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Abstract. Sumbawa Island, Indonesia, is part of the Sunda–Banda 
magmatic arc and has high potential for gold mineralization, 

particularly in high-sulfidation epithermal systems characterized by 

abundant sulfide minerals associated with highly acidic magmatic 
hydrothermal fluids. However, subsurface gold mineralization in 

Sumbawa Regency, West Nusa Tenggara Province, has not been 

specifically investigated. This study aims to identify subsurface gold 
mineralization zones using the Induced Polarization (IP) method, 

which is sensitive to sulfide minerals. Resistivity and chargeability 

data were integrated to characterize and delineate mineralization 

zones. Results show low resistivity values of 11.7–48.1 Ω·m associated 

with hydrothermal alteration and high chargeability values of 126–
826.5 msec indicating disseminated sulfides. The anomalies occur 

within andesite host rock, show vertical continuity, and are associated 

with fault structures that provide pathways for hydrothermal fluid 
circulation. These structures are related to the Flores Back-Arc Thrust 

Belt and its splay faults. Integrated resistivity and chargeability 

anomalies indicate silicification zones or mineralized quartz veins 

containing disseminated sulfides as prospective gold mineralization 
targets. These results demonstrate that IP effectively identifies 

structurally controlled gold mineralization in high-sulfidation 

epithermal systems and improves exploration-zone delineation in 
Sumbawa Regency, thereby providing a basis for follow-up 

exploration programs and investigations in the area. 
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1. Introduction 
Indonesia has gold resources of approximately 3,420 metric tons (±114.3 million ounces), accounting 

for about 5% of global gold resources [1]. This potential is closely related to Indonesia’s position at 
the convergence of the Eurasian, Indo-Australian, and Pacific tectonic plates, where intense 

subduction and magmatic activity have generated various hydrothermal systems and associated 
metallic deposits [2-3]. Gold deposits may occur as primary deposits formed by hydrothermal 

processes or as secondary placer deposits derived from the weathering and redistribution of pre-
existing deposits [4-5]. Among primary deposits, epithermal systems are important exploration targets 

because they form from ascending hydrothermal fluids under relatively low-temperature and low-
pressure conditions [6].  

Sumbawa Island, located within the Sunda–Banda Arc, hosts diverse Au–Cu mineralization 
systems, including the high-sulfidation system at the Onto Prospect, low-sulfidation mineralization at 

Lamuntet, and Cu–Au porphyry systems at Batu Hijau and the Humpa Leu East (HLE) Prospect in 
Hu’u [7-10]. Recent studies at HLE have identified Cu–Au mineralization associated with intrusive 

rocks, hydrothermal alteration, quartz–sulfide veins, and disseminated sulfides such as pyrite and 
chalcopyrite [10]. These occurrences demonstrate that Sumbawa has favorable geological conditions 

for hydrothermal Au–Cu mineralization and remains prospective for further exploration.  
Subsurface mineralization can be investigated using geophysical methods that respond to 

contrasts in the physical properties of rocks and mineralized zones. Among these methods, induced 
polarization (IP) is particularly useful for metallic mineral exploration because it is sensitive to 

polarizable minerals, especially disseminated sulfides such as pyrite [11]. Chargeability reflects the 
presence and distribution of polarizable materials, whereas resistivity provides complementary 

information on lithology, hydrothermal alteration, silicification, and geological structures [12-13]. 
However, the electrical response of mineralized zones can vary considerably depending on host-rock 

properties, alteration intensity, sulfide distribution, and mineralization style. Previous studies have 

reported high chargeability associated with both moderate resistivity (15–100 Ωm) in Cu–Au 

mineralization [13] and low resistivity (<200–250 Ωm) in gold-associated sulfide mineralization [14]. 

Similarly, sulfide mineralization in the Sangon-II low-sulfidation epithermal system was characterized 

by moderate resistivity (50–300 Ωm), high chargeability (>30 ms), and structural control by an 

N350°E-trending fault [15].  

