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Abstract- The aim of this paper is to present the
application and interpretation of multi-method near
surface geophysical surveys including electrical
resistivity imaging, total-field ground magnetic
prospecting and ground electrical conductivity
surveying to delineate lateral rock contacts in lgarra
area in Southwestern Nigeria, especially in locations
of poor rock exposure. The multi-method technique
has practical application in detecting fracture zones
for groundwater resource development; besides, the
usefulness in improving the placement of locations
of rock contacts accurately on geological maps. In
the Igarra area, the lateral lithologic contacts have
resulted from the metamorphism and re-
crystallisation  of initial contacts between
sedimentary rocks, and also from late-stage granitic
intrusions into pre-existing meta-sediments. Three
geophysical profiles were taken in the study area.
The profiles traverse contacts involving a transition
from metaconglomerate-to-intrusive granite and two
re-crystallized and rotated sedimentary boundaries;
a metaconglomerate-to-quartzite and a phyllite-to-
metaconglomerate boundary. Each boundary type
yielded consistent diagnostic ground electrical
resistivity and total field magnetic anomalies
indicative of either the presence of groundwater or
magnetic mineral concentrations at the contacts. The
metaconglomerate-to-quartzite contact presented an
electrical conductivity anomaly. However, the
metaconglomerate-to-intrusive granite and the
phyllite-to-metaconglomerate boundary did not
present any electrical conductivity anomaly. The
delineated rock contacts are potential supplementary
source of groundwater and possible locations for the
concentration of valuable minerals in the lgarra
area.

Indexed Terms- Lithologic contacts, near surface

geophysics, low aperture fractures, groundwater,
lgarra Schist belt.
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l. INTRODUCTION

Geophysical surveys rely on contrasting physical
properties to delineate changes in subsurface
conditions of underlying rock units. Such physical
properties include the density of the rocks, magnetic
susceptibilities, electrical conductivity occasioned by
the amount of electrically conductive minerals and
water present within the rock voids (Booth et al., 2019;
Pazzi et al., 2019). Frequently, the contrast in rock
property is evident and detectible in the vertical
dimension (i.e., depth-wise), such as traversing the
weathered overburden to the fresh bedrock or the
lateritic topsoil to the top of the weathering substrate
in areas of deep weathering (Rizzo et al., 2004;
Robineau et al., 2007; Aminu, 2015a, 2018). In the
lateral dimension, fractures within basement rocks and
transitions from clayey soils to sandy loams offer the
best candidates for detection and delineation (Park and
Roberts, 2003; Bufford et al., 2012; Aminu et al.,
2014; Chavez et al., 2014). Lateral contacts between
different bedrock lithologies are often difficult to
detect. When they are not the result of the
juxtaposition of lithologies against one another as a
result of faulting, lithologic contacts within the
bedrock result from two basic scenarios: 1) the
intrusion of younger magmatic bodies into pre-
existing  bedrock lithologies and; 2) the
metamorphosis and subsequent rotation of originally
horizontal boundaries between sedimentary units. The
challenge with imaging these boundaries is that they
often involve the re-crystallisation of the initial rock
interfaces. This creates a gradual transition from the
properties of one lithology to the other and the
geophysical response becomes smeared-over and
subtle. It is, however, possible that such re-
crystallisations create detectable boundaries, such as
hornfelsic rock suites or chill zones which may contain
small aperture fractures, and flexural slips along the
lithologic boundary which have resulted from folding
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of the initial rock units (Tanner, 1989). These fissures
can encourage the flow of juvenile fluids and the
precipitation of both magnetically or electrically
conductive minerals in reasonable concentrations
(Pirajno, 2009).

In this paper, observations from multi-method
geophysical surveys across three categories of bedrock
lithologic boundaries are presented; 1) a hornfelsic
boundary resulting from the intrusion of a granitic
rock into earlier metaconglomerates; 2) a
metaconglomerate-quartzites contact blinded over by
thin soil cover; and 3) a phyllite-metaconglomerate
contact along which fractures have developed. We
have established that by careful observation and
interpretation, lithologic contacts/ boundaries can be
detected using geophysical surveying.

