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INTRODUCTION

Eloctrical nethods of prospoasting consist in meagus
ring the olootric flolds snd potentiale on the garth's surfacs
and intorpreting thom In terms of subsarface strusturss and
oro-deposito. Thay dspend for their operstion uwpon the offects
profucod at tho surfocs of the errth Dy the Alstribution of
sloctrie svrrants through subsurface fownations. Owing to «
large vorlety of current souress and tsethniques available for
naking thoso nossuremants, slsctrical nethods have bDecoms fa
moye divarsifiocd then othor geophysics) methods,

Ofteny the e&mtﬂca& propartiss of adjeoent rook
formation very Ly o much greator amownt than thaiyr othey phye
sical properties. In such coven the electricul methods offor
s Aistinet advemtage over other mothods, Cmversoly, olootrie
cal methods a1l to yield useful datn swhen the aloetrical pro-
pertiss of wijoining formations sre not sufficlantly Aifforsnt
to ereato detovtabls or meavrable Aifferonces in the electric
Tield, ‘

Elsotrieal m«wuea of rocits

L

In clesetrical prospeeting, as in other geophysical
nethindsy the enomaly depends on the contrast in the electrical
propertics of goologicel odics and those of thelr surromding
formations, These propertics gre the rosintivity, tho dislects
rio ¢constant, and the clectroshemicsl adstivity,

-1



The resistivity of the formation 1o determined
by 4ts abllity to transail olectricwourrents when a Spocie
fied potential diffarence in applicd to 4Ty and may Do G4L»
insd as the resistancs offercd by a conductor of wmit lanfjth
gnd wnit crossegestion, -

Apsrt from conducting ore bhodies most of the rock
foraing minerals are inosciators, Notwithotmnding thioy the
condustivities obierved insitu are high, becauss of the pree
sence of slootrically conduating fiuwlds 4n the pore spaces
of the rocks, Various attempts hove bdoon mede to ostadlish
relationship betwesn tho resistivity, the porosity snd the
fractional saturation of sedimentary roecks, which show that

?m resistivity , of a formation can be oxpressed as follows
10, .-

P = 1F Py
vhere F 4= called the formation factor,
I 1s called the resistivity indox,
and Pu 485 the resistivity of the wnter in the formation.

in torms of poresity mmd saturation, tho formation
factor and the resistivity index are found to have tho followw
ing forms
F = ng md I = g
vhere P 1s the porosity of the »ock formation,
8§ the frectional aount of astirration of pore
spuatesy and
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Ry Dy 0 oro onperionl constants,

Thas, it is clear that tho resistivity of o rock
fornation 1o not o charnctoriotic of tho formation 1tself mad
a given rook type mder difforont conditions of clinate and
compaction will have Aiffersnt resistivities, Howovery o COw
rrelotion of resistivities and rock types with o geologieal
signifieance can still de attenpted. Thus, yomger tnesnsolie
dated sedinents have a rosistivity range of 80 to 1000 olmw~cnsy
whilest older end consclidated melimentaries have a range betw
wewnn 1000 ohnwem and 50,000 ohm~onn, and the compact rocks bete
wesn 20,000 olm~em and 1,000,000 ohmwen, (2°0).

The Dislecetric constant,y on the othor hand, represe
ants the eapacity of a formation to stors sloctriec cherge wnd
is largoly dormsnt whan the slectric fields are stationary. Under
varying fis1dz the dbelectric Dehsvicur of rocis lends to Glopw
lacanant curronts, The contridbution of this propoerty in electriew
al prospecting as compsred to the rosistivity, thoreforo, yices
vith incressing foequoncy of the Slelds, At low freguencies nore
mally employed in the field, the dleleotrie constant plays 1ittle
part in deternining f£ield confitions mnd is Anveriably Sgnored.

The slactrochamicel proparties of rocke anre rosponsw
ible for the electricel £1414 surrouwnding chenieally polarizoed
sre~bodlies, they give rize to interfereance potontinls vhon Bo-
tallie electrodss are Placed in contact with moist grownd, Ele
estrical potentials are also produced whem solutions of diffcore



ent concentrations come in contact with one another, or wien
& condueting flvid flovs thirough & porons formstion tmder
pressuro,s lore spocifically, these spontinecus potontisls
are tormed as |

(1) electrode potentials,
#14) asffusion potentiala, snd
{113) slcotrofiliration potentiala,

On the other hand, potantisls couvsed by the spplication of
extrancous electric filold sre ¢allod polarisntion potentialo.

