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Abstract - Accurate delineation of gold mineralization in deeply weathered tropical terrains 

requires the integration of indirect geophysical data with direct subsurface observations. 

Electrical resistivity imaging (ERI) and induced polarization (IP) are widely used in mineral 

exploration; however, interpretation is often limited by non-uniqueness without borehole 

validation. This study evaluates the reliability of combined resistivity and induced polarization 

(Res-IP) methods for identifying sulphide-associated gold mineralization in the Central Belt 

of Peninsular Malaysia (CBPM) through correlation with borehole lithological data. The 

investigation was conducted in Jeli, Kelantan, a known gold-bearing region, using two 

intersecting 400 meters survey lines (SL-1 and SL-2) acquired with 61 electrodes at 5 to 10 

meters Schlumberger spacing to generate two-dimensional (2D) Res-IP models. Boreholes Y 

(BH-Y) and Z (BH-Z) were drilled along SL-1 to validate geophysical anomalies, with detailed 

geological logging performed at 1.5 meters intervals to document lithology, alteration, quartz 

veining, and sulphide occurrence. The results reveal a consistent geophysical signature 

characterized by low resistivity (<100 Ωm) and high chargeability (>100 msec), indicative of 

disseminated to vein-hosted sulphides. These signatures correlate directly with quartz–

sulphide vein intersections at depths of 70 to 72 meters in BH-Z and 102 to 102.6 meters in 

BH-Y, confirming subsurface structural and mineralogical continuity. This study establishes 

calibrated resistivity–chargeability thresholds for sulphide-bearing formations in tropical 

Malaysian geology, improving ERI interpretive confidence in highly weathered environments. 

The findings highlight the value of integrated geophysical and geological approaches for 

enhancing drill targeting and reducing exploration uncertainty in gold-prospective regions of 

Malaysia. 
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1. Introduction 

Malaysia recognises its abundance of mineral resources, which significantly contribute to national income, industrial 

development, and foreign investment, particularly in the mining and materials processing sectors. Among these resources, 

materials such as gold hold a prominent position due to their economic value, not only as natural resources but also as 

multifaceted materials that provide economic stability and attract investment. The state of Kelantan, particularly in the 

Central Belt of Peninsular Malaysia (CBPM), has long been synonymous with gold mineral wealth [1]-[3], offering 

substantial potential for exploration and extraction activities. The documented occurrences of gold deposits in this region 

have created opportunities for stakeholders in the mining industry to intensify efforts toward systematic exploration and 

sustainable exploitation of these resources [4]. Building on earlier discoveries, subsequent research has identified more 

than 30 promising gold exploration zones by integrating geochemical analyses [5], geological and geophysical 

assessments [6] - [7], and comprehensive datasets from existing mining operations [8]. According to previous studies, the 

geological and tectonic framework of the Kelantan region indicates the presence of gold deposits within a belt classified 

as mesothermal lodes, characteristic of orogenic-type mineralisation [2], [9]-[11]. As stated by Endut et al. [11] and Pour 

and Hashim [12], the gold mineralisation is chiefly concentrated within low-grade volcano-sedimentary units and is 

structurally controlled by steeply inclined fault systems. In addition to Kelantan, substantial gold reserves are also thought 

to occur in the neighbouring state of Pahang [7], which lies within the same CBPM recognised as Malaysia's primary 

metalloorganic corridor. However, the process of obtaining gold from subsurface deposits is inherently complex. It 

requires a series of integrated geological and geophysical investigations to accurately identify and assess the presence and 

viability of gold-bearing formations. Such efforts are crucial for ensuring that resource development aligns with both 

economic objectives and environmental sustainability, thereby contributing to Malaysia's broader goals of sustainable 

mineral resource management and economic diversification. 

Geophysical methods have long been integral to mineral exploration, with numerous studies demonstrating their 

effectiveness in mapping subsurface conditions and identifying zones of economic mineralisation. Electrical resistivity 

imaging (ERI) and induced polarisation (IP) are among the most applied techniques, particularly in gold exploration, due 

to their sensitivity to the electrical responses of sulphide-bearing or metal-rich formations. Previous research has shown 

that mineralised zones often manifest as low-resistivity and high-chargeability anomalies, enabling effective delineation 

of potential ore-bearing structures. Studies utilising combined resistivity–induced polarisation (Res-IP) surveys have 

further demonstrated their capability to detect variations in lithology, porosity, moisture content, and the presence of 
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disseminated sulphide minerals, as the IP response highlights the capacity of geological materials to store electrical charge 

temporarily. Numerous investigations of gold prospects in structurally complex terrains have also confirmed that Res-IP 

methods can reliably map fault zones, shear-related mineralisation, and concealed ore bodies, providing essential 

subsurface constraints to guide drilling programs and refine exploration targets. Overall, the findings from these studies 

underscore the value of integrated geophysical approaches in improving the accuracy, efficiency, and cost-effectiveness 

of gold mineral exploration. Zaid et al. [13] also carried out a geophysical survey in Gua Musang, Kelantan, utilising a 

combination of Res-IP methods to map potential conductive zones associated with sulphide mineralisation. The study 

identified low-resistivity, high-chargeability zones indicative of gold-bearing sulphides at depths ranging from 25 to 135 

meters (m). Kayode et al. [7] research contributes to this body of work by applying integrated Res-IP surveys alongside 

regional geological mapping and three-dimensional (3D) geographic information system analysis across the CBPM. Their 

findings confirm that chargeability anomalies, typically associated with disseminated sulphides rather than gold itself, are 

effective indicators of potential mineralised zones. The study successfully delineated sulphide-rich bodies at depth 

(approximately 200-300 m), exhibiting characteristic geophysical signatures, including chargeability values <45 ms and 

resistivity of around 50 Ωm, consistent with previous interpretations of sulphide-hosted mineral systems. Arifin et al. [8] 

research represents a significant contribution to mineral exploration studies in Malaysia, particularly through the 

application of integrated Res-IP surveys to delineate gold mineralisation zones. Conducted across twenty-one (21) survey 

lines within the Felda Chiku 3 area of Gua Musang, Kelantan, the study generated detailed resistivity and chargeability 

models that successfully identified potential sulphide-rich mineralised zones at depths of approximately 25-50 m. The 

generated anomalies are characterised by low resistivity and high chargeability, enabling clear mapping of structurally 

controlled mineralisation trends. The spatial distribution of these anomalies aligns well with the underlying geological 

setting, which comprises phyllite, schist, and quartz-veined lithologies commonly associated with hydrothermal gold 

deposits. 