In contrast, other epithermal mineralization zones have been associated with high resistivity 
related to silicification or silica veins and elevated chargeability indicating sulfide-bearing zones [16-

17]. In high-sulfidation systems, silica alteration commonly exhibits relatively high resistivity, whereas 
argillic alteration tends to produce lower resistivity and elevated chargeability; Au–Cu mineralization 

is generally associated with pronounced chargeability anomalies and structural or alteration-related 
contrasts in resistivity and magnetic properties [18-19]. These variations emphasize that IP anomalies 

must be interpreted within the local geological framework. These contrasting responses emphasize 
that IP anomalies should be interpreted within the local geological and alteration framework. 

Despite the proven application of IP in gold exploration, information on the subsurface 
distribution of mineralization within Area R in Sumbawa Regency remains limited. Previous IP 

investigations on Sumbawa have been conducted in areas such as Plampang, but, based on the 
reviewed literature, no comparable study has specifically characterized the resistivity and chargeability 
distribution beneath Area R. Consequently, the geometry, depth, and vertical and lateral continuity 
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of potential mineralization zones in this area remain poorly constrained. These limitations highlight 

the need for further subsurface geophysical investigation to evaluate the mineralization potential of 
Area R. 

Geologically (Figure 1), Area R is predominantly underlain by the Miocene Tuff-Breccia Unit 
(Tmv), consisting of andesitic volcanic breccia interbedded with tuff, tuffaceous sandstone, and other 

volcaniclastic deposits. The unit has undergone propylitic alteration, silicification, and mineralization, 
as indicated by quartz and calcite veins. Miocene intrusive rocks (Tmi), including andesite, basalt, and 

dacite, are also present and commonly contain pyrite, while Quaternary alluvial deposits (Qal) consist 
of unconsolidated gravel, sand, clay, and mud with locally magnetite-bearing sediments. These 

lithological, alteration, and sulfide characteristics indicate the development of a hydrothermal system 
favorable for gold mineralization. 

The choice of geophysical method should therefore reflect the physical characteristics of the 
exploration target. Gravity and magnetic methods are useful for mapping density and magnetic-

susceptibility contrasts related to lithology, intrusive bodies, and geological structures [20-21], while 
controlled-source audio-frequency magnetotellurics (CSAMT) can delineate resistivity variations, 

faults, intrusions, and hydrothermal fluid pathways. However, resistivity anomalies alone may be 
ambiguous because low resistivity can also result from clay, fluids, graphite, or structural zones [22]. 

In Area R, the occurrence of pyrite and other potentially disseminated sulfides makes IP particularly 
suitable because chargeability responds directly to polarizable sulfide minerals [12], while resistivity 

provides complementary constraints on alteration, silicification, lithological variations, and structural 
controls. 

Therefore, this study integrates resistivity and chargeability data from IP measurements to 

identify and delineate potential sulfide-associated gold mineralization zones in Area R and evaluate 
their relationship with geological structures, thereby providing a basis for subsequent gold exploration 

activities in Sumbawa Regency. 
 

 
Figure 1.  Regional geological map of the survey area 
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2. Method 

2.1. Data Acquisition 
Measurements were conducted in Sumbawa Regency, West Nusa Tenggara, Indonesia, along seven 

survey lines oriented from southwest to northeast (Figure 2), using a Zonge GDP-32 II instrument 
with a dipole–dipole configuration. Each line was 1 km long, with an electrode spacing of 50 m and a 

line spacing of 100 m, to determine the subsurface resistivity and chargeability distributions. Elevation 
was also measured at each electrode position using a total station. 