Applieations

Eleotrical mathods hawo bsen appliied o varisd
typea of problens relnting to onginecring and minlng for highly
econdunting apterlulsy but 1%Ls tme in exploration for peiroleunm
has beon ratheor limited, Thiu 1o bBocause

a) 011 sends have ordinerily s lower reosistivity contract
with thelr surroundings, and

b}  bacause clectrissl methods posssss a 2ouparatively show
ower penoirabdbility swving 4o thoe Aifflievlty of snargizing
¢ very depp fostion nf the savih by an external source.

Howavary tha telluric currsnts which ave &riven by n geomagne=

tie souwree panetoate to airly grest dapth, where oil and gas

are norasily founds and thisz method L0 vegianning to L£ind appe

Jtention in oil prospectings Bloctyrical msthods on the other
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hend are extensively used in walls for stratigrophic end
1ithological correlntion and play on importont rols in tho
- development of oll fieldn.

Bleotriesl prospecting tethoda are becoming incvew
fsinghy iuportent in the water supply problems ond in enge
incoring geolegy vhere rasistivity technidques are usoed %o
maasvre depths to bed rocks at prospective dam 4ites as well
83 %o explorg fowndntion conditions for the locatlon 6f
other snginecring works,



CHAAL LB X

REVIEW OF ELRCTRICAL METHODS

The clectrical methofds sre more {iversificd than
my of thy other geophysical mesthods, hance & clear out olme
aaification ic not possibles A elaossification afopted here
is bosed on two criteris l.e,

Ay Hature of the electric sourcey and
B Time variation of the electric fialds,

As The sourco of mn slestric current in the sarth may
ba sither, natural or srtifteisl, The natursl sources congist
of (1) Self ~ Potential, snd (11) Tellurie cwrrents,

The srtificiasl source methods mre further elassie
fiod according to the nature of nmeasurezent mate. These are
(1) the Equi-Potential line metho#, (1) the Potentiai-Drop~
Ratio mothod, and {111) the Resistivity method,

B, On the basis of tice variationm, two major groups
e bo distingulished

8. Mothods uping direot currents (D.C.),; snd
be Methods uming altornating or varying currents (A.Ce),

In 2.C, mothods measurenonts may be mado at Auvddo
fraquencies or Radic fregquencies, depending upon the problen
involved.



Sels Potqnt.inl mothod

The Selfepotential method 5s bhesed on natural
phenomans in vhieh the electriesl ficldé 48 furnished by the
sloctrochomienl polarization of ore bodies and other penloe
gical formationes producing natural flow of currants in the
enrths, The gencral) subsuwrface distriiution of natural earth
currents can be eluoidated by observing thw pattern of equi«
potmtial 1lines at the surface of the gromnd, Sulfide ore-
bodiex An contact vith grommd watery as well as metals in
placer dsposits, xnd mipgration of subsucrface waters give
rise to such elsctrochemical) potentinls,

At the surfate of the aarth, the current flov 33
usually directed tovards or away from a point, usually sbove
the ore body which 18 respeotively callesf the negative centrs
or the positive cantre. Negative centrss are ususlily produced
by sulphides; whereas snthracite are known Lo be assocliated
vith positive cantres. Those centres tan be dslinented ly ony
of the folloving three measuroments over the swiace of the
gromdy

() by locating points at the same potentisl,’

(b) Dy messuring the sarth potentials at regularly spaced
intervals and draving the squipotential contomra, and

(e) Dy obtalning potentisl profiles asross the ore-bofy.



Tellurio Current

Tellurie durrents ars the naturael periodie sarth
corrents of global extent floving through the earth's orust,
These couse potentisl dropa scross sui¥ably separsted points,
Tho forn of thepotential drops renagin substantially simdlsr
over long dlstences.

Although the mothsnism by which these surronts are
goneratod has not been precisely sptadblished, it 1a gonera~
1ly believed that they are induced in tho esrth by innosw
pheric curronts, and appear to follow the son. The earth
currents can not be messured as such, tut the horirsontal
potentinl gradients thay produce st thoe surface and in bore
holes can be messured, (3U).

