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Near-surface geophysical methods such as Semiconductor LASER Light Box (SCLLB) and Proton Precession Mag-
netometer (PPM) coupled with Vertical Electrical Soundings (VES) and water dowsing approach are used to
measure the vein width of Groundwater (GW) on the Earth's surface at fifteen locations in the Deccan Trap
flood basalt area in Pune region, Maharashtra, India. The main objective is to validate old simple water dowsing
way of GW detection in hard rock using the established modern science and technology namely VES, PPM and
SCLLB techniques. On the basis of deflection of the L-shaped copper rods, the presence of GW with clues on
the edges of GW vein is detected using the old traditional dowsing method. The efficacy of dowsing is verified
by VES. It is found that apparent resistivity in the range from 48Ωm to 117Ωm over the GW location delineated
by the dowser is relatively low, thus confirming the presence of GW in the study area. Variation in the intensity of
Earth's Magnetic Field (EMF) measured by PPM is found in the range from 37,788nT to 43,242nT over GW loca-
tions. High magnetic intensity values indicated high GW potential in weathered vesicular-amygdaloidal basalt
and magnetic field gradient changes enabled to calculate GW vein width. It is suggested that water dowsers
might get a dowsing reaction as a result of entering into magnetic field gradient changes caused by GW. Digital
barometer records the atmospheric pressure (P) and temperature (T) showing that both P and T are higher than
the non-GW location which alters refractive index (RI) of medium over GW locations in the study area. A small
change in RI alters the intensity of the semiconductor laser beam (≈234 μA to 1204 μA) indicating the edges of
GW vein, thus giving the width of the vein. The results obtained by PPM and SCLLB match with dowsing re-
sponses. It is found that GW sources and width of GWvein (≈1m to 6m) in Deccan basaltic terrain can bemea-
sured quickly andwith ease by using SCLLB in comparison to VES and PPM. It is concluded that the application of
proposedmodern instrumental measurement survey by PPM and SCLLB coupled with the old simple technology
of water dowsing demonstrated the potential to generate a subsurface water resource database at the national
level, especially in hard rock.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

The effect of location and its geophysical properties on detection of
Groundwater (GW) has been known since ancient times. The near-
surface geophysical survey is an indirect measurement to map the sub-
surface features including GW (Basavaiah, 2011; Nazaruddin et al.,
2017). On the other hand, direct measurement of the Earth's radiation
is also an important stage to characterize the subsurface conditions
adhikari).
(Foulkes, 1971; Kristel, 2016). From ancient times, dowsers have used
Y-shaped twig, pendulum, L-rods and other similar devices to detect
GW vein (Hacker et al., 2008). When the dowser crosses GW vein,
there is a reaction in the form of deflection in L-rods, swinging of
Y-twig or gyration of a pendulum (Maby and Franklin, 1939; Croome,
1994; Bachler and Living, 2007). Dowsers were deployed to locate
wells that could give perennial water since time immemorial. However,
the phenomenon of dowsing is debatable and it poses challenges in
front of researchers. Several researchers (Foulkes, 1971; Chadwick and
Jensen, 1971; Harvalik, 1978; Betz, 1995; Enright, 1995; Jishan, 1995;
Saunders, 2003; Carrubba et al., 2007) have presented their views
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related to accuracy in finding the Earth radiation caused by GW. How-
ever, till date dowsing phenomenon could not be accepted because it
is a crude technique and does not give any numerical values or a reading
(Kristel, 2016).

The study of the Earth's Magnetic Field (EMF) is considered as the
earliest geosciences of the first true scientific treatise. When two differ-
ent geological subsurface rocks are in contact, a conduction discontinu-
ity is created that can weaken or potentiate the magnetic fluctuations
(Rikitake and Honkura, 1986; Basavaiah, 2011). Since the beginning of
the 19th century, significant changes in the GW exploration methods
have been deployed (Bays, 1950; Emenike, 2001; Nazaruddin et al.,
2017). The variations in the properties of subsurface furnish the basis
for the fivemainmethods of geophysical prospecting, namely electrical,
gravitational,magnetic, radioactive and seismic (Page, 1968; Pluhowski,
1972; Zohdy et al., 1974; Kelly, 1977; Todd, 2007; Ling et al., 2016;
Xuelong, 2018).