 

 
Figure 2. Map of the Induced Polarization Survey Area 

 

2.2. Dipole –Dipole Array 
The dipole–dipole configuration was chosen because it provides good horizontal resolution and 
sufficient depth of investigation, making it effective for mapping subsurface conditions. In this 

configuration, two current electrodes (C1–C2) and two potential electrodes (P1–P2) are used and 
positioned separately (Figure 3), so that allowing the distance between the two electrode pairs to be 

increased to obtain information from greater depths [23]. The geometric factor for the dipole–dipole 
configuration is defined as: 

𝐾 = 𝜋𝑛(𝑛 + 1)(𝑛 + 2)𝑎             (1) 

 

The measured resistivity data are then plotted based on the parameter 𝑛 (n = 1, 2, 3, …), which 

represents the separation factor between the current and potential dipoles and is related to pseudo-

depth. Using this approach, pseudo-depth cross-sections can be constructed to illustrate lateral and 

vertical variations in resistivity. The spacing between electrodes within each dipole is denoted by 𝑎, 

while the separation between the current and potential dipoles is expressed as 𝑛𝑎. As the value of 𝑛 

increases, the depth of investigation generally increases; however, the signal strength tends to decrease, 
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which may reduce data quality. In addition, measurement sensitivity is influenced by both the 

electrode spacing a and the separation factor 𝑛 [24]. 

 
Figure 3. Electrode array of dipole-dipole 

2.3. Data Processing 
The measured apparent resistivity and chargeability data were inverted using RES2DINV to 

determine the distribution of subsurface electrical properties. Inversion is a mathematical and 
statistical procedure used to estimate subsurface models from observational data [25]. Topographic 

data obtained from a total station were incorporated by assigning the measured elevation to each 
electrode position along the survey lines and importing the elevation data together with the 

geoelectrical data. Subsurface discretization and forward modeling were performed using the Finite 
Element Method (FEM), whose mesh-based formulation represents irregular surface geometry and 

accounts for topographic variations during inversion [26]. The inversion employed an L2-norm 
smoothness-constrained least-squares approach because both the robust data and robust model 

constraints were disabled. A normal finite-element mesh with four nodes between adjacent electrodes, 
a model refinement factor of 0.5, and equal horizontal and vertical smoothing weights were applied 

[24]. 
The inversion used the logarithm of apparent resistivity and an initial damping factor of 0.15, 

which was automatically optimized to a minimum value of 0.02. The Jacobian matrix was calculated 
using the Gauss–Newton method, whereas model optimization employed the incomplete Gauss–

Newton method. A maximum of seven iterations was specified, with a relative RMS-error change 
limit of 1.0% and an RMS convergence limit of 0.1%. The IP inversion was configured using the 

concurrent method with the separate inversion option rather than joint inversion, a damping factor of 
0.25, and the same smoothness constraint as that applied to the resistivity model. A range 

transformation constrained the modeled chargeability values to 0–900 mV/V. The resulting 2D 
resistivity and chargeability models were evaluated based on the RMS misfit between the measured 

and calculated data. 
The 2D inversion results were subsequently converted into XYZ format and integrated into a 

three-dimensional model in Oasis Montaj. Kriging interpolation was used to estimate the spatial 
distribution of resistivity and chargeability, whereas the results were visualized as vertical and 

horizontal slices using the minimum-curvature gridding method. Interpretation was based on 
established geophysical responses associated with mineralization. Mineralized zones are generally 

indicated by low-to-moderate resistivity and high chargeability, reflecting hydrothermal alteration and 
the presence of polarizable sulfide minerals [27]. Geological structures, particularly faults and fracture 

zones, were inferred from sharp lateral resistivity contrasts because these features may represent 
contrasts in rock properties as well as pathways for hydrothermal fluids [28]. 
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Figure 4. Flowchart of research 

3. Results and Discussion 
In this study, the IP method utilizes the chargeability properties that correlate with the content and 
distribution of sulfide minerals, making it effective for identifying subsurface mineralization zones 

associated with gold (Au) mineralization in high-sulfidation epithermal systems [29-30]. Interpretation 
of the mineralization zones is based on the correlation between resistivity and chargeability values 

obtained from data inversion results. Previous research has shown that hydrothermal gold 
mineralization is generally characterized by a combination of low resistivity and high chargeability 

associated with the presence of sulfide minerals. Previous studies indicate that hydrothermal gold 
mineralization is commonly associated with altered and fractured rocks, sulfide mineralization, and 

structurally controlled hydrothermal systems [31]. 
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Table 1. Characteristics of Resistivity and Chargeability in Lithology, Alteration Zones, and 
Mineralization Zones 