Conventionally, geophysics tools are employed in the
investigation of subsurface geologic structure for
diverse reasons (LaBrecque et al., 1996; Zume et al.,
2006; Frid et al., 2007; Lines et al., 2012; Aminu et
al., 2014, 20153, b, 2018). The geophysical techniques
provide non-invasive sensing of rock properties with a
reasonable trade-off between cost and accuracy.
Geophysics tools have found extensive use in
groundwater prospecting (Zume et al., 2006; Frid et
al., 2012; Mohamed et al., 2012), in construction-site
investigations (Soupios et al., 2002; El-Qady et al.,
2005; Chavez et al., 2014; Yassin et al., 2014; Aminu,
2018), in mineral exploration (Hoover et al., 1992;
Kataka et al., 2018), and in delineating bedrock
morphology and spatial distribution of underlying
geologic features (Aminu, 2015a). They are also
useful in ground corrosivity studies (Ekwe et al.,
2018), in quantitative estimation of in-situ
geotechnical properties (Anderson, 2006; Cosenza et
al., 2006), and in unravelling the tectonic history of
surveyed areas (Bufford et al., 2012; Aminu et al.,
2014).

Bufford et al. (2012) imaged the geometry and nature
of fault activity along the Okavango Rift Zone in
Botswana in the southwestern branch of the East
African Rift System. The rift zone was delineated as a
low resistivity path which was interpreted to channel
both surface water and groundwater from the
Okavango delta and re-circulating it through lacustrine
and fluvio-deltaic sediments of the basin. EI-Qady et
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al. (2005) employed ground-penetrating radar and
electrical resistivity imaging to reveal the subsurface
structure of a Karst cave over a proposed site for low-
income residential apartments in the eastern parts of
greater Cairo. Previously unknown extensions of the
cave system were delineated as zones of marl, and
multiple vertical fractures in limestones. Aminu et al.
(2014) employed electrical resistivity imaging to
delineate the Uneme-Nekhua fracture zone. The
fracture zone was imaged as consisting of two distinct
fractures where deformation had ceased on one
fracture and had been transferred to the other. Park and
Roberts (2003) utilize prior magnetotelluric (MT) data
and electrical resistivity and formation factor data
from core plugs of sedimentary rocks within the San
Andreas Fault to offer an alternative interpretation of
MT data presented in Unsworth et al. (1997). They
averred that the anomalous region resulted from
conductive sedimentary rocks within the plunging
syncline adjacent to the fault rather than fractured
rock.

1. GEOLOGICAL SETTING

The study area is located between Longitudes 05° 43'E
and 05 ° 47" E, and Latitudes 07° 27'N and 07° 31'N
within Igarra area in the extreme north of Edo State,
Nigeria, (Figure 1). The study area is within the Igarra
schist belt of the Basement Complex of southwestern
Nigeria, a region consisting of predominantly of
migmatitic and granitic gneisses (Rahaman, 1989;
Turner, 1989). The area consists of a westward sloping
low lying area walled on the eastern side by a N-S
trending granitic ridge which rises above the
surrounding areas. Topographic relief is 345 m above
sea-level and reaches up to 600 m on the top of the
granitic ridge. Drainage is provided by a number of
seasonal streams flowing from the high reliefs in the
east and empty west of the town. The lgarra town is
curved around the south-western end of the granitic
ridge.

The lgarra area is characterized by an open synform
which refolded in E-W folds. The mini-basin consists
of  metamorphosed  calcareous rocks and
conglomerates occurring along with quartzites as
steeply dipping bands in the dominant biotite gneiss
(Turner, 1989). Older migmatites form the periphery
around the synform. The structural evolution of the
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area began with crustal thinning (Figure 2) that led to
the formation of a mini-basin which was filled by
sediments obtained from the adjoining continental
areas. A metamorphic episode and two deformation
episodes led to re-crystallization, folding and refolding
of the initial sedimentary pile and the development of
abundant fractures. The next phase was followed by
late-stage intrusives, mostly of mostly of porphyritic-
granite and minor amount of aplite/

N\ Auchidbilloxp. Wa

Fig. 1. Map of the study area (Google 2018). The

Igarra Township curves around the south-western

edge of the granitic ridge which blinds its eastern

limits. Traverse locations are indicated in yellow

discs. Dashed arrow lines (not to scale) indicate
traverse orientation.

pegmatite, syenite, and subsidiary quartz vein.
Subsequently, tectonic uplift and erosion exposed
lateral alternations of metasedimentary rocks and their
contacts with intrusive granites. Hornfelsic rocks are
common at the contacts with intrusive granites. The
geologic associations and structural development of
the area have been discussed in details by Odeyemi
(1988), Annor (1998) and Ogbe et al. (2018).