Generally, while conducting any geophysical investigation for explo-
ration of GW, the basic principle of the geophysical method is to send
some signals either in the form of electric current, seismic waves or in
other forms and get the responses from the subsurface. The interpreta-
tion of signal variation results in existence or non-existence of sources
such as the location of subsurface structural details, aquifers, spatial
contact, petroleum, and mineral deposits. All these modern methods
are lengthy, time-consuming and complicated as compared to the old
traditional behavior and traits of nature by dowsing to explore GW
sources (Dharmadhikari et al., 2011).

For instance, a small variation in atmospheric temperature (T) can
cause variation in Refractive Index (RI) of air, which presents significant
challenges for laser propagation (Ochs et al., 1969; Wesley, 1976;
Andrews and Phillips, 2005). In the present paper, the same principle
was used for developing a new GW exploration technique to identify
edges of GWvein using Semiconductor LASER Light Box (SCLLB). The at-
mospheric pressure (P) and Twere recorded in the SCLLB on the GW lo-
cation identified by the dowser. On the same location, the intensity of
the total EMF was measured using PPM. In order to authenticate the
presence of GW, Vertical Electrical Sounding (VES) was carried out in
the study area and the presence of GWwas corroborated. The electrical
resistivity method is one of the most promising techniques, which is
well suited for the applications in the fields of geohydrology, environ-
mental science and engineering (Urish and Frohlich, 1990; Barker and
Moore, 1998; Yadav and Singh, 2007; Kumar et al., 2010).

The study of GW availability in the Deccan Trap flood basalt area is
presented with a specific focus on thewidth of the GW vein and discus-
sion of the science behind dowsingmethod. Also, an effort wasmade to
provide scientific evidence for L-rod dowsing way of GW detection on
Earth surface by the well-supported experimental evidence using the
most sophisticated instruments, namely PPM and SCLLB. Recording
and processing of multidisciplinary data provided complementary in-
formation to understand the subsurface with GW availability, especially
in hard rock areas.

2. Geomorphological and hydrogeological setting of the study area

The field work was carried out at 15 locations in Pune region,
Maharashtra within western Indian peninsula at 18031′N Latitude and
73055′E Longitude (Fig. 1a) between January–May 2016 and 2017.
The study area included residential, non-residential areas and inter-
state highways situated in the valley of Mula and Mutha rivers on typi-
cal rugged Deccan topography (popularly known as Deccan Traps)with
elevation difference between the highest and lowest point being 30 m.
The mountain and hill ranges in the west, river basins with undulating
topography at the center, and in the east highland plateaus with wider
river basins mark the physical landscape of the region (Bhakare,
2010). Geomorphologically (Fig. 1b), the entire study region of Pune is
mainly formed by two major parts of the Western Ghats and 2000 m
thick multiple layers of Deccan basalts formed in the prolonged Deccan
volcanic activity initiated in magnetochron 31R between 65 and 71 Ma
during Late Cretaceous period (Basavaiah et al., 2018). Hydrogeological
map in Fig. 1c shows that the study area is dominated by hard basaltic
rocks with discontinuous lineaments and hilly terrain (Gabale, 2016).

The occurrence of GW in limited quantity within hard rock terrains
such as Deccan Traps is well known. The type of basalt, its degree of
weathering, and the nature and intensity of fracturing, control the
occurrence and movement of GW resources in the Deccan basalt
(Kulkarni et al., 2000). The main aquifer horizons occur in vesicular,
fractured and weathered amygdaloidal basalts (Pawar, 1993). The
inter-trap formations, such as red bole, also form aquifer horizons at
places. The study area is dominated by zeolites as cavity fillings and
veins in the basalt. The natural zeolites are characterized by water mol-
ecules in the pores and voids of the structure (Querol et al., 2002). This
near-surface geophysical studywas planned to understand the physical
framework of basalts within which GW resides and moves.