Lithology/Zone Resistivity range (Ω·m) Chargeability (msec) 

Clay and sand <100 <100 

Tuff >250 >100 

Diorite and andesite (intrusions) >500 >100 

Argillic alteration zone <100 >300 

Silicic alteration zone >100 >300 

Gold mineralization/quartz vein zone >250 >300 

Propylitic alteration zone <700 ≥100 
*Source: Adapted from Gautama, I. F. Y., Heditama, D. M., & Muttaqin, Y. A. (2018). 

 

3.1 Interpretation of Induced Polarization 
The integration of resistivity and chargeability cross-sections along the entire survey line reveals a 

consistent pattern of anomalies indicating the presence of a high-sulfidation epithermal gold 
mineralization system. Prospect zones are generally characterized by an association of low resistivity 

(11.7–48.1 Ω·m) and high chargeability (126–826.5 msec). The low-resistivity response is interpreted 

to reflect hydrothermally altered rocks, whereas the elevated chargeability indicates the presence of 
polarizable minerals, particularly disseminated sulfides. Therefore, the spatial coincidence of these 

two parameters provides the principal geophysical criterion for delineating prospective mineralization 
zones in the study area. A comparable relationship was reported in a Cu–Au mineralized system [13], 

where moderate resistivity (15–100 Ω·m) and high chargeability (>25 mV/V) were associated with 

disseminated pyrite and chalcopyrite. Although the geological setting differs from that of the present 
study, the comparable resistivity–chargeability relationship supports the interpretation that the 
identified anomalies represent sulfide-bearing hydrothermal zones. Their association with potential 

gold mineralization is further constrained by the geological, alteration, and structural characteristics 
of the study area. 

The low resistivity values are interpreted as representing andesitic rocks affected by hydrothermal 
alteration, where increased conductivity may result from alteration products and conductive minerals. 

Previous studies have shown that high-sulfidation systems affected by argillic alteration commonly 

exhibit resistivity values below 50 Ω·m [19]. A comparable low-resistivity response (<200–250 Ω·m) 

associated with elevated chargeability has also been reported in another gold-mineralized system [14]. 

Although the absolute resistivity values differ from those obtained in the present study, the similar 
electrical response supports the interpretation of the anomalies as hydrothermally altered, sulfide-

bearing zones. Electrical conductivity in such zones may be enhanced by interconnected sulfide 
minerals, including pyrite and chalcopyrite [32]. Consequently, low resistivity in the study area is 

interpreted primarily as a response to hydrothermal alteration and associated conductive minerals 
rather than as a direct indicator of gold. 

High chargeability anomalies are interpreted as reflecting polarizable minerals, particularly 
disseminated sulfides. The observed values of 126–826.5 msec indicate strong polarization responses 

consistent with sulfide-bearing mineralized zones. In the Maletoyvaemskoie Ore Field, which hosts 
several high-sulfidation gold deposits, most identified ore bodies were characterized by elevated 

chargeability [33]. Although high chargeability is not uniquely diagnostic of gold mineralization, the 
occurrence of similarly elevated chargeability in another high-sulfidation system supports the 

interpretation that the anomalies identified in the present study represent prospective sulfide-bearing 
zones. 
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Profiles A, B, C, F, and G (Figures 5–7 and 10–11) show a relatively consistent association 

between low resistivity and high chargeability, without clear evidence of dominant fault-related 
discontinuities in the cross-sections. In Profile A, a prospective zone occurs at approximately 600 m 

along the line and at a depth of about 50 m in the northeastern part of the profile, with chargeability 
values of 126–342.3 msec. Profile B shows a similar anomaly at approximately 250 m along the line 

and at a depth of about 90 m in the southwestern part, with the same chargeability range. In Profile 
C, several prospective zones occur at approximately 200–400 m, 500 m, and 600 m along the line, 

generally extending to depths of about 50 m and exhibiting higher chargeability values of 126–826 
msec. These broader and stronger anomalies suggest a more extensive distribution of sulfide-bearing 

alteration. Profiles F and G also contain prospective zones at approximately 300 m and 300–400 m 
along the lines, respectively, at depths of about 60 m and 40 m, with chargeability values reaching 

826.5 msec. Overall, although the magnitude and spatial extent of the anomalies vary among the 
profiles, their consistent low-resistivity–high-chargeability association suggests differences in the 

concentration and distribution of sulfide minerals within the hydrothermal system. 
 

