GEOFIZIKA VOL. 39 2022

DOI: hitps://doi.org/10.15233/gf2.2022.39.17
Original scientific paper

Combined ERT and borehole logs for mapping
the soil-rock interface in a granitic environment

Adedibu Sunny Akingboye2® and Andy Anderson Bery!

1School of Physics, Universiti Sains Malaysia, Penang, Malaysia

2 Department of Earth Sciences, Adekunle Ajasin University, Akungba-Akoko,
Ondo State, Nigeria

Received 15 March 2022, in final form 27 October 2022

This study used the efficiency of electrical resistivity tomography (ERT)
and borehole logs to map the soil-rock interface beneath four traverses (RS1,
RS2, RS3, and RS4) in the granitic terrain of Perak, Peninsular Malaysia. The
study aimed to evaluate the impacts of the soil-rock characteristic features and
interfaces on groundwater and infrastructure development to meet the needs of
the increasing inhabitants yearly. The borehole- and ERT-derived lithologic
units are strongly correlated. The delineated lithologic units include the topsoil,
weathered granitic units (medium stiff to hard silty clay or clayey silt with
< 800 Qm), thin to wide-sized weathered/fractured units, and fresh granitic
bedrock. These soil-rock profiles and weathered/fractured apertures support
sustainable groundwater developments with drill depths above 45 m. In con-
trast, the delineated clay/silt alternating with stiffer soils, low load-bearing
deep-weathered/fractured zones, and bedrock boulders in most places, except
beneath traverse RS3, have high affinities for water retention and differential
stresses. These features can adversely impact poorly reinforced foundations.
Hence, structural elements of the foundations, such as footings or piles, should
be placed on stable bedrock, particularly in the central to western parts of the
study area. This study has reduced the paucity of information on using ERT and
borehole logs for soil-rock interface studies in the study area.

Keywords: soil-rock resistivity, borehole logs, soil-rock interface, granitic terrain,
hydrogeophysics, geoengineering study

1. Introduction

In granitic environments, like other terranes, denudation and high infiltra-
tion processes can result in complex soil profiles due to varying weathering con-
ditions (Bery and Saad, 2012; Cheng et al., 2019). Over the years, surficial and
subsurface soil-rock characterizations have significantly improved through
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advances in geophysical data imaging methods, data processing algorithms, and
modeling. Of all the geophysical methods, electrical resistivity tomography (ERT)
has emerged as an effective imaging technique for soil-rock characterizations
and several subsurface studies. ERT provides georesistivity characteristics
related to lithologic units, geologic structures, groundwater, and geoengineering
properties of the subsurface formation, among others (Storz et al., 2000; Aking-
boye et al., 2022a). It is suitable for rapid and detailed mapping of soil-rock
profiles, interfaces, and associated geologic structures (Bery and Saad, 2012;
Cheng et al., 2019; Hasan et al., 2020).

Soil-rock interface is a common contact form, widely distributed in various
geological environments, and involves many fields, presenting different struc-
tures and characteristics (Cheng et al., 2019; Yang et al., 2020). In addition,
infrastructure will inevitably encounter soil-rock interface, and geoengineering
problems are consequent (Ganered et al., 2006; Akingboye et al., 2020; Hasan et
al., 2022). Via soil-rock interface evaluation, geoengineering problems such as
landslides, ground subsidence, soil liquefaction, etc., can be predicted based on
the degree of water saturation and unconsolidated soils (Yalcinkaya et al., 2016).
On the other hand, inaccurate delineation could make groundwater exploration
difficult.