Building on the recent research works of Zaid et al. [13], Kayode et al. [7], and Arifin et al. [8], who successfully 

applied Res-IP methods for gold mineralisation prospecting in Malaysia, particularly in CBPM, their findings collectively 

provide a foundation and motivation for the present research, catalysing further investigation using similar geophysical 

approaches. In addition to research carried out in Malaysia, several international studies have demonstrated the 

effectiveness of integrated geophysical methods for mineral exploration. For example, Sono et al. [14] applied a combined 

Res-IP survey to map prospective gold-bearing zones in the Mopolo region of Southeast Botswana. In Brazil, Lenhare 

and Moreira [15] used IP and direct-current resistivity techniques to support strategic planning for a sulphide-rich mining 

operation. Likewise, Mashhadi et al. [16] re-evaluated Res-IP datasets to improve the identification of gold mineralisation 

targets in the Zarzima area of Iran. By combining Res-IP data to generate detailed geophysical anomalies, the method can 

be applied in multiple ways to characterise subsurface structures with greater precision [15]-[22]. This integrated approach 

allows for the identification of lithological boundaries, the detection of fracture and fault zones, the mapping of weathered 

or altered units, and the recognition of potential sulphide-bearing or mineralised bodies [24]-[25].  

However, all researchers emphasised the need to validate geophysical anomaly interpretations through borehole 

drilling to establish a reliable correlation between the two independent datasets and refine the delineation of gold deposits 

in their study area. While geophysical methods provide valuable subsurface anomalies, their interpretations require 

ground-truth validation through direct observations such as borehole lithology or core samples [26]-[27]. Borehole data 

help constrain geophysical inversion models, refine resistivity thresholds, and confirm the geological significance of 

anomalies [28]. Several studies have demonstrated that integrating geophysical anomalies with borehole lithology 

significantly enhances the accuracy of subsurface characterisation [29]-[31]. According to Nizam et al. [32], the resistivity 

anomalies showed strong consistency with borehole logging data of the subsurface materials in Terendak, Melaka. They 

conducted an ERI method, supported by borehole drilling, which clearly identified the weathered and fractured zones 

within the bedrock, and the borehole lithological records later confirmed these zones. Kieu and Kepic [26] introduced an 

inversion approach that integrates geophysical data with multiple borehole attributes using fuzzy clustering. By 

incorporating lithology, assays, wireline logs, and core data, the method produces subsurface models that better match 

geophysical responses and drilling evidence. This integration improves inversion accuracy and enhances the delineation 

of mineralised zones. 

Validating geophysical anomalies, such as resistivity survey imaging, with borehole drilling is essential because Res-

IP provides indirect geophysical signals that require ground-truth confirmation for accurate interpretation of subsurface 

lithology and mineralisation. Electrical resistivity measures resistivity contrasts related to rock and mineral properties; 

however, similar resistivity anomalies can stem from various geological factors, such as clay content, water saturation, or 

fractured zones, which may or may not indicate gold mineralisation. Additionally, borehole drilling physically samples 

the subsurface, confirming the presence, type, and grade of mineralisation, thereby verifying and calibrating the 

geophysical anomalies observed in resistivity data. This validation reduces false positives and enhances confidence in 

using the Res-IP method for targeting drilling sites, particularly in complex terrains such as those in CBPM. In mineral 

exploration, a geophysical survey such as ERI serves as a cost-effective, non-invasive tool for mapping broad subsurface 

features and guiding drilling. In terms of drilling, it is expensive and limited in spatial coverage, so relying solely on ERI 

without validation risks misinterpretation and wasted resources. Validated ERI results enable better delineation of 

mineralised zones, optimise drill targeting, and increase exploration efficiency. This comprehensive approach bridges the 

fields of geophysics and geology, enabling more reliable subsurface modelling, assessment of ore continuity, and more 

accurate resource estimation. 
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Despite the widespread application of resistivity and induced polarisation methods in gold exploration, the 

interpretation of geophysical anomalies in tropical environments remains highly uncertain due to deep weathering and 

the non-uniqueness of electrical responses. In Malaysia, most Res-IP studies interpret low-resistivity and high-

chargeability anomalies as indicators of mineralisation without direct borehole validation, resulting in the absence of 

calibrated geoelectrical thresholds specific to local geological conditions. This study hypothesises that sulphide-

associated gold mineralisation in the CBPM produces characteristic resistivity and chargeability responses that can be 

quantitatively constrained through borehole correlation. 

Accordingly, this research aims to examine the relationship between Res-IP anomalies and borehole-confirmed 

subsurface lithology in the Jeli gold prospect area, and (ii) evaluate the extent to which borehole calibration improves the 

reliability of Res-IP interpretations in distinguishing mineralised zones from barren conductive units in tropical terrains. 

To address this gap, the present study integrates intersecting 2-D Res-IP survey lines with two strategically drilled 

boreholes to directly correlate geophysical anomalies with logged subsurface lithology. This approach provides the first 

borehole-calibrated geoelectrical dataset from the CBPM, enabling the establishment of Malaysian-specific thresholds 

for sulphide-associated gold mineralisation. The study advances existing knowledge by enhancing the interpretive 

accuracy of geophysical methods in highly weathered tropical environments and by providing a reproducible framework 

for reducing uncertainty in drill targeting. Therefore, this study aims to address these limitations by correlating a 

geophysical anomaly with Res-IP and borehole lithology data from the Jeli, Kelantan, gold prospect area. Through this 

approach, the research seeks to (i) refine resistivity and chargeability ranges representative of gold-bearing formations, 

(ii) evaluate the reliability of geophysical interpretations through ground-truth validation, and (iii) compare geophysical 

anomalies and borehole-confirmed subsurface materials. 

2. Materials and Methods  

As shown in Figure 1, this study follows a structured methodological framework. The process begins with identifying a 

site with strong potential for mineral occurrence, followed by a geophysical survey that includes electrical resistivity 

imaging and borehole drilling. ERI datasets are processed and analysed using specialised software, and detailed 

lithological logs are generated for each borehole. A subsequent comparison of the two interpretations enables evaluation 

of their correlation and reliability. 