 
Figure 5. Profile of Line A 
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Figure 6. Profile of Line B 

 

 

 
Figure 7. Profile of Line C 
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In contrast to Profiles A, B, C, F, and G, Profiles D and E (Figures 8–9) show prospective low-

resistivity and high-chargeability anomalies associated with sharp lateral resistivity contrasts and 
discontinuities interpreted as fault or fracture zones. These weak zones may serve as pathways for 

hydrothermal-fluid migration [34]. Along Profile D, the prospective zone extends over a distance of 
approximately 400–600 m at a depth of about 50 m and has chargeability values of 182.7–521.7 msec. 

Along Profile E, the prospective zone is located at a distance of approximately 600–700 m at a depth 
of about 60 m and has chargeability values of 126–342.3 msec. The presence of fault structures is 

believed to control hydrothermal fluid circulation, thereby enhancing the accumulation of sulfide 
minerals and playing a role in the alteration and deposition of gold mineralization.  

A comparable relationship between structural features and IP anomalies was reported at the 
Sarakan Gold Deposit, where high-polarization anomalies spatially coincided with known orebodies 

and fault-alteration zones. The integrated interpretation indicated that faults served as pathways for 
hydrothermal fluids and favorable sites for mineralization, particularly near fault intersections [35]. 

Although the Sarakan deposit represents a structurally controlled quartz–pyrite vein-type system 
rather than a high-sulfidation epithermal system, these findings support the interpretation that the 

structural features observed along Profiles D and E may have facilitated hydrothermal-fluid migration 
and localized sulfide deposition. 

 

 
Figure 8. Profile of Line D 
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Figure 9. Profile of Line E 

 

 

 
Figure 10. Profile of Line F 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


819 
 

 

  Identification High Sulphidation Gold Mineralization Zones in the “R” Area  

Using the Induced Polarization Method 

ISSN : 1411 3724 Eksakta : Berkala Ilmiah Bidang MIPA 

 
Figure 11. Profile of Line G 

 

Overall, the seven profiles demonstrate a spatial relationship between low resistivity and high 
chargeability that is consistent with hydrothermal alteration containing disseminated sulfide minerals. 

Variations in chargeability magnitude and anomaly geometry likely reflect differences in sulfide 
concentration, distribution, alteration intensity, and local lithological conditions. Profiles D and E 

additionally indicate structural control, suggesting that faults and fractures may have enhanced 
hydrothermal-fluid circulation and localized mineralization. 

In contrast to the predominantly low-resistivity and high-chargeability response observed in the 
present study, prospective gold mineralization characterized by high resistivity and high chargeability 
has also been reported, where the response was interpreted to reflect disseminated sulfides associated 

with a quartz-rich mineralized zone [36]. This contrasting response indicates that resistivity alone does 
not provide a unique signature of gold mineralization because it is strongly influenced by lithology, 

silicification, alteration, fracturing, fluid content, and sulfide distribution. Nevertheless, elevated 
chargeability remains an important indicator of polarizable sulfide minerals. Therefore, prospective 

zones in the present study are interpreted using the integrated relationship between resistivity, 
chargeability, and geological structures rather than a single geophysical parameter. 