3. Methodology

The methodology that has been utilized for carrying out this work
was related to dowsing for GW, which is a qualitative aspect that has
been well established since ancient time and has an accuracy of more
than 90% (Bird, 1993). L-rod dowsing has been used in the present
study to identify the edges of the GW vein. To confirm the GW veins
identified by dowsing, VES stations were established at two Girivan
locations (S.Nos. 10 and 11 in Table 1). The resistivity measurements
were carried out using SSRMPAT computerized DC resistivity meter
(Integrated Geo Instruments & Services Pvt. Ltd., Hyderabad, India)
with permissible tolerance of ±5% by adopting the Schlumberger
electrode configuration (Sharma and Baranwal, 2005; Mahmoudzadeh
et al., 2012).

The VES data were processed and interpreted with curve-matching
techniques using theoretically calculated master curves (Orellana and
Mooney, 1966). To reconstruct the depth sections of the profiles, the
measured data were plotted on a log-log graphwith the apparent resis-
tivity values on the y-axis and the distance in current electrode spacing
(AB/2) on the x-axis for the electrical soundings. The interpretation of
resistivity depth curves was done by curve matching technique of
small segments of a field curve with an appropriate theoretical curve
to calculate the thickness (h) and apparent resisitvity (ρa) of particular
layers. The initial Earth models were double checked and reinterpreted
using 1D modeling program (IPI2Win of Moscow State University,
2001) to obtain final Earth layered resistivity models (Bernard, 2003;
Bureau of Indian Standards, 2007; Gurugnanam et al., 2018).

The newly-developed SCLLB by our group with measurement accu-
racy up to 1 μA was used on the edges of GW veins identified by the
dowser. On observing the changes in the readings of the SCLLB, it was
decided to use PPM on the same spots to check the EMF variability in
the area. To further understand the effect on LASER light, atmospheric
P and T were measured using digital barometer in the SCLLB over GW
and non-GW locations. Thus, the qualitative aspect of dowsing
was checked by quantitative aspects such as VES, SCLLB, atmospheric
P and T and PPM.

4. Experimental procedure

4.1. Dowsing for identification of edges of Groundwater vein

In the study area, the dowsers moved in search position and wher-
ever deflection of copper L-rods occurred, the point was marked. After
crossing the identified edge, the L-rodswere again brought in searchpo-
sition till they deflected again at the next edge of the GW vein. The
dowser stood at themid-point of the identified edges in search position
of the L-rods for confirmation of GW existence. In case the L-rods
deflected after some time, it was considered that the dowser is over
the GW vein. If no deflection occurred in L-rods, it showed an absence



Fig. 1. Study area. (a): Map showing survey localities in Pune region along with inset maps of India, Maharashtra and Pune district, (b): Geomorphology of Pune city (Gabale, 2016), and
(c): Hydrogeology of Pune district (Mishra, 2013).
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of GW vein below. The dowser thenmoved criss-cross for establishing a
number of edge points in the study area (Fig. 2). All such points were
marked on site to form GW vein edges at that location.

4.2. Vertical Electrical Soundings and Semiconductor LASER Light Box

Further, the existence of GW was evaluated and confirmed using
well-established VES method finding the GW potential in shallow
subsurface zones of the locations identified by the dowser. A grid of
30 m × 30 m was plotted around the location confirmed by VES and
dowser in the study area at an interval of 2 m aligned in North-South di-
rection (Fig. 2). SCLLB was used to find the variations in the current (μA)
on the same GWvein edges, where dowser had L-rod deflection. Follow-
ing procedure was adopted for conducting the field test by using SCLLB:

a) Profile lines and grid point locations were made as shown in Fig. 3.
b) All the 15 locations were open plots on which a total of 3840 read-

ings were taken.



Table 1
Observation showing variations in current data by Semiconductor LASER Light Box, Earth magnetic field intensity by PPM and width of Groundwater vein.

Location
No.