 

Figure 1. Methodological framework illustrating the sequential workflow of the study 

2.1 Delineation of Gold Mineralisation Zones 

The study area is in Jeli, Kelantan, within the CBPM, a locality chosen for its long-standing and contemporary significance 

in mineral resource development, as depicted in Figure 2(a). The geophysical survey line and borehole drilling site are 

positioned at 5° 59' 0.1284" N and 100° 40' 53.9256" E, corresponding to Kertau RSO coordinates of 662249 N and 

299777 E. The total area encompasses approximately 130 acres. Jeli forms one of the ten administrative districts in 

Kelantan and is in the western part of the state. Its strategic position is near the Kelantan–Perak state boundary and the 

Malaysia–Thailand international border. The Jeli district, covering approximately 2,552 km², comprises three (3) distinct 

geomorphological zones: i) lowlands; ii) hills; and iii) mountainous terrain [33]. Jeli district is blessed with a wealth of 

beautiful geological landforms, unique geological phenomena, and valuable earth materials. The Jeli district lies at the 

foot of the Main Range of Peninsular Malaysia, which forms part of the peninsula's dominant backbone. As stated by 

Heng et al. [34], the general geology of Kelantan consists of three major rock types: sedimentary, metasedimentary, and 

granitic intrusion rocks. The geology of this area is characterized by a complex framework primarily composed of three 

(3) main rock types: i) Triassic sedimentary rocks of the Gunong Rabong Formation, which include shale, siltstone, 

sandstone, and limestone; ii) Permian sedimentary rocks of the Gua Musang Formation, consisting of phyllite, slate, 
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sandstone, and limestone; and iii) locally extensive granitic rocks that are acid intrusive in nature [33]-[34]. The general 

geology of the Kelantan and Jeli districts is comprehensively illustrated in Figure 2(c) and Figure 2(d). This diverse 

lithological assemblage has been significantly influenced by tectonic activities during the Palaeozoic and Mesozoic eras, 

resulting in a complex network of geological structures, including folding, jointing, and faulting. These structural features 

dominate the local landscape, with the principal structural trends-oriented northwest-southeast and northeast-southwest, 

reflecting the dynamic geological processes that have shaped the region and contributed to its mineralisation potential, 

including gold. The geochemical, geological, structural geology, and geophysical data from previous studies indicate that 

most gold mineralisation in Kelantan is associated with Triassic and Permian metasedimentary rocks [33], [35]-[37]. 

 

Figure 2. (a) Map of Kelantan State, Malaysia, showing the location of the study area; (b) Modified map illustrating the 

distribution of gold mineralisation across the western side of Kelantan [34] (c) Geological map of Kelantan, Malaysia, 

highlighting the main lithologies for the whole state [45]; (d) Geological map of Jeli district [36] 

Gold mineralisation in western Kelantan is primarily concentrated in the CBPM, with key locations in the Jeli, Tanah 

Merah, and Gua Musang districts. Gold mineralisation in Kelantan is primarily concentrated in the central region of the 

state, bounded by the Stong Igneous Complex and Seting Granite to the west, the Kemahang Granite to the north, and the 

Boundary Range Granite to the east [9].  Figure 2(b) illustrates the distribution of gold mineralisation across Kelantan. 

The primary gold mineralisation deposits in the CBPM can be classified into three (3) types: i) quartz veins, ii) massive 

sulphides, and iii) skarn [40]. Among these, the most prominent gold mineralisation occurs in quartz veins. Two (2) 

distinct styles of gold mineralisation have been identified: i) gold associated with sulphide minerals; and ii) gold 

associated with base metals and carbonate veins [1]. Hassan and Purwanto [37] stated that gold mineralisation in quartz 
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veins is distributed across a broad region, extending from Batu Melintang and Panggung Lalat in Kelantan, through 

Tersang, Selinsing, Kecau Tui, Penjom, and Raub in Pahang, to Gunung Ledang in Johor. Several researchers have 

reported that, in northern Kelantan, gold mineralisation is typically associated with hydrothermal quartz vein systems, 

skarn deposits, and volcanogenic massive sulphides [39]-[42]. A regional geochemical survey for gold conducted by the 

Malaysian authorities across the Central Belt of North Pahang and Kelantan identified a 20-km-wide, north–south-

trending gold-mineralised zone extending from the Raub–Kuala Medang–Lipis–Merapoh region in Pahang to the Ulu 

Sokor–Sungai Sok–Katok Batu–Pulai area in Kelantan. Gold mineralisation within the Central Gold Belt is generally 

classified as low-mesothermal lode-type, reflecting the prevailing tectonic and geological framework of the region. Apart 

from the Jeli district, Ulu Sokor in the Tanah Merah district is also well known for its gold deposits. The area of Sokor, 

Tanah Merah, is primarily composed of the Taku Schist Formation and the Kemahang Granite [34], [42]. The Taku Schist 

is recognised as a product of hydrothermal or regional metamorphism, characterised by an extensive body of 

predominantly pelitic schist. According to Hutchinson and Tan [41], the lithology of the Taku Schist Formation is 

predominantly composed of metamorphic rocks. The main constituent of this formation is mica schist, which includes 

quartz-mica schist, mica-garnet schist, and quartz-mica-garnet schist. Additionally, other rock types found within the 

formation include amphibolite schist, quartz schist, and carbonate schist. A combination of geological, structural, and 

practical considerations guided the selection of survey locations for the two Res-IP lines. The CBPM is widely recognised 

for hosting hydrothermal gold deposits associated with quartz–sulphide vein systems; therefore, survey lines were 

strategically positioned across mapped structural lineaments interpreted as potential fluid pathways. The study area is also 

a well-established zone of mineral exploration and extraction in Kelantan, further supporting its suitability for focused 

investigation. 

2.2 Setup, Equipment, and Data Processing 

The ERI geophysical survey is one of several electrical resistivity techniques used in geophysical engineering to detect 

variations in subsurface electrical resistivity [44]-[46]. The ERI method was used in this study because it enables the 

identification of materials associated with gold mineralisation, such as quartz veins within massive sulphides, and 

provides sufficient depth for mineral exploration [8], [15]. The apparatus involved in the geophysical survey comprises 

three (3) major parts: a record, an inducer, and a source [48]. To obtain the ERI properties of the subsurface geological 

lithologies, a direct current (DC) supplied by a 12-volt battery was used to power the ABEM Terrameter LS2 resistivity 

meter arrangement, which features an inbuilt microprocessor. The study comprises three main phases: (i) desk-based 

investigation, (ii) field data collection, and (iii) analytical processing. The desk-based investigation involves gathering 

essential background information on the study area using maps, geological reports, and geoheritage sources. This phase 

is crucial for establishing an accurate contextual foundation, particularly regarding the gold-mining activities and 

associated mineral resources that are prevalent in the Jeli District of Kelantan. A total of two (2) spread lines of the ERI 

method were carried out in the study area, known as Survey Line 1 (SL-1) and Survey Line 2 (SL-2). SL-1 and SL-2 were 

intentionally configured to intersect to facilitate data quality control, and the central point of both lines was located under 

the same site conditions. Both survey lines were established using 61 electrodes and 64 transmitters, with electrode 

spacings of 5 m for the inner spread and 10 m for the outer spread. Each line extended 400 m in length, and data acquisition 

followed the Schlumberger protocol, which provides dense near-surface coverage and sparser measurements at greater 

electrode spacings [47][49]. As illustrated in Figure 3, SL-1 was oriented east-northeast to west-southwest (ENE–WSW), 

while SL-2 extended north-northwest to south-southeast (NNW–SSE), perpendicular to SL-1. The “Start” and “End” 

points of each line correspond to 0 and 400 m, respectively. Electrode coordinates were determined using a handheld 

global positioning system (GPS) device, which calculated precise positions by triangulating satellite signals. 