Consequently, soil-rock resistivity is pertinent in accurately delineating the
soil-rock interface (Cheng et al., 2019). The technique can also indirectly evalu-
ate the properties and compositions of soils, such as moisture, salinity, porosity,
organic matter level, bulk density, and soil texture, and in delineating concealed
geologic structures, including weathered troughs, open-to-surface fractures, air-
or water-filled voids, etc (Laloy et al., 2011; Aizebeokhai, 2014; Akingboye and
Osazuwa, 2021; Akingboye et al., 2022a; Akingboye and Bery, 2022). Integrating
borehole litho logs with soil-rock resistivity models can enhance the accurate
delineation of these subsurface geologic parameters. However, borehole drilling
comes at a high cost and delayed operational time. As a result, soil-rock interface,
in conjunction with other lithological properties, is vital in understanding sub-
surface geodynamics, environmental and ecological processes, and the impacts
of natural and anthropogenic-driven changes on the ecosystems (Chalikakis et
al., 2011; Cheng et al., 2019; Akingboye and Bery, 2021a; Akingboye et al.,
2022a). It is also relevant in evaluating water-rock interaction (Stober and Bu-
cher, 2015a, 2015b), groundwater potential (Arora et al., 2016; Gao et al., 2018;
Christensen et al., 2020), and groundwater aquifers’ vulnerability (Akintorinwa
et al., 2020; Hasan et al., 2020; Akingboye et al., 2022b).

Given the above, this study employed the efficiency of the ERT and borehole
logs to delineate the soil-rock interfaces in a typical granitic environment in
Perak, Peninsular Malaysia. The study area is in a wet tropical region experienc-
ing yearly torrential rainfalls and high-temperature intensity. These two factors
and other geologic processes result in progressive weathering of the subsurface
lithologies, producing varying subsurface soil profiles, structural features, and
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soil-rock instability (Bery, 2016; Cao et al., 2020; Akingboye and Bery, 2021a,
2021b, 2022). This study is crucial because soil-rock interfaces are potentially
problematic concerning groundwater inflow, especially in complex geological
terrains, due to the lithological properties, stress regimes, and morphological
differences, e.g., (Eriksson, 2014; Yang et al., 2020). Understanding the soil-rock
interface provides detailed insights into the nature, geometry, architecture, and
hydrogeologic potential of the subsurface soil-rock profiles. These are significant
for groundwater prospecting and infrastructure design to meet the increasing
yearly needs of the study area’s inhabitants. In addition, the study will substan-
tially reduce the paucity of information on hydrogeophysics/hydro-geology and
engineering characteristics of the soil-rock profiles in the study area.

2. Geological setting of the study area

Peninsular Malaysia is located at the southeast margin of the Eurasian
continent. It was formed by the amalgamation of the Sibumasu Block and Indo-
China Block along the Bentong-Raub suture (Fig. 1a) during the Permian-Tri-
assic (Metcalfe, 2000, 2001; Ng et al., 2015a, 2015b; Cao et al., 2020). The colli-
sional event resulted in the closure of the Paleo-Tethys Ocean Basin, and the
remnants of the basin were preserved in the Bentong-Raub Suture (Metcalfe,
2000). Peninsular Malaysia is subdivided into three belts: Western, Central, and
Eastern Belts, as shown in Fig. 1a, based on the boundaries and trends of the
Bentong-Raub and Lebir faults. The Central Belt comprises a Carboniferous-
Permian sequence of limestone, shale (with subordinate sandstone), siltstone,
and conglomerate (Schwartz et al., 1995). The Eastern Belt in the Indo-China
domain consists of the Malaysian granitoids of Permian to Late Triassic I-type
granites, typically biotite granites. On the other hand, the Late Triassic S-type
granites, typically biotite granite and granodiorite, are the noticeable rocks in
the Western and Central Belts of the Sibumasu domain, respectively (Ng et al.,
2015a). The S-type granites of the Western and Central Belts and the I-type
granites of the Eastern Belt were formed by the partial melting of the Sibumasu
Block and the Indo-China Block (Ng et al., 2015a; 2015b; Cao et al., 2020). These
granitoids are typical of two granite belts: the Main Range Granite Province
(MRGP) and the Eastern Granite Province (EGP), bounded by the Bentong-Raub
Suture. Generally, the area’s approximately N—S trending faults are widespread
due to the collision of the Sibumasu and Indo-China Blocks (Abdullah and Pur-
wantoa, 2001).