Location Current (μA) using
Semiconductor
LASER Light Box
(SCLLB)

Variation in
current (μA)

Total intensity of
Earth's Magnetic
Field (nT) using PPM

Variation in Earth's
magnetic field (nT)

Groundwater (GW)
Vein Width (m)

Latitude Longitude Non-GW (A) GW (B) A - B Non-GW (C) GW (D) D - C Dowsing PPM SCLLB

1 18°28′19.48″N 73°56′08.05″E 1800 800 1000 35,567 42,190 6623 4.9 5.9 6.0
2 18°28′19.26″N 73°56′10.93″E 1568 1002 566 34,456 38,023 3567 4.2 3.8 4.0
3 18°28′18.41″N 73°55′55.88″E 1347 345 1002 34,567 43,242 8675 1.8 2.3 2.0
4 18°27′14.36″N 73°55′47.77″E 1234 613 621 34,566 38,553 3987 4.8 5.0 4.9
5 18°27′13.36″N 73°55′45.77″E 1789 1204 585 34,578 37,788 3210 1.8 2.5 2.0
6 18°28′58.41″N 73°57′08.01″E 1234 234 1000 34,567 42,131 7564 4.7 4.9 5.0
7 18°37′11.03″N 73°44′47.62″E 1798 878 920 34,213 41,200 6987 1.8 1.8 2.0
8 18°45′49.41″N 73°23′11.81″E 1356 643 713 34,532 38,652 4120 2.7 2.7 3.0
9 18°27′16.08″N 73°57′24.54″E 1345 678 667 34,523 38,509 3986 4.8 4.8 5.0
10 18°33′34.46″N 73°50′38.86″E 1185 795 390 34,512 41,217 6694 4.9 6.0 5.9
11 18°49′10.20″N 74°21′18.21″E 1678 1050 628 34,534 38,479 3945 1.8 2.7 2.0
12 18°28′19.48″N 73°56′08.05″E 1117 388 729 34,678 39,245 4567 3.6 3.9 4.0
13 18°37′11.03″N 73°44′47.62″E 1088 345 743 34,123 39,111 4988 1.8 2.6 2.0
14 18°45′49.43″N 73°23′11.85″E 1233 367 866 35,234 41,217 5983 4.6 4.6 4.8
15 18°27′14.30″N 73°55′47.70″E 1100 401 699 35,324 39,474 4150 3.4 3.4 3.6
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c) SCLLBwas kept at each grid point tomeasure the current (Fig. 3). Be-
tween the identified edges of the GWvein, readings were taken pre-
cisely for GW vein width measurement (Table 1).

d) MSB780X portable standard barometer (5 to 35 V DC) device having
pressure range 500 hPa to 1100 hPa (with resolution 0.001 hPa),
temperature range -50 °C to +80 °C and relative humidity 0 to
100% was used to record atmospheric P and T in morning and eve-
ning sessions inside and outside GW vein edges. The average read-
ings of atmospheric P and T were plotted for each location (see
Fig. 7c and d).
Fig. 2. Dowsing survey for identifi
4.3. Proton Precession Magnetometer

A total of 3840 field measurements were taken in the morning
and evening sessions on the identified grid points and GW edges.
An indigenous portable field PPM type 587, designed and assembled
by Indian Institute of Geomagnetism, Navi Mumbai, India, was used
to measure the total intensity of EMF over the range of 25,000 to
80,000nT with an accuracy of 1nT. The device used in this study con-
sists of sensor and detector. Liquid water acts as a sensor, which is
kept at 1 m - 3m above the surface, representing a good compromise
cation of Groundwater vein.



Fig. 3. Geophysical survey working principles of Semiconductor LASER Light Box (SCLLB) and Proton Precession Magnetometer (PPM) for identifying edges of Groundwater vein.
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for a 2 m grid (Weymouth and Huggins, 1985). This vertical offset
minimizes the effect of ground noise due to local magnetic mineral
accumulations because the magnetic signal diminishes with increas-
ing sensor height (Burger, 1992).