The orientations of SL-1 (ENE–WSW) and SL-2 (NNW–SSE) were deliberately chosen to intersect the dominant 

fracture and foliation trends identified through detailed surface geological mapping, thereby enhancing the likelihood of 

imaging structurally controlled mineralised zones. Borehole locations (BH-Y and BH-Z) were placed along SL-1 at 

anomaly positions identified in preliminary geophysical modelling to enable direct ground-truth validation of subsurface 

signatures. Collectively, these criteria ensured that the survey configuration maximised geological relevance, aligned with 

known structural controls on mineralisation, and enhanced the interpretive reliability of the resulting geophysical dataset. 

According to Loke and Barker [47], geoelectric prospecting measures the subsurface response to direct current by 

injecting current through electrodes and recording the resulting potential differences to determine the electrical properties 

of geological formations. As noted by Upadhyay et al. [48], the accuracy of these measurements depends on both the 

electrode configuration and the physical properties of the subsurface materials. The actual measurements were then 

carried out, and the field data were evaluated and analysed using RES2DINV software [46]. Furthermore, the 

Schlumberger arrays were used during data collection because fewer electrodes needed to be moved for each sounding, 

and the cable length for the potential electrodes was short. Schlumberger soundings also have higher resolution, greater 

probing depth, and require less time to deploy in the field. The unprocessed data obtained from the ERI field investigation 

were then analysed using the commercially available RES2DINV software [50]-[52] to create an inversion model that 

closely matched the simple subsurface structure. The 2D resistivity models of the subsurface were derived from interface 

data measured using the RES2DINV inversion code. The RES2DINV code can generate immediate designs from the 

resistivity input data using a smoothness-constrained least-squares method [48], [54]-[55]. According to Smith and 

Sjögren [52] and Marescot et al. [53], geoelectric prospecting methods operate by transmitting direct current into the 

subsurface through current electrodes and measuring the resulting electrical potential differences using potential 

electrodes. These measurements are then used to infer the electrical characteristics of the underlying geological 
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formations. The effectiveness and output of such methods depend not only on the arrangement of the electrodes but also 

on how the physical properties of the materials respond to the applied electrical current [47], [55] - [57]. 

 

Figure 3. Map of the electrical resistivity imaging survey profiles and borehole drilling locations within the study area, 

together with the corresponding survey parameters and borehole drilling information 

The Res-IP method was employed to characterise subsurface materials and identify zones associated with gold 

mineralisation. This integrated geophysical technique measures both the electrical resistivity and chargeability of 

subsurface formations, providing complementary information on lithological variations and the presence of disseminated 

sulphide minerals. Induced polarisation (IP) also uses the same methods as the ERI techniques. The difference between 

resistivity and IP is that the IP method measures the apparent chargeability of the earth material, expressed in milliseconds 

(msec) or millivolts per Volt (mV/V) [60]. When the electrical current is injected into the ground, specific subsurface 

units, or metallic grains (a metal sulphide), which act as ions within rock bodies, may become electrically polarised (i.e., 

hold electrical charges). According to Reynolds [56], after the applied current is switched off, the polarised ground 

gradually decays to zero. The study of voltage decay over time is known as time-domain IP (TDIP). It is mainly used in 

applied geophysics for mineral exploration and exploitation programs.  Although the combined Res-IP geophysical 

methods are effective for rapidly and qualitatively characterising subsurface geological materials, their interpretation can 

become considerably challenging in areas with complex geological settings. As noted by Arifin et al. [57], such terrains 

often contain intricate basement structures and heterogeneous lithologies, necessitating verification of geophysical 

interpretations against direct surface- or ground-based observations to enhance the accuracy and reliability of the results. 

The geophysical anomalies from the ERI survey in the study area, together with sufficient data, helped delineate and 

interpret the subsurface lithology, and borehole drilling validated the presence of massive sulphide gold deposits indicated 

by the Res-IP inversion models. Figure 3 illustrates the layout of the ERI survey profiles and borehole drilling locations 

within the study area, together with the associated survey parameters and borehole information used to support the 

geophysical investigation. 
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2.3 Subsurface Lithology Drilling and Borehole Logging 

Before drilling, exploration data, including ERI anomaly results, were analysed to define target zones. In this study, we 

selected the deep rotary drilling method because it provides continuous penetration in a wide range of geological 

environments, offers efficient drilling rates, and is suitable for preliminary mineral exploration [59]. As noted by 

Cozzolino et al. [60], R drilling operations represent the most expensive component of mineral exploration. It particularly 

targets zones of low resistivity and high chargeability that indicate the presence of sulphide-rich and quartz-vein materials 

associated with gold mineralisation. The rotary drilling technique enabled efficient penetration through overburden and 

weathered bedrock, allowing for the recovery of continuous core samples for detailed lithological and mineralogical 

analysis. This approach provided direct subsurface verification of the geophysical interpretations, enhancing the accuracy 

of the geological model and confirming the correlation between the resistivity anomalies and actual gold-bearing quartz 

vein zones. This rotary-drilling exploration aimed to ground-truth the geophysical anomalies identified along the ERI 

survey line designated SL-1. The investigation drilled two boreholes (BH-Y and BH-Z) along the same straight line as 

the ERI profile to directly correlate subsurface resistivity responses with actual geological conditions and potential gold-

bearing zones. Following the drilling methodology, the logging process systematically recorded the subsurface geological 

conditions encountered during drilling and correlated these observations with the ERI SL-1 geophysical profile. At each 

1.5 m sampling interval, the examination of cuttings under appropriate lighting and magnification identified rock type, 

mineral content, alteration features, and textural variations. The study recorded observations, including quartz vein 

fragments, sulphide mineralisation, oxidation levels, and grain size, to characterise potential gold-bearing zones. All data 

entry used standardised logging sheets with unique identifiers corresponding to the borehole and SL-1 sample codes. 