 

3.2 Identification of Structures Based on Isoresistivity Maps  
Isoresistivity maps constructed at elevations from +50 m RL to −100 m RL reveal systematic changes 

in resistivity distribution with depth and provide information on the vertical development of the 

subsurface hydrothermal and structural system. Reduced Level (RL) represents the elevation of a point 
relative to an adopted vertical datum [37]. At shallow elevations from +50 m RL to +20 m RL, low- 

to moderate-resistivity zones ranging from approximately 118 to 1,053 Ωm dominate the central part 

of the survey area and are spatially associated with several mapped structural trends. These anomalies 
form elongated patterns that broadly follow the interpreted structures and are therefore considered to 

represent fractured, altered, and/or fluid-rich rock zones. Low-to-moderate resistivity values in 



820 
 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta 

Nisriinaa Nasywaa Ariefianty, et al. 

hydrothermal gold mineralization systems are generally associated with alteration processes, 

increased clay mineral content, and the presence of disseminated sulfide minerals that enhance rock 
conductivity [36]. 

A comparable relationship between electrical anomalies, alteration, and structural control was 
reported in the Sanjiaoding gold district, China. The IP survey showed that the electrical response of 

mineralized zones was strongly influenced by host-rock composition, alteration, fracturing, and 
sulfide content. Limonitized basalt exhibited low resistivity and high polarization, whereas pyrite-

bearing monzogranite and gabbro were characterized by high resistivity and high polarization. Brittle 
fractures and ductile shear zones also controlled the orientation and distribution of mineralized bodies 

by providing pathways for hydrothermal-fluid migration [38]. These contrasting electrical responses 
indicate that structurally controlled gold mineralization does not exhibit a unique resistivity signature. 

Accordingly, the elongated low- to moderate-resistivity anomalies identified at shallow elevations in 
the present study are interpreted as fractured and altered zones potentially associated with structural 

pathways, while their mineralization potential is evaluated together with chargeability and geological 
evidence. 

The orientation of these anomalies broadly corresponds with regional structural trends associated 
with the Flores Back-Arc Thrust Belt, which developed in response to regional shortening related to 

convergence between the Indo-Australian and Sunda plates [39-43]. Regional structural studies further 
indicate the development of a complex system of splay faults rooted in a deeper decollement surface 

at approximately 13–15 km depth [44]. These regional tectonic characteristics support the 
interpretation that the structural patterns observed in the isoresistivity maps may represent fault- and 
fracture-related zones associated with the broader Flores Back-Arc tectonic system. Such structures 

may enhance rock permeability and provide favorable pathways for hydrothermal-fluid migration and 
mineral deposition. 

 

 
Figure 12. Iso-Resistivity Map from +50 m RL to -25 m RL 
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At intermediate elevations from +5 m RL to -25 m RL, the anomalies become more numerous 

and spatially extensive than those observed at shallower levels. Most remain concentrated along the 
main structural trends and develop elongated, lens-shaped, or elliptical geometries. Their spatial 

alignment suggests that geological structures exert an important control on hydrothermal-fluid 
migration. The presence of moderate resistivity anomalies in this zone may represent transitional 

zones between altered host rock and more silicified or quartz-rich zones. Gold mineralization is often 
associated with fault and fracture structures within hydrothermal systems. Mineralizing fluids move 

through permeable zones controlled by geological structures, subsequently depositing economically 
viable minerals at locations with increased porosity and permeability [36]. 

 

 
Figure 13. Iso-Resistivity Map -40 m RL to -100 m RL 

 

At greater depths, particularly between −40 m RL and −55 m RL, the resistivity pattern changes 

markedly as a high-resistivity zone becomes increasingly dominant in the central part of the survey 

area. This zone reaches values exceeding 4,000 Ω·m and is more spatially concentrated than the 

anomalies observed at shallower elevations. Its geometry, high resistivity, and continuity along the 

structural trend suggest the development of an intensely silicified or quartz-rich hydrothermal zone. 
Relatively high resistivity responses have been associated with silicified zones [13], while mineralized 

rocks may exhibit either low- or high-resistivity responses depending on host-rock properties, 
alteration, and sulfide distribution [38]. Therefore, the high-resistivity anomaly identified in the 
present study is interpreted as a possible silicified or quartz-rich hydrothermal zone rather than as a 