The study area is located in Hulu Perak State, Malaysia, between latitudes
5°11'54.24" N and 5°11'57.63" N and longitudes 101°23'43.91"E and
101°23'53.81" E (Fig. 1b—c). Hulu Perak is Perak State’s largest district. It is
bordered on the east by Kelantan, on the west by Kedah, Kuala Kangsar district
to the south, and the communities of Larut, Matang, and Selama are on the
southwest. Perak also shares a border with the Betong District of Thailand. The
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study area is located on the MRGP. Perak’s geology is divided into four major
parts (Fig. 1b). The Quaternary formation comprises marine and continental
deposits, such as clay, silt, sand, and peat with minor gravel and basalt of early
Pleistocene age, covering 24% of the study area. The Triassic-Jurassic sedimen-
tary rocks of marine origin form a wide belt in the area. These rocks include
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Figure 1. (o) Simplified regional geological map of Peninsular Malaysia, after (Tate et al., 2009). (b)
Geological map of Perak and its environs (after bin Kamaruzzaman et al., 2020). (c) Aerial acquisition
map of the study area. Inset: Location map of Perak State, Malaysia.
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shale, mudstone, siltstone, sandstone, and minor limestone lenses. Interbeds of
tuff are also common within this openly crumpled sequence, covering 15% of the
study area. The Silurian formation consists of tightly compressed consolidated
shale, slate, argillite, metasandstone, phyllite, and schist. These rocks are about
16% of the study area. Finally, the intrusive rocks, mainly undifferentiated igne-
ous rocks of granitic origin, cover 45% of the study area (Lee et al., 2004; bin
Kamaruzzaman et al., 2020; Nuhu et al., 2021). The studied section is underlain
by typical granite.

3. Methodology

8.1. Geophysical ERT field measurements

A total of four ERT traverses, indicated as RS1, RS2, RS3, and RS4, were
covered using a spread length of 200 m each with a 5 m electrode spacing to
measure the subsurface resistivity variations in the study area. RS1 and RS2
were established roughly W—E, while RS4 was approximately in N—S, deviating
slightly from RS3 in the same direction. Instead of the small electrode spacing
required for engineering surveys, the employed electrode spacing ensures deep-
er probing depth and adequate mapping of the deep bedrock structures. That
way, the deep aquifer units supporting groundwater conduits and storage, as
well as high-risk near-surface soil-rock profiles to infrastructure design, were
adequately delineated.

The resistivity values of subsurface lithologic units were measured using the
ABEM SAS 4000 Resistivity Meter with its accessories, employing the Wenner-
Schlumberger array. The Wenner-Schlumberger array has a more considerable
median depth of investigation and is sensitive to horizontal and vertical struc-
tures. Hence, it can optimize the signal-to-noise ratio to achieve a high-resolution
inverse resistivity model with significantly little or no distorted structural arti-
facts (Loke and Lane, 2004; Akingboye and Ogunyele, 2019; Akingboye and Bery,
2022). Two boreholes (BH1 and BH2) were drilled at the station distances of
110 m on RS2 and RS4 (Fig. 1c), with maximum depths of 11 m and 12.25 m,
respectively. BH1 and BH2 were very close to RS3 and RS1, allowing for deter-
mining the true nature of the subsurface lithologic units and their respective
depths. The ERT models leveraged the borehole-derived logs to resolve the am-
biguities/uncertainties in resistivity and thickness values of penetrated layers.

3.2. Geophysical field data processing, inversion, and modeling

The field ERT data sets were processed and iteratively inverted using the
RES2DINV software by employing the least-squares inversion approach (Loke
and Barker, 1996; Loke, 2004). The used linearized smoothness-constrained
least-squares optimization method, as given in Eq. 1, provides the relationship
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between the model parameters (r) and the data misfit (g), e.g., (DeGroot-Hedlin
and Constable, 1990; Loke, 2004; Dahlin and Loke, 2018).

|:JLTRdJi + ’liWTRmW]Ari =J! Ryg; - ’liWTRmWrifl W

J is the Jacobian matrix that contains the logarithms of the apparent resistivity
measurements with respect to the model resistivity values; Wis the roughness
filter, and A is the damping factor. g is the data misfit vector that contains the
difference between the logarithmic measured and calculated resistivity values.
Ar; is the required change in the model parameters for the iterations that will
reduce the data misfit. r; ;) is the resistivity model of the previous iteration. R,
and R,, are the weighting matrices used by the robust inversion method.