3. Results and Discussion 

This study presents results in three basic elements in geophysical anomalies with subsurface lithology: (i) interpretation 

of electrical Res-IP data, (ii) lithological characterisation from borehole drilling and logging, and (iii) comparative 

analysis between geophysical anomalies and borehole-confirmed subsurface materials. Integrating these datasets provides 

a robust assessment of the subsurface framework and effectively delineates potential gold-bearing zones in Jeli, Kelantan, 

Malaysia. 

3.1 Resistivity Model of Subsurface Materials 

The 2D Res-IP modelling for the two survey lines (SL-1 and SL-2) demonstrates the effectiveness and overall reliability 

of the geoelectrical acquisition parameters used in this study. Both lines employed a pole–dipole array with an electrode 

spacing of 5 m, supported by inner and outer cable extensions of 10 m. This configuration provided sufficient depth 

sensitivity to investigate subsurface variations associated with potential sulphide mineralisation. The specific survey 

parameters for each profile, along with the corresponding estimates of maximum subsurface lithological unit penetration 

depth, are summarised in Table 1. SL-1 achieved a maximum depth penetration of approximately 110 m, whereas SL-2 

reached slightly deeper depths, up to 120 m. The achieved depths are consistent with expectations for the pole–dipole 

array at the selected electrode spacing, indicating that the subsurface structures of interest, particularly potential 

mineralised zones, were effectively imaged within the targeted depth range. The RMS error values obtained from the 

inversion further support the quality of the models [63]-[66]. For SL-1, RMS errors of 10.9% (resistivity) and 3.8% 

(chargeability) indicated an acceptable level of misfit between the observed and calculated data, suggesting that the 

inversion results are well constrained. SL-2 shows slightly higher accuracy for resistivity modelling, with an RMS error 

of 16.9%, while its chargeability inversion displays a low misfit of 3.4%. Overall, the 2-D Res-IP modelling results from 

both survey lines provide reliable subsurface images that are suitable for interpreting lithological boundaries, potential 

fracture zones, and areas of enhanced chargeability that may correspond to massive or disseminated sulphide 

mineralisation. 

Table 1. Survey parameters for SL-1 and SL2 

Survey 

line 

Measure 

mode 

Electrode spacing (m) Maximum depth of 

penetration (m) 

RMS error (%) 

Resistivity 

(Res) 

Chargeability 

(IP) Inner Cable Outer Cable 

SL-1 Res-IP 5 10 100 10.9 3.8 

SL-2 Res-IP 5 10 120 16.9 3.4 

Figure 4(a) illustrates the 2D resistivity model with topography for survey line 1 (SL-1), while Figure 4(b) depicts the 

induced polarisation with topography for survey line 1 (SL-1) data. The resistivity values for SL-1 range from 0 Ωm to 

26,000 Ωm, and the chargeability values shown span from 0 msec to 40 msec. The maximum measurable depth for both 

inversion models extends from the surface to 110 meters. Figure 5(a) illustrates the 2D resistivity model with topography 

for survey line 1 (SL-2), while Figure 5(b) depicts the induced polarisation with topography for survey line 1 (SL-2) data. 

The resistivity values for SL-2 range from 0 Ωm to 26,000 Ωm, and the chargeability values span from 0 msec to 40 msec. 

The maximum measurable depth for both inversion models extends from the surface to 110 m.  
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Figure 4. An inversion model of (a) resistivity; (b) Induced polarisation (Res-IP) with topography for SL-1 

The inverted Res-IP section, as shown in Figures 4 and 5, reveals laterally continuous and vertically consistent 

geophysical anomalies. In both profiles, a prominent zone of relatively low resistivity (<300 Ωm) is observed at depths 

between approximately 30 and 90 m, particularly between lateral distances of 50 to 280 m in SL-1 and 40 to 210 m in 

SL-2. This conductive zone is spatially coincident with elevated chargeability values at below 10 msec, suggesting the 

presence of disseminated sulphide minerals rather than simple lithological conductivity associated with clay-rich or water-

saturated materials. The coincidence of low resistivity and high chargeability anomalies is significant, as such geophysical 

signatures are commonly associated with sulphide-bearing mineralised zones in orogenic gold systems. The lateral 

continuity of this anomaly across both survey lines (SL-1 and SL-2) indicates a structurally controlled feature, potentially 

related to a fault or shear zone that facilitates hydrothermal fluid flow and sulphide deposition. This interpretation is 

supported by the sub-vertical geometry of the anomaly and its persistence at depth, which is consistent with mesothermal 

lode-style gold mineralisation reported in the CBPM. In contrast, the near-surface layer exhibits relatively high resistivity 

(>2,500 Ωm) and moderate to high chargeability, interpreted as weathered or partially compacted materials with limited 

mineralisation potential. The intermediate resistivity zone (300 - 2,500 Ωm) likely represents variably weathered bedrock 

or mixed lithologies, showing weaker and more diffuse IP responses. The deeper conductive zone with minimal 

chargeability (<2 msec), observed below ~90 m depth, is interpreted as saturated or chemically altered bedrock with 

limited sulphide content. The consistency of the anomalous low-resistivity and high-chargeability zones across SL-1 and 

SL-2 strengthens the reliability of the Res-IP interpretation and supports selecting these zones as priority targets for 

borehole drilling. These features provide a geophysical basis for correlating subsurface lithology with potential sulphide-

associated gold mineralisation, which is later validated through borehole data. 

Nevertheless, resistivity values alone can be ambiguous, as similar responses may arise from different lithological or 

structural conditions. To reduce this uncertainty, resistivity data were considered alongside IP results. Low resistivity, 

paired with low chargeability, is typically consistent with sedimentary rocks. In contrast, high resistivity, coupled with 

low chargeability, is often associated with metasedimentary units or fractured rocks containing clay infill. In contrast, low 

resistivity accompanied by elevated chargeability is usually indicative of metallic ore bodies. These comparative 

relationships are summarised in Table 2 and form the basis for the subsequent discussion of the subsurface conditions. 

Table 2. Comparison Res-IP analysis reading 

Interpretation of Lithology 
Resistivity 

(Ωm) 

Chargeability 

(msec) 

Sedimentary rock Low Low 

Metasedimentary rock High Low 

Metallic ore bodies Low High 

The interpretation of SL-1 highlights a stratified subsurface characterised by high-resistivity values near the surface 

(upper layer), which transition to moderate- to low-resistivity zones at greater depths. This pattern is consistent with a 

sedimentary sequence in which relatively compact or less-weathered material overlies more altered or fractured material. 