As the study area is mostly lying in and around Pune region, it was
ensured that the magnetic observations are free from extraneous mag-
netic disturbances such as cars, fences,metal poles, AC power lines, bur-
ied metal pipes, or buildings with metal beams or metal doors that can
easily overwhelm the magnitude of a local magnetic anomaly. The
detector and sensor were connected by 5 m long two-core shielded
wire. The sensor has to be mounted along the North-South direction
(Fig. 3). The detector has a manual button and was used to take the
reading. The proton in the water has a magnetic moment along the
magnetic axis due to its spin. When the sensor is placed in the external
magnetic field, torque was exerted due to magnetic movement along
the spin axis.

In sum, the magnitude of the total intensity of EMF was measured
using PPM at the same locations where dowser and SCLLB had
predicated GW existence by following the same procedure as adopted
for SCLLB.
5. Results and discussion

Dowsing, VES, PPM and SCLLB techniques were deployed in the
study area. Two case studies at Girivan location (Table 1) are discussed
below focussing on the interpretation of the geophysical results based
on the integration of the various prospecting methods. The results of
the comparative study among different techniques showed identical re-
sults revealing the detection of GW vein and its width.
5.1. Dowsing

The L-rods of the dowser deflected at the edges of the GW vein. At
the Girivan location, dowser measured GW vein width 4.9 m. At 15 lo-
cations, the GW vein width was found to be from 1.0 m to 6.0 m. In
the same study area, extensive work has been carried out by several
researchers (Kharat, 2000; Pimplikar, 2010; Dharmadhikari et al.,
2011; Sorate, 2016) to detectGWusing L-rods. Kharat (2000) correlated
GW existence with the well-being of human body and road accidents,
while Pimplikar (2010) analyzed the effect on human aura over GW
zones and Dharmadhikari et al. (2011) studied the effect of GW radia-
tion on the human system. In his studies, Sorate (2016) identified that
the major cause of road accidents on certain spots in Mumbai-Pune ex-
pressway was GW veins.

The research carried out till date and the advances made in the area
of dowsing indicate that human body has characteristics of detecting
subtle changes in the environment, but are censored because of the
knowledge to other prominent areas in order to avoid chaos in the
thinking process. Dowsing is a process and it sets up the conditions of
the unfolding of awareness. Our nervous system is a biological antenna
~45 km long if each cell in the system is joined. This antenna picks up
the subtlest signals from the environment (Ross and Wright, 1990).

One school of thought is that the dowser can program this antenna
(human body) to detect GW vein edges. Dowsing devices, such as
L-rods, can be programmed by the dowser to deflect when walking
over the edges of the GW vein. There is a possibility that copper
L-rods are deflecting at specific locations because of dowser entering
the magnetic field gradient changes due to GW. The second school of
thought is that piezoelectric potentials are developed in the human
body while walking. The surface voltage in the body ranges from
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10 mV to150mV (Charman, 1996). It was found that while entering in
the GW zone, the surface voltage in the body increases from 150 mV
to 250 mV (Dharmadhikari et al., 2011). These surface voltages in the
body are transferred to the conducting material such as the L-rods or
Y-twig held in the palms of the dowser in search position (Fig. 4a). On
stepping on the edge of the GW vein, the charges produced due to the
movement of GW on the Earth surface are encountered by the charged
rods in the hands of the dowser, causing deflection of L-rods (Fig. 4b).

However, dowsing phenomenon involves tuning the sensitivity of
human to the Earth radiations due to GW, which the human body gen-
erally neglects as these are very subtle. However, training the human
body to detect these radiations is possible. It is observed that through-
out the world, Dowsing Societies have trained many people and they
have had consistent results (Robert, 2018). Although considerable re-
search has been done on dowsing, its status remains uncertain. There-
fore, there is a need to gain a better understanding of the process of
evaluating its status in geophysical realms. This paper attempts to clarify
this problem. It is noteworthy that in-depth studies in dowsing have
opened new vistas for further exploration and identification of GW
veins in Deccan Trap basalts.
5.2. VES analysis