7 idcations of 'rmmc ,"-“?",‘“"

Although the tellurie sursrent flows along the earth’s
surface in large sheeta shich extend well into the earth's
erusts The diatribution of current density within the shest
will depend on the resistivity of the Lornations through whe
ich the currints £1ow,

Thus AL poorly condueting Dodies psnetrats more highly
conducting formations, the lines of current flow vill tend
to bywpass the poorly sontueting hody md csuse distortion
in the potential grodients at the surface which are associae
ted with the current, The proper investigotion of these dis~
tortions makte it possible to Joecsts the oreebody,



Mathods depending on extarnal enevelstion

All geselectric mathods employing external enave
glaation, consist of an anergising systen S.e. & Sourcs of
POVEr cOUplod to the grownd either sondustively or inducte
ively. For the neasurezmts of the surface potantials the
recolver connists of a single olectrofie or more than one
alectrodes, Thece methods fall into three maln groups, dew
pading upon the nature of measwremnonts namely, the Equie
potential method (E.P.), the Potantial-Drop-Ratio method
(P.D.R.) end the Tarth Renistivity method (S«Reds

Egquipotential method

The E.Ps method as the name suggests involves the
mapping of equipatmt&al 1ines on the surface in the presene
aa of & palr of proumded clectroden, If mn extornnl voltnge
is applled throuch two clectrodos insarted in tho ground,
thore will be a flov of cwrrant through the earth from ono
slsotrode to the others 1If the modiun in which the enrrent
flows s homogensous in 1ts elootrical properiles, the flow-
2anes will be regular. Departure of the subsurface region
fron homogensity will cnuso dlstortions in the lines of cuw
rrnt flowy indicating the existence of o hoterogansous mat-
erial vhich sdll thus lend itself to detestion.

Potential-Dyop-fatio method

in this methnd, the ratic of potential differonces
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batween guccesaive intuwrvnls of the ground is messured.
This oethod 1a also appliod to a determination of Gopth
of horisontal and vertionl formatiom dDowmdaries. It 3s
best adopted to mn investigntion of verticsl formation
bowmdsries, As the P.DsRls resenbdle potential gradients
they havo a hicher yesolving power. vhass used for direst
interpretation they ore called the P.D.R. wothod md inve
olve moasurensnts of P.DA's st varying distances from ome
of the power slectrodes and ususlly at right angleg to the
Iine Josning the two currdent slsctrodes, By thisg means the
effoct of the second oloctyode is virtually elerinated.

Ths resistivity nethods allow useful geological
information to be deduced from the flald meaguwransta, In
the resistivity mothods, a sonrce of potential is applicd
o the grownd betwomn Two points and the potential A3 mo-
asured betweon twa additionsal points shose spscing or dise
tence fyom the prinary olectrodes is verded, This ratio
of woltags ond curront,; nultillied by o spacing factor,
gives what 4 known as the apparent resistivity as a fune
otion of spacing snd, haice, as a function of depth pensw
tration, Hessurammnt of the apparant resistivity with elew
etrods speeing thus mekes possidle the deterninntion of
Gepths to bed rocksy to ore=-bodiesy to wvatoy todlos and
to beds of stratigraphlic significonces If on the sther
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hand the spacing 13 kept constant snd the srrangensnt as
a vhole 13 wmovad, lateral voriations in the cheracter of
a given foruation upto a aortaln depth say be doternined.

Rasistivity nethods ke other artificlal souree
mathods can ba applied eithay weing D.C. opr Auls A cOmpars
ison of these mothods thns appesrs appropristo at this stoge.

Direct surrent method

In D.Cs monsursnents, ths enargising slectrodes

are positionsd to include the aves under investigstion, Suw
fficient suomt of current is sllowed to flow through slecw
trodes in order to oroate messvrable ahangos, The curront is
supplied by a bLabtery or a gsnarator. Vheatstons idgo net-
hods ars goncrilly amployed for detsrmination of resistance
which in tern As used to caleviate the apparant resistivity,
Thesmethods huve attainsd consideradle inportance bgoause of
the case that they offer in meampencots of rock resistivity
sither in the lzboratory oy in gitu,

YVanner-ilshelloonaey nethod,; consiots of a dattery,
a Goubls comuutator, four electyrodes, s miiliammoter and a
potentiomster: A curront L9 auppilied by o bLattery through o
silXiameter to the two externsl current electrodes, The po=
tentinl Giffersncs botwoen the internal pair of potmtial
electrodes ars road on the potentiopeters The ratio of yole
tage md swrrent, muitiplicd Yy & spacing factor, gives the



apparent resiotivity, (40 .