I1l.  STUDY PROFILE SITES

Three profiles from three independent surveys were
taken within the lgarra area (Figure 1). One profile
straddled across a contact between  host
metaconglomerates and its granitic intrusive with
hornfelsic textured rock at the contact. The contact is
visible along a road-cut exposure on the Auchi-Ibillo
expressway. The second profile was taken across a
metaconglomerate-to-quartzite boundary which is
covered by thin overburden. Metaconglomerate and
quartzite outcrops are visible few metres away on
either side of the inferred contact. The third profile

IRE 1702691

straddled across the Orle river channel in the northern
part of lgarra town. Along this profile, the channel is
known to occur approximately along the lithologic
contact between phyllites which outcrop few meters
south of the river channel axis and metaconglomerates
which outcrop few tens of metres north of the river
channel.

IV.  MATERIALS AND METHODS

A. Data Collection

The three (3) traverse locations in the study area are
presented in Figure 1. The first traverse, T1, has a total
length of 100m and it straddled across a contact
between a host metaconglomerate rock and its
intrusive granitic guest. T1 traverse is situated in a
northwest-to-southeast direction along the southern
shoulder of the Auchi-Ibillo road. The actual contact
is marked by hornfelsic (burnt) rocks exposed by a
road-cut adjacent to the northern shoulder of the road.
The second traverse, Tz, is 100 m long and straddled
across a contact between metaconglomerate and
quartzite in a southwest-to-northeast direction. The T,
contact is covered by relatively thin overburden and
outcrops of metaconglomerate and quartzite can be
seen not far from the inferred contact on both sides.
The third traverse, Ts, is 200 m long and straddled
across the fracture-controlled Orle river channel in a
southeast-to-northwest trend. Phyllites outcrop less
than 10 m south of the river channel and
metaconglomerates can be seen at about 60 m on the
northern side. Each of the three traverses is part of
wider multiple surveys to characterize rock contacts in
the study area. Data collected were 2D Electrical
Resistivity, Total Magnetic Field Intensity, and
Electrical Conductivity. Electrical resistivity data
were collected using the ABEM 1000 Terrameter
system. The dipole-dipole electrode array
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Fig. 2. Idealised model of the geological evolution of
the lgarra area. Subsidence, sedimentation,
metamorphism and associated folding and finally
erosion have resulted in lateral lithologic contacts
between metasediments and igneous intrusives
(Modified after Ogbe et al., 2018).

was employed in all the surveys. Dipole spacing on T
and T» was 5 m and a maximum dipole length of 40 m
was achieved on each traverse. On T3, dipole spacing
was maintained at 10 m and a maximum dipole length
of 70 m was achieved. Total magnetic field intensity
measurements were collected on all traverses using the
GEMS System Magnetometer. Magnetic data were
collected at 5 m spacing on all three traverses. Ground
electrical conductivity data were collected at 5 m
station spacing along all three traverses using the
Geonics Coplanar loop EM34 system. A coil
separation of 10 m was utilized. Data were collected
in March 2017, just at the beginning of the rainy
season.

A. Data Processing

Electrical resistivity data were de-spiked and data
inversion was performed using DIPROfWIN 4.0.1, a
2.5D finite element modelling inversion algorithm (Yi
and Kim, 1998). The program utilizes the Active
Constraint Balancing scheme to determine the
spatially varying Lagrangian multipliers for the least-
squares inversion algorithm in a bid to optimize
between robustness and smoothness of the inversion:
an initial synthetic subsurface resistivity distribution
model is computed and matched with the actual
resistivity distribution, the difference between the two
is reduced via an iterative process until a reasonable fit
is achieved. Once the mismatch error drops below 5
%, the inversion is deemed suitable and the iteration is
stopped. Three images were produced, namely: the
observed field data pseudo-section, the computed
theoretical data pseudo-section, and the inverted
subsurface resistivity structure. Visual inspection of
the observed field data pseudo-section distribution and
the computed theoretical data pseudo-section further
helped in the assessment of the robustness of the
inversion. In this paper, a logarithmic colour display
was utilized as the inverted resistivity range was wide
(>20,000 Ohm-m). The display was limited to the
range 89 - 6,000 Ohm-m as that provided the best
visual representation of resistivity distributions along
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the traverses. Topographic variations were factored in
during the inversion process for T, and Ts. The site for
T, was flat. Total magnetic field intensity data were
smoothened for spikes and reduced using a regional
32,500 nT background value. The resulting Residual
Magnetic Intensity (RMI) values were presented along
the traverses. Electrical conductivity measurements
were simply plotted against station positions.