Results from Fig. 5 suggest the resistivity models whose estimated
apparent resistivity best fit the measurements of the VES field curves.
The resistivity values of VES data collected from two Girivan sites re-
vealed that the area is characterized by mostly three to four distinct
geoelectric layers (Fig. 5). The lithological formations in this study
area include the basaltic lava flows consisted of vesicular, amygdaloidal
and compact basalts (Kulkarni et al., 2005). The GW resource potential
is controlled by the degree of weathering, geomorphological and
geological features, such as the size and distribution of vesicles, and
the frequency and interconnection of joints and fractures (Kulkarni
et al., 2000). Groundwater in the region mainly exists in shallow semi-
weathered basalts and under subsurface semi-confined conditions in
the zones of vesicular, fissured and fractured amygdaloidal basalts
(Kulkarni et al., 2000; CGWB, Central Ground Water Board, 2013). In
general, lithology plays a significant control over weathering of rocks
and GW potential.
Fig. 4. (a): Search position of L-rods and (b): Deflec
5.2.1. VES 1 curve
Three layers were identified in VES 1 using interpretation of master

curves of HKQ types (Fig. 5a). It is inferred that the average resistivity
(Ωm) of the 1st top layer of black cotton soil 1.3 m thick, composed of
clay and weathered fragments of basalts is of 180, the 2nd layer is 117
and the 3rd layer is 195 of 32m thick (Fig. 5a). The area of low apparent
resistivity indicates the occurrence of relatively good conductors, while
thosewith high values indicate poor conductors (Prasanna et al., 2008).
Low resistivity values (b117Ωm) in the second layer of 6.7 m thickness
indicated GW potential in weathered and vesicular amygdaloidal ba-
salts at the 1.3 m to 8.0 m depths, while high resistivities (N180 Ωm)
suggested a low GW potential (Fig. 5a).

5.2.2. VES 2 curve
The interpreted VES 2 results revealed four geoelectric layers using

HKQA type curves (Fig. 5b). The first layer is the top black cotton soil
with resistivities (b125Ωm) and 1.3 m thickness. It is underlain by
semi-weathered amygdaloidal basalt layer with resistivity of 81.25Ωm
and 1.3 m thickness. Amygdaloidal basalt with red bole in the third
layer showed thickness and resistivity 12.5m and 195Ωm, respectively.
The 16m thick fourth layer of fissured, fractured, and vesicular amygda-
loidal basalt has resistivity of 48Ωm (Fig. 5b). The characteristic low re-
sistivity values (high conductivity values) in the second (ρ2 = ~81Ωm)
and fourth (ρ4 = ~48Ωm) suggested a high GW potential in the depth
range of 1.3 m - 2.6 m and 12.5 m - 22.5 m, while high resistivities
(N125Ωm) indicated a low GW potential at VES 2 location (Fig. 5b).

The resistivity results revealed that the low resistivity zones showed
weathered basalts, while the high resistivity indicated presence of com-
pact hard rock terrain. The identified four subsurface layers have resis-
tivity values ranging from 48Ωm to 195Ωm. Low resistivity values
mean that the subsurface material allow electrical currents to flow
through it easily. Low resistivity layers could also be associated with
GWaquifers (Telford et al., 1990).When awater zone range is detected,
the drop in electrical resistivity value is significant (Fig. 5). From these
characteristic observations, the depths of GW at two Girivan locations
(Fig. 1) were observed approximately in the range of 1.3 m - 8.0 m
(VES 1) and 12.5 m - 22.5 m (VES 2) in the highly weathered and vesic-
ular amygdaloidal basalt. At 15 sites, it is expected that the apparent re-
sistivity might vary in the range between 48Ωm and 117Ωm over the
GW location that was earlier identified by the dowser, whereas over
tion of L-rods at the edge of Groundwater vein.



Fig. 5. The apparent resistivity curves for the Vertical Electrical Sounding (VES) at two Girivan locations superimposed on the best-fit models of (a): three-layers for VES #1 and (b): four-
layers for VES #2. On the right, the figure shows the table summarizing the layer resistivities and thickness with inferred lithostratigraphic section.
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the non-GW locations, the values might exceed 117Ωm (Fig. 5). The
availability of GW depths as per VES surveys was found to be a
minimum of 2.6 m and maximum of 22.5 m on the locations in the
study area.