Furthermore, the finite-element method of 4 nodes with L2-norm was used
as the least-squares constraint to minimize the difference between the calcu-
lated and observed apparent resistivities. A damping factor of 0.05, with a min-
imum value of 0.01, was used to increase the accuracy and resolution of the
calculated and observed resistivity models. According to Cheng et al. (2019),
measurement and modeling errors can significantly impact the computed resis-
tivity model of real-time field data sets. Hence, each ERT model’s root mean
square error (RMSE) was monitored for the true subsurface resistivity distribu-
tion. According to Loke (2004), it is essential to note that an inverted resistivity
model with the lowest RMSE may sometimes not give the ideal subsurface geo-
logical structures and anomalies. It is also worth noting that the accurate delin-
eation of the soil-rock interface decreases with increasing measurement error.
This is a key factor in the quantitative assessment of soil-rock interface mapping
(Cheng et al., 2019; Akingboye and Bery, 2021a, b). As a result, the 7' iteration
was considered the best for the RMSE convergence. At this iteration level, the
inverse model resistivity section yielded significantly no or minor changes in
error values, giving the most realistic subsurface geological characteristics com-
parable with the borehole logs.

4. Results

The generated resistivity distribution patterns for the measured and calcu-
lated apparent resistivity pseudosections are practically identical, as depicted in
Fig. 2. The integration of borehole logs (Fig. 3) with ERT models shows a strong
lithological correlation. The borehole-derived logs effectively resolve the difficul-
ties in identifying low-resistive lithologic materials and differentiating water-
saturated zones from clay/silt. Generally, the borehole-derived lithologic units
consisting of topsoil, weathered layer (medium stiff to hard silty clay or clayey
silt), weathered/fractured bedrock, and fresh granitic bedrock are characterized
by resistivity values of < 1000 Qm, < 10 to 800 Qm, < 50 to < 1000 Qm, and
> 1000 Qm, respectively.
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Figure 2. 2D ERT composite model of the measured (top) and calculated resistivity pseudosections
(middle) and inverse model resistivity section (bottom) of RS1.

Comprehensive insights into the nature of the soil-rock interfaces and archi-
tectures were gained by comparing the ERT results with the 2D simplified sub-
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Figure 3. Subsurface lithologic units derived from (o) BH1 and (b) BH2 at the station positions of
110 m on RS1 and RS2 in the study area.
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Figure 4. (a) Inverse model resistivity section and (b) the simplified subsurface geological model of
RS1 with identified soil-rock interface and structures.

surface geological models of the study area. The observed resistivity anomalies
in the study area were truncated by varying fractures (F—F’) and weathered
troughs. Both features constitute the low conductive zones aside from the clayey/
silty sections. The ERT model of RS1, as shown in Fig. 4a, shows that the weath-
ered layer is characterized by clayey silt with a resistivity value of about 70 Qm.
A typical example is a deep-weathered trough between station positions of 95 m
and 120 m. The weathered layer forms circular bodies beneath the moderately
high resistive sections at the near-surface between station positions of 70-90 m
and 140-165 m. The granitic bedrock beneath RS1 had undergone a series of
progressive weathering and fracturing, creating floaters in the form of granitic
boulders. Considering the anomalous features at the western end of RS1, as
shown in Fig. 4b, the two fractures, i.e., F1-F’1 and F2-F’2, delineated at stations
95 m and 120 m, respectively, must have enhanced the deep weathering of the
particular section.

In Fig. 5a, the weathered layer with medium silty clay (< 100 Qm) formed
two isolated low-resistive zones at depths of 10-27 m and 12.5-27 m, respec-
tively. These features extend laterally to about 25 m and 13 m between the sta-
tion positions of 65—95 m and 110-133 m, respectively. Deep-weathering mainly
produced stiff silty clay (< 800 Qm) beneath RS2. Similarly, the deep-weathered
zone at station points of 150—155 m is typical of stiff silty clay, with a resistivity
value of about 500 Qm. The weathered/fractured bedrock units beneath RS2 are
similar to those delineated along RS1 (Fig. 4a—b). The laterally extensive weath-
ered/fractured zones beneath RS2 are interspersed by resistive boulders, with
dimensions ranging from 2—24 m. Also, three penetrative fractures (F3-F’3,
F4-F4, and F5-F’5) were identified at station positions of 65 m, 95 m, and 130 m,



GEOFIZIKA, VOL. 39, NO. 2, 2022, 321-337 329

RS2
w Mode! resistivity with topography E
Tteration 7 Abs. error = 4.1 Granite

Elev. i
Beh R 400 300
3200

3150
3100
305.0

3000 s ~<-._BH1
295.0 e stiff silty clay
290.0- ( a) TRy, ey
285.0 Stiff silty clay ey y
280.0 Sl ~~- [ Granite
. ] () [ ) .. Mediumssilty clay
10.0 30.0 70.0 100 200 500 1000 3000
Resistivity in ohm.m
Elev.