The chargeability distribution is generally low across the profile, with only isolated pockets of moderate response, 
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suggesting limited clay within the section. SL-2 reveals a resistivity distribution similar to that observed in SL-1, with 

low resistivity values on the left flank and progressively higher values toward the right flank. Chargeability across the 

section remains predominantly low, with only minor zones of moderate response. These results suggest that the left flank 

is composed predominantly of sedimentary rock. In contrast, the right flank may represent either compact sedimentary 

rock or metasedimentary rock that has undergone fracturing and subsequent infilling with clay. Table 3 lists the Res-IP 

parameters and interprets the geophysical characteristics for each survey line. 

 

Figure 5. An inversion model of (a) resistivity and (b) induced polarisation (Res-IP) with topography for SL-2 

Table 3. Consolidated Res-IP parameters and interpreted geophysical characteristics for each survey line 

Survey line Lithologies interpretation 

SL-1 - Sedimentary rock across profile 

- Upper section interpreted as altered or fractures sedimentary rock 

- Clay infill within the low chargeability 

SL-2 - Left flank indicated as sedimentary rock 

- Right flank indicated as compact sedimentary rock or metasedimentary rock that has 

undergone fracturing and subsequent clay infilling 

 

Figure 6. (a) Graphical depiction of the subsurface and borehole conditions observed at BH-Y; (b) Graphical depiction 

of the subsurface and borehole conditions observed at BH-Z 
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3.2 Subsurface Lithology 

Figure 6(a) graphical depiction of the subsurface and borehole conditions observed at BH-Z. BH-Z was advanced to a 

final depth of 107.94 m, revealing a stratigraphy beginning with 15 m of overburden soil containing partially weathered 

host rock, indicative of surface weathering and a transitional zone to competent bedrock. Between 15 and 102 m, the 

profile is dominated by slate/phyllite, reflecting a thick, continuous sequence of low-grade metamorphic rocks. A narrow 

0.6 m interval, located at 102 to 102.6 m, contains quartz-coarse material with sulphide mineralisation, suggesting a minor 

hydrothermal vein with potential geochemical reactivity. Below this, slate/phyllite persists to the termination depth at 

107.94 m, confirming the uniformity of the metamorphic basement. Figure 6(b) shows the borehole conditions for BH-

Z. BH-Z was drilled to a total depth of 103.44 m and reveals a stratigraphic profile comprising an extensive overburden 

layer from 0 to 40.94 m containing soil and partially weathered host rock, indicative of significant near-surface 

weathering. Beneath this, a continuous slate/phyllite sequence extends from 40.94 to 70 m, representing competent low-

grade metamorphic bedrock. A distinct 2 m interval, located between 70 and 72 m, consists of quartz-rich, coarse material 

with sulphide mineralisation, suggesting a minor hydrothermal vein or mineralised zone with potential geochemical 

implications. The borehole terminates within slate/phyllite from 72 m to 103.44 m, confirming a predominantly uniform 

metamorphic basement. This presented profile indicates a subsurface lithology dominated by slate/phyllite, with only a 

narrow, mineralised discontinuity. 

3.3 Resistivity–Lithology Correlation for Gold Mineralisation 

The correlation of Res-IP anomalies with borehole data provides a means of validating geophysical interpretations against 

direct subsurface lithological evidence. While Res-IP anomalies outline variations in resistivity and chargeability across 

the subsurface, graphical borehole logs serve as ground truth that anchors these responses to specific materials. According 

to Figure 7, the correlation of BH-Y and BH-Z with SL-2 provides insight into the resistivity and chargeability 

characteristics of the topsoil and slate units. The topsoil with a partially weathered layer of host rock exhibits resistivity 

values of 1500 to 2750 Ωm in BH-Y and 1500 to 4000 Ωm in BH-Z, with corresponding chargeability values of 2 to 6 

msec and 0.5 to 1.00 msec, respectively. The underlying slate displays resistivity values of 300 to 800 Ωm in BH-Y and 

300 to 1150 Ωm in BH-Z, while the chargeability responses remain within similar ranges. By referring to the location and 

position of borehole drilling aligned with the survey line, as shown in Figure 7, both SL-1 and SL-2 exhibit a pronounced 

geophysical signature in their basal layers, characterised by low resistivity coupled with high chargeability. This response 

is commonly associated with sulphide-rich zones, as disseminated or vein-hosted sulphide minerals significantly enhance 

chargeability while reducing resistivity due to their conductive nature. The consistency of this anomaly across both survey 

lines suggests a laterally continuous mineralised horizon rather than isolated geophysical noise. In BH-Z, drilled to a 

depth of 103.44 m, a distinct interval of quartz–coarse-vein material with sulphide mineralisation occurs between 70 and 

72 m. This depth coincides with the chargeability enhancement modelled beneath SL-2, confirming that the geophysical 

anomaly corresponds directly to sulphide-bearing mineralisation. A similar relationship was observed for SL-1: the basal 

Res-IP anomaly aligns with the quartz–sulphide vein encountered at 102 to 102.6 m in the 107.94 m of deep borehole, 

demonstrating strong agreement between geophysical predictions and ground-truth lithology. The repeated pattern of low 

resistivity with high chargeability zones coinciding with sulphide-bearing quartz veins in both boreholes highlights a 

robust correlation between the two datasets. This convergence supports the interpretation that the anomalies represent 

structurally controlled hydrothermal mineralisation, consistent with gold-related sulphide systems documented in 

comparable geological settings [34]. 

However, in conducting a comprehensive correlation of the geophysical anomalies with the subsurface lithology at 

the study site, comparable studies in similar geological settings provide valuable reference points. Several researchers 

have employed the Res-IP method to identify geophysical signatures associated with mineralisation, particularly those 

linked to gold-bearing zones. For instance, Zaid et al. [13] conducted a Res-IP survey in the Gua Musang area, a region 

with geological characteristics closely comparable to those of the Jeli district. Their findings further support the 

applicability of the Res-IP technique in delineating mineralised zones and enhancing the interpretation of geophysical 

anomalies in structurally complex terrains. Their analysis, based on Res-IP anomalies, reveals two distinct geological 

zones of large-scale conductive sulphide minerals, as well as regions with low-resistivity sulphide mineralisation, as 

delineated. They also recorded that the high chargeability zone identified through geophysical anomalies suggests that 

quartz veins host the sulphide mineralisation zone. Meanwhile, the high resistivity values greater than 2000 Ωm recorded 

correspond to the basement rock unit. The zones with low resistivity indicate the presence of conductive sulphide 

