate a clear low resistivity orthogonal point.
The location of the orthogonal point usually indicates the location of groundwater storage in an epikarst zone (Fig. 1).



C. Du et al. Heliyon 9 (2023) e17596

2.2. Detecting anomalous features of groundwater in epikarst fracture networks using the high-density electrical method

The high-density electrical method is essentially a conventional direct current method. It has the same principles as the high-
density electrical method, which is based on the difference in dielectric properties. Engineering geological and hydrogeological
problems are solved by monitoring and analyzing the subsurface electric current field induced by an artificial source [37,38].

Due to the wide range of the electric field generated by the three-pole device (unipolar-dipole) used in the high-density electrical
method, a greater depth can be detected than other devices. Meanwhile, the three-pole device can perform the measurement in two
directions with minor boundary loss (Data measured by the tripole device can form a rectangular forward and inverse graph, while
data measured by other devices are mostly inverted trapezoid or inverted triangle, with incomplete boundaries), enabling more
abundant data to be obtained. Given the above advantages, the three-pole device is commonly applied in epikarst water prospecting
with the high-density electrical method (Fig. 2). The apparent resistivity of the three-pole device can be calculated using Eq. (2.1):

/)S:k% k=2zn(n+1)a 2.1)

where p; is the apparent resistivity and k is the configuration coefficient.

When an epikarst fracture network is developed, the water-bearing fractures exhibit low-resistivity anomalies relative to the intact
surrounding rock mass, while the air-filled fractures show high-resistivity anomalies relative to the intact surrounding rock mass. The
epikarst water is characterized by closed ring-shaped or strip-like low-resistivity anomalies in the apparent resistivity profile inverted
by the resistivity method.

2.3. Detecting anomalous features of groundwater in epikarst fracture networks using the self-potential method

Self-potential signals are generated in the epikarst zone only when there is groundwater seepage in the fracture network. Field
observations have shown that even if the resistivity of groundwater in the fracture network is low, the groundwater zone is shallow, or
the aquifer is thin, the self-potential data of a certain magnitude can still be generated and observed. Therefore, the self-potential
method has unique advantages in detecting and identifying groundwater in the epikarst fracture network.

The self-potential signals can be measured using the self-potential method or the self-potential gradient method. The groundwater
conduits in the epikarst zone of karst depressions are generally narrow and interconnected into a network, such that the spacing
between adjacent measurement points is small when applying the self-potential method or the self-potential gradient method in order
to increase data resolution.

As the water head pressure of groundwater seepage in the epikarst fracture network is typically low, and the seepage migration is
also relatively slow, the self-potential curve over the cross-section of the water flow is similar to that over a polarized sphere. According
to the analogy and similarity theories in geology, the variations of self-potential signals associated with groundwater in epikarst
fracture networks with different burial depths and different flow rates and directions can be analogously analyzed by investigating the
self-potential curves over the polarized spheres with different burial depths and different spherical radii. For convenience, in this
study, we selected a vertically polarized sphere for the theoretical calculation. The response characteristics of the self-potential with a
change in one variable were explored when the other variables were assumed to remain constant.

For the vertically polarized sphere whose center was buried at depth h (Fig. 3), the self-potential generated at point P (x,0,0) on the
ground surface was calculated as follows Eq. (2.2):
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Fig. 1. Low resistance positive intersection of resistivity composite profiling method
p4: Resistivity curve observed by the three-pole device AMN.
pB: Resistivity curve observed by the three-pole device MNB.
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Fig. 2. Different devices arrangement mode of the high-density electrical method
A: Source electrode. MxN: Measuring electrode.
a: Electrode distance. n: Natural number.
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Fig. 3. Spatial position of spontaneous polarized sphere.
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where M = zpﬁ’plrzAUo.

AUj is the maximum value of electric potential jump on the surface of the sphere with spontaneous polarization, taken as AUy =1
(mv), r is the radius of the sphere with spontaneous polarization (m), p; is the resistivity of the surrounding rock mass, taken as p; =
10,000 ( m), and p, is the resistivity of the karstified rock mass, taken as p, = 1000 (Q m).

