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Simple Elcctrical Logging Technique for Base Meclal Exploration

P. R. PaNT' and DiNESII GUPTA?

Abstract-—1Uis well known that clectrical logs of borcholes can play « significant role in base meltil

. explorition in identifying mincralised zones, especinlly when there is core loss or the borchole diameter

is small or if drilling is by percussion. However, clectrical logging is not widely utilised because of the
additional burden on linances and lime.

A simple clectrical logging technique, based on a pole-pole (hole-to-surfice) configuration with onc
borehole clectrode and nearly akin to ihe single point method, for S.P., resistivity and L.P. paramelers,
is presented. 1t is shown that it has the resolution of the single point method and the penctritlion of a
very long normal sonde which is helpful for detection. Besides these features, (he main advantage of this
technique is that it can be casily carricd out using ground 1P, (time doniin) cyuipment.

The clectrienl logs obtained in dilferent base metal belts in Rajasthan, India, employing this
technique and using ground 1.P. equipment in connection With misc-i-la-masse surveys, illustrate the
above features. A comparison with logs recorded by means of multi-clectrode drill hole 1.P. cquipment
of Scintrex, Cunada, substantiales the same,

Key words: Electrical logging technique, base metal exploration, polarisability.

Introduction

It is well known that electrical logs of boreholdes drilled in base metal
exploration play a significant role in (i) finding the depth and thickness of
mincralised interscctions, cspecially in zones of core loss or when the borehole
diameter is small or il drilling is by percussion, (i) correlation of mineralised zoncs
from borchole to borchole, (iii) delineation of lithology and interpretlation of
surface geophysical data and (iv) planning borchole geophysical surveys.

Generally, scll-potential (S.P.) and resistance/resistivity (or conduclivity) arc
considercd as the main parameters to confer conductive zones of metallic minerali-
salion in clectrical logging. However, clectrical polarisability is also important
because the occurrence of base metal deposits in a disseminated form is quite
common (BAcON, 1965; SMiTH, 1985).

"1, No. 12-13-369, 'Sai Krupa®, Streel No. 19,'T;|rnuka‘ Sccunderabad-500017, India.
2 Geological Survey of India, Western Region, Jaipur, India.
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Although clectromagnetic logging is incrc:isinglx cmplo}.j‘c'd“I-.P|.)::)iﬁgln:lfnzrir:l:
some possible advantages, cven when the ore (fOIﬂ.PI']‘SCS 111;1.\51\&‘5‘}"1. p > e
. slor. This is because the largel's size is [requently CHLL[I\{L y nerea:
good mn(.l.quL- zone of alteration and disseminated sulphides which is respon-
by the surrounding zone ol alteration anc eI ' Ayenaprr
sive Lo the 1.P. method. Morcover, the target is in clfect blo'ughl (.,lo.%Cl 1,.( A
In addition, expericnce has shown that some zones of a [lairly l}lgh pel.ccnta‘s,ccl:
sulphides, which one would presume to be conductors, do not in fact respond to.
EM methods but appear clearly as I.P. targets (WAGG and SEIGEL', 1963). Thus,
I.P. can provide a useful detection log for larger electrode spacings to.dq?ct
anomalous zones away from the hole (Scintrex DHIP-2 drill hole I.P.[rcsnstmty
logger manual). ' e _

L.P. logging of underground boreholes in the footwall zones of the Osceola. Mine
has provided an increased sample volume to detect the presence of copper r'mncral-
isation as well as information on geological contacts useful in the interpretation and
planning of mining operations. This has been difficuit from drill information alone
due to the small diameter sample available from horizontal exploratory drill holcs
(BAcon, 1965). The traditional logging tools viz., resistance, natural gamma,
density, neutron, etc., which were primarily developed for petroleum exploration in
sedimentary rocks are less useful in base metal exploration. Alternative tools such
as magnetic susceptibility and 1.P. do exist although they are not widely available.
A large proportion of modern base metal exploration drilling uses percussion
methods and only rock chips arc available (at best) for geologic analysis and assay.
Clcarly, this can lead to poor identification of mineralised intersections and
distortions in the geologic log (SmITH, 1985). '

Despite these advantages, geophysical logging is not extensively utilised-in basc
metal exploration as it involves additional expenditure due to separate equipment
and personnel, and extra time necessary for this purpose. However, the economics
can progress belter if the ground [.P. cum resistivity equipment can also be used for
borehole logging.