5.3. Proton Precision Magnetometer

The PPM ground magnetic survey measuring the intensity of the
total EMF was performed to estimate subsurface occurrence of GW
veins within the Deccan Trap sequence at Girivan location (Fig. 1).
Fig. 6a shows the contour map of the total EMF intensity over the
same location, where GW vein was identified previously using dowsing
(Fig. 4) and confirmed by measurements of VES (Fig. 5).

At all locations, over the non-GW zone, the total EMF intensity was
observed to be in the range of 34,123nT to 35,567nT with an average
magnetic intensity of 34,845nT. On the GW location, the variation in
the total intensity of EMF was observed in the range of 37,788nT to
43,242nT, mean 40,515nT. The average intensity of EMF (~40,515nT)
over GW zonewas observed to be higher than themagnetic field inten-
sity (~34,845nT) over the non-GW zone.

Generally, weathered and fractured hard rock saturated with GW
depletes magnetic intensity. However, high magnetic intensity values
suggested GW, whereas low magnetic intensity suggested non-GW
(Fig. 6a). Several possibilities of the results about changes in magnetic
intensity are discussed.Weathering, fracturing and vesicular state of ba-
saltic rocks all have important effects on the magnetization of crustal
rocks (Basavaiah, 2011). Rock magnetic properties indicated that
Low-Temperature Oxidation (LTO) process, governed by weathering
and water saturation of soils, is found to be quite common in
titanomagnetites from Deccan Trap basalts (Basavaiah and Khadkikar,



Fig. 6.Contourmaps superimposed onmeasured grid at Girivan location. (a): The intensity of the total EarthMagnetic Field (nT) data obtained fromPPM survey and (b): Current (μA)data
from readings of Semiconductor LASER Light Box, which is designed and developed by our team for the present study.
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2004; Basavaiah, 2011; Basavaiah et al., 2015; Xuelong, 2018; Basavaiah
et al., 2019). Newly produced magnetite during LTO process of
titanomagnetite might be responsible for high magnetic intensity
values in GWzone and could be a causative source for the low resistivity
and a high GW potential (Fig. 5). Under the magnetization of the EMF,
the newly formed magnetic mineral (magnetite) can produce a mag-
netic field, which influence the in situ magnetic field distribution caus-
ing high magnetic intensity. In contrast, the LTO of titanomagnetites to
magnetite is not significant in less weathered or unaltered non-GW
zones explaining the fall in magnetic intensity values and high resistiv-
ity values (Fig. 5). Therefore, it is interpreted that high magnetic inten-
sity contoured in the GWveins represented the effects of weathering by
LTO (Fig. 6a).

PPM was moved in the same manner as the dowser walks over the
terrain. At the point of increase in amagneticfield, the edgewasmarked
and furthermoved to the pointwheremagneticfield decreased, and the
second edge of GWveinwasmarked (Fig. 7b). These coincidedwith the
findings of the GW vein edges by the dowser.

5.4. Semiconductor LASER Light Box

The SCLLB at the identified zone of GW vein showed a sharp de-
crease in current readings in comparison with non-GW location
(Fig. 7a). The drop in a variation of current readings was in the range
from1800 to 566 μA over investigated 15GW locations. Fig. 6b indicates
Fig. 7. Calculation of width of Groundwater Vein from: (a): Current data (μA) using SCLLB, (b)
atmospheric pressure (hPa) and temperature (K) with respect to location.
the contour map of current obtained from SCLLB readings (μA) at
Girivan location. At the same location, the existence of GW vein was
specified previously by dowsing and VES.

As the number of air molecules varies, the RI changes. It is given by
the equation,

C ¼ P
K T

ð1Þ

where, C = No. of air molecules per unit volume, P/T = Atmospheric P
(hPa) and T (Kelvin) and K = Boltzmann constant.

n ¼ 1þ 77:6P
T

1þ 0:00753

λ2

� �
X10−6

� �
ð2Þ

where n = RI and λ = Wavelength (nm) (Valley, 1965).
It was observed that atmospheric P and Twere higher over GW zone

in comparison with non-GW zone (Fig. 7c–d). This resulted into de-
creased RI and number of air molecules inside the SCLLB, indicating a
rarer medium and inducing refraction of LASER beam in the SCLLB
which caused decrease in current readings (Fig. 8a and b). In the study
area, the GW vein width was observed in the range of 1.0 m to 6.0 m
by using SCLLB.