2.3.1. Variation of self-potential with sphere radius at a constant burial depth
The self-potential curve under varying sphere radius when the sphere center was buried at a fixed depth of h = 30 m and the
resistivity values of the surrounding rock mass and the polarized body were p; = 10,000 Q m and p, = 1000 (Q m), respectively, is
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Fig. 4. SP curves for different sphere radius when sphere center depth is constant (h = 30 m).
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shown in Fig. 4.

After theoretical calculation and statistical analysis, the extreme ratios of the self-potential varying with sphere radius when the
burial depth of the sphere center was constant (h = 30 s) are listed in Table 1. In addition, the curve of the extreme ratio of the self-
potential varying with sphere radius is plotted in Fig. 5, where x in x/h is the horizontal distance from the measurement point to the
sphere center, and h is the burial depth of the sphere center.Where, U; ,;, is self-potential extremum when sphere radius r = im;

i refer to the ith measured point;
r = 5,10, 15, 20,25,30 m;

Ci min is the distance between self-potential half-extreme points 1/2Umin; half-extreme distance ratio: A; = g; mn extreme ratio: B; =
Ui min
Us min”

2.3.2. Variation of self-potential with the burial depth of the sphere center at a constant sphere radius

The self-potential curve under a changing burial depth of the sphere center when the sphere radius was constant at 7 = 1 m and the
resistivity values of the surrounding rock mass and the polarized sphere were p; = 10,000 Q m and p2 = 1000 Q m, respectively, is
shown in Fig. 6, where x in x/r is the horizontal distance from the measurement point to the sphere center and h is the burial depth of
the sphere center. After theoretical calculation and statistical analysis, the extreme ratios of the self-potential varying with the burial
depth of the sphere center when the sphere radius is constant at r = 1 m are listed in Table 2. In addition, the curve of the extreme ratio
of the self-potential varying with the burial depth of the sphere center is plotted in Fig. 7.

When the burial depth of the sphere is constant, the larger the sphere radius, the stronger the self-potential anomaly of the sphere,
and vice versa. Under a constant burial depth of the sphere and varying sphere radius, the half-extremum distance ratio Ai of the self-
potential is always 1 (i.e. the horizontal coordinate of the half-extremum keeps unchanged, but the intensity of the anomaly is
changing). The variation of the anomaly intensity affects the accuracy of self-potential measurement and the resolution of the anomaly.
When the radius of the sphere remains unchanged, the shallower the burial depth of the sphere, the stronger the self-potential anomaly
of the sphere, and vice versa. As the burial depth of the sphere becomes shallower, the extreme ratio of the self-potential Bi gradually
decreases, and the half-extremum distance ratio Ai gradually increases. The variation of the anomaly intensity also affects the accuracy
of self-potential measurement and the resolution of the anomaly. Therefore, the resolution of the self-potential method in epikarst
water detection depends on the development degree of the epikarst fracture network and the magnitude of spontaneous polarization of
the karst water.

2.3.3. Variation characteristics of the self-potential signal and horizontal self-potential gradient curve under background interference

Karst conduits are important water storage spaces and groundwater migration channels. According to physical field theories, the
distribution of self-potentials on a horizontal polarized, near-horizontal karst conduit is equivalent to that on an infinitely long, ho-
mogeneous, and isotropic horizontal cylinder model.

When there is no interference, the self-potential generated by a single model is the minimum above the center of the polarized body,
and the horizontal self-potential gradient curve exhibits a zero-value intersection above the center of the polarized body. As shown in
Fig. 8a,c, model B was used to simulate the shallow-buried, small-scale karstified rock mass, while model A was constructed to simulate
the deep, large-scale regional background field. Due to the interference of the regional background field, the horizontal self-potential
gradient curve generated by the assemblage of models A and B did not show a zero-value intersection at the location of the shallow-
buried, small-scale polarized body B (i.e., the regional horizontal self-potential gradient anomaly overwhelmed the local anomaly,
causing difficulties in determining the center location of the small-scale, polarized karstified rock mass). As the model spacing d = nry
continuously increased, the self-potential curves of models A and B were gradually separated; the two curves were completely
separated once model spacing reached d = nry = 20ry. Therefore, when detecting the small-scale karstified rock mass B, it is necessary
to separate the local horizontal self-potential gradients from the regional background field using the field separation method.
Otherwise, the horizontal self-potential gradient anomaly generated by the small-scale karstified rock mass B cannot be identified
(Fig. 8b).