mineralisation that hosts the hydrothermal quartz vein through the sheared zone, where gold mineralisation occurs. Other 

studies conducted by Jegen et al. [65] in Gua Musang and Kuala Krai, Kelantan, reveal that the resistivity patterns 

identified in Jeli correspond broadly with regional geophysical trends documented across Peninsular Malaysia. However, 

they also reveal key distinctions that strengthen the interpretation of sulphide-related mineralisation in this study. Previous 

work in the Gua Musang Formation has demonstrated that sandstone, siltstone, and shale exhibit resistivity values ranging 

from 500 to 4,000 Ωm, depending on the quartz content and clay fraction. In the present study, the high-resistivity 

overburden observed in BH-Y and BH-Z (1,500 - 4,000 Ωm) falls within this established range, indicating that the shallow 

subsurface in Jeli behaves similarly to other CBPM sedimentary and weathered bedrock environments. The other studies 

in Kuala Krai further report moderate resistivity values (30 - 1,000 Ωm) for schist and granite, governed by mineralogy 

and moisture conditions. These values closely match the intermediate resistivity ranges (300 - 1,150 Ωm) recorded in the 

slate/phyllite units in Jeli, reinforcing the consistency of metamorphic basement electrical properties across Kelantan. 
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Figure 7. An inversion model of (a) resistivity and (b) induced polarisation (Res-IP) with topography for SL-2 

Where Jeli diverges from regional patterns is in the occurrence of deep, low-resistivity (<100 Ωm) and high-

chargeability (>100 msec) anomalies, which correlate directly with quartz–sulphide veins intersected in BH-Y and BH-

Z. Although previous studies [64] in Kampung Sedar and Kuala Jambu, Tumpat, reported similarly low resistivities (<100 

Ωm), these anomalies were attributed to clay-rich alluvium, which is typically shallow and non-mineralised. In contrast, 

the anomalies in Jeli occur at depths of 70 to 102 meters, exhibit markedly stronger chargeability, and align structurally 

with hydrothermal vein systems, indicating a mineralogical rather than sedimentological origin. Thus, while the broader 

resistivity framework in Jeli mirrors regional lithological trends, the unique combination of low resistivity, high 

chargeability, and borehole-confirmed sulphide intersections distinguishes the study area as a structurally controlled 

mineralised zone. This comparison validates the thresholds established in this research (<100 Ωm; >100 msec) and 

demonstrates their geological relevance for gold exploration within the CBPM. 

Despite the strong spatial correlation between the Res-IP anomalies and borehole-confirmed sulphide mineralisation, 

it is necessary to recognise the inherent non-uniqueness of geophysical interpretations [67]- [70]. Low-resistivity and 

high-chargeability responses may also originate from non-mineral sources, including clay-rich horizons, saline 

groundwater, graphite-bearing metasedimentary units, or intensely fractured and water-saturated zones. In tropical 

environments, the presence of deeply weathered regolith further complicates interpretation, as conductive responses may 

arise from weathering processes unrelated to economic mineralisation. In the present study, several independent lines of 

evidence reduce the likelihood that the observed anomalies are attributable to such non-mineral causes. First, the 

anomalous zones are consistently located at depths exceeding 70 meters, well below the typical depth range of clay-rich 

alluvial or lateritic horizons reported elsewhere in the region. Second, the chargeability values associated with these 

anomalies (>100 msec) are substantially higher than those commonly observed in clay-dominated or groundwater-

controlled environments, which generally exhibit increased conductivity but relatively low chargeability responses. Third, 

borehole intersections directly confirm the presence of quartz–sulphide veins at depths coincident with the most 

pronounced geophysical anomalies, providing robust ground-truth validation. Finally, the repeatability and lateral 

continuity of these anomalies across independent survey lines reduce the likelihood that they represent inversion artefacts 

or localised lithological noise. Nevertheless, certain uncertainties remain, primarily due to the limited number of boreholes 

and the inherent resolution constraints of 2D inversion modelling. Additional borehole data and 3D geophysical surveys 

would further constrain anomaly geometry and improve confidence in resource delineation. Despite these limitations, the 

results demonstrate that when calibrated with borehole information, combined Res-IP surveys can effectively discriminate 

sulphide-associated mineralisation from non-mineral-conductive features, even within highly weathered tropical terrains. 

3.4 Threshold Values of Subsurface Lithologies 

The integration of Res-IP methods and borehole results enables the establishment of threshold ranges for resistivity and 

chargeability that are representative of the lithologies encountered within the study area (Table 4). These thresholds 

provide a more reliable framework for distinguishing sedimentary and metamorphic units while reducing uncertainties 

that arise when interpreting geophysical anomalies. The synthesis of results further indicates the presence of quartz veins 

and associated anomalies that, although subtle in the Res-IP profiles, correspond with borehole evidence suggesting trace 

occurrences of gold. This section, therefore, presents the final delineation of resistivity and chargeability ranges and 

discusses their implications for identifying mineralisation zones. Topsoil is consistently defined by low resistivity values 

(200 - 400 Ωm) with chargeability responses generally below 2.0 msec, reflecting its unconsolidated and moisture-bearing 

nature. Overburden containing partially weathered host rock exhibits elevated resistivity (1,500-3,000 Ωm, occasionally 
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up to 4,000 Ωm) and variable chargeability values of 2.0-6.0 msec, reflecting lateritic development and secondary 

alteration. Limestone shows resistivity values of 500–900 Ωm and chargeability values of 1.25-1.75 msec, indicating a 

relatively compact but weakly polarizable unit. Slate and phyllite show the widest variation; fresh to moderately 

weathered material corresponds to resistivity values of 800–1,500 Ωm with chargeability typically between 0.5 and 1.25 

msec, while weathered or fractured zones exhibit lower resistivity (300 - 800 Ωm) and higher chargeability values of 2.0 

to 6.0 msec due to clay infill and increased surface conduction. The combination of these parameters establishes diagnostic 

thresholds that enhance lithological discrimination and support the delineation of hydrothermal sulphide mineralisation 

as seen in the borehole log. Zones of low resistivity (100-300 Ω · m) coupled with elevated chargeability (2.0-6.0 msec) 

are considered key indicators of sulphide enrichment. 