The simple electrical logging technique prescnted in the following is based on
cxperience in basc metal exploration carried out in the mineralised belts of
Rajasthan, India. It has been employed mainly for identifying the conductive
mincraliscd intersections to-aid misc-a-la-masse survey (GUPTA and RADHESHYAM,
1993; SINGH and RADHESHYAM, 1994; unpublished reports of Geological Survey
of India). Although geologist’s lithology and assay provide the depth and thickness
ol the mincralised horizons, il is advantageous Lo delect the best part of the
conductive zone (o charge the conductor for carrying oul mise-

which also safeguards from errors in depth, if any, in the geologist’s log. This
requirement is responsible for making usc of surface I.P. (lime domain) cquipment
meant for misc-i-la-massc survey for logging purpose. This technique with a single
moving electrode has the advantages of both pole and pole-pole (hole-to-
surface) methods with resolution of a single electrode system as well as penetra-

d-la-masse survey,
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lion of normal sonde. Above all, it compensates for the lack of drill hole logger.
Practical experience illustrates these advantages convincingly.

N

Theory

The simplest method of measuring electrical resistance of formations encoun-
tered in a borehole employs two electrodes, with one of them lowered into the hole
while the other remaining fixed at the surface or at another convenient point (Fig.

la). In this. monoelectrode system, the total resmtance depends on the size of the
electrodes, the resistance of the connecting Ldbles the effective resistance of the
formations |c|¢1l|vcly near the clectrodes and the salinity of waler around in the drill
hole. The carth immediately adjacent to the electrodes contributes a major part of
the total resistance to the current path. Excluding the material within a few feet of .
the electrode surfaccs, the main mass of earth included between 4 and B (Fig. 1a)
has a relatively low, or negligible, resistance due: to its large cross-sectional arca
(JAKOSKY, 1950). Hence, the total resistance, R, of this circuit is given by

P : R=R,'+R2+R'=(R,+RZ)+R' : (N

“where R, = resistance ol the cable, R, = clfective resistance of the fixed clectrode
"B and R’ =clTeetve resistance o moving clectrode “A°.

The moving clectrode resistance (R’) consists of the contact resistance belween
the electrode surface and the drilling mud filling the drill hole and the effective
resistance of the earth material near the electrode. The contact resistance remains
relatively constant if the borehole diameter and mud resistivity remain the same
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(1) Single point, (b) normal sonde, (c) proposed pole-pole (hole-to-surfuce) clectrode syslems
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A

- - - ing: clectrode varies
while the effective resistance of the formation ncar the moving cle
(JAkosKky, 1950). o and I be
et R.= R, - Ry, which remains the same as Ry and R, are constant, -l/ S
- - 2 & . o %8 o ” .
the impressed D.C. voltage between clectrodes A and B. Then, the current, /,
circuit is expressed as

{

- [7;=RC+R,=RJH (2)

=e————= or
(R, + R)
R,, being the resistance measured. Also,

S Bt R R 3)
I E E E _
Hence the changes in monoelectrode resistance (R,,) or inverse of current (/~1), if
L'is kept fixed, represent variations in lithology in the immediate vicinity of moving
electrode “4’, being proportional to the resistance of the active electrode, which is
dependent on the resistivity of the surrounding formation. Il the moving clectrode
1s of small size (a few inches of length), the single electrode system provides
considerably better resolution than the multiple moving clectrode system.