3250100 . ! - )
32007 P s e R -

3150
3100
3050

300.0
205.0 F'
2900
285.0 (b) 7 Fracture
2800 F5 F
i | il Medium slity day Stiff:to-hard silty Weathered/fractured ite Fresh granitic bedrock/boulder
idopsoll I- to clayey silt - clay to clayey siltI - edthered)fractced grant - g /
v
Weathered layer

Figure 5. (a) Inverse model resistivity section and (b) the simplified subsurface geological model of
RS2.

respectively (Fig. 5b). However, F3—F’3 may have been formed by tectonic stress-
es and the gradual weathering of the fractured bedrock.

The resistivity model in Fig. 6 shows moderate to high resistivity patterns,
depicting the partially weathered to massive fresh granitic units beneath RS3
from station positions of 60 to 155 m. This massive bedrock was discontinued by
deep weathering/fracturing at its two flanks, producing stiff-to-hard silty clay
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Figure 6. (a) Inverse model resistivity section and (b) the simplified subsurface geological model of
RS3.
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Figure 7. (a) Inverse model resistivity section and (b) the simplified subsurface geological model of
RS4.

(Fig. 6a—b). Bedrock boulders and multiple fractures (F6-F’6, F7-F’7, and F8&-F’8,
within the station positions of 40—-54 m, 65—75 m, and 150-170 m, respectively)
were also delineated. Like RS3, the resistivity model beneath RS4 (Fig. 7a) depicts
a large fresh granitic boulder of about 45 m in length between station positions
of 82 m and 127 m. Near the surface of the granitic bedrock, at the position of
BH2, the borehole-derived soil (hard clayey silt) was probably formed from the
gradual weathering of the extensive granitic boulder. Multiple penetrative frac-
tures and deep weathering also segregated the imaged large-sized granitic bed-
rock slab. The identified fractures (F9-F’9, F10-F’10, F11-F’11, F12-F’'12, and
F13-F’13) may have enhanced the weathering conditions beneath this traverse,
arising from water saturation and thus produced residual clayey silt (Fig. 7a—b).

5. Discussion

5.1. Soil-rock resistivity characterization: implications for soil-rock architecture,
water-rock interaction, and groundwater development

The subsurface lithologic units beneath the study area are motley topsoil,
weathered layer, weathered/fractured bedrock, and fresh granitic bedrock. Gen-
erally, the topsoil’s thickness extends to a depth of about 2.0 m. In contrast, the
weathered granitic units range from about 1.0 m to a depth above 45 m (deep-
weathered and fractured zones). The weathered/fractured bedrock units are
characterized by varying resistivities (Figs. 4-7) due to small to large-sized boul-
der remnants, except RS3 with massive fresh bedrock. This implies that the
bedrock had significantly been deformed, arising from the progressive weather-
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ing of highly susceptible bedrock minerals such as feldspars and micas (Robineau
et al., 2007; Akingboye and Bery, 2022). As observed in Figs. 4-7, a total of
thirteen fractures were identified and interpreted as F1-F'1 to F13—-F’13. The
observed varying resistivities are attributed to the compositions of subsurface
geology and mainly clay/silt. This is because resistivity decreases with increasing
clay/silt content (Hasan et al., 2020). In addition, water-rock interaction, deep-
weathering, and fractures have significantly reduced the resistivity values of the
subsurface lithologic units (Stober and Bucher, 2015a, 2015b). The soil-rock in-
terfaces are flat to rugous undulating surfaces, especially the granitic bedrock
occurring as small-to-extensive slabs and boulders.