The above discussions revealed that various GW investigation tech-
niques, viz. dowsing, VES, PPM and SCLLB method are capable of
: Intensity of the total Earth Magnetic Field (nT) data using PPM and (c-d): Monitoring of



Fig. 8. Sketch showing the propagation of LASER light beam through media. (a): Non-Groundwater and (b): Groundwater (refraction).
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successful exploration of GW at the site. Analysis of GW extracted at all
the locations identified by all mentioned techniques showing physical,
chemical and microbiological properties are within permissible limits
and it is concluded that extracted water is drinkable. Each method has
certain conditions under which it gives satisfactory results. Conduction
of VES and PPM at the site requires large test setup,manpower and spe-
cialized skill for result interpretation.

As aforementioned, although VES and PPM are proven techniques
for identification of GW resources, such techniques have not yet been
fully utilized for GWexploration under conditions of congested building
arrangement, dry soil zones at large depth, and electric facilities at
the ground surface near test setup. However, the utility of SCLLB
is highlighted in circumventing the limitations associated with modern
instrumental surveys for exploration of GW in Deccan Trap flood
basalt terrain.
6. Conclusions

The assessment of GW zones is limited in hard rock areas of Deccan
volcanic region, as of the present study area. This necessitated the appli-
cation of modern geophysical methods to delineate and identify the
subsurface GW potential zones by using combined VES, PPM and
SCLLB surveys that provided data for the reliable GW exploration in
hard rocks.

Dowsing has been deployed since time immemorial to locate hidden
treasure like GW, coal, minerals and heavy metals before quantifiable
scientific gadgets came into existence. However, earlier it was consid-
ered that only those who have divine powers were able to practice
dowsing. The recent understanding of the human body showed that it
has the capacity to detect GW resources. As dowser walks over GW re-
gion L-rods deflected showing that a certain percentage of Earth radia-
tions interacted with electrophysiological nature of the human body.

The VES method was applied to describe lithologic units as a
function of depth depending on their electrical resistivity contrast. It is
concluded that VES data provided a good indication for water-bearing
weathered vesicular-amygdaloidal basalts, thus indirectly confirming
the GW existence at all studied locations. For example, low resistivity
readings in the range between 48Ωmand 117Ωmof the study area sug-
gested a high GW potential, while high resistivity values (N125 Ωm)
suggested a lowGWpotential. The present paper emphasized that radi-
ations coming from GW location are of electromagnetic nature and
there was a change in atmospheric P and T over the GW veins.
The human body has the ability to detect these subtle changes over
GW veins.
For more comprehensive results, the newly-developed SCLLB
provided a quantifiable result to identify the edges of GW vein. In this
study, the validation of SCLLB was done with the help of PPM by identi-
fying GW-bearing vein edges of the study area with high magnetic
intensity values in the range from 37,788nT to 43,242nT with the aver-
age intensity 40,515nT. It is suggested that water dowsers might get a
dowsing reaction when entering into the geomagnetic field gradient
changes caused by GW. Amaiden attempt wasmade to identify air me-
diumas rarer onGWzone than on non-GWzone and thus the refraction
of the LASER light in the SCLLB occurred over GW vein giving quantifi-
able change in current (≈234 μA to 1204 μA).

It is shown that a combination of the archaic method of dowsing
using L-rods and SCLLB provided the GW vein width (≈1 m to 6 m) in
the study area. It may be inferred that over GW vein location, exposure
of Earth radiations ismore in casewider GWveinwidth. This integrated
geophysical study demonstrated that the GW veins and their width can
be measured advantageously by using SCLLB in comparison to VES and
PPM in Deccan basaltic terrain. The right mix of technology and tradi-
tional wisdom developed in the present study would help to generate
reliable subsurface GW resource database, especially in the Deccan
Trap flood basalt region.
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