In the normal sonde, the effects of potential drop adjacent to the moving power
clectrode are removed by making resistivity measurciments over a short section of
the total current path which is sufficiently distant (rom the moving power clectrode
lo be unallected by minor variations in its vicinity (Fig. 1b) (JAKOSKY, 1950). It
[ollows that the potential dilference measured is cqual to the potential, ¥, of the
clectrode ‘M’ as the other potential electrode is distant, and the apparent resistivity,
Pq, assuming that the surrounding medium is not homogeneous, is given by

Po=dnAM (L[/) @

Actually, p,, may be taken as the average resistivily associated with the jnterval
between the potential electrode and the current electrode. The effective penetration
is twice the clectrode spacing (AM) and varies inversely with the hole diameter
(TELFORD et al., '1976). Normal log may be blind to beds whose thickness is less
than clectrode spacing, ‘

The present technique is cffectively a single moving electrode system with a
lacility for the measurement of apparent resistivity and chargeability like a normal
sonde but with the moving potential electrode kept fixed at the collar of the
borchole (Fig. Ic). Thercfore, it is cquivalent to pole-pole (hole-to-surlace) or
normal sonde with spacing, /41, varying. This mcthod has the advantage of
detecting thinbeds in (he resist
maintained constant, as in
(3), and the benelit of
tcchniques, because of |

ance log or current log, il impresscd voltage is
asingle clectrode system, as shown carlicr (Eyns. (2) and
lateral penctration, similar (o long normal or lateral
arge AM, though varying. The polential variations observed
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at a fixed point near the mouth of the borchole essentially reflect changes in current
controlled by the resistivity of the formation surrounding the borehole clectrode.
But the potential is determined by the average resistivily of the lithofogy of the
column between the borehole current electrode and the surface potential clectrode.
As such,'lhc apparent resistivity log, obtaincd from current and polential measure-
ments using eqn. (4), represents variations in lithology, akin to an elongated normal
system probing side-ways with better resolution in the absence of ‘adjacent bed
elfect’. This is amply indicated as some of the logs discussed in the following
detected mineralisation occurring in fractured zones and have not been affected by
borehole diameter variations. The same is also true of apparent chargeability log.
“An S.P. log is recorded by turning off the current source.

 Equipment and Field Techniques

his logging method can be casily conducted by means of any 1.P. cum
resistivity (time domain) equipment used in ground surveys. A few inches long, say

about 10", lead rod may be utilised as the active current electrode moving inside the .

borehole. The other current clectrode and one of the potential clectrodes presumed
to be at infinity are located distantly from the borchole and apart from each other,
as shown in Figure 1, while the other potential clectrode is fixed near the collar of
the borchole. The wires to the remole clectrodes are never side-by-side and
generally in-linc on cither side of the borchole along the surface L.P. traverse across
the strike of the formations. However they can be orthogonal to cach other. The
cable used for surface L.P. survey (4 mm? PVC insulalcd copper wire, current rating:
15A) is adequate as borchole clectrode cable. Il a winch with a counter is nol
available, the cable initially calibrated at 10 m interval is further calibrated at a
closer interval while carrying out logging, depending on the requirement. This is not

a major problem as boreholes for base metals, in general, are not very deep unlike

those in petroleum and coal exploration.

The power inpul to the ground is chosen alter checking the current and
potential values noticed while lowering the borehole current clectrode. Nonetheless
logging is conducted bottom to surface; the obscrvation interval varying from 0.25
to 10 m depending on the lithology and (hickness of zones of interest. The
paramelers measurcd are current in the circuit and potential and chargeability at
the collar of the borehole. Although the logs are from discrete measurements, they
have been found to be comparable to logs recorded by regular electrical loggers
(e.g.. IRIS, France; Scintrex, Canada). In the case of drill hole I.P. cum resistivity

loggers, obscrvations have (o be al intervals. This is the casc with Scintrex DHIP-2

logger 100, S.P. measuicments arc made separately, turning ol the current and
reading the potential differcnce between (he borehole clectrode and potential
electrode located at the collar of the borehole. -