To clearly understand the orientations of the delineated fractures in Figs.
4-17, a fence image for the four resistivity models was produced, representing a
typical 3D subsurface resistivity geotomographic model of the study area (Fig.
8). The major fractures delineated are F1, F2, F3, and F4 (Fig. 8) based on the
apertures and axial directions of the thirteen features identified in Figs. 4-7. F1,
F2, and F3 orientations are approximately NE-SW, while F4 is approximately
in the NW-SE direction. F2-F4 are from the same point and are connected to
other fractured zones. The delineated major fractures are open-to-surface frac-
tures, aiding water infiltration and seepages (Storz et al., 2000; Ganered et al.,
2006; Akingboye and Bery, 2022).

Considering the weathered/fractured zones beneath the study area, there is
a high potential for sustainable groundwater development. The potential zones
are pinned on the weathered/fractured sections in the northern, eastern, and

L 3 0 J | [esjeosjes) Fesiemyesies) § § } |
10.0 30.0 70.0 100 200 500 1000 3000
Resistivity in ohm.m

Figure 8. 3D subsurface resistivity geotomographic model of the study area. The dashed arrows
labeled F1 to F4 indicate the major fractures in the study area.
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southern parts with F2-F4 (Fig. 8). The probable drill depths for boreholes in
this area exceed 45 m, indicating the localization of aquifers preferentially with-
in the deep-weathered and fractured zones (Figs. 4-8). The connectivities, geom-
etries, and apertures of the delineated soil-rock structures are significant factors
in enhancing groundwater distribution and storage in the study area. These
factors are closely related to weathering, fracturing, paleo and in situ stress
regimes, and regional tectonic of the bedrock (Hasan et al., 2020). The massive
resistive granitic bedrock outcropping at or near the surface in the central to
western parts of the study area, especially beneath RS3 (see Figs. 5 and 8), may
significantly reduce the groundwater potential of the area. Due to the silty/
clayey nature of the subsurface weathered bodies, intended boreholes in the
study area should be adequately cased to prevent occlusion.

5.2. Implications of soil-rock resistivity characterization on infrastructure
design

In pre- and post-engineering constructions, understanding the implications
of the observed geoelectric properties of the subsurface lithologic units and soil-
rock interface on infrastructure is essential. The delineated soil profiles, typi-
cally silty clay and clayey silt, with a resistivity of about 70 Qm at the topsoil
and weathered/fractured columns (Figs. 4-8), suggest potential threats to infra-
structures without reinforced foundations. Therefore, foundation failure in the
study area is premised on the petrophysical, geomechanical, and hydrogeological
characteristics of the near-surface soil-rock profiles, interfaces, and structures.
These are the determining factors for the safety and durability of engineered
structures (Akingboye and Bery, 2022; Hasan et al., 2022).

Figure 8 depicts both stable and unstable soil-rock characteristic features and
interfaces. The stable sections are characterized by stiff-to-hard silty clay or clay-
ey silt and massive granitic bedrock. On the other hand, the unstable sections
comprise saturated medium silt clay or clayey silt at shallow and deep sections,
including open-to-surface fractures between station positions of 55 m and 100 m,
and 120 m eastward. Floaters of bedrock boulders at near-surface depths and
unstable (undulating) soil-rock interface are imminent problems, especially for
heavy-weight engineering structures. As a result, the placement of structural
elements of the foundation, such as footings or piles on the unstable sections,
could result in uncontrollable structural defects attributed to ground subsidence,
tilting, cracking, etc (Yalcinkaya et al., 2016). Besides, the fine grain properties
of silty clay and clayey silt, including weathered/fractured sections, have a high
affinity for water retention; hence, they can adversely impact poorly reinforced
foundations (Storz et al., 2000; Robineau et al., 2007; Akingboye and Bery, 2022;
Hasan et al., 2020, 2022). This is because the expansion and shrinkage of the
thick clayey bodies can trigger cracks in foundations due to differential settle-
ment. Even the stiff-to-hard clayey silt bodies may hold a copious amount of
water with time, resulting in foundation failures (Bery and Saad, 2012). In addi-
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tion, pre-stressed and stressed clayey materials are more susceptible to subsid-
ence due to varying environmental conditions under a long-term process of com-
pression and stiffening, resulting in the gradual reduction of pore fluid pressure
and increased effective stress (Soupios et al., 2007). Hence, proper reinforced
foundations and engineering designs are required for high-rise buildings gener-
ally in the study area. Piling to the stable bedrock is recommended, particularly
in eastern and northern sections with low load-bearing near-surface lithological
materials (Figs. 4-8). It is recommended that infrastructure with continuous
foundation footings not be placed on clayey materials alternating with stiffer soils.