2.3.4. Extraction of local self-potential gradient anomalies using the differential filter function

When detecting epikarst water using the self-potential method, the observed self-potential signals are usually weak. Such weak
signals contain the information of the local field and the regional background field, with the local field submerged in the relatively
strong regional background field. The local field is associated with the locally distributed heterogeneous geological bodies under-
ground. It is the main object to be studied using the self-potential method. To highlight the weak local anomalies, the local horizontal
self-potential gradients need to be separated from the regional background field. A detailed method for this procedure is reported in the
literature Application of a mathematical method in geophysics: Separating anomalies of horizontal gradients of the self-potential field

Table 1
Variations of SP and radius when sphere center depth is constant (h = 30 m).
sphere radius r (m) 5 10 15 20 25 30
feature points Field value ratio extreme ratio Bi 1 4 9 16 25 36
half-extreme distance ratio Ai 1 1 1 1 1 1
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Fig. 5. Curves of self-potential’s extreme ratio and half extreme distance ratio vary with sphere radius when sphere center depth is constant (h =
30 m).
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Fig. 6. SP curves for different sphere center depths when sphere radius is constant (r = 1 m).

Table 2
Self-potential’s extreme ratio and half extreme distance ratio vary with sphere center depth when sphere radius is constant (r = 1 m).
burial depth h (m) 5 10 15 20 25 30
feature points Field value ratio extreme ratio Bi 1 0.26 0.17 0.066 0.042 0.029
half-extreme distance ratio Ai 1 2 2.6 4.4 5.5 5.7

based on first-order difference, and will be directly cited in the following.
2.4. Detecting groundwater in epikarst fracture networks using integrated geophysical methods

Our results show that the integrated geophysical methods for epikarst water detection based on the composite profiling method,
resistivity method, and self-potential method, supplemented by the differential filtering method for horizontal self-potential gradient
data processing, have a comprehensive theoretical basis. The procedure of epikarst water detection using integrated geophysical
methods is summarized as follows.

(1) Monitor the characteristics of the self-potential curve to make preliminary judgments on the background self-potential field and
the low-value anomalies; count the number of possible self-potential anomalies.

(2) Calculate the horizontal self-potential gradient and count the number of “zero-crossing points” from negative to positive
horizontal self-potential gradients.
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1 m).
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Fig. 8. SP and SP horizontal gradient curves disturbed by background field

A: Conductor in depth; B: Conductor in shallow; 3. Potential anomaly caused by conductor A;

4. Potential anomalies caused by conductor A and B; 5. Potential anomaly of horizontal gradient caused by conductor A; 6. Potential anomaly of
horizontal gradient caused by conductor A and B.

(3) Perform F(x;; +3Ax) differential filtering to the horizontal self-potential gradient curve to obtain the background field and
extract the local horizontal self-potential gradient anomalies from the background field; statistically analyze the type and
number of local horizontal self-potential gradient anomalies [29].

(4) For the self-potential minima, by “zero-crossing points” from negative to positive horizontal self-potential gradients, and local
low-value intervals of horizontal self-potential gradients, the interference will be eliminated and any meaningful anomalies will
be identified based on the principle that the locations of the meaningful anomalies of different physical parameters are
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consistent. These selected anomalies are to be sorted to prioritize the self-potential anomalies most likely caused by the water-
bearing fractures in the epikarst zone.