S = zrra:x

Alternating Currant

An sltornating current asn olso bo used for the
aeasuranmnt of apporent rosigtivity, using the same relabtion
at given ubove. Toth low und high froguemcices have Do Omp=
loyed in goophynical prospecting, depending upon the neture
of the problem involved,

Erequoncy effocts

A.Cs mothods have limitations of reducod deopth penge
trationy as tompared to tho dircet current mothods. The $liosw of
altornating ouwrrent ia governod Ly the jopedanco of tho aguiile
valant eleotricaol eircuit. For conduetors of large thicdmossesn
the inductanee of the currant path in tho interior 1is greastar
than that at tho swrfaco, Thus cltornating curronts tend to
flow noarer to the surfaes, This effoct 16 callod the ’dirin
effact?, At vory hidh frogquencios the current 4o almost cone
finod o tho sutormost swrface,

A mathomatical) relation governing the depth panctration
of A«Ce ( 300 to 1000 cycles) may be derived from the lsws of
slectronagnotic wave propegation by introducing cortain sinps
Jitieations, For the adove frequomelesns tho curront dennity
ot a dopth '4' fronm the mwface of a eonductor may e weitten
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10 @« Ae —o/FET san(e £ t = 3ER ey
vhere ' -
10 the omrrent donzity at suefneo,
1s tho froquanocyy
is the permcability,
is the contGuctivity,
in the light valocity
is the timo,

e a A FRE

and

Tho oquation states that roduetion of gaplitude snd
a phase ohift dotwoon surface mé dopth ewrrent ocours, The
attenuntion for the pealt values of the eurrant iz thersfore,
Ig = % & ’%‘q"“ fc
Where permhadiiity has Yeen essumed to be squat to 1, Ths
dopth et walch the purface current density hus dropped to

2 of itz valne,
L]

with Fr£ & ronliotivityy d.0. m /"‘?'6-""'"‘"‘* "= 1.

)
or 4 L : :
P m
£
Sinco the presancs of good conductors at the surfoce
or near the surfece reduces the depth of penetyration, provision
48 nmado An somo A.Cy method to lower the froguoney whon greater



paetration 15 dosireds The low froguensy nethods are well
sulted for laboratory measurements decsuse loweLfroguencey
AeC»s 13 roolily available. Usunlly sudioefroguency fyom

50 oy 1000 eycle aro employed for resistivity moasurenonts
in the £fiold, In this range the hondeghone can be aonvenies
ntly soployed a8 mn indicating instrumomt,

Ponetrabllity of olectrical sothods
" -~ A iyt " _ Wi NV

Ths penetration of slectrie curronts is governed
both by the apacing of electrados snd frequancy of the alte
ernating current, In homogoneons grownmd ond at low Mrequenw
cles the yonotration of current is proportional to the oloew
trode - separation *n' and con be controlled ay desired dow
panding upon the depth to which apparent resiativity is mease
sured, If, tharefore, the electrical dharacter of the gromd

chmges, tho yesistivity obtainad for a gilvaen elovtrolce sepaw

ration Gous not corrcopond to that at ony depth, DUt in the
spparent rosistivity.

in tho ¢nse of A.Cey the dopth of ponaetration depew
nds on the frequency of ths current also, as wnlike the
direct current, the passsgo of mlternating current is conw
trolled by the capacitive md inductive reactances as well
ad by the resistance of the circeumit.

Since the prosence of pood condustors at tho gure
fuce or nexr the surface reduces the depth of penetratlions

14
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Lower frequenciss sre used in A.C. nmethods shon gronter
panetyation is dosivred. Figure 21 gshows on a double logae
rithmic scals, the dapth of ponatration of alternatic ove
rrants et fregusncios of 1,835,600 and 600 cyelos, ns & funce
tion of resistivity. (LWL .

On the basis of certain 4ifferences in applicadie
1Aty and tecimiques, s comparstive study betwesn the D.C.
md 4.0 tothods has besn attauptod vhideh s given bwlow »

D.Cs Hethods A«Cs Muthods
le In the D.C, Hethols, contept The a vesutmms ars
‘resistances nlso hove thely sld utna as the current
effests due to elovtrode chunges ity direction rapidly.
polarisation.
2. There i85 no elliptical Elliptical polarlization takes
polarieation, place,.
Be Dwth nr snetration is ' Depth control is governed both
g; A E”nlzgroda SpaO~ z&-gm mnd gmmg;; lete
&, L ] c&nx the agnay the
m& § H tho poastration, less is penotration,
4, Detentors used are of Hexd ‘ as con be used as
alostronagnotic typo. detie
5, Bo quadrature comnponmt, Qua&utw«a componnt gensrally
Prasont,
G+ Hull mathods oan be nuummaummwm
wvith the 214 of «rﬁim with 2Ce Lantionmetors offerw
utmﬂ.om‘l;ua iw. by ing controls of both arplitud’
gﬁm& tudes. amd phoses