B. Interpretation Criteria

Interpretation criteria for resulting 2D subsurface
resistivity structures of the subsurface of the study area
is similar to those utilized by Aminu et al. (2014,
20154, b). High laterally and or vertically continuous
resistivities in the subsurface and at depth (usually
above 1,500 Ohm-m) were interpreted to indicate
unfractured  bedrock. Low continuous-in-the-
subsurface resistivities (usually below 150 Ohm-m)
were interpreted to represent water-saturated surficial
humus and clay-rich top-soil. Resistivities ranging
from 160 - 1,500 Ohm-m were interpreted as partly
weathered bedrock, conductive fracture paths or
possibly lithologic contacts, depending on the lateral
and vertical continuity and geometry of the imaged
responses.  Inflection  points on  magnetic
measurements and conductivity lows were interpreted
as possible fracture zones or rock contacts. Rock
contacts are weak zone with the potential to host
fractures. Magnetic and electrically conductive
minerals can accumulate along these fractures when
hydrothermal fluids and groundwater flow through
them (Pirajno, 2009). Further, interpretations of the
geophysical responses from all data were constrained
by the geological information afforded by the
geological setting and rock outcrops within the area.

V. RESULTS

Figure 3 is a panel consisting of plots of the inverted
2D subsurface resistivity response beneath T; and the
corresponding residual magnetic intensity and
electrical conductivity responses. Ti traverse is
oriented in northwest-to-southeast direction. High
resistivity responses (>1,500 Ohm-m) are continuous
at depth along the profile. The upper limit of this
response is undulating and shallow in the southeastern
half of the traverse at roughly 3 - 4 m below the ground
surface. In the northwestern half, the depth to this high
resistivity

ICONIC RESEARCH AND ENGINEERING JOURNALS 147



© MAY 2021 | IRE Journals | Volume 4 Issue 11 | ISSN: 2456-8880

Elect. Cond. (ms)
w & =
& 8 &

T
0 10 20 30 40 50 60 70 80 90 100
Distance (m)

. 800

©

< 600

Z a0 !

0 10 20 30 40 50 60 10 80 90 100

Metaconglomerate Granite exposure

|
Nw 1 | 1 SE
0 20 30 4 50 6 70 8 90

Hornfels

0.0

Depth{m)
&~
o

o

-
g
=)

89 257 734 2099 6000 {ohm-m}

Fig. 3. Composite panel of 2D subsurface resistivity
image, residual magnetic intensity, and ground
electrical conductivity response along traverse 1. The
metaconglomerate-granite contact is marked by lower
resistivity responses, deeper weathering profile and a
distinct magnetic anomaly at about the 30 m marks.

response reaches 8 - 12 m. Very low resistivity
response patterns (<150 Ohm-m) occur in the near-
surface 2 - 3 m of the traverse in the southeastern half
of the traverse and caps and fills troughs atop the high
resistivity responses. Intermediate resistivity (160 -
1,500 Ohm-m) patterns occur from the ground surface
to depths of 5 - 10 m in the northwestern half of the
traverse. An asymmetric residual magnetic anomaly
occurs at about 25 - 35 m along the traverse. The
magnetic anomaly roughly coincides with the location
of hornfels along the traverse. The conductivity plot is
flat at 44 - 48 mS almost all through the traverse. The
exception is in the southeastern end where
conductivity drops off to 32 mS.

Figure 4 is a panel consisting of plots of the inverted
2D subsurface resistivity response beneath T, and the
corresponding residual magnetic intensity and
electrical conductivity responses. This traverse is
oriented in the southwest-to-northeast direction. High
resistivity responses (>1,500 Ohm-m) occur at depth
from the southwestern end of the traverse till roughly
the 50 m position. The upper surface of the response
occurrs at an average depth of 3 m below the ground
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surface with an undulating topology. The pattern
coincides with the area with  numerous
metaconglomerate rock outcrops occur. A second,
high resistivity pattern, occurs at 65 - 85 m along the
traverse and coincides with a region of outcropping
quartzites. These two high resistivity patterns are
separated by an intervening intermediate resistivity
pattern (160 - 1,500 Ohm-m) that extends from an
average depth of 3 m beneath the ground surface at 45
— 65 m. The intermediate pattern appears to dip in the
northeast direction at a high angel of ~60°. The
residual magnetic plot bears a magnetic low at 25 — 40
m within outcropping metaconglomerates. Electrical
conductivity is generally low (15 mS) but has a clear
negative signature at 40 - 60 m.