3. Results of the epikarst water detection practice at the xiaguantun test site in Xiangshui Town, Longzhou County,
Guangxi Province, China

3.1. Hydrogeological setting of the study site and survey line layout

The Xiaguantun test site is located in Mianjiang Village, Xiangshui Town, Longzhou County (Fig. 9), where is comprised of
mountain peaks and valleys, with the epikarst zones located within the valleys. The local lithology is thin-layered limestone of the
second member of the Triassic Beisi Formation (T1b?). The study site is developed with two sets of near-orthogonal regional faults,
trending NE and NW, respectively. At this site, the faults were mostly filled with water-blocking calcite veins, and karst terrains were
relatively developed on the outer side of the fault zone. The upper reaches of the river across the test site were mainly underground,
with the middle and lower reaches consisting of alternating surface and underground river sections. Groundwater mainly occurred in
the epikarst fracture network, and the groundwater storage varied greatly in different regions due to the influence of geological
structures and uneven karst development. According to the geological background and actual conditions of the test site, we deployed
three survey lines numbered 10, 20, and 22, with a measurement point spacing of 5 m (Fig. 9b). The study site was explored using
integrated geophysical methods, including the self-potential method, composite profiling method, and resistivity method.

3.2. Application process of the epikarst water detection method system in the study site

The self-potential curve along survey line 20 at the Xiaguantun test site was sawtooth-shaped, with several obvious minimum
anomalies and a gentle low-potential interval between 550 and 600 m. The minimum anomalies were distributed at 410, 420, 440,
475, 485, 505, 520, 530, 540, and 550 m, respectively (Fig. 10a). The self-potential curves across the Xiaguantun test site were
characterized by complex shapes, making it extremely difficult to infer the anomalies. The composite curve of the resistivity survey
showed a low resistivity orthogonal point at 525 m and synchronous low-value anomalies at 405 m and 435 m (Fig. 10b). The re-
sistivity inversion image revealed a low-resistivity anomaly within 40 m depth between 440 and 545 m. This anomaly had a wide
lateral distribution range, but did not extend downward (Fig. 10c). It was difficult to determine a suitable drilling locations based on
the self-potential curves and the resistivity exploration results. For this reason, we proposed to apply the differential filtering method to
highlight meaningful anomalies. First, the self-potential data were differentiated to obtain the horizontal self-potential gradient curve,
and 14 “zero-crossing points” from negative to positive horizontal self-potential gradients were obtained (Fig. 11). To further eliminate
the interference and highlight any meaningful anomalies, the self-potential gradient data were processed using the differential filtering
method to obtain the curve of local self-potential gradient anomalies. This curve was distributed with seven anomalous sites, as shown
in (Fig. 11b) and Table 3: the locally minimum self-potential gradient at 435 m (with a minimum of —0.37 mv/m), 440 m (—0.56 mv/
m), 500 m (—0.68 mv/m), 505 m (—0.25 mv/m), 515 m (—0.46 mv/m), 540 m (—0.44 mv/m), and 560 m (—0.31 mv/m). According to
the consistency of the locations of self-potential anomalies, horizontal self-potential gradient anomalies, and local self-potential
gradient anomalies, we ultimately focused on two potentially meaningful anomalies at 440 m and 505 m (Fig. 11c). Considering
that the resistivity exploration results do not suggest a good apparent resistivity anomaly at 440 m, we decided to drill a well at 505 m.

a Location of study area b Hydrological geological map and survey lines arrangement
0 200km Tuomian village /( 0 300m
| N 9
A 4 15

T
Guangxi

ZIENN
Mianzhu Village

Legend EIEZB 4 g SA|S 9

Fig. 9. Hydrological geological map of Xiaguan Village surveying area
1. Quaternary system; 2. The Member 2 of the Upper Triassic Beisi Formation; 3. Geological boundary; 4. Attitude of stratum; 5. Fault; 6. Village
location and Village name; 7. Building; 8. Working Area; 9. Survey line and Line Number.
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Fig. 10. Line20 integrated geophysical method detection effect profile in Xiaguan village
1. Clay; 2. Karst fissure limestone; 3. Limestone; 4. Stratigraphic boundary; 5. Karst development abnormal area; 6. Recommend drilling and
geophysical exploration measuring points.