Dirget current has the advontage that the oguipoe
tentinl points oan ba located with greater preclsion and
that the galvenonater gives & ¢losr Andicontion of the divee



etion in snich to move tho clectrofes A &lsadventape is
the necessity for porous pots ond o intorfercnce Lrom
polarization md other DeCe effects,

Mtornating currents on the other handl offer the
atvantage of portability of the movahls ciredt, possible
ity of apiificetion of signals, use of headwphones smé
" freedon from current interfarenco, Dispdvsntages may exrie
se fron its use in replons vhers equipotamtiales have to ba

dysun 'awmtﬂy for the inphase end the gquairature conmpom
nontsa, |
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CHANIT IR T1X

THEORY OF RESISTIVITY METHCDS

The resistivity method is based sasentially on
the sene principle ss the sgulpotontial line m. but it
1o much more powerful in that it provides s quantitative te~
asure of the conducting properties of the subsurface,

The effect of a vertioal change in conductivity
on surface potential is 1llustratod in the Pig. Hos, 31
vhich shows a two loyer grownd, The lower layesr Kueing more
conducting, The current lines are naturally attracted toware
ds the lower medium and the current density in the wper-me-
dlum is consegquently less than in the ?lnwmfi/fginm the equie
potential lines are &t right mmgles to the current 1lines,
their spacing nd hence the potential gradient, is likewise

affected by the presunce of layersz of differont conductivities,

Heasurettents of potentiasl Aiffevencas in the viel-
nity of onc power elootrods, or botwesn Two pover electrodes,
cany therefore, give information roegerding the presence of
subsurface formations of Aifferent conduotivities. Whon thoso
measureznts ars supplensitsd by measursaents of the cuwrrent,
1% is possidle to deteramine the reasistmmce of the clreuit,

By applying & factor depending on the spacing of the electe
rodos, the apparest ground resistivity can be odtalned, This
will represont the true resistivity only if the smedium is
homogeous, The depth to which rasiotivity is nmeasured can
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be sontrolled by wvarying the spacing batween ths slettrodes.
Thiz makes possible two appiications of the msthod. In the
first place tho spooing is kept constant ond the arrangenent ke
& Whols is moved over the ground. In the soeond, meamnenmts
are nade at one location which iIs the smiroe of the measuwring
arrangoniont, Wwiilest the separation batwasn the elsctrodas is
eontinually incrensed as Af the sloectrode systom vere expsnding
shout thisz point. Thus, by expanding tho electrods systam, the
depth penetyation is inoreased and the apparant resistivity is
odtalned as a function of depth,

For the sppsrent resistivity mmta, four sguk~
1ly specod slectrode system 4s the most guumuy used mrran-
gomanty othor arrsngements cin alse be used according to the
astura of the probles,

Principle

Ify at the surface of the homogenous and isotroplo
gromd of conductivity ¢ 5 an slgetric currmmt I ig introw
duced by memns of two point eslectrodesy A and B, and if the
cuwrront flows from A to B, the potential ot any point P on
the surlace i given by, (4°iV),

o oo (- 3,

vhers ¥, mud rp arc the distancss of point P from electrodes



A md By rvespsctively, The potential differsnce between
two points P and By which have the distances ry § rp and
Rys Rz respsctively, from the electrotes(is. >2)

Vpnvag’?ﬂ‘éé‘?} lm;ﬂ é&«i _'ﬁ.)
Henos, the resistivity

P =& Lta ﬁﬂzx 4 3 - ) {2)
< .1, -d L2
1 Ty By Ry
This equation holds for sny postion of ths currnt
slettrodes A snd B and the potantisl electrodes P and R and

doss not change shan cuwrrent and potantial electrodes are
interchanged.

Differmces in the position of thes potentisl ele-
otrodes with rsspoct to the current electrodes give rise to
various resistivity methods, By selecting definits pogitions,
it is possidble to simplify the field prossdurs or to give the
axpression for resistivity a form that will ailmplify the inte
wpretation of the resulis.

1f the elootrodes are laid out along & line md
the separations are increassd in a systematic msnner, the
ehangs in P vith glectrode spacing makes 3t possidle in many
simple cases to determine the variation of resistivity with
depth.