direct indicator of gold mineralization. Its spatial continuity along the interpreted structural trend 
further suggests that this zone may represent a favorable pathway or site for hydrothermal-fluid 

migration and mineral deposition [45]. 
At elevations from -70 m RL to -100 m RL, the anomaly distribution becomes increasingly 

focused, with one major elongated anomaly remaining parallel to the interpreted structural trend. This 
feature exhibits vertical continuity from approximately −40 m RL to −100 m RL, suggesting the 

persistence of a structurally controlled hydrothermal zone at depth. Similar structurally controlled 
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mineralization has been reported in the El Bagre district, where elongated ore shoots were associated 

with fault and shear structures that enhanced permeability and mineralizing-fluid flow [46]. A 
comparable structural relationship is observed in the present study, where the deep resistivity anomaly 

exhibits an elongated geometry, vertical continuity, and spatial alignment with the interpreted fault 
trend, suggesting that the structure may have provided a persistent pathway for hydrothermal-fluid 

migration and localized mineral deposition. However, the El Bagre interpretation was constrained by 
structural and gold-grade data from drilling and channel samples [47], whereas the present study relies 

solely on geophysical evidence. Therefore, the anomaly is interpreted as a prospective structurally 
controlled mineralization zone rather than a confirmed ore shoot. 

 

3.3 Identification of Gold Mineralization Based on Isochargeability 
The geophysical interpretation presented in this study is inherently ambiguous because similar 

resistivity and chargeability responses may be produced by different combinations of lithology, 
hydrothermal alteration, sulfide minerals, fractures, and fluid content. Therefore, high chargeability 

anomalies cannot be interpreted as direct evidence of gold mineralization, but rather as indications of 
polarizable sulfide-bearing zones that may be associated with mineralization. Since this study relies 

solely on IP data, further validation using drilling, geochemical sampling, petrographic analysis, and 
mineragraphic examination is required to confirm the mineralogical composition and gold content of 

the interpreted anomalies. 
The iso-chargeability map at elevations from +50 m RL to −100 m RL shows chargeability values 

chargeability values ranging from approximately 23.8 to 890.6 msec. High-chargeability anomalies 
are generally distributed along the same structural trends identified in the isoresistivity maps, 

indicating that the distribution of polarizable minerals is closely related to the subsurface structural 
framework. These anomalies are interpreted to reflect concentrations of disseminated sulfide minerals, 

potentially including pyrite, chalcopyrite, and arsenopyrite, within hydrothermally altered zones. The 
IP method is known to be highly sensitive to the presence of disseminated sulfide minerals. Therefore, 

the spatial relationship between elevated chargeability, resistivity variations, and geological structures 
provides an important basis for identifying prospective mineralized zones [36]. 

 

 
Figure 14. Iso-Chargeability Map from +50 m RL to -25 m RL 
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At shallow elevations from +50 m RL to +20 m RL, high chargeability anomalies are 

concentrated in the central to eastern parts of the survey area and are associated with previously 
mapped fault structures. Comparison with the corresponding isoresistivity maps shows that these 

anomalies are generally associated with low- to moderate-resistivity zones. This combination is 
interpreted as hydrothermally altered and fractured rock containing disseminated sulfides rather than 

massive quartz-dominated zones. Comparable associations between elevated chargeability, resistivity 
anomalies, and structural control have been reported in Cu–Au and low-sulfidation epithermal 

mineralization systems [13-15]. Although these studies represent different geological settings, they 
support the interpretation of the anomalies in Area R as sulfide-bearing hydrothermal zones rather 

than direct indicators of gold mineralization. In the present study, the chargeability range of 126–826.5 
msec and its association with low- to moderate-resistivity anomalies and structural trends therefore 

strengthen the interpretation of these zones as prospective targets. 
At elevations from +5 m RL to -25 m RL, high-chargeability anomalies become more extensive, 

forming elongated patterns parallel to the main structural trends. These anomalies increasingly 
coincide with moderate- to high-resistivity zones interpreted from the isoresistivity maps as silicified 

rocks or quartz-rich zones. The spatial coincidence of elevated chargeability and increased resistivity 
may reflect the coexistence of silicified or quartz-rich rocks and disseminated sulfide minerals within 

the same hydrothermal system. Relatively high resistivity responses have been associated with 
silicified zones, whereas elevated chargeability has been linked to polarizable sulfide minerals [13]. 