I —



P. R. Pant and Dinesh Gupta

Chargeablhity
rotentlal M)
Sell  Polential Cul('IO,nl o tv/n) ( ,62”1 o som.
b2 [} 16 24
10 30mv. I
-300 -300my. 100 300mo, L e o 20!0 v ”afgn_"
: a 10 App, Remshvity ( [0 )
o . 8 - .
' i
; / ",
i / ,\ X
’ . \'
l / 2.
{ ' ! - T e —m
A 2 _ -
. \ < o
T . “ .
.- ’_/ o Ny
; i -t
/ / .\,\‘.
/ N 3
4 . - .
\\\ \ : < “
= = .
'.r S.P /._ 1 -—y a ~_ |
v : 2 \/\
! | 0 I~
) \ 250 m -] _\
. ' | = x
S \>. l .__\ .
L 3 o >
N, N, il e g
> /> s A 1 5
":I‘ = 1= . ‘-?
. /\> L Midg
- g : =a
o f. I, =3
(e — —_—
< =t i g
* T 300 i : —7
1 ) E X
1_ N 0 E x

m Sulphide Mineraolisolion
[[H]H]m] Silicifiad Marble
% Marble
Schist
Figure 2
Electrical logs of o borchole in Sawar basc metal bell, Ajmer district, Rajasthan (simple lechniquc).

Discussion of Results

Numerous borcholes have been logged using this technique in different base

metal belts of Rajasthan (India) to lacilitate mise-a-la-masse surveys, as mentioned
earlier.

(a) Demonstration of Technique

A borcholc logged in Sawar belt, Ajmer district, is considered for illustr
the technique. The' rock lypes encountered in (his borchole arc mainly marble and
quartzite of Delhj Super Group and gneiss and schist belonging to Aravallis of the
Proterozoic bel(s of the northwestern Indjan shield. The dip of the formations is steep
to near vertical, The intersections of base metal sulphide mineralisation and their
potential are known from the lithology of the borehole. Since the mineralised zoncs

in the depth range 250-300 m arc considered as significant, the obscrvation interval
ol logging wis reduced from 10 (0 5 m and then o |

The lelt side in Figure 2 shows (he sell'—polentia‘l, currel
constant, potential (measured near the collar)

m in this zonc,.
1L/, impressed voltage being
and resistance (V/I) logs. It can be

aion of

Purc appl. gcophys.,
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seen by comparison with the adjacent lithology,
intersections are indicated as high current
The apparent resistivity (=4n (f - |
normal sonde

logs illustr

how well the conductive sulphide
and low resistance zones, as cxpected.
[, using the peometric faclor of conventional
»  being the depth of (he moving cureiit clectrode) and chargeability
ated on the right side in Figurc 2. clearly demarcate the conductive
mineralised zones with high chargeability (Gupta and RADHESHYAM, 1993, un-
published report of GSI).. Some sulphide zones wit

hin 250 m have not been very.
well brought out in logs, mainly due to the large dep
 measurements in this region since they are not of int

Normally, only appagent" resistivit
keeping imprcss.,ec} voltage fixed; cur
shown to demonstrate that current

erest.

rent, potential and resistance logs are also

: log at constant voltage is similar to point -
resistance, although with polarity reve

rsed (Eqn. (3)), and potential measu.red at the

borehole mouth for each current electrode depth enables resistance estimation and

finally apparent resistivity leadi

ng to a log similar to that of normal sonde with .
large penetration. :

Although the average resistivity of the litho-column between the borehole
current electrode and the potential clectrode

at the collar of the borehole is
expected to be on the lower side due to the presence of mineralised zones above,
when the current electrode is in the depth range, 300-250 m, the average potential
(1) is on the higher side as th

¢ average current is high because of scveral conductive
zones. As such, in the mineraliscd scctions, resistance/apparcnt resistivity is de-
- cicased as current is higher than the

average valuc while it is incrcascd in the zones
separating them. However in the depth range, 180 to 150 m,

the increase in.
potential has to be attributed to the high average resistivity, lithology being silicified
“marble, giving risc to high apparcnt resistivity. ’
Expressions for potential using images, when a dyke of anomalous resistivity
and finile width is traversed, for different positions of one current electrode, have
. been derived (TELFORD et al, 1976). '