To 11lustrate the msthod, Jet us assume that
the sudsurface consists of two layers, the upper layer having
& rosistivily P, snd the lower one having a resistivity Pp
which 18 less than Pi. The cwrrent between electrodes A and
B vill not flow along clireulsr ares as 4% would in the case
of g homogencous earth, The lines of Llow ar¢ distorted downe
wards as shown in figurs3) because the higher conductivity
helow the interface rosults in an easier path for the current
wvithin the desper gone, For the same reason, the total cuwrre
ent 18 pgreater than it would be 42 the upper material wers
to extend downwerd to infinity,

Voreover, thae deeper the interface, the smaller
the increass in the current flow, While the grester the elace
trode separation in proportion to the depth of the interface,
tho grester the affect of the low-resistivity-substratun on
the current that fiows betwoen the electrodes.

Elsctrode Arrengenents

in sdtual practice s mumboy of 4ifferent surface
configurations «re used for the current and potwential elgots
roden. Hare, for the model oxperiments the spacing of the ele~
ctrodes is kept constant and the arrangement as a vhole is
moved for rosistivity mapping.

R2
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Thias 48 the most cormon electrode satup,. In this
msthod two potaitisl electrvdes are placted in line with
the twes current eleotrodes, so that all fouwr elactmdm e
situated at oaqual distances from oneo mﬁ:e:(m Mth ‘at as
the distance botwesr the electrodes »rj aRpsaemnd (p=
Ry » 2 as Then equation gives the exprassion for the resis~
tivity as

P = z2ra Y (3)
X
Prodeturs snd Equipment

For measuremant of the aprarent resistitity, widely
different procaduresy electrode arrangesents snd equipmmnt
are used., Howaver, only the ratio f- 18 needod for calculw
ating the spharent reaistivity,; sad it is advantageous to
uze instruments which measurs this ratio directly. The Meggor
sarth tester is the best known at present snd may bo vsed in
resiotivity msamironcnts to delinente shallow subsurfacs bodies,

The schematic Megger ¢irouit is z9 shown in figure 34 «
The current coil is in saries with ths current or oxternal leads,
while tha potatial ¢co0il 1s acrosa ths intarnal or potential
pair of electrodes. (4'V) .

The current ¢oil znd the potentisl coll of the chme
mneter are mounted on & common spindle {not shown in 4lagram),
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8o that the resultmt affect of the potential end the
current 4s obtained at thoe Megper scolo dircotliy in hhns.e
The instrument therefore indicated the of'foctive resistanos
betuson terninals P and R, |
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CRAAPIER. IV

INTERPRETATION AND MODEL EXPERIMENTS

INTIRPRETATION

The dato obtained from o resistivity sur¥ey (ele
ther resistivity mapping or resistivity soun-8ing) is sube
Jected to wvarious techniques for interpratation of the geow
logy of the sres. These interpretations can be made sither
(1) QualitAtively (using sppearancs of the curvs),

(11) Quantitatively, by snalytical interpretation mathols,

141) Quantitatively, using 'type' ocurves calculated for
glvan conditions, oy _

Uv) ¥ith the help of wodel Expsriments,

(1) Qualitative methods

Thiz is a purely non-siathemstical troatment whieh
sesks %0 interpret resistivity data directly in terms of the
geslogy teced and therefore possesses s definite place in
resistivity methods, Rise in the valuss of spparent resise
tivity gensrally corresponds to pooy conductors within the
depth range of penetration, and vice«versa, In some cases
these may aluo rafer to lateral variation”apparent resistivity
of the formation dus to thenge in lithology or due to change
in Qapth of the formation.

Though these methods sre freqummtiy exployed for
preliminary interpretation, a complete relisnce on this method



may sometimeo leal %o serious arror in Interpretation,

(41) gumtitetive interpretation (snsiytiesl)

These methods of interpretation are particulsrly
appiiesdblo for simple casen of two or thres laysr prodlianms.
The most fraquently e¢mployed in Tagp's methods, This method
involves the soiution of & nunber of simmltanecus eguations,
giving depth ‘h' as 5 function of Jmming factor X, which
dspends upon the resistivity of the formations involved,

A family of curves giving the ratio of spparont resistivie
ties divided by gurface rasistivity as & fuonetion of b/a
are prepared for difforent values of K from «0,1 to + 1 at
stepe of 0,1 K valuss, Theorotically two observations of
Tesistivitien for two different sloctrade separstions cun
yield the values of both (depth) *h' and K, using the Tegp's
curves,