Figure 5 is a panel consisting of plots of the inverted
2D subsurface resistivity response beneath T3 and the
corresponding residual magnetic intensity and
electrical conductivity responses. The traverse was
oriented in the southeast-to-northwest direction.

Elect. Cond. (mS)

89 257 734 2099 6000 (chm-m)

Fig. 4. Composite panel of 2D subsurface resistivity
image, residual magnetic intensity, and ground
electrical conductivity response along traverse 2. The
inferred contact is coincident with lower bedrock
resistivities and a low ground electrical conductivity
anomaly while also roughly northwards of a distinct
magnetic anomaly. The contact possibly dips
northeast at high angles and may host fractures in the
bedrock (Black dashed lines).
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Fig. 5. Composite panel of 2D subsurface resistivity
image, residual magnetic intensity, and ground
electrical conductivity response along traverse 1. The
contact region coincides with low bedrock resistivity
and an asymmetric magnetic anomaly. It appears
wide (100 — 150 m) and hosts fractures (white dashed
lines) some of which are visible in rock at the
channel bottom in the dry season.

The resistivity response consists of three patterns. The
first response pattern had high resistivity responses
(>1,500 Ohm-m) that occurred continuously at depth
nearly all through the section. Generally, the upper
limits of the high response patterns occur at 2 - 4 m
depth. However, the pattern nearly reached the surface
at 40 - 50 m and 60 - 70 m. In the northern extremes
of the traverse, the pattern reached the surface. Phyllite
outcrops were found in the west of T3 traverse at the
60 - 70 m mark. Low-lying metaconglomerate
outcrops were found in the East of the northern end of
the traverse. The upper limit of the pattern also forms
a trough between 80 m and 150 m. Beneath the trough
region, much lower resistivity responses occur and
appear to separate the high resistivity response pattern
into two segments. Low resistivity responses (<150
ohm-m) occur at the surface at 90 - 130 m reaching a
maximum depth of ~ 6 m. The pattern sits within the
trough on the upper limit of the high resistivity pattern
and is largely coincident with the Orle river channel at
85 - 105 m. On T3 traverse, intermediate resistivity
responses (160 - 1,500 Ohm-m) occur in the near-
surface of the southern end of the traverse (18 - 36 m
and 50 - 60 m) and as a generally thin layer underlying
the low resistivity responses within the trough region.
They separate the high resistivity and low resistivity
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responses. Between 120 - 160 m, the pattern extends
to depths greater than 20 m and appears to separate the
high resistivity response pattern into southern and
northern segments. The residual magnetic anomaly is
positive along the traverse and shows as a distinct
asymmetric magnetic anomaly in the middle of the
traverse (90 - 100 m). The inflection point on the
anomaly is approximately coincident with the location
of Orle river channel. The conductivity response
oscillates in no systematic pattern from 1 - 28 mS.

VI.  DISCUSSION

The panels presented in the result section describe the
geophysical responses across three distinct lithologic
contact types: Type 1, a metaconglomerate-granite
contact that resulted from the intrusion of late-stage
granites into pre-existing metaconglomerate (Figure
3); Type 2, is a metaconglomerate-quartzite contact
that resulted from the co-metamorphoses of the
individual parent sedimentary rocks (conglomerate
and sand-rich sandstones), then the original sediment
interface was re-crystallized and rotated to the vertical
plane by folding, and Type 3, a phyllite-
metaconglomerate contact that was formed in similar
fashion to the metaconglomerate-quartzite contact and
which subsequently had experienced extensive
fracturing. These lithologic contacts are different from
conventional along-fault juxtaposition of rocks which
generally have wider aperture deformation zones
(fault zone) that have been well imaged in literature
(Unsworth, 1997; Park and Roberts, 2003). In contrast,
lithologic contacts are low aperture zones which may
host chill-zones and hornfels such as when resulting
from intrusives (Types 1), or which may host flexural
slips along contact lines during subsequent folding
episodes (Types 2), and even low aperture fractures

(Types 3).