However, sulfide-bearing mineralized rocks may exhibit contrasting resistivity responses depending 
on lithology, alteration, and sulfide distribution [38]. Therefore, the combined high-resistivity and 
high-chargeability response observed in the present study is interpreted as a prospective silicified and 

sulfide-bearing zone, rather than as direct evidence of gold mineralization. Consequently, the 
integration of both parameters provides a more reliable basis for delineating prospective mineralized 

zones than interpretation of either resistivity or chargeability alone. 
 

 
Figure 15. Iso-Chargeability Map from -40 m RL to -100 m RL 
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At elevations between −40 m RL and −70 m RL, the high-chargeability anomalies become more 

focused and show stronger spatial coincidence with the high-resistivity zones identified in the 

isoresistivity maps. This spatial relationship is interpreted as indicating a silicified hydrothermal zone 
containing polarizable sulfide minerals, where the resistivity response may be influenced by 

silicification and host-rock properties, while elevated chargeability primarily reflects the presence of 
disseminated sulfides. However, because these electrical responses are non-unique, the anomaly is 

interpreted as a prospective mineralized zone rather than a confirmed gold-bearing zone. At deeper 
elevations from −85 m RL to −100 m RL, only one dominant elongated chargeability anomaly 

remains. This feature coincides spatially with the vertically continuous resistivity anomaly observed 

between approximately −40 m RL and −100 m RL and follows the interpreted structural trend. The 

persistent association of elevated chargeability with moderate- to high-resistivity values therefore 
suggests a silicified, sulfide-bearing zone or mineralized quartz-vein system developed along a major 

hydrothermal pathway. Among the anomalies identified in the study area, this vertically continuous 
resistivity–chargeability feature represents the most prospective target for further gold exploration. 

Although the identified anomalies cannot be considered confirmed gold-bearing zones due to the 
non-unique nature of geophysical responses, their consistent resistivity–chargeability association, 

vertical continuity, and spatial relationship with geological structures provide a strong basis for 
prioritizing these zones for subsequent exploration. Further validation through drilling, geochemical 
sampling, petrographic analysis, and mineragraphic examination is required to confirm the 

mineralogical composition and gold content of the interpreted anomalies. 
 

4. Conclusion 
The integration of resistivity and chargeability data successfully delineated prospective sulfide-
associated mineralization zones in Area R. In the 2D profiles, the main prospective zones are 

characterized by low resistivity values of 11.7–48.1 Ω·m and high chargeability values of 126–826.5 

msec, interpreted as hydrothermally altered andesitic rocks containing disseminated sulfide minerals. 
Several anomalies are also spatially associated with fault and fracture zones that may have acted as 

pathways for hydrothermal-fluid circulation. 
Isoresistivity and isochargeability maps from +50 m RL to −100 m RL show systematic changes 

with depth. At shallow elevations, high chargeability is mainly associated with low- to moderate-

resistivity zones, whereas at greater depths it increasingly coincides with moderate- to high-resistivity 
anomalies interpreted as silicified or quartz-rich zones containing polarizable sulfides. At 

approximately −85 m RL to −100 m RL, one dominant elongated chargeability anomaly coincides 

with a vertically continuous resistivity anomaly extending from about −40 m RL to −100 m RL. Its 

continuity and alignment with the interpreted structural trend make this zone the principal target for 
further gold exploration. 

Overall, the integration of resistivity, chargeability, and structural information provides a useful 
basis for delineating prospective mineralized zones in the high-sulfidation epithermal system. 

However, these anomalies should not be considered confirmed gold-bearing zones because 
geophysical responses are non-unique. Further validation through drilling, geochemical sampling, 

petrographic analysis, and mineragraphic examination is therefore required. 
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