The valus of K shen odtained e be further wsed
%o give tho resistivity of the lower horisen being wepped,
by the enquationg (4-vi),

WAL o3 o

whers fi 4s the surface rasistivity,
£ Am the resistivity of the formation belng mmmd’
and K is the dimming factor of the sxres,

Whenn the data 1s avoilabdla for a nuuber of elootrode seps«
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rations & family of curves iz drawn showing variations
of h/g with different valuss of K and the point of comnon
intersection of these curves glve fairiy acourste values
of b md X for further interpretation,

Thres layer problenm

The Tagg's method of interpratation cen be sxtended
to tacitle 2 three layer case providad 1% is Justified to
assuse thut the third layer does not influence the first
part of the curve, This requirssent 13 satisfied when the
thickness of the second layer is two 0 three Rimes the
thicimess of the top layer,

Thus, the prodlem is redused to two-layer case by
considering £irst the wper two layers dbehaving as s single
it as far as the electrical behaviouwr is oconcernsd and
then this single unit and the third layer bBohave an a doudle
layer. The average resistivity of tws infinite laysrs of
resistivity £, and £ and respeotively thickness hy ond hgs
cmn be written as follows, using Kirchoff's relation s (L°Vil),

hy +

Fuv * Ml Bg
La Pa

vhare Pay 4s the avarage resistivity of ths conmdbined two
layers.,

&
(8 2



Having obtained tho average rasistivities of the
top twe layers, the upper two layars may bs considerad as
one it snd considering a two layor problos the resistivie
ty and depth of the third lasyer ¢sn be caleulated,

MODEL EXPERIMENTS

smmmey Exparimsnts

Hodel sxpearinents are of grdat valuve in interpretw
ing and checking the anomalies produced by orowbodlies, as
theoretical caleulation would be two tise consuring and
tedious, They, thus serve a two f0ld purposs in the interw
pretation of resistivity messuremants i.s.

(1) they offer a check on theoretical caslculations,
(11) they permit siwulation of geolsgic bodles vhose sffoots
¢ not de ulmttad; theoretically,

Modsl axpsriments in the laborstory are usually
peorformed in tanks £illed with a solution of appropriate
Tesistivity to simulate the cowmtry roek,

The vre-body or the geological struocture whose
snomaly is to be studisd is then stmulated By a metallic
or carbon materisl of sultsdly scaled rosistivity and in-
sersed in the solution,

Experimental Detalls

The experinentsl model in which the laboratory work









vas oarrisd out is made of concrete., The tank belng 136,0cm
1ong, 58,0 on wide and 39 cn deeps The tank was filled with
& solution of copper sulphate to simflate & homdgencons
and isotropie growmis

The ore models used heres wore condueting pletes of
Graphites, Aluniniuvm, topper and Brass. The dimsasions of
the plates were all identiocal but the thisknesscs varied.
The platec wore 50.7 cms in length and 8,28 ens in width,
Thely thicknesses were as follows ¢

Plates Thickness
Craphite - 1.9 omse
Alvainivue +2 ome
Copper «08 ome
Brass o2 om,

The experizent was corried out with the Wenner
configueration, in which the slectrodes sre equally apaced,
with a constant elestroQe soparsation of 10 cms, For the res-
Lativity napring, the whole arrngement was moved in a line
over the surface of the tank, The observations wers mede
by woving the shole srrangement of alsctroedes at steps of
6 oms, eunch,

The observations with the sondueting sheots wers
nade for Sifferent configurctions. In the first cust, the
mapping vas done along o line at #ight anglos o the strike
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of the shest with various dips of 0%, 20®, &° ana 20°.
Next a profile was drswn along a Jine askew to the strike
by 30° wnd 60°, the shect baing first kept horizontul end
then vertical, The sheots were immersed in the eoppar~
sulphste solution, with their tops kept at 8 cms, below
the swrface In o1l cases and at tha ssse position in the
tanikty 20 as to allow a soxparative stuldy of the mnomalies
produces by Aifferent ahests.

EE“ &0

Meuny sctive electrodes, suth as iron or copper
have to s avolded. Finally, it was ensured that the elece
trodes 344 not extend into the sonducting material of the
taple to a depth grester than one percent of the minimuwn
sluctrode mWatian exployed in the investigations.

A consideroble cars must be takem 4in using tank
results a3 gn 3id in interpreotation of fisld data.