- (b)' Compm'r'.'s_on with Scintrex Drill Hole 1.P. Logs

For this ;5urpose, a borehole in Kuyar—Ghugi‘at mineralised belt in the Ajmer
district ‘was logged cmploying this simple technique as well as DHIP equipment of
Scintrex, Canada, for detection logging (GUPTA and RADHESHYAM, 1993, unpub-
lished report, GSI). ' ' 8 :

'Tht:_ area adjacent to the borehole is part of the cast Central Pr'otcrozo.ic regime
~of the Delhi Super Group and the lithological units comprise metamorphosed
argillites, arenites and carbonales, :

« The sdl-potential, apparent vesistivity and chargeability logs as obscrved wilh s
the surfuce 1.P. equipment, using the present technique, are shown on the left side
~ in both Fgures 3 and 4 while the apparent resistivity and chargeability logs, also

th interval chosen between

y and churgéability are 1'ecordcd.f'However,"_:""
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from discrete measurements obt : p. employs the (hree clectrode
on the right side in the same figures. The drill hole LP. emp

' =‘a’ or spacing
everal electrode. separations (AM = MN—. a' onMp \ ”c:
is 40 m. Hence it is cssentially

array with scope for s
supplement

S=1.5¢). The largest scparation (a) possible S .
detection logging. OF course, background L.P. paraiatey Obsc.:lvm. i arison Lo
lithology dclincation, provided the beds arc adequalcly lh!ck n C(il'ﬂpdf\3 e
scparation, which is more likely in the casc of smaller scparations. In Flgur;! o e
hole L.P. logs for clectrode scparations ¢ = 2.5 and 20 m are shown and the sai

for separations a = 10 and 40 m are presented in Figure 4. This is to make figures

legible for easy comparison. ' ' ’
It can be observed from the lithology that logs of simple technique have

resolution comparable to single electrode method, except in zones of less impor-
tance covered by wide interval observations, and they match well with drill hole I.P.
logs for the smallest scparation (« = 2.5 m). This is because many beds satisly the
‘condition that i bed thickness is greater than twice the spacing, the lateral curve
records the formation resistivity when MA is small (TiLrorp ef al. 1976; KAYAL,

DRILLHOLE I.P. (3-electrode) DRILLHOLE LP (3-8lectrade)
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Comparison ol cleetrical logs recorded by simple and drill hole 1., (0=2.5, 20 m) lCChI!Iun.\', Kayar
busc metal belt, Ajmer district, Rajasthan,

|
|
N
|
|
i



ol. 152, 1998 Electrical Logging Technique for Base Metal Exploration 767
I '
SIMPLE TECHNIQUE DRILLHOLE I. P. (3-sloctrode)
SELF POTENTIAL CH&RGEABILITV
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- —b-r—t ——
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Figure 4
Comparison of clectrical logs recorded by simple and drill hole 1.P. (a =10, 40 m) techniques, Kayar
: base mctal belt, Ajmer district, Rajasthan. '

1979). For Scintrex drill hole LP. this may be taken as ‘4a’ since AM = MN = a.
Regardless, differences are noticed, as can be seen against the calc-silicate zone
between 200 and 250 m, though responscs arc similar. They may be attributed to a
larger elfective penetration of the present technique, as substantiated by the
similarily to the response for larger separations, d = 10 and 20 m also, though three
electrode logs arc affected by asymmetry. In essence, this demonstrates that the
pole-pole (hole—to—surface) method suggested has the dual advantage of the single
point and long normal methods of logging,: as mentioned while discussing theory.
Besides, the problems of the apparcut thinning dand thickening of beds, depending
on the resistivity in normal sonde logs, and the asymmetry of lateral arrangement,