After drilling and well construction, the groundwater stored in the fracture network was found at a depth of 35.2-36.1 m and
46.4-46.7 m in well SKO7, with a water yield of 60.3 m®/d. In comparison, groundwater was not observed in the previous hydro-
geological borehole ZKO5 drilled at 475 m based on the resistivity exploration results (Fig. 10d).

4. Results and discussion

When detecting epikarst water using the self-potential method, due to the interference of various external factors, the measured
self-potential curve is the superposition of effective local anomalies and the regional background field, so the self-potential curve
exhibits a sawtooth shape. Some sawtooth-shaped anomalies are caused by external interference, while others are generated by the
targeted shallow-buried water-bearing fracture network. To suppress the interference signals and highlight the meaningful anomalies,
we processed the self-potential gradient data using the differential filtering method. After comprehensively analyzing the self-potential
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Fig. 11. Line20 detection effect profile of self-potential methods in Xiaguan.

Table 3

Statistical table of self-potential anomaly 1 in Xiaguan.

Physical Anomalous character Abnormal location Anomaly
parameters number
U self-potential abnormal self-potential minimum value: 10 m: 6.98mv,420 m:0.23mv, 440 m: 0.68mv,475 m: 11
minimum value 6.67mv,485 m: 2.04mv,505 m: 4.58mv,520 m: 6.26mv,530 m: 12.68mv,540 m:
8.84mv,550 m: 7.46mv; self-potential abnormal area:550m-600 m, self-potential
minimum value:585 m: 4.73mv
AU From negative to positive “zero- 407.5 m,417.5 m,427.5 m,442.5 m,452.5 m,472.5 m,482.5 m,502.5 m,522.5 m,502.5 14
crossing” anomaly m,542.5 m,547.5 m,567.5 m,577.5 m
Ut potential gradient local anomaly 435 m: 0.37mv/m,440 m: 0.56mv/m,500 m: 0.68mv/m,505 m: 0.25mv/m,515 7

minimum value area

m:0.46mv/m,540 m: 0.44mv/m, 560 m: 0.31mv/m

anomalies, self-potential gradient anomalies, local self-potential gradient anomalies, and resistivity anomalies, the locations of
meaningful anomalies can be determined based on the consistency of different types of anomalies. At the study site, according to the
resistivity exploration results, low self-potential anomalies, “zero-crossing points” from negative to positive self-potential gradients,
locally low self-potential gradient anomalies, and low resistivity orthogonal points anomalies were the most common anomalous
features of groundwater in the epikarst zone. Eliminating the interference and identifying meaningful anomalies based on these
common anomalous physical properties is an effective way to detect and identify groundwater in the epikarst fracture network.

A spherical model was used to evaluate the self-potential method for epikarst water detection. However, the actual conduits of
groundwater seepage and migration in the epikarst zone are complex. More comprehensive simulation experiments from different
aspects will need be conducted in the future to verify our results.
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5. Conclusions

Self-potential signals are generated in the epikarst zone only when there is groundwater seepage in the fracture network. Even if the
resistivity of the groundwater in the fracture network is relatively low, the groundwater zone is shallow, or the aquifer is thin, the self-
potential data of a certain magnitude can still be generated and observed. Therefore, the self-potential method has unique advantages
in detecting and identifying groundwater in epikarst fracture networks.

The low self-potential anomalies, “zero-crossing points” from negative to positive self-potential gradients, locally low self-potential
gradient anomalies, low resistivity orthogonal points revealed by the composite profiling method and closed ring-shaped or strip-like
low-resistivity anomalies in the apparent resistivity profile inverted by the high-density electrical method are the most common
anomalous features of groundwater in the epikarst zone. A method system with integrated geophysical methods is established to detect
groundwater in epikarst fracture networks.

The established method system for epikarst water detection was applied at the Xiaguantun test site in Xiangshui Town, Longzhou
County, Guangxi Province, China. The prospecting results showed that this method system is effective and feasible for epikarst water
detection. These findings serve as a reference for epikarst detection in the widely distributed karst areas in southwest China.
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