CERALPLER Y

RESULTS _AND CONCLUSIONS

Results of model experiments ars presented in the
fornm of gurves showing variations 1n spparont resistivities
vith position over burried sheet like bodien.

The abavissae denote the positions of the centre
of the electrode asystem from the left sfde of ths tank,
vhich has fowr oqually spacted electrodes snd the ordinste
denotes tho apparent resistivities. The genersl shaps of
the curves is dependent upon the relative thicknesses, conw
duotivities and ainspositions of the shewts.

BExperinmtal results arw reeorded in figures sk s
and the tw mets of obssrvations wvare taken for dAifferent
conduotivities (1507 and 1808 bhmu..} of the homogeneous
surrounding medis, i.e. the copper sulphate solution, The
repistivity curves for different sheets ars drawn sedara-
tely, wnd a compmrative stuiy is made for warying dips of
Individual sheets end for 4ifferwnt directions of the linc
of profile with respect afo the strike of ths sheet.

A relative 1dea of varlstion of the apparent res-
Lativitien for graphite and sluminium sheets, identical in
length snd width but of 4ifferent thicknesses can be hed
fron figuresSiad 52 y for different dlps snd a traverss pe-
rpeudiculer to the ateile of the sheat, In figurs
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ths nature of variation of the rexistivity curves is
shown for graphite snd aluminium sheets dipping st 0° end
90° md the traverse made askew st 30% wnd 60% to the ste
rike of the shauts,

The variation in resistivity curves for Copper and
Bruss sheots are also studied for horisontal and vertical
sheets Lamcrsed st the samo depth. Thess curves are shown
in figures 55-5¢ and S -5A2.

amelm!.m;

The instrument eaployed for small scale investig-
ations may be those nsed for the large £1s2148 studies pro-
vided they have sufficiently large scale range to resd very
Jow current and relatively high potentials.

| The rosults odiained from the madel experiments,
parforsed with the conducting sheets of Aifferant conducs
tivities of idemticol length and width but of Alfferent the
icknassen; tcan be of use in interpretation of thelr nxture
and bshaviour. The Jotted curve in the graphs indieats the
resding vhen the tank is only full of the copper aniphate
solution, without the ore~body frem Wvhich region of ths wall
affect cars De noted to extend upto 3% ons, from dDoth ends
of the twnk. Considering only the middle region in which
ths wall sffects are nagligidle, (L.e, Dotwesn 35 on to
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66 cmy); the following vowmmnts c¢a be sade on the nature
of veristion of the spparent resistivities for the vari-
able dips snd conduotivities of the sheets,

In the case of pgraphite; ax the 4ip angles varles
from 0% to 907, the reststivity ever the body inersases
md attains s peak valus flaked Dy two miniwe ss the 4ip
approsches 90% Dut in the case of Aluminium, upto oo° 4ip
thers i only a slight changs in resistivity, wvhich is gre
sater than the horisontal case, On farther incresse in &ip
to 90%, there is sn adrupt and marked change in the resis-
tivity and the curve attains a naximum Flanked with two
atnimg. The comparative study of the variation in appsrent
resistivities vith 4ips for graphite st Aluminivm shests
can be mads fyom Figure 513

The sffect of orientation of the traverse line
was also stulled on horisontal snd verticsl sheets, As
the erimmtation of thoe ore model with respect to 1line of
traverso departs from od® s the pesk wvalue of the apparent
: r«“t&ﬁty decrosses anfl even beconas negatives In cane
of the askew traverse at 60° over a vartical shast the
curve shows s negative anomaly with a smeller maximnom
in the centre; This latter feature is hovever shsent for
the cass of the horizontal sheet, When the traverse is
made sakew at 30° to the strike, sisilar nsgative anomalies
ares obtained for both the vertieanl snd horizontal sheet.



The resistivity variation dus to changes in oriemtation
of the profile are shown in figwe 5L for a vertical
shiest anfdt a horizontal shect, From this 1t csn be inferred
thet for warticel sheets the resistivity incresases gradu-
ally as the orientation of the profils changes from 350° to
T

Small scale experiments may supply considerabdble
information which will be indicative of the results to de
sxpected in the field work. However, the tank sxperimenta
usually 40 not yield the same curve churacteristics odte
ained in the field vork, This may be due to ths absonce of
polarixation and related phenomens in the amall scale tests.
It is evidt, thersfore, that considersble care sust be
Caken in using tank results es an aid in interpretation.
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