Table 4. Comparison of Res-IP inversion results, highlighting variations in resistivity-chargeability for lithology  

Lithology Resistivity (Ωm) Chargeability (msec) 

Topsoil 200 – 400 1.5 – 2.0 

Topsoil with partially weathered host rock 1500 – 3000 (up to 4000) 2.0 – 60 

Limestone 500 – 900 1.25 – 1.75 

Slate (fresh to moderately weathered) 800 – 1500 0.5 – 1.25 

Slate (weathered/fractured) 300 – 800 2.0 – 6.0 

These thresholds have important implications for mineralisation studies in the area. Zones characterised by low 

resistivity (100–300 Ωm) and elevated chargeability (2.0–6.0 msec) can be reliably associated with sulphide enrichment, 

particularly were corroborated by borehole evidence of quartz veins with sulphide mineralisation. By contrast, high-

resistivity and low-chargeability zones are more consistent with compact, unmineralized lithologies such as fresh slate. 

The ability to discriminate between these responses reduces the ambiguity inherent in geophysical interpretation and 

provides a practical guide for delineating prospective targets. In this context, the integrated thresholds serve to 

differentiate complex lithological units within hydrothermal sulphide-bearing quartz veins. To support the selection of 

resistivity threshold values, a comparative synthesis of resistivity ranges reported in Malaysian case studies was 

undertaken, as summarised in Table 5. These studies represent independent investigations conducted under diverse 

geological and hydrogeological settings. Although the reported resistivity values are inherently site-specific, a clear 

degree of overlap is observed among the documented ranges, providing a rational basis for defining representative 

threshold intervals. Accordingly, the threshold values adopted in this study were selected within the convergent bands of 

the reported resistivity ranges rather than at their extreme limits. This approach ensures that the selected thresholds remain 

physically plausible, regionally relevant, and consistent with established empirical observations, thereby strengthening 

the reliability of the subsurface interpretations. 

Table 5. Comparison of Res-IP inversion results with others case study  

Lithology Resistivity (Ωm) Resistivity from past researchers (Ωm) References 

Topsoil 200 – 400, and 1500 – 3000 

(up to 4000) for partially 

weathered host rock 

50 – 400 (moist) Abubakar et al. [67] 

400 – 5000 (dry) 

5000 – 20000 (very dry soil/weathered soil) 

100 – 13000 Tan et al. [68] 

130 – 1400 Ismail and Yaacob [69] 

200 – 600 Daud et al. [25] 

350 – 800 Islami et al. [70] 

450 – 1000 Samsudin et al. [71] 

Limestone 500 – 900 200 – 600 Liew et al. [72] 

800 – 5000 Nordiana et al. [73] 

1200 – 3000 (fresh), 125 – 500 (weathered) Che Mamat et al. [74] 

3.5 Sensitivity Assessment of Subsurface Lithologies 

A sensitivity assessment was conducted to evaluate the robustness of subsurface interpretations with respect to 

uncertainties in resistivity threshold values. Electrical resistivity in geological materials is inherently variable, particularly 

under tropical conditions where moisture content, weathering intensity, and groundwater saturation exhibit strong spatial 

heterogeneity. To address this uncertainty, resistivity thresholds were systematically varied within established intervals 

to assess whether the interpreted lithological boundaries remain stable under plausible subsurface conditions. The 

assessment was implemented by varying resistivity values while maintaining constant survey geometry, electrode 

configuration, inversion parameters, and topographic corrections. For each lithological unit, end-member scenarios 

representing lower and upper resistivity bounds were examined, corresponding to realistic material states such as saturated 

versus less saturated topsoil, weathered versus fresh limestone, and fractured versus relatively intact slate. The resulting 

inversion models were evaluated based on anomaly persistence, boundary continuity, depth consistency, and spatial 

geometry. Results indicate that the primary lithological interpretations remain consistent across the tested resistivity 

ranges, with only minor boundary shifts observed in transitional zones. In particular, the slate resistivity thresholds defined 
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using a sensitivity-based approach (300–800 Ωm and 800–1500 Ωm) yielded stable, coherent subsurface interpretations, 

confirming their robustness. Overall, the assessment demonstrates that the adopted resistivity thresholds provide a reliable 

basis for interpretation, with outcomes governed by resistivity contrasts and spatial continuity rather than isolated 

threshold selection. 

4. Conclusions 

This study demonstrates that integrating electrical Res-IP with borehole validation provides a reliable method for 

identifying sulphide-associated gold mineralisation in the Jeli region of Kelantan. The Res-IP results reveal that zones 

with resistivity values below 100 Ωm and chargeability values exceeding 100 msec consistently correspond to sulphide-

bearing quartz veins. Early predictions and interpretations derived from Res-IP data help prevent damage to soil structure 

by providing accurate information on subsurface conditions, thereby enabling engineers, geologists, and researchers to 

determine appropriate materials and design requirements. These geophysical anomalies are confirmed by borehole 

intersections at 70 to 72 m in BH-Z and 102 to 102.6 m in BH-Y, establishing a clear depth-controlled relationship 

between the geoelectrical anomalies and the actual lithological conditions. The quantitative agreement between the 

inversion models and borehole data reduces the non-uniqueness typically associated with Res-IP interpretation, 

demonstrating that these thresholds are robust indicators of mineralisation under tropical weathering conditions. The study 

further establishes resistivity ranges for the local stratigraphy: 1,500 to 4,000 Ωm for the overburden and 300 to 1,150 

Ωm for slate/phyllite, contributing a region-specific geoelectrical reference for the CBPM. 

Overall, this study provides several important contributions toward establishing a robust integrated exploration 

framework in which geophysical methods are systematically validated through borehole observations: 

i. It demonstrates a strong spatial and numerical correspondence between Res-IP anomalies and borehole-confirmed 

quartz–sulphide veins, thereby affirming the geological validity of the identified geoelectrical signatures. 

ii. It reduces interpretational ambiguity by calibrating geophysical responses directly against lithological evidence, 

thereby addressing the inherent non-uniqueness of resistivity and induced polarisation datasets. 

iii. It develops a region-specific geoelectrical characterisation for the CBPM, enhancing the reliability of Res-IP methods 

in structurally controlled hydrothermal gold systems. 

iv. It advances exploration efficiency by providing an integrated methodological framework that improves drill-target 

prioritisation and minimises unnecessary drilling expenditures. 

This study is limited by its reliance on two-dimensional (2D) geophysical models and validation from only two boreholes 

within a localised area. Although strong correlations were observed between Res-IP anomalies and sulphide-bearing 

zones, the use of 2D inversion may oversimplify subsurface geometries in structurally complex gold systems. 

Consequently, the calibrated resistivity–chargeability thresholds are site-specific and may not be directly transferable to 

other tropical settings. Expanded geophysical coverage incorporating additional Res-IP survey lines, three-dimensional 

inversion modelling, and further drilling would improve structural resolution, enhance continuity assessment of 

mineralised zones, and strengthen the broader applicability of the results. 
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