The metaconglomerate-granite contact (Figure 3)
presented with two distinct geophysical signatures; the
subsurface electrical resistivity response increased
significantly (from intermediate resistivities [160 -
1,500 Ohm-m] to >1,500 Ohm) in traversing the
contact from metaconglomerate to granite. Further,
overburden development is deeper on the region of the
pre-existing metaconglomerates (up to 8 m deep) in
contrast to shallow development in the region with
granites (averagely 3 m). A clear magnetic anomaly

ICONIC RESEARCH AND ENGINEERING JOURNALS 149



© MAY 2021 | IRE Journals | Volume 4 Issue 11 | ISSN: 2456-8880

also coincided with the outcrop location of hornfels
(burnt rock) between the two lithologies. No electrical
conductivity anomaly was identified on the contact. In
the metaconglomerate-quartzite contact (Figure 4), the
inferred contact was characterized also by distinct
geophysical signatures: 1) the subsurface electrical
resistivity response at the inferred contact was much
lower for depths in excess of 4 m compared to either
side of the contact. The contact zone appears to be
about 8 m wide and has an apparent dip of roughly 60°
in the northeast direction. A low electrical
conductivity anomaly was also largely coincident with
the inferred contact. A magnetic low overlies the
region  with  outcropping  metaconglomerates
approximately 10 m southwest of the inferred contact.
It is possible, though challenging, to ascribe this
magnetic anomaly to the inferred contact. It is
plausible that the contact involves flexural-slip or
fracturing resulting from the folding episodes which
deformed and rotated the boundary. The Phyllite-
metaconglomerate contact (Figure 5) also presented
two clear geophysical anomalies: (1) Subsurface
resistivity response beneath the channel-pass was
much lower (intermediate resistivities — 1,000 - 1,500
Ohm-m) compared to the rest of the section for depths
greater than 6 m. The area is about 50 m wide
(spanning 100 — 150 m along the traverse). Multiple
fractures were inferred within the area with a few
visible at the bottom of the Orle river channel during
the dry season when the river volume is low. (2) An
asymmetric magnetic anomaly that coincided with the
location of the Orle river channel in the southeastern
section of the lowered resistivity anomaly. The
anomaly shape is indicative of a fracture with a
northwest dip.

The electrical resistivity and total field magnetic
survey methods offered the most consistent and robust
diagnostic anomalies over the lithologic contact zones
in all the three cases. That consistence possibly
resulted from the development of fractures and
flexural slips along the contacts which subsequently
allowed the flow of either groundwater or late-stage
magmatic fluids through the rocks. Those two
processes lowered the electrical properties of the
contact zones thereby making them detectible. They
also present the potential to concentrate magnetic
minerals along those zones either through wall-rock
mineral alterations or via the deposition of magnetic
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minerals by magmatic fluids (Pirajno, 2009).
Although ground electrical conductivity surveys
respond to both lowered resistivity (inverse of
conductivity) resulting from the presence of water in
fractures and higher electrical conductivity due to the
presence of magnetic and conductive minerals, its
failure to consistently detect the contacts in this study
possibly resulted from the relative low aperture-size of
the contacts in comparison to the special resolution of
the coil spacing employed.

CONCLUSION

In this paper, three geophysical traverses involving the
application of 2D electrical resistivity imaging, total
field magnetic and ground conductivity data were
utilised to identify candidate rock contacts within
Igarra  area. The contacts between  host
metaconglomerate and intrusive granites, and
metamorphosed  metaconglomerate-quartzite  and
phyllite-metaconglomerate boundaries have low
aperture fissures compared to major faulted structures.
The contacts consistently indicated electrical
resistivity anomalies; as a zone of deep-weathering at
hornfelsic rocks at the metaconglomerate-granite
contact and as a vertical to near-vertical lower
resistivity structures in the imaged bedrock in the
metaconglomerate-quartzite and phyllite-
metaconglomerate contacts. Magnetic anomalies are
associated with all three contact types. Only the
metaconglomerate-quartzite contact show identifiable
ground electrical conductivity anomaly. This study
indicates that by applying multi-method geophysical
surveys and careful interpretation, rock contacts can
be delineated with a high level of certainty. This is
important as rock contacts may contain narrow
aperture fracture zones and flexural slip which may
serve to channel groundwater or host valuable mineral
resources. The results further established that careful
applications of near surface geophysical prospecting
can aid the determination of lithologic boundaries in
areas of poor rock exposure. This can be useful in
improving the placement of lithologic contacts of
geological maps.
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