6. Conclusions

This study used combined ERT and borehole logs to delineate the soil-rock
interface in a typical wet tropical granitic environment in Perak, Peninsular
Malaysia. The derived soil-rock resistivity models were used to evaluate the
implications of the soil-rock interface and architecture on groundwater and in-
frastructure development. The identified borehole-derived soil-rock features
strongly correlate with the ERT-derived lithologic units in the study area. The
observed resistivity signatures identified the interfaces between the topsoil and
weathered layer (medium stiff to hard silty clay and clayey silt) and the fresh
granitic bedrock. Also, soil-rock features such as boulders, horizontal to gently
dipping bedrock slabs, multiple fractures, and varying weathered troughs were
delineated beneath the area.

The soil-rock architecture of the study area supports sustainable groundwa-
ter development due to the depths of soil-rock structures above 45 m, except for
the western axis beneath RS3. The geometries of the aquifers are considerably
wide, and the fractures are well connected to deep-weathered troughs. On a
lighter note, prospective boreholes in the area may experience silty/clayey intru-
sion and occlusion if not adequately developed and cased. Conversely, the low
subsurface load-bearing and high water retention zones require that intended
infrastructure, particularly high-rise buildings, be piled to stable bedrock with
reinforced foundations to prevent structural defects. Excavation of clay with
alternating stiffer soils, which are pervasive at near-surface depths, should be
carried out before constructing buildings with continuous footings. The massive
fresh bedrock extending westward beneath RS3 is a suitable section for founda-
tion placement in the study area. The present study has contributed signifi-
cantly to the efficiency of ERT and borehole logs in soil-rock interface studies in
wet tropical granitic terrains.
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SAZETAK

Kartiranje dubine osnovne stijene u granitnom okruzenju
kombiniranjem metode elektri¢cne tomografije i busotinskih podataka

Adedibu Sunny Akingboye i Andy Anderson Bery

U ovoj studiji koristeni su elektri¢na tomografija (ERT) i busotinski podatci za kar-
tiranje dubine osnovne stijene ispod cetiri profila (RS1, RS2, RS3 i RS4) u granitnom
terenu Peraka, poluotoka Malezije. Cilj studije bio je procijeniti utjecaje karakteristicnih
znacajki dubine osnovne stijene na podzemne vode i razvoj infrastrukture kako bi se
zadovoljile potrebe godisnjeg porasta broja stanovnika. Litoloske jedinice izvedene iz
busotinskih zapisa i ERT-a snazno su povezane. Odredene litoloske jedinice ukljuc¢uju
gornji sloj tla, istrosene granitne jedinice (srednje ¢vrsta do tvrda muljevita glina ili gli-
nasti mulj s < 800 Qm), tanke do siroke istrosene/raspucane jedinice 1 svjezu granitnu
podlogu. Ovakvi profili tlo-stijena i istroSeni/raspucani otvori podrzavaju odrzivi razvoj
podzemnih voda s dubinama busenja iznad 45 m. Nasuprot tome, utvrdeni slojevi gline/
mulja koji se izmjenjuju s tvrdim tlima, zonama s duboko istro$enim/raspucanim stijen-
ama slabe nosivosti i gromadama osnovne stijene na veéini mjesta, osim ispod profila RS3,
imaju velike sklonosti za zadrzavanje vode 1 diferencijalna naprezanja. Ove znacajke
mogu negativno utjecati na lose ojacane temelje. Stoga, konstruktivne elemente temelja,
kao sto su podnozja ili piloti, treba postaviti na stabilnu stijensku podlogu, posebno u
sredi$snjem do zapadnom dijelu istrazivanog podrucja. Ovo je istrazivanje smanjilo
nedostatak informacija o koristenju metode ERT i busotinskih podataka u istrazivanjima
dubine osnovne stijene u razmatranom podrucju.

Kljucne rijeci: otpornost na granici tla 1 stijene, busotinski podatci, granica tlo-stijena,
granitno podrucje, hidrogeofizika, geoinzenjersko istrazivanje
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