are not present.
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y o . I.P. unit
Apparent resistivity and 1.P. logs recorded wnlhvlhc Scm.llcxl ;hslcl; lj:)fes o
enable only qualitative interpretation [or the dctect'lon‘ of minerals e i
around the borehole. Zones of base mctal mincralisation, 1n 80_”3“']’ ‘_'“C i lecs
it is difficult to capitalize on multiparameter gcophysl'Cil.l logging }""hmh ”Wl(; i
quantitative interpretation carricd out in scdimentary basins comprising \{cx"y '] g
beds for coal and petroleum. However, the values of apparent resistivity an
chargeability observed using the proposed technique, in gencral, are of the order
obtained in surface I.P. cum resistivity profiles that indicate the presence of
mineralised zone. This is demonstrated in Figure 5 which displays the surface 1.P.
and resistivity profiles observed for dipole-dipole array (2= 3, ¢ =60 m) over thc
transversc on which the logged borehole is located (GUPTA et al,, 1995). This
further points to the greater penetration of the simple technique. But logs can be
interpreted only qualitatively, which is the case with commercial borehole loggers

also in the case of base metal exploration.
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. Figure 5
L.P. cum resistivity profiles along the traversc passing through Kayar—Ghugra borehole:
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It may be mentioned that a few shallow measurements made with the Scintrex
logger have been affected by casing (Figs. 3 and 4) as at least one potential
electrode happencd to be inside the cased part of the borchole. Probably, the
shallowest observation with the current electrode about 4 m below casing cu,rricd
ZE'; v\:ith our technique, might have been influenced by the long casing’column

If; Is well known that routine clectrical logging is not conducted in the cased
portions of the borehole.

(¢c) Effect of Environment, Depth and Thickness \

The electrical logs shown in Figures 2 and 3 clearly reflect the resistive nature of
the formations which comprise rock types such as silicified marble, pegmatite,
quartz mica schist and calc-silicate in which sulphide mineralisation occurs. The
su?phide zones have been picked by the logs irrespective of the depth of burial and
thickness. For comparison, we refer to Figure 6 in which logs recorded in a-
borchole in the Bhukia gold prospect arca, Banswara district, arc presented. The
litho-units in the area are marble, dolomitic marble, quartzite, amphibolite, sul-
phidic tuff, gossans, elc. The apparent resistivity log reveals the highly conductive
nature of the host, medium (impure marble), the maximum apparent resistivity
being 27.6 ohm-m. It is interesting to observe that more conductive sulphide zones
occurring in the conductive host environment have been brought out in the logs,
though measurements could not be made below 190 m depth due to very low
potentials occasioned by the highly conduclive formations which also made L.P.
measurements unfeasible (SINGH and RADHESHYAM, 1994, unpublished report,
GSI). The shallowest observation at less than 30 m depth appears to have been
influenced by the boundary effect of the insulating ground surface, resulting in an
increase of resistivity. In such situations, it may be advisable to keep the potential
clectrode at a radial distance of 40 m from the borchole, instead of locating it at the
collar of the borehole, and repeat the observations from 40 m depth upwards (LEE
and DAMIATA, 1995). This may promote understanding of the ground effect from
the observations in the unaffected overlapping part so as to arrive at the acceptable
apparent resistivity for depths less than 30 m. :
Figure 7 presents the electrical logs recorded in a borehole in Pindwara-Walera
mineral belt in the Sirohi district (GUPTA and RADHESHYAM, 1993, unpublished
report, GSI). The noteworthy feature of these logs is the delineation of a very thin
‘sulphide band very well by all the three logs, namely, S.P., resistivity and L.P. ‘
It is evident from the logs illustrated that electrical logs recorded, employing the
proposed. simple technique and using the ground LP. (time domain) equipment,
have goéd resolution and are not influcaced by host rock resistivity or\'dcplh of

burial, barring possibly the insulating ground surface influence at very shallow
depths.
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Electrical logs of a borehole in the Bhukia gold prospect arca, Banswara district, Rajasthan (simple
technique). ’
Conclusions

It is shown that the pole-pole (hole-to-surface) method in which the current pole
moves in the borehole while the potential pole remains fixed on the ground near the
collar of the borehole, can be a very effective and simple methodfor electrical logging
in-base metal exploration. This method has the capabilities of both single electrode
and long normal methods, in the form of resolution of the former and penctration
of the latter which may be useful in the detection of mineralised zones in the area
adjacent to the borchole. However, the major advantage is that